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Section 9 

Inventory of Potential Solutions 

9.1 Overview 

After the Phase I problem assessments were completed, the master planning effort then 

focused on the task of developing integrated solutions for identified flood, erosion and 

water quality problem areas. An "integrated" solution refers to the ideal situation where 

a proposed solution would effectively promote the attainment of each of the watershed 

protection goals for a targeted location. 

An inventory of all potential solution types was needed to document the range of 

available solutions types, their general levels of effectiveness, their cost, and other 

implementation considerations. To compile the complete inventory of solution types, 

information was gathered on various controls from a variety of sources including the City 

of Austin, Lower Colorado River Authority, Center for Research in Water Resources 

(CRWR) and other local/state/national resources. Solutions were grouped into three 

categories: 

• Capital Projects - commonly involve the construction or improvement of 
infrastructure 

• Operating Programs - drainage fee funded watershed protection activities 
implemented by City staff and funded through the operating budget (e.g., storm 
drain system maintenance) 

• Regulations - involve the application and enforcement of City codes and rules 
(e.g., drainage design criteria) 

This section presents an inventory of watershed management solutions considered for use 

during the Master Plan. Not all the potential solutions included in this inventory were 

selected as Master Plan Solutions. Sections 10 and 11 describe the solution selection 

process, and present the solution recommendations. The inventory describes the basic 

characteristics of available capital project technologies, operating programs, and 

regulations (Loomis Austin, Inc., 2000). 

June 2001 
• city of austin 

9-1 

Watershed Protection -



Section 9 
Inventory of Potential Solutions 

9.2 Inventory of Capital Projects 

Capital Projects are those involving construction of City-owned infrastructure elements 

such as storm drain systems, storm water controls, and purchase of land. These typically 

involve engineering design, construction plans development, bidding services, and 

construction. Capital projects are best used to solve existing problems such as: (1) Type 

1 and 2 erosion, (2) flooding of the creek and local drain system, (3) existing flood plain 

development, (4) existing storm drain conveyance, and (5) several aspects of water 

quality problems. 

The Capital Projects Inventory presents options that involve construction of structural 

elements or controls. The solutions presented here are grouped under one of the three 

WPD missions. Capital projects are commonly funded using bond monies, transfer of 

WPD's normal operating funds, as well as other sources such as the Urban Water Quality 

Ordinance (UWO) Fee and the Regional Storm Water Management Participation 

(RSMP) Fee. 

9.2.1 Flood Control Capital Projects 

Flood control capital projects are grouped into two categories: (1) nonstructural 

solutions and (2) structural solutions. Nonstructural solutions focus on removing 

personal property (e.g., a home, a business) from flood prone areas. Structural solutions 

focus on either storing or diverting flood flows. 

Nonstructnral Flood Control Solutions 

Nonstructural flood mitigation strategies are those which do not involve the construction 

of structures intended to reduce flood damage. Since the late 1960s, flood control efforts 

across the U.S. have shifted away from "hard" structural solutions and toward 

nonstructural solutions. The Federal Emergency Management Agency (FEMA) has in 

recent years promoted the removal of homes and even entire communities from low, 

flood-prone areas. This approach can also satisfy "multi-objective" floodplain 

management strategies, in that the land acquired can be used for public recreation and as 
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Inventory of Potential Solutions 

a natural buffer to protect riparian ecosystems. Nonstructural approaches offer the 

prospect for integration and fulfillment of all three Watershed Protection missions - flood 

control, erosion control, and enhancement of water quality. 

Two different approaches can be used to acquire properties: (1) through property 

condemnation and forced buyout and (2) through voluntary, gradual buyouts. Whether 

the buyout is mandatory or voluntary affects the relative cost and the degree to which 

acquired land can be dedicated to public use. 

Property Acquisition by Condemnation 

Property acquisition by condemnation allows the City to require that all habitable 

structures be relocated out of a floodplain area for safety reasons. The City has the 

flexibility to define the extent of the area condemned (e.g., the 10-, 25-, or 100-year 

floodplain). By law, anyone relocated in this manner must be adequately compensated 

for their property and be relocated to equivalent (or better) housing. Relocation 

assistance is available for all displaced owners and tenants. The entire condemnation. 

and relocation process can take many months (or even years) to accomplish, especially in 

large-scale condemnation proceedings. 

Property Acquisition by Phased, Voluntary Property Buy-Out 

In a voluntary buyout, the City gives residents of a target floodplain area the choice to 

move or to stay. Since no one is forced to move, the City pays the "fair market value" 

for all properties acquired and negotiation expenses are minimized. The relocation and 

legal expenses associated with condemnation are effectively eliminated. Since all 

transactions would be voluntary, the City would not be obliged to purchase any 

properties it considers too expensive. Overall costs for this approach are much lower 

than for condemnation. 

Structural Flood Control Solutions 

Structural solutions are engineered modifications to waterways designed to reduce flood 

risk. Unlike buyouts, they offer the option of leaving existing development in· place. 
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They can be used in combination with non structural buyout strategies to gain a lower 

cost solution to a flooding problem. The technologies presented in this section are 

assumed to be implemented on a regional or large-scale basis and, as such, they are 

generally more effective than multiple, privately owned smaller-scale applications. Large 

scale flood detention projects also offer the opportunity for customized design of the 

inflow and outflow structures, to allow for multiple-use application of the facility. 

Northwest Park, which is an offline flood detention facility, is an excellent example of 

effective dual-pwpose application of a regional facility. The structural controls included 

in this inventory are shown in Table 9 - 1. 

Table 9-1 

Inventory of Structural Flood Control Solutions 

-Flood Detention Channel Modification 

Structure Raising Storm drain Upgrades 

Flow Diversion Removal of Constrictions 

Levees and Floodwalls 

Flood Detention 

Detention ponds are structures that capture and hold storm runoff for a limited period of 

time. They are designed to store flows during the most critical part of the flood and 

release the stored water as the flood subsides. While detention does not reduce the total 

volume of runoff from a flood event, it does reduce the peak flow rate and peak. water 

depths, thus reducing flood risks downstream. The principal design considerations for 

detention ponds are storage volume and the size of inlet and outlet structures. The inlet 

regulates the rate of storm water inflow. The flood storage volume is usually created by 

excavation, enclosing an open area with earthen berms or structural walls. The outlet 

structure restricts outflow rates to acceptable levels assuming the storage volume is large 

enough to store the difference between the rate of flow into and out of the pond. 
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Figure 9 - 1.1 

On-line Detention Facility 
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There are two basic 

configurations for detention 

ponds: on-line and off-line. 

On-line ponds are positioned 

directly in the flowpath with 

all flow, including flood flows, 

passmg entirely through the 

facility. Figure 9 - 1.1 

presents a photograph of a 

typical 

facility. 

on-line detention 

Typical on-linejlood delenlionjacility neal' RR 2222 SOU/'ce: Loomis&Mool'e.J999 

Off-line detention ponds are 

located to the side of waterways. They remain empty until flood flows reach critical 

levels when excess flood flows are diverted into the detention pond. After the flood 

recedes, the stored volume drains into the channel. Figure 9-1.2 presents a photograph of 

the Northwest Park off-line detention facility. 

Main Creek 

Channel 

June 2001 

Figure 9-1.2 

Off-line Detention Facility 

Shoal Creek at Northwest Park Source: Loomis & Mool'e, 1999 
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Channel Modification 

Channel modification can Increase 

flow capacity (conveyance) by 

changing the existing waterway 

geometry and/or cross-section. 

Increased capacity reduces water 

depths and the potential for flooding. 

Channel modification may be 

accomplished using the same side 

slope revetment techniques used for 

erosion control projects. To the 

extent that more natural channel 

revetment technologies are 

employed, the adverse environmental 

Figure 9 - 2 

Flood Channel modification 

impacts are reduced. However, these more natural techniques may not provide for an 

effective increase in conveyance in some instances. Figure 9 - 2 presents a channel 

modification project on Shoal Creek. 

Structure Raising 

"Structure raising" physically removes threatened structures from the floodplain by 

elevating them with fill material or some form of piers, posts or columns. In some cases, 

floodplain restrictions will not allow the use of fill materials if they impair floodplain 

conveyance. The use of piers, posts, or columns typically will not significantly impact 

floodplain conveyance or flood elevations. 

Storm Drain System Upgrades 

Storm drain system upgrades consist of replacement or renovation of the existing storm 

drain system. This Capital project solution is an extension of the Storm Drain System 

Repair and Rehabilitation program. This flood mitigation approach targets localized 

nuisance flooding caused by inadequate size or structural degradation of storm drains. 
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Upgrades are made in response to stonn drain system inspections, citizen complaints, 

and/or updated modeling of the system. 

Flow Diversion 

Flow diversion, such as channels and tunnels, directs a portion of the peak flood flow to 

an alternate path. Excess flows are carried online or offline, either along an open channel 

diversion or through a closed pipe (tunnel) path. The diversion may rejoin its original 

channel or proceed to a different location. Online systems divide all flow between two 

paths. Offline systems pass all flow through the original path until a specified flood 

elevation is reached, when a control diverts excess flow to the diversion path. 

Open channel diversions require sufficient space in the overall flood conveyance path. 

Diversion tunnels can be built deep below the ground surface but are quite expensive. 

Figures 9 - 3 and 9 - 4 present schematic representations of the proposed Waller Creek 

flood diversion tunnel. 
Figure 9-3 

Proposed Flood Diversion Tunnel 

Schematic of Waller Creek tunnel path Source: Loomis & Moore, J 999 
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Figure 9 - 4 

Cross-section of Proposed Flood Diversion Tunnel 
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Cross-section ofWalier Creek tunnel Source: Loomis & Moore. 1999 

Removal of Structural Constrictions 

Culverts, bridges, low water crossings, and other structures often create local 

constrictions in streams. The originally designed conveyance through these structures 

may not be adequate and energy losses associated with the constriction cause increased 

flooding upstream. Replacing undersized structures or removing constrictions reduces 

upstream water surface elevations. This approach is best applied where a structure 

constriction is creating localized flooding and/or scour. 

Levees and Floodwalls 

Levees and floodwalls are man-made barriers 

that prevent flood waters from spilling into 

flood-vulnerable areas. Figure 9 - 5 presents a 

levee application for a single residential 

structure. Levees are generally constructed of 

compacted soils. They reqUIre gentle 

embankment slopes (typically 3: I) for 

stability. Floodwalls are generally constructed 

using masonry block and poured concrete and 

require substantial lateral footings and steel 
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Levee Application 

Source: FEMA. 1986 
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reinforcement. Levees and floodwalls are most applicable where floodwaters encroach 

upon structures but the overbank region is not required for local conveyance. 

9.2.2 Erosion Control Capital Projects 

Erosion Control Capital projects typically focus on reinforcing the stream bed channel or 

slowing the velocity of flow. They are used to prevent the loss of property (land or 

structure) to bank erosion. The Erosion Control Capital projects presented include: 

• Property Acquisition • Storm Water Detention 
• Bank Protection/Rehabilitation • Measures for Localized Problems 
• Geomorphically-Referenced River Engineering (or Natural Channel Design) 

Property Acquisition for Erosion Control 

Properties and structures vulnerable to erosion may be removed from the threat of 

erosion through direct acquisition of land or structures in the problem area. As with 

flood control, erosion control acquisitions can be made through condemnation or with 

the voluntary cooperation of the landowner. 

Bank Protection/ Rehabilitation: Side Slope Treatments 

Side slope treatments are techniques that directly reinforce channel banks for 

stabilization and erosion control. They are typically used to prevent the loss of property, 

addressing Type 1 and 2 erosion problems. Side slope treatments range from vegetative 

revetment to concrete coverings. They can be applied along an entire length of channel 

or at isolated trouble spots. As a general rule, the toe of a bank (foundation of bank 

slope) or other high shear stress area requires a hard reinforcement such as rock or 

gabions. Upper banks can often be stabilized with "soft" reinforcements such as 

vegetation or reinforced earth. The goal for bank stabilization is to establish a long-term 

equilibrium for erosion control such that future bank rehabilitation is not necessary. Any 

bank protection schemes must include planning for future changes in channel shape and 

migration of materials through the creek. Where stormflows are projected to increase 
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substantially in the future, bank stabilization should be combined with detention, 

channel modification, and other techniques at the watershed level. See Table 9 - 2 for 

techniques included in this inventory category. 

Table 9 - 2 

Bank ProtectionlRehabilitation Techniques 

Reinforced Earth 

Vegetation Reinforcement 

Big Rock Toe Treatments 

Concrete Riprap 

Reinforced Earth 

Reinforced earth can provide 

support for a vegetated surface 

treatment. Alternating soil lifts 

with reinforcing layers of geotextile 

fabric provides slope stabilization. 

This approach can be structurally 

stable at slopes as steep as 0.5: 1. 

Reinforced earth applications 

include: (1) narrow, deep channels 

(confined channel systems); (2) 

Vegetati ve Bioengineering 

Placed Rock Riprap 

Gabions 

Mortared Rock 

Figure 9 - 6 

Reinforced Earth 

parkland; (3) protection of structures and roadways along the channel; (4) high velocity 

and high shear stress streams; and (5) severe channel bends. Figure 9 - 6 shows a typical 

reinforced earth project. 

Vegeta tive Bioengineering 

Bioengineering uses vegetative plantings introduced into soil backfill and slopes to 

provide erosion resistance, strength, and support from the plant root network. Typical 

plantings include dormant tree stakes or shoots or brush placed either horizontally into 

banks. Plants are selected for extensive root systems, resiliency to flows and inundation, 
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and capacity of self-support and self-repair. Plant survival is crucial to the usefulness of 

this technology. Figure 9 - 7 shows a typical vegetative bioengineering technique. 

Figure 9-7 

Brushmattress-Biorevetment Technique 

ilVEBBANQ1BS ---nllO 
STJ'\XI! 

WlHE 

Vegetation Reinforcement Technigues 

Nate: 
Roat.dI\aI&d a>aditian. g£ Ib .. living 
pl .. t material Is IIDtRpl:ll:llt.ati_ at 
dle1imc ofIn"",nltlon 

Source: Robbin B. Salir & Associates. 1994 

Vegetation reinforcement refers to the integration of slope vegetation with materials such 

as rock riprap, flexible channel liners or fiber rolls, or other similar materials. 

Long-term stability of these measures along stream courses depends on establishing a 

dense, self-perpetuating plant community. Vegetation reinforcement techniques provide 

protection and support to the vegetative cover both during initial establishment and 

during periods of high erosive flows and channel shear stress. Figure 9 - 8 presents a 

typical approach to vegetative reinforcement. 
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Figure 9 - 8 

Turf Reinforcement Mat 

Reed Park - Taylor Slough South Watershed 
After installation ([eft) and with established ve~etation (ri~ht) 

Placed Rock Riprap 

Rock riprap refers to loose, unconsolidated rocks that are placed along eroding side 

slopes. Placed rock riprap can be used in extended segments or in isolated trouble spots. 

Although more labor intensive, hand-placed riprap provides better protection than 

dumped riprap. High shear stress areas usually require rocks] 8-inches in diameter or 

larger. Riprap performs well in conjunction with vegetative slope protection techniques. 

When used to stabilize the toe of a slope, the rock must be sized so that its weight can 

resist applicable shear forces. Typical application areas include: (1) severe channel 

bends; (2) near structures and roadways; and (3) transitions into and out of culverts, 

bridges, and channel improvements. 

Big Rock Toe Treatments 

"Big Rock" treatments offer erosion protection to the particularly vulnerable "toe" or 

foundation of a slope in the stream cross-section. This "toe" can be undermined by 

scour. Localized scour typically occurs at the outside of a bend, in the area downstream 

of a storm water outlet, at bridge piers, and along wastewater lines. This toe treatment is 

often used in conjunction with other stabilization and revetment methods. In streams 

with frequent high shear stress flows and high velocities, the rock toe can be extended to 

the active channel depth to maximize erosion prevention. Figure 9 - 9 presents a typical 

big rock toe treatment. 
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Big Rock Toe Treatment 

Figure 9 -10 

Gabion Channel Revetment 

Gillis Park Gabions on Shoal Creek Source: Loomis & Moore, 1999 

Gabions (Rock and Wire Baskets) 

Gabions are coarse, PVC-coated wire mesh baskets filled with stone and rock. The term 

"gabion" is actually a trademark name for a specific type of rock and wire basket but has 

been commonly used to refer to all stone filled wire baskets. Gabions can be configured 

in a variety of ways, either stacked or blanketed, and provide very high levels of erosion 

protection, including situations with slopes as steep as 0.5 : I H:Y. They are typically 

used in high velocity channel reaches; at bridge and culvert constrictions; in situations 

where the ability to slope the bank is limited; and for construction to extreme heights. 

Figure 9 - 10 illustrates a gabion channel revetment application on relatively steep 

slopes. 

Concrete Rip rap 

Concrete riprap is concrete slope paving used for surface protection in erosion-prone 

areas, but is generally not designed to provide structural stability. Concrete riprap should 

be limited to channel sideslopes with ratios no greater than 1.5: 1 H:V. Concrete riprap is 

usually steel-reinforced to limit cracking and structural failure of the paving surface. 

Widespread use of concrete riprap channels for flood control can result in reduced 

overbank flood storage and higher downstream peak flow rates. Concrete riprap in 

combination with concrete walls has been used for large channel stabilization projects in 
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Austin (e.g., Boggy Creek, Tannehill 

Branch). Figure 9 - 11 illustrates a 

typical channel revetment application 

for concrete riprap. 

Mortared Rock 

Mortared rock revetment is stacked 

rock cemented with mortar and, like 

concrete riprap, is used for surface 

protection In erodable streams. 

Figure 9 - 12 presents a mortared 

rock embankment. The primary 

advantage of mortared rock is its 

relatively high aesthetic value In 

maintaining a natural appearance, 

although it is generally considered 

less reliable than concrete nprap, 

gabions, or reinforced earth. 

Mortared rock provides moderate 

channel friction and is often used in 

narrow, confined channel areas 

where high conveyance and aesthetic 

treatments are desired, but vegetative 

Figure 9 - 11 

Channel Revetment Application 

Loop 360 at Bull Creek Source : Loomis & Moore, 1999 

Figure 9 - 12 

Mortared Rock Embankment 

Bull Creek Watershed 

revetment is impractical. WPD staff recommends avoiding the use of mortared rock side 

slope treatments as a Capital Erosion control solution due to a history of structural failure 

of these systems in Austin. 

Geomorphically-Referenced River Eneineering 

Geomorphically-referenced river engineering (GRRE), also known as natural channel 

design, refers to the engineered modification of streams to achieve long-term stability of 
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channel cross section, profile and planfonn while maintaining natural channel bed and 

streambanks. GRRE is a holistic approach to stream restoration to develop a stable, low 

maintenance, ecologically diverse riparian corridor within the context of the watershed. 

These goals are achieved by configuring a frequent flow channel complete with riffles 

and pools that will maintain itself. GRRE solutions seek to address systematic problems 

in the stream network that result in large scale channel erosion. They consider the 

interaction of adjacent channel sections in the design of solutions to channel erosion 

problems. This reflects a change from past piece meal approaches to solutions which 

acted as band-aids that fixed a localized problem with no consideration of the stream 

system as a whole. These methods can have a favorable impact on restoring creek 

system integrity, overbank storage, and water quality. Table 9 - 3 presents descriptions 

of techniques commonly employed by GRRE: 

Terracing 

Re-meandering 

Artificial Shoals 

Terracing 

Table 9-3 

GRRE Techniques 

Side Channel Construction 

Raising the Channel Bed 
-- - - - -

,. 
- ~- . .:c --
~- .~ 

Terracing promotes re-connection of a deeply cut channel to its floodplain through 

excavation of a floodplain area adjacent to the impacted channeL The terrace is cut to 

allow the inset channel to carry the 1- to 2-year storm, and the floodplain provides relief 

for larger storms. The 

most significant 

drawback to terracing 

is loss of trees or 

other desirable 

- j 
Section view of terracing (dashed 
line) to reconnect a channel (solid 
line) to its floodplain 

Source: Loomis & Moore, 1999 

vegetation. But in many cases, impending channel degradation may already threaten the 

existing vegetation, and terracing can provide a stable platform for re-vegetation . 

June 2001 
• city of austin 

9-15 

Watershed Protection 
~ 



Section 9 
Inventory of Potential Solutions 

Side Channel Construction 

Side channel construction reduces water surface elevations and flow velocities by 

providing a 

flow route 

parallel to the 

main 

Section view of side channel 
Source: Loomis & Moore, J 999 

channel. The side channel, which typically remains dry during low flows, is established 

with native vegetation, and provides additional conveyance and storage during 

stormflows. As with terracing, side channel construction may eliminate existing riparian 

vegetation. 

Source: 
Loomis & Moore, 
1999 

Re-meandering 

Re-meandering refers to restoration of the natural meandering 

channel flow path to increase stream length and reduce channel 

slope. This technology is typically employed as a restoration 

measure for streams that have been straightened and armored. The 

resulting flow has lower stream energy and therefore lower erosion 

potential. Typically, the restored channel provides less conveyance 

than the "improved" channel, with increased floodplain 

conveyance compensating for the reduction in channel conveyance. 

Raising the Channel Bed 

A highly entrenched channel contains a broad range of low flow and higher flow events. 

Before the channel became entrenched, the floodplain provided relief for the larger 

floods. Raising the channel bed returns high flow events to the floodplain and reduces 

channel shear stress. Drawbacks include temporary loss of habitat and higher flow 

depths. If the floodplain cannot carry extreme events due to new hydrologic conditions, 

then raising the channel bed can create new flooding problems. 
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Artificial Shoals 
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When watershed conditions create a channel degradation problem, the channel tends to 

downcut until it encounters a non-erodable material. Where the limiting substrate is 

deep below the original natural creek bed, it may be advisable to arrest further 

downcutting through creation of 

artificial shoals. A common 

application of this approach involves 

the use of large rocks (18 inch or 

greater diameter) buried beneath the Buried rocks form an artificial shoal Source: Loomis & Moore, 1999 

channel flowline to form a barrier to downcutting. Artificial shoals are designed for 

grade control to prevent head cuts from migrating upstream. Scour holes may form, but 

artificial shoals must be keyed-in at the head cut and along the side slopes to prevent 

undercutting and widening of the channel. 

Storm Water Detention for Erosion Control 

Storm water detention offers a means of regulating peak flow rates to promote channel 

stability for urbanizing watersheds with significant expected future erosion and 

enlargement of the channel cross-section. Storm water detention is generally designed to 

mimic the pre-development frequency of channel-forming runoff events (those frequent, 

short duration storm events that cause most of the bank erosion) by temporarily storing 

the storm runoff volume, and regulating discharge flow rates. Outlets must be sized for 

release rates that consider downstream shear stress thresholds to avoid channel 

instability. Storm water runoff detention is effective in preventing future erosion 

problems, but is not generally useful for remediation of current active erosion. Runoff 

detention for erosion control generally requires capture and control of the 6-month to 2-

year runoff volume, depending upon downstream channel conditions (i.e. rock-controlled 

vs. alluvial). Consequently, substantial land area for online or offline runoff storage is 

necessary for this approach. 
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Measures for Localized Erosion Problems 

There are several erosion control measures that are particularly effective in addressing 

localized problems. These measures focus on dissipating the energy of storm water flow. 

They include: 

• Outlet protection at storm drain outfalls 

• Flow deflectors 

Outlet Protection at Storm Drain Outfalls 

Outflow from storm drains and culverts often create localized scour due to high flow 

velocities. High velocities occur when outfall pipes are steep or pipe flow is pressurized. 

The following list describes measures for reducing outlet scour: 

Baffles - an array of concrete blocks that slow outlet flows by creating turbulence. 

Flattening the Outfall Pipe Slope - Steeper pipe slopes result in higher flow velocities. 

Flattening the outfall section pipe slope will slow the flow velocity before the flow leaves 

the pipe and prevent additional scour. 

Roughening the Outlet Section - Forming slats or small baffles within the outfall pipe 

creates roughness within the pipe that slows the velocity at the outlet. 

Extended Concrete Apron - An extended section of concrete at the outfall provides 

protection to the streambed where the outfall flow transitions to stream flow. The use of 

rock riprap around the edges prevents undermining and creates a roughened surface to 

minimize channel erosion. 

Flow Deflectors 

Flow deflectors provide bank protection by promoting sediment deposition. Flow 

deflectors are constructed by placing boulders, gabions, railroad ties or other objects 

along a channel segment. Sediment deposits behind the deflectors can generate 

vegetation growth and promote additional stability. Location of channel deflectors on 
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the outside of a channel bend is generally intended to keep the deepest portion of the 

channel toward the middle of the channel, reducing high, erosive velocities on the 

outside bank. 

Check Dams 

Check dams (Figure 9 - 13) are 

small, low head dams installed at 

multiple locations along 

Figure 9-13 

Check Dam 

Delta created behind dam by the 

deposited material drainage channels and urban 

creeks. In general, they function 

to reduce the energy and erosive 

capacity of runoff flows. Debris 

and sediment trapped in the 

check dam pool can provide 

grade stabilization. Cross-sectional view of a gully check dam Source: Gray and Leiser. 1989 

9.2.3 Water Quality Protection Capital Projects 

Water quality protection capital projects are intended to limit the impact of non-point 

source (NPS) pollution on receiving waters. NPS pollution originates from diffuse, 

usually urbanized, runoff sources. Pollutants typically occur in relatively low 

concentrations; however, due to the large number of non-point sources, they usually 

constitute a significant portion of the overall pollutant load delivered to receiving waters. 

There are four groups of water quality control Capital project solutions: 

Source Controls Property Acquisition 
Treatment Controls Rangeland Management 

All four groups of solutions focus on reduction of pollutant loads to receiving streams. 

Property acquisition and rangeland management strategies were originally considered 

under Capital Project solutions, but were referred to Programmatic Solutions as they lend 

themselves better to implementation via one of the City programs . 
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Inlet Filter 
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Concrete curb inlet 

FlowLine 
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Inlet Filter Top View 

Source: City of Austin. 1999 

Trash and Debris Booms 

Trash and debris booms are modified oil spill containment booms placed across urban 

creeks (generally near the confluence with a downstream river or lake) to catch floatable 

trash and organic debris. Booms are secured so that they are not destroyed by the full­

force of high velocity flows. By capturing floatable trash and woody-organic debris, 

booms target the most obvious, visual signs of non-point source pollution. Experience in 

Austin has shown that trash booms on urban creeks can catch an average of more than 60 

gallons of trash and debris per stonn event. Booms must be maintained frequently to 

avoid aesthetic concerns, since booms accumulate floating debris in and on the surface 

of the receiving water. Figure 9 - 15 presents a trash and debris boom deployed in Shoal 

Creek. Figure 9 - 16 presents a cross-section view of a trash and debris boom. 
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Figure 9 - 15 
Trash and Debris Boom 

Trash Boom on Shoal Creek 

Figure 9 - 16 
Trash Boom Schematic 

Source: City of Austin. 1999 

Retrofitting of Existing Storm Water Management Ponds for Trash Removal 

(Trash Screens) 

The use of trash screens in existing water quality ponds is generally applied as an added 

non-point source control feature, used in conjunction with the primary water quality or 

flood control purposes of the ponds. Retrofitting an existing storm water management 

pond usually involves placing a screening device at the outflow structure to assure that 

trash and debris is captured and stored in the pond. It is important to assure that trash 

accumulation does not impact the intended flow characteristics of the outflow structure, 

or impair the original function of the facility . 

Impervious Cover Removal 

Impervious cover removal involves removing impervious surfaces and replacing them 

with stabilized, vegetated, pervious cover. The new pervious surface reduces runoff and 

increases infiltration. This approach can be used where impervious cover is over-built 

for its intended purpose, or has become obsolete through site abandonment. Application 

of this approach would best be implemented as a Citywide program because, prior to 

capital implementation, this approach will require significant investigation of practical 
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applicability, land ownership constraints, and costlbenefit issues. Example applications 

include removing parking lot pavement, replacing it either with pervious pavements or 

pervious landscaped areas (see "Porous Pavement" below). 

Impervious Cover Disconnection 

Disconnection of impervious cover is a retrofit technique involving removal of the direct 

path of storm water flow between impervious cover and waterways. This practice 

operates on the principle that the negative impacts of impervious cover on water quality 

and quantity can be reduced if runoff from these areas is redirected over pervious areas 

for possible storage, energy dissipation, and filtration/infiltration. Conventional site 

designs often encourage water to exit as rapidly as possible via impervious conveyance 

paths (storm drains, storm drains, concrete-lined channels, etc.). This technique calls for 

reconfiguring drainage structures to direct runoff from rooftops, roadways, and parking 

lots across landscaped or other pervious areas prior to discharging into waterways. 

Bioretention Figure 9-17 

Bioretention Schematic 

~-- 8l0RCTtN11"" ..... EA ---I 

SEC7!CN A-A' 
(NOT TO SCALE) 

Bioretention is a water quality 

practice in which runoff from smaller 

impervious areas is captured and 

retained in a depressed, vegetated 

area. Figure 9 - 17 shows plan and 

profile schematics of a bioretention 

facility. The soil in the storage area 

is selected or conditioned to promote 

infiltration. Facilities typically are 

designed to contain the first flush of 

runoff (typically defined as the first 

half inch); maximum water depths 

are typically shallow. The use of 

vegetation in this system is modeled Source: Prince Georges Co. 
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after the properties of a terrestrial forest ecosystem. To mimic this natural system, a 

successful BMP design should include a mature tree canopy, an understory layer of 

smaller and/or younger trees, a shrub layer, and a groundcover layer. Bioretention is 

typically used to treat urban areas or roadways with relatively high impervious cover and 

is usually placed offline to avoid erosion during large storm events. 

InfIltration Basins 

Infiltration basins are designed to capture runoff and allow it to infiltrate directly to the 

soil, rather than discharging to receiving waters. Figure 9 - 18 shows a schematic 

infiltration basin design. As water migrates through porous soil and rock, pollutants are 

removed via precipitation, sorption, physical filtration, and microbial biodegradation. 

This solution type is 

intended to mimic the 

natural 

and 

water-retaining 

infiltration 

characteristics of 

undeveloped watersheds. 

Basins can be dug from 

native alluvial soils, built 

with structural walls, or 

created with berms. They 

are almost exclusively 

built off-line and are 

located adjacent to 

Top View / 

Side View 

Figure 9-18 

Infiltration Basin Schematic 
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Source: Schueler, 1987 

waterways, rather than on-line, or within the channeL Runoffis diverted into them until 

the desired storage treatment volume is reached. Excess flow continues on to the 

receiving waters. These basins have a very high removal efficiency if functioning 

correctly. Typical designs allow for complete basin draining to occur within two to three 

days. 
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The use of infiltration basins can be limited by numerous site factors including soils, 

slope, water table and contributing watershed area. The use of this design is 

geographically limited in Austin, since recharged waters from these facilities may impact 

groundwater quality. 

Infiltration Trenches 

Infiltration trenches are shallow (3-8 feet deep), excavated trenches which are backfilled 

with stone to create an underground storm water storage reseIVoir for storm water 

infiltration and treatment. Figure 9 - 19 shows a diagram of an infiltration trench. 

Runoff either enters directly at the surface or flows into underground trenches through a 

pipe drainage system. Captured runoff is assumed to infiltrate into the adjacent subsoil. 

Surface runoff flows are typically filtered through a grass buffer to trap fine particulates, 

to limit the potential for clogging the trench. Despite this design, high failure rate due to 

clogging has been reported. Infiltration trenches are generally used only with small 

drainage areas. Like infiltration basins, the applicability of infiltration trenches can be 

highly restricted by poorly drained soils or a high water table. 

June 2001 
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Infiltration Trench Schematic 
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Porous Pavement 

Porous pavement describes a variety of alternative techniques used to construct 

roadways, parking lots, and other transportation surfaces that promote water infiltration. 

They are a substitute for conventional, impervious concrete and asphalt surfaces. When 

properly designed and installed, porous pavement can have load bearing strength and 

longevity similar to conventional pavement; however porous pavement systems are 

generally most useful with light-duty traffic. This solution removes storm water 

pollutants (principally via subsequent soil infiltration), helps maintain the pre­

development flow regime of a creek by reducing peak flows and enhancing creek 

baseflow. Design options include: (1) porous pavement with underground 

storage/recharge beds; (2) concrete pavers infilled with soil/gravel and vegetated with 

grass; or (3) plastic or metal grid infilled with gravel or equivalent. Figure 9 - 20 

presents a schematic design for a typical porous pavement configuration. 
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Porous Pavement Schematic 
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Rainwater Harvesting 

Rainwater harvesting systems divert 

storm water runoff from building roofs 

into a holding tank or cistern via gutters 

and pipes. Stored water is irrigated 

during dry weather onto landscapes or 

other pervious surfaces such that little 

or no runoff occurs. This technology 

reduces peak runoff flows, enhances 

vegetative growth, and promotes 

infiltration. Rainwater systems usually 

take runoff exclusively from rooftops. 

Section 9 
Inventory of Potential Solutions 

Figure 9 - 21 

Rainwater Harvesting 

Shoal Creek Watershed 

This water is relatively clean compared with road or fertilized turf runoff. The high 

quality of the captured water makes rainwater harvesting suitable for water reuse and 

consumption. Rainwater harvesting systems are widely applicable for residential or 

conunercial properties where there is sufficient pervious area for irrigation, or sufficient 

potable water need. Rainwater harvesting systems can be relatively simple to install on 

existing structures, and require only a small area for the tank and pump house. Figure 9 

- 21 shows a home with a rainwater harvesting tank. 

Hazardous Materials Traps 

Hazardous materials traps (HMTs) are retention basins designed to capture hazardous 

material spills along roadways. HMTs are sized to hold the contents of a standard tanker 

truck or rail car (approximately 8,000 gallons). To function as intended, HMTs must be 

empty at the time of a spill. Most are fitted with an inverted siphon to drain captured 

storm water. Figure 9 - 22 presents a schematic of a typical hazardous materials trap. 
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Figure 9 - 22 

Hazardous Materials Trap Schematic 
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Source: Loomis & Moore, 1999 

Storm Water Treatment Measures 

Treatment controls are those that capture and remove pollutant loads generated by 

multiple sources. They are typically located on-line or off-line along creeks and 

tributaries and involve capture of at least the first half-inch to inch of storm water runoff 

(often called the first flush). Storm water treatment measures may be placed 

individually, or in series with similar or different control technologies. They are most 

effective when they are able to treat multiple pollutant types and be multi-purpose in 

operation. For example, a wet pond can incorporate baseflow storage and provide 

erosion control volume while addressing multiple pollutant types. Table 9 - 5 shows 

water quality treatment solutions presented below. 

Table 9 - 5 

Water Quality Control Treatment Solutions 

Retention-Irrigation Wet Ponds 

Constructed Storm Water Wetlands Sedimentation/Sand Filtration 

Extended Detention Grassed Swales 

Vegetated Filter Strips Oil Grit Separators and Water Quality Inlets 

Multi-Chambered Treatment Trains Inlet Adsorbents 
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Retention-irrigation refers to the capture of storm water runoff in a holding pond, and the 

subsequent use of the captured volume for irrigating landscape or natural pervious areas. 

This technology is highly effective as a water quality control and results in very high 

storm water pollutant removal efficiencies. This technology mimics natural undeveloped 

watershed conditions. Retention-irrigation facilities function to remove pollutants by 

capture and vegetative uptake in the upper soil profile and shallow root zone. Storm 

water can be captured in almost any kind of runoff storage facility. These facilities are 

typically offline. The pump and wet well are automated with a level sensor, rainfall 

sensor, and timer to provide irrigation within a specific period of time following a 

rainfall event. A spray irrigation system is required to provide an adequate flow rate for 

distributing the water quality volume. Although water quality performance is excellent, 

maintenance requirements and construction costs for retention-irrigation systems are 

high. Land availability is also an issue. This approach is most often applied in sensitive 

watersheds (e.g. the Barton Springs Zone) as a means of achieving storm water non­

degradation. Figure 9 - 23 presents a schematic design for a typical retention-irrigation 

system. 

Pre·~aana~ 

Figure 9 - 23 

Retention-Irrigation System Schematic 
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Wet Ponds 

Wet ponds maintain a pennanent 

wet pool to detain and treat stonn 

water runoff. This technology 

provides potentially excellent 

stonn water quality enhancement 

for a wide range of pollutants. 

Wet ponds are designed to 

encourage the maintenance of 

healthy emergent and submerged 

aquatic vegetation, and an active 

microbial community capable of 

Figure 9 - 24 

Wet Pond System 

St Elmo Wet Pond, Williamson Creek Watershed 

dissolved pollutant breakdown. If properly designed and sized, sedimentation processes 

can capture a significant amount of the particulate fraction. Pennanent wet storage may 

serve as a stand alone treatment, or may be used in conjunction with other measures such 

as erosion control, flood control or baseflow. Additional benefits include creation of 

aquatic, wetland, and terrestrial habitat, and high community acceptance for aesthetic 

value. 

Wet ponds may be constructed on- or off-line and can be sited at feasible locations along 

established drainage patterns. They are best suited to small sub watersheds with 

residential land uses or other uses where high nutrient loads are expected (such as golf 

courses). Figure 9 - 24 presents a wet pond system. 

Constructed Storm Water Wetlands 

Constructed stonn water wetlands are shallow, vegetated ponds that are engineered and 

constructed to mimic the structure, water quality function, wildlife habitat, and aesthetic 

value of naturally occurring wetlands. Figure 9 - 25 presents a schematic diagram of a 

typical constructed wetland solution . 
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Figure 9 - 25 

Constructed Wetland Schematic 
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Constructed wetlands generally feature unifonnly-vegetated areas with depths of one foot 

or less, and open water areas as deep as 4 feet. Wetland vegetation is made up of native 

aquatic plant species. Constructed wetlands can be designed on-line or off-line and 

usually serve smaller drainage areas than wet ponds. Constructed storm water wetlands 

need sufficient baseflow, groundwater, and/or contributing drainage area to maintain 

year-round wet conditions for survival of aquatic vegetation. 

Natural wetlands can be modified to handle additional inflows of pollutant loads and 

water volumes from new developments. In the Austin area such modification is usually 

limited to old stock ponds that have developed over time as wetlands 

Sedimentation/Sand Filtration 

Sedimentation/filtration ponds are storm water capture structures that provide two-stage 

treatment of storm water. Two designs, full and partial sedimentation, are allowed by the 

Environmental Criteria ManuaL The full sedimentation basin detains the first flush 
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runoff, generally at least the first Yz inch with a minimum draw-down time of about 24 

hours. The partial sedimentation system stores the captured water in both the 

sedimentation and filtration portions of the facility, but requires a larger filter area. 

Effluent is discharged to the filtration basin, which includes a sand filter, a geotextile 

layer, and gravel. A perforated PVC piping system drains filtered flows from the 

filtration basin. Pollutant removal is primarily through physical filtration. 

Sedimentation/filtration ponds are built as off-line systems, and are typically used to treat 

runoff from small, newly developed sub-watersheds. Off-line sedimentation/sand 

filtration can achieve high levels of average annual load removal for suspended solids 

and associated toxic load. Figure 9 - 26 shows an actual system in place. Figure 9 - 27 

presents a schematic of a sedimentation-filtration system as typically implemented in 

Austin . 
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Sedimentation-Filtration Pond 

Austin American Statesman, Town Lake Watershed 
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Figure 9 - 27 

Sedimentation-Filtration System Schematic 

To Stormwater 
Detention Basin PLAN VIEW 
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Extended detention (ED) refers to the 

capture and slowly release of storm 

water runoff. ED facilities can be on 

or off-line. Figure 9 - 28 presents an 

extended detention system. Off-line 

ED facilities are typically designed to 

remain dry between runoff events. 

However, like wet ponds, this 

approach can be used to target 

multiple storm water missions, 

including water quality, erosion 

control, baseflow enhancement, and 

Filtration Basin 

Weir To Achieve · 
Unilorm Discharge 

Underdrain Piping System 

Filtered Outllow 

Stone 
Rip Rap 

Source: City of Austin. 1988 

Figure 9 - 28 

Extended Detention System 

flood control for higher frequency St. Edward's University, Blunn Creek 

events. ED ponds can be designed in 

conjunction with other structural storm water practices such as wetponds, or as stand-
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alone facilities. Extended detention technologies require sufficient open land with a 

grade that allows placement of a storm water storage facility. Depending on detention 

time, ED ponds used alone generally provide moderate to high (although variable) 

particulate pollutant removal, but poor removal for dissolved constituents. 

Grassed Swales 

Grassed swales are vegetated, graded, open channel systems designed to convey runoff as 

low velocity, overland flow. They require dense vegetative cover. As an alternative to 

curb and gutter systems, swales are designed to convey runoff while promoting 

infiltration, settling and capture of particulates. Performance is directly proportional to 

contact time; thus longer swales with slower velocities provide greater water quality 

enhancement. They can also be used as a passive solution for site development drainage 

and as an alternative to curb/gutter storm drain systems. Performance can be severely 

compromised if slopes are excessive or if erosion along the swale concentrates flows. 

Figure 9 - 29 presents a typical grassed swale schematic. 
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Figure 9 - 29 

Typical Grassed Swale Schematic 
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Vegetated filter strips are vegetated areas designed to accept runoff as overland sheet 

flow from developed land uses. Vegetation 

can vary from grassy meadows to woodlands 

and can be existing, natural vegetated buffers 

or engineered vegetative filter strips. The use 

of existing vegetative filters is limited to gently 

sloping areas where shallow flow 

characteristics are possible. Filter strips 

provide water quality enhancement through 

infiltration, settling and capture of particulates, 

biological uptake process, and physical 

filtration. They mimic natural watershed 

conditions by promoting localized runoff 

Figure 9 - 30 

Vegetated Filter Strip 

Bartholemew Park. Tannehill Branch 

storage and infiltration . Filter strips can be vegetated or maintained to preserve the 

character of riparian corridors, prevent Stream Erosion and preserve habitat quality. If 

adequately vegetated, graded and maintained, vegetated filter strips are effective and 

reliable as water quality measures. They are passive and aesthetic in comparison to 

structural water quality control measures. Figure 9 - 30 presents a typical vegetated 

filter strip. 

Oil/Grit Separators and Water Quality Inlets 

Oil/grit separators (OGS) are typically two- or three-chambered, underground retention 

systems that remove pollutants from roadways and parking lots. The first chamber is 

used for gravity settling of heavy particulates, adsorbed hydrocarbons, and heavy metals. 

The second chamber provides separation by floatation of fresh oil and other emulsified 

petroleum products. A third chamber usually provides additional storage volume, 

sediment settling capacity, and houses the storm drain outlet pipe. Figure 9 - 31 

presents a schematic representation of a three-chamber oil/grit separator. 
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Figure 9 -31 

Typical Schematic for Oil/Grit Separator 

Side View 
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Source: Schueler. 1987 

The use of OGS systems is usually restricted to small, highly impervious basins of about 

two acres or less, and is particularly appropriate for sites expected to receive high 

amounts of vehicular traffic or petroleum inputs, such as gas stations, roads and loading 

areas. They can also be used as pre-treatment for wet storage facilities to prevent visible 

oil on the surface of the permanent pool. 

Multi-Chambered Treatment Trains (MCTT) 

The Multi-Chambered Treatment Train (MCTT) is a relatively new, site-level storm 

water treatment technology developed at the University of Alabama-Birmingham. 

Similar to an oil-grit separator, the MCTT targets toxic storm water loadings from urban 

"hot spot" areas such as automotive repair or industrial facilities. The MCTT offers 

improved performance as compared to the oil/grit separator. The MCTT is a concrete 

device consisting of three chambers, each targeting specific components of the toxic 

load. Pollutant removal mechanisms include settling, aeration, absorption and filtration 

in a sand/peat media. Prototype MCTT units have typically been sized to contain the 

runoff from a 0.5 inch rainfall from a typical O.S-acre gas station. If developed for 
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general production, the MCTT device can be provided as a completely contained, 

prefabricated unit ready for placement at the developed site. Figure 9 - 32 presents a 

schematic representation of an MCTT system. 

Catchbasin 

Inflow 
1 

Inlet Adsorbents 

Figure 9 - 32 

Schematic of a Multi-Chambered Treatment Train 

Main Settling 
Chamber 

Filtering Chamber 

:.:.:.:.:.;.:.;.:.:.:.:-:.:.:-:-:.:.:-:.;. ...... Outflow 

Source: Loomis & Moore, 1999 

Inlet adsorbents are a retrofit technique to place adsorbent filters, pillows, sheets or socks 

in storm water inlets to remove oil and grease from storm water before it enters the stonn 

drain system. Because the petroleum hydrocarbon component is virtually impossible to 

remove through settling, inlet adsorbent materials are one of few effective techniques. 

Inlet adsorbents can be installed in conventional storm water inlets and are a logical 

companion to inlet filters. 

Property Acquisition for Enhancement of Water Quality Control 

There are four property acquisition options that can be used for water quality control 

pUIposes. Table 9 - 6 outlines those four techniques. 
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Table 9-6 

Property Acquisition Techniques 

Land Acquisition Riparian Vegetated Buffers 

Conservation Easements Urban Forestry 

Land Acquisition 

Land acquisition for water quality protection involves the purchase of strategically 

sensitive lands, protecting raw lands from being developed, and therefore maintaining 

low, pre-developed pollutant loads in perpetuity. Purchases are made from willing sellers 

and do not involve condemnation. Land to be considered for acquisition should have 

several characteristics: (1) relatively high degree of long term development pressure; (2) 

high environmental value (inherent value or value as a prospective site for future water 

quality controls); and (3) an owner who is willing to selL Acquired lands may provide 

other indirect benefits such as endangered species protection or preservation of baseflow 

and aquifer recharge. 

Conservation Easements 

Conservation easements for water quality protection are legal agreements with property 

owners to limit development of properties covered by the easements. Development 

restrictions can range from partial to total purchase of development rights. Conservation 

easements differ from land acquisition in that the property owner maintains legal 

possession of the land, while the easement holder acquires the raw land development 

value. This option is most feasible for undeveloped land, but may be applicable in some 

situations on land with low-density development. 

Riparian Vegetated Buffers 

Riparian vegetated buffers are vegetated lands purchased and set aside in perpetuity 

along creek channels and waterways. Buffers can function as overbank erosion 

protection during peak flows and can also serve as a vegetated filter strip for local runoff. 

They can preclude development in close proximity to waterways, further disconnecting 
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impervious surfaces from direct conveyance to the creek. A native plant or xeriscaped 

buffer strip minimizes the need for supplemental fertilizer, 

pesticides, or watering. Buffer areas also provide 

recreational, aesthetic, erosion control, and wildlife 

habitat value. The Stacy Park and Blunn Creek Preserve 

buffer help protect much of the Blunn Creek watershed in 

Austin. 

Urban Forestry 

Urban forestry includes landscaping practices such as the 

preservation of trees during construction, planting of trees 

after site clearing, infilling of additional trees on 
Stacey Park/Blunn Creek Greenbelt 
Source: City oj Austin. 1999 

developed sites, and homeowner landscaping after subdivision development. Trees, 

shrubs and ground cover intercept rainfall and create a permeable layer that promotes 

infiltration of runoff. Urban forestry is considered to provide a limited degree of 

pollutant removal; however, it does provide shade, wind breaks, moderation of local air 

temperatures, and habitat for wildlife. Typically, as much as 50% of a residential lot can 

be converted into a natural setting of trees, shrubs and ground covers. Figure 9 - 33 

depicts a typical urban forestry application. 

Figure 9 - 33 

Adapted/rom Wittans and Weiss, 1985 
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Rangeland Management Strategies 

Ranchers have traditionally used rangelands in central Texas for grazing cattle, goats, 

and sheep. Rangelands represent the predominant land use in Austin's outlying 

watersheds to the west. Due to their large contributing drainage area, the condition of 

these lands may have a significant effect on water quantity and quality. Poor 

management practices have left much of this area in a deteriorated condition. Recent 

research shows that improved management of rangelands can stabilize soils, restore 

vegetation, increase rainfall infiltration, augment creek baseflows, and reduce 

sedimentation and nutrient export. Table 9 - 7 presents three rangeland management 

strategies. 

Table 9-7 

Rangeland Management Strategies 

Native Grassland Establishment Specialized Grazing Systems 

Control of Livestock in Riparian Areas 

Native Grassland Establishment 

Grassland establishment involves clearing undesirable brush species (such as juniper and 

cedar) and planting native bunch grasses. The presence of undesirable brush species can 

result in substantial interception of rainfall, reduction in infiltration (and thus baseflow), 

and suppression of ground-cover vegetation. Bunch grasses form a thick ground cover 

with extensive root systems, a combination that serves to impede overland flow, reduce 

sediment movement, and increase infiltration and resulting creek baseflow. 

Not all rangelands are suitable for grassland establishment. Many areas with cedar are 

habitat for the endangered golden-cheeked warbler, which the Ba1cones Canyonlands 

Preserve seeks to protect. Juniper is a well-adapted native in the Texas Hill Country, and 

its historic place in steep, rugged, canyons should be preserved. Removal of junipers 

from these areas could significantly increase erosion and sedimentation. Some flatter, 
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more upland stands of cedar should also be left intact. The selection of areas for 

grassland establishment should be carefully determined on a site-by-site basis. 

Control of Livestock in Riparian Areas 

Riparian areas constitute critical buffer zones for creek protection. Overuse by livestock 

in these areas causes damage to the stream channel and to protective riparian vegetation. 

Cattle and other livestock prefer to remain in close proximity to waterways as they 

provide drinking water, shade, and locally cooler temperatures. Vulnerable areas along 

riparian areas should be protected from over-use by livestock with fencing, rotational 

grazing, and other methods. Control of livestock in riparian areas is widely applicable in 

ranchlands. 

Use of Specialized Grazing Systems 

Many experts contend that rangelands are best served by management systems that 

control the number and location oflivestock on a given property. Traditionally, livestock 

herds have been maintained at low intensities on a given site for extended periods of 

time. In many cases, highly desirable grazing areas, such as riparian zones, are heavily 

used and are not permitted sufficient opportunity to recover. Management theories have 

been proposed indicating that rangelands are best used intensively for short periods with 

long periods of rest. These theories maintain that short grazing regimes mimic natural 

patterns of herd animal behavior, thereby stimulating native vegetative systems, which in 

turn protect soil and water resources. While specialized grazing systems are applicable 

throughout the ranch lands of Central Texas, given the trend toward subdivision of large 

ranches into smaller rural parcels, it may be necessary for ranchers and other landowners 

to work collaboratively. 

9.3 Operating Programs 

Operating Programs are implemented as City operating programs involving ongoing 

stonn water management activities with a long tenn budgetary commitment. Examples 

of operating programs include infrastructure maintenance, emergency spills and 

complaints response, design review and inspection for new development, the flood early 

June 2001 
• city of austin 

9-41 

Watarshad Probotlon 
~----------,-------



Section 9 
Inventory of Potential Solutions 

warning system, and water quality monitoring. Programmatic solutions are applicable to 

virtually all watershed problems. 

The Inventory of Programmatic Solutions summanzes the existing and potential 

solutions implemented as City programs funded through the Watershed Protection 

Department's (WPD) annual operating budget. Programs are administered by the three 

divisions within the Watershed Protection Department. Table 9 - 8 provides a list of all 

existing programs. Programs are generally categorized by the three WPD missions: 

erosion, flood, and water quality control. Some programs are considered to be 

integrated, i.e., they address all three program areas. 

Table 9-8 

Existing WPD Programmatic Inventory Listing 

FLOOD CONTROL WATER QUALITY CONTROL 

Flood Project Planning. Implementation & Field Eng. I Federal Storm Water Permit 

Channel Vegetation Control Water Quality Assessment 

Pond Vegetation Control Land Use Water Quality ~onitoring 

Open Waterv.·ay Maintenance Structural Controls Monitoring 

Bridge and Culvert Cleaning Em.;ronmentallmpact Assessments 

Storm Drain System Repair and Rehabilitation Water Quality Control Design 

Storm Drain System Cleaning Storm Sewer Discharge Permits 

Hydrologic & Hydraulic Modeling Emergency Spills & Complaints 

Flood Plain Office Contaminated Site Cleanup 

Flood Early Warning System (FEWS) Vv' ater Quality Education 

Flood Hazard Public Education Pond Operating Permits 

Watershed Management and Facilities Planning Underground Storage Tanks 

EROSIO~ CO~TROL Commercial Pond Inspection 

Erosion Project Planning. Implementation. & Field Town Lake Cleanup 
Engineering 

Erosion Control Crew ' . ;,.- ?: -- ... _j' •• 
..~. ~~~.; X'/.', l~ .. j.:~·!; :r·'i'~!~ 

INTEGRA TED PROGRAMS 

Detention and Water Quality Pond Maintenanct: and Repair 

Review and Inspection of Development 

Watersht:d Master Planning 

Geographic Information Systems (GIS) and 

Database Management 

I 

, . 
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The Inventory also identified potential new programs which are identified in Table 9 - 9, 

and discussed at the end of the program inventory. Several new integrated program 

elements were identified from during the course of the Master Plan to address specific 

problems or to implement Capital project solutions. 

Table 9 - 9 

Proposed Potential Program Elements 

Flood and Erosion Property Acquisition Small Scale Urban Water Quality Retrofit 
and Baseflow Enhancement 

Conservation EasementlLand Acquisition "Grow Green" Landscape Program 

9.3.1 Existing Flood Control Programs 

Flood control programs focus on effective conveyance of storm water flows and minimization of 

impact from flood-stage waters, and include programs shown in Table 9 -10. 

Table 9 -10 

Existing Flood Control Operating Programs 

Flood Project Planning, Implementation and Field Eng. Storm Drain System Cleaning 

Channel Vegetation Control Hydrologic & Hydraulic Modeling 

Pond Vegetation Control Flood Plain Office 

Open Water Way Maintenance Flood Early Warning System 

Bridge and Culvert Cleaning Flood Hazard Public Education 

Storm Drain System Repair and Rehabilitation I Watershed Management and Facilities Planning 
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Flood Project Planning, Implementation and Field Engineering 

The Flood Project Planning, Implementation and Field Engineering Program is 

Walnut Creek 

responsible for identifying and 

assessing drainage problems, 

planning appropriate solutions, 

designing selected projects, and 

implementing projects through 

bidding and construction. This 

program also manages customer 

drainage complaints, databases, 

inspection reporting, and other 

information-related project matters. Flood control assessments typically include 

management/performance of flood problem inventories with hydrologic and hydraulic 

modeling to confirm flood problems. Based on these assessments, major Capital projects 

and smaller-scale projects are prioritized and scheduled for design or remediation. Staff 

also performs site specific drainage assessments in response to citizen complaints. 

Channel Vegetation Control 

The Channel Vegetation Control program provides flood control through removal of 

excessive vegetation in channels through a contract with the Texas Industries for the 

Blind and Handicapped, in conjunction with the Capital Area Easter Seals organization . 

The Capital Area Easter Seals adult work program performs most of the removal work. 

Although contracted to an external entity, this program does not require a bidding 

process, because it assists the blind and handicapped by providing jobs through Texas 

Industries for the Blind and Handicapped. In this manner, the program is efficiently 

implemented with reasonably low costs. Cuts are made approximately three to four 

times annually. 
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The Pond Vegetation Control program provides flood control, water quality benefits and 

aesthetic benefits through proper management of excessive vegetation in City­

maintained storm water ponds. It is contracted in the same manner as the Channel 

Vegetation Control program. Cuts are made approximately three to four times annually 

Open Waterways Maintenance 

The Open Waterways 

Maintenance (OWM) program 

provides removal of accumulated 

sediments, debris, trees, brush and 

other obstructions to storm water 

flow from creekbeds to increase 

capacity. This program involves 

more rugged work, requiring 

heavy equipment and skilled City 

staff in response to storm clean-up 

needs and citizen complaints. 

Bridge and Culvert Clearing 

Williamson Creek Watershed 

The Bridge and Culvert Clearing program provides removal of accumulated sediments, 

debris, litter, trees, brush, and other obstructions to bridges and culverts generally in the 

aftermath of significant storm events. 

Storm Drain System Repair and Rehabilitation 

The Storm Drain System Repair and Rehabilitation program provides for installation and 

repair of storm drains and inlets and maintenance of the storm drain system in order to 

keep it in reliable and working order. The program addresses unplanned, minor storm 

drain improvements needs required for new Public Works projects and upgrades to 
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existing infrastructure in order to mitigate flooding. These projects result from citizen 

complaint. 

Storm Drain System Cleaning 

The Storm Drain System Cleaning program provides inspection and cleaning services for 

the City's estimated 18,000 inlets and associated storm drains, and maintenance for bar 

ditches along roadways. The goal of this program is to reduce street flooding and to 

protect water quality by removing accumulated sediment and trash. 

Approximately 4,000 inlets are inspected each year. Of the 4,000 inlets inspected each 

Downtown Austin 

year, approximately 2,000 experience 

chronic problems and are inspected 

annually. The other inlets are inspected and 

maintained In response to citizen 

complaints or on a regular rotation. All 

inlet filters are inspected weekly and/or 

following large rainfall events and cleaned 

if necessary. 

Watershed Hydrologic and Hydraulic Modeling 

The Hydrologic and Hydraulic Modeling Program is responsible for model development 

and management of Austin's hydrologic and hydraulic watershed channel models used to 

determine flood flow rates, water surface elevations, and flood boundaries. This program 

supports solutions assessment and project development; determination of flood threats; 

in-house project design; erosion, flood and water quality studies and planning initiatives; 

and a wide range of planning initiatives. This program provides the City with the 

flexibility to perform a variety of necessary hydrologic and hydraulic investigations in 

house. A large number and variety of modeling needs are satisfied through this program. 
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Floodplain Office 

The City's Floodplain Office serves 

as the community representative for 

the National Flood Insurance 

Program (NFIP) in Austin. The 

NFIP provides flood insurance 

backed by the Federal Emergency 

Management Agency (FEMA). In 

order to be a participant in the 

NFIP, a community must adopt and 

enforce a floodplain management 

ordinance to regulate development 
Source: FEMA 
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in flood hazard areas. The City of Austin's current floodplain program places it among 

the top 5% of flood control communities in the nation and allows for a 15% reduction in 

flood insurance costs. This reduction in insurance costs reflects local community actions 

taken to reduce flood threats. 

As the community representative for the NFIP in Austin, the City Floodplain Office 

provides: 

• 
• 
• 

Flood Plain determination • 
Review of development plans 
Updating Flood Insurance Rate Maps • 
(FIRMs); 

Flood Early Warning System (FEWS) 

Review vacation of easements and 
rights of way (ROW)s, and 
Public education initiatives 

The Flood Early Warning System (FEWS) program gathers real time rainfall and 

streamflow stage data. This information is analyzed by FEWS operators and is used to 

provide advance warning of potential flood conditions for emergency response personnel. 

The FEWS program was initiated in 1986 in response to the devastating 1981 flood on 

Shoal Creek It has improved the City's emergency response capabilities with respect to 
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road closings, evacuation of flood-prone areas, and public notification of hazardous 

conditions. The primary goal ofthis program is to enhance public safety. 

Flood Hazard Public Information 

Flood hazard public education efforts are implemented in conjunction with the Flood 

Early Warning System. This program provides floodplain status information and a basic 

understanding of flood threats and options for citizens living in regulatory floodplain 

areas. This program also targets avoidance of dangerous behaviors (e.g., driving through 

overtopped low water crossings) during extreme events. 

Watershed Management and Facilities Planning 

This program provides an opportunity to participate in jointly funded regional storm 

water management facilities in lieu of providing on-site flood detention. The program 

manages the Regional Storm Water Management Program (RSMP) Fund used to plan, 

purchase property, design and construct regional storm water facilities, channel 

improvements, and culvert and storm drain upgrades for flood control. The program also 

provides preliminary engineering assessments for regional facilities, provides project 

planning and design, provides oversight and review of master plan hydrologic and 

hydraulic models, and provides drainage analysis for site developments. 

9.3.2 Existing Erosion Control Programs 

There are currently two programs that address erosion control issues. They are: 

• Erosion Project Planning, Implementation and Field Engineering 

• Erosion Control Crew 

Erosion Project Planning, Implementation and Field Engineering 

The Erosion Project Planning, Implementation and Field Engineering Program is 

responsible for identification and assessment of erosion problems, planning appropriate 

solutions (projects), designing and managing consultant performance of selected 

projects, and implementing solutions through bidding and construction. This program 
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manages customer erosion problem complaints, problem databases, inspection reporting 

and other information-related matters. This program is responsible for design and 

management of projects for both large-scale Capital projects and smaller erosion projects 

constructed by the Erosion Control Crew. 

Erosion Control Crew 

The Erosion Control Crew (ECC) program performs regular maintenance and installation 

for small erosion control projects, and 

favors use of natural engineering 

designs and biorevetment procedures 

when possible. Small-scale erosion 

problems located in waterways with a 

drainage less than 1.0 square mile are 

currently identified through citizen 

complaints or in conjunction with site 

inspections. The ECC allows for rapid Gillis Park, East Bouldin Creek Watershed 

response to high priority, small-scale projects in tributary watersheds. The Erosion 

Project Planning, Implementation and Field Engineering staff selects and oversees the 

projects carried out by the Erosion Control Crew. 

9.3.3 Existing Water Quality Programs 

Programs targeting Water Quality solutions are those that attempt to limit the 

introduction of pollutants to receiving waters or prevent accidental contamination, and 

are listed in Table 9 - 11. 
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Table 9 - 11 

Existing Water Quality Protection 

Operating Programs 

Federal Storm Water Permit Emergency Spills and Complaints 
Water Quality Assessment Contaminated Site Cleanup 
Land Use Water Quality Monitoring Water Quality Education 
Structural Controls Monitoring Pond Operating Permits 
Environmental hnpact Assessments Underground Storage Tanks 
Water Quality Control Design Commercial Pond Inspection 
Storm Sewer Discharge Permits Town Lake Cleanup 

Federal Permit Compliance 

This program is intended to assure compliance with all Federal permits, including the 

City's current Municipal Storm Water National Pollutant Discharge Elimination System 

(NPDES) permit and all federal requirements regarding endangered species. The City's 

NPDES permit is a requirement of the Federal Clean Water Act. The permit requires the 

City to prohibit non-storm water discharges into the municipal storm drain system, and 

to implement controls to reduce the discharge of pollutants in storm water runoff to the 

maximum extent practicable. This permit requires coordination and interaction with 

existing Industrial and Construction NPDES permits held by public and private entities. 

This program also includes elements to insure the 

City's compliance with Federal endangered species 

regulations. 

Water Quality Assessments 

Water Quality Assessments program staff conduct and 

supervise water quality investigations to determine the 

state of the ecological health of the City's water 

resources. The program monitors Austin's creeks, 

Town Lake, the Edwards Aquifer, local springs, and 

salamander habitat. Flow, water and sediment 
Walnw Creek 

chemistry, aquatic biology, and related data are collected and evaluated. The 
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assessments performed under this program are designed to evaluate water quality 

conditions, identify pollution sources, recommend solutions to problems, and track 

effectiveness of water quality protection efforts. The Water Quality Assessments 

program is required under the City'S NPDES permit, with annual reports of results to be 

provided for Town Lake, Lake Austin, and Barton Creek. Environmental Integrity Index 

(ElI) assessments along creek reaches will be developed on an annual schedule, rotating 

to complete a Citywide assessment every three years. The City uses information from 

this program to focus its efforts toward protection and restoration of its biological, 

chemical, sediment and groundwater resources. This program also provides support to 

the WPD master plan and state planning agencies. 

Land Use Water Quality Monitoring 

The Land Use Water Quality Monitoring program monitors particular land uses to 

determine the quality and quantity of storm water runoff from various types of developed 

and undeveloped land. Flow and water quality data is collected to describe existing 

water quality conditions and temporal trends, and to comply with the requirements of the 

City's Federal Storm Water Permit (NPDES). The Land Use Water Quality Monitoring 

program also includes a cooperative monitoring program with the U. S. Geological 

Survey (USGS) on the major creeks in Austin. This program has been operating since 

1975. 

Structural Controls Monitoring 

Structural pollution controls are monitored to determine pollution removal effectiveness. 

This program investigates both alternative and commonly applied structural water quality 

measures. Local monitoring requirements for alternative approaches is decided on a 

case-by-case basis by program staff. This program is effective at defining the advantages 

and limitations of structural water quality controls. The City of Austin's structural 

controls monitoring program is one of the most comprehensive in the nation . 
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Environmental Impact Assessments 

The Environmental Impact Assessments program provides City review of development 

projects, Capital projects, Water Pollution Abatement Plans, pennit applications for 

wastewater effluent irrigation, and Austin Transportation Study projects to assess 

potential environmental impacts to water resources. It also reviews federal/state/local 

legislation, regulations, ordinances, and planning documents to determine their effect on 

the City's water resources protection efforts and participates in intergovernmental review 

panels and committees. 

Water Quality Control Design 

The Water Quality Control Design program manages the design of structural water 

quality controls implemented as Capital projects. This program is responsible for the 

planning, design, and construction of urban water quality retrofits. Program staff 

supervise, coordinate, and review the work of consultants. The program facilitates the 

movement of funds (paid as fees in lieu of providing on-site controls in the urban 

watersheds) from development project permits to the Capital project budget for the 

purpose of constructing urban retrofit projects for water qUality. 

Storm Sewer Discharge Permits 

The Storm Sewer Discharge Permits (SSDP) Program is primarily responsible for 

inspection and permitting of specific commercial and industrial businesses a within the 

Austin City limits to prevent or mitigate polluting discharges to the City storm drains 

and waterways. Site inspections are conducted to evaluate waste handling, storage, and 

disposal practices, maintenance activities, and operational condition of water quality 

controls. This program is also responsible for review of non-stonn water discharges to 

the city storm drain system and waterways to prevent polluting discharges. 

Emergency Spills and Complaints Response 

The Emergency Spills and Complaints Response Program (ESCP) responds to hazardous 

and non-hazardous material spills and citizen pollution complaints within the Austin 
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City limits and the 5-mile ETJ to prevent and mitigate polluting discharges to City storm 

drains and waterways. ESCP staff manage a 24-hour Environmental Hotline to ensure 

Harris Branch Watershed 

Contaminated Site Cleanup 

rapid response and reduce potential 

environmental impact. Program staff assesses 

the potential environmental impact, determine 

the responsible party, identifying the 

pollutant(s), and ensure that corrective action 

and preventive measures are taken. ESCP staff 

request and review sample results and 

remediation plans as needed. 

The Contaminated Site Cleanup Program (CSC) is operated in conjunction with the 

Emergency Spills and Complaints Program. The CSC program provides remediation and 

disposal of hazardous/toxic materials found abandoned on City road rights-of-way, on 

City properties not operated by a specific department when the responsible party can not 

be located. The CSC program also responds when a responsible party can ultimately be 

found but the situation is critical and cleanup must be done quickly. The program 

consists of a spill remediation contract and a spill material disposal contract with private 

waste management firms. These contracts are managed on an as-needed basis by the 

ESCP staff. 

Water Quality Education 

This program functions to increase City wide awareness of the 

causes of non-point source (NPS) pollution and to encourage the 

reduction of toxic pesticide and herbicide use and pollutant loads 

entering the local receiving waters. The Water Quality Education 

program sponsors storm inlet marking, denoting inlets that drain to 

creeks. Program elements include: 
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• 

• 

NPS Pollution education campaIgns • 
and initiative; 
Earth Camp for Elementary students • 

Pond Operating Permits 

City wide Integrated Pest Management 
(IPM) program; and 
Grow Green Landscape program 

The Pond Operating Permits program ensures that water quality controls within the 

Barton Springs Zone are maintained regularly and meeting pollutant concentration 

requirements. Permits are required for water quality controls that treat newer commercial 

development in the Barton Springs Zone and Barton Creek Watershed. This program 

was developed in conjunction with the City of Austin's 1991 Composite Ordinance to 

protect the Springs and Creek. At present, permits are required only within the Barton 

Creek Watershed and the Barton Springs Zone. The program goal is to prevent recharge 

water quality degradation with respect to toxics, nutrients, organics and sediment. 

Underground Storage Tank Management 

The Underground Storage Tank 

program establishes standards and 

inspection procedures for safe 

storage of hazardous substances in 

underground storage tank (UST) 

systems. Plans for all UST sites 

must be reviewed, and all UST's 

must be registered. Inspections are 

conducted during system testing, as 

well as during alteration, removal, 

and/or construction of UST systems. Tank construction activities are inspected during 

groundbreaking, pipe installation, tank installation, console installation, and during final 

acceptance. There is also a public education component, focusing on best management 

practices (BMP) for safe handling and storage of hazardous materials. This program 

maintains a complete database of historical information, as well as a current inventory 

with leak detection results. 
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The City of Austin's UST program is part of the City's Water Pollution Abatement Plan 

as required by the Texas Water Code Section 26.177 and by the Hazardous Materials 

Storage and Registration Ordinance. It is also required under the current NPDES permit 

and the Uniform Fire Code. 

Town Lake Cleanup 

The Town Lake Cleanup 

program provides removal of 

trash and debris on and around 

Town Lake. The Town Lake 

Clean-up program has a full­

time crew of three people who 

work every day barring 

inclement weather, or if 

upstream floodgates are open. 
Town Lake 

In addition, a motor-driven barge/skimmer is used to gather floating debris . Although 

the impact on water quality is primarily aesthetic, this program has high public 

acceptance because of the prominent visual pollution that is removed. Staff reports 

significantly reduced public complaints regarding trash on Town Lake since the program 

was instituted. 

Integrated Programs 

Integrated programs are those that address more than one of the WPD missions. There 

are five integrated programs currently in operation, as shown in Table 9 - 12. 

Table 9 -12 
Existing Integrated Operating Programs 

Detention and Water Quality Pond Watershed Master Planning 
Maintenance and Repair 
Review and Inspection of Development Geographic Information Systems (GIS) and 

Database Management 
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Detention and Water Quality Pond Maintenance and Repair 

The Detention and Water Quality Pond Maintenance and Repair program provides 

regular maintenance and repair of flood detention and water quality ponds managed by 

the City of Austin. This program performs critical maintenance tasks. The goals of this 

program are to maintain proper function and efficiency of flood detention and water 

quality ponds. The program includes flood detention ponds, sedimentation basins, 

sedimentation/filtration ponds, extended detention ponds, and wet ponds. Clogging of 

flood detention and water quality facilities is common and can lead to severely reduced 

functioning. Citizen complaint calls are typically in regards to mosquito problems. 

Residential and Commercial Pond Inspection 

This program operates to ensure that the many structural flood, erosion and water quality 

controls required by City ordinance continue to function properly to protect waterways, 

lives and property. The Residential and Commercial Pond Inspection program inspects 

both commercial and residential ponds annually. Infonnation from inspections is entered 

into the pond database. Commercial pond maintenance is the responsibility of the 

property owner. A "Notice of Violation" letter is mailed to the non-compliant property 

owner. Pond maintenance items for residential ponds are forwarded to WPD Field 

Operations to be addressed. It also conducts FEMA Creek Inspections as a component of 

the Nation Flood Insurance Program. 

Review and Inspection of New Development 

This program seeks to achieve regulatory compliance for land development activities by 

enforcing the requirements of the City's Land Development Code (LDC), the 

Environmental Criteria Manual (ECM), and the Drainage Criteria Manual (DCM). The 

Environmental Review and Inspection Division (ERID) of WPD conducts most review 

activities with support from the Environmental Resource Management Division. This 

combined staff is responsible for reviewing and approving plans for permits and other 

requests for approval for land development activities. 
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The Water Quality Engineering/Permit Review section 

provides engineering and construction review for 

preliminary plans, final plats, subdivision construction 

plans, and site plans in accordance with the LDC and 

ECM and DCM. This program is essential to the 

maintenance of Austin's high water quality, flood 

control, erosion control, environmental protection, and 

aesthetic standards and practices. 

The Environmental Review section manages the environmental related activities of the 

Development Assistance Center (DAC) and provides water quality, tree protection and 

landscape review, and inspection for all site development. The Environmental Inspection 

section performs environmental site inspections during construction and following 

completion of development projects, including red-tagging development out of 

compliance. This group oversees the proper installation and maintenance of temporary 

and permanent erosion and sedimentation controls on construction sites. 

Watershed Master Planning 

The Watershed Master Planning program involves coordination of comprehensive master 

planning initiatives for storm water management at the watershed level. This program is 

implemented by WPD staff and includes evaluation, planning and coordination of: 

• technical investigations; • compliance with City regulations; 

• watershed planning and analysis • storm water management goals; and 

activities; 

• operating programs; • solution integration. 

The Watershed Master Planning program promotes implementation of optimal 

management solutions that integrate, to the extent possible, all storm water programs 

missions. 
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Geographic Information Systems (GIS) and Database Management 

The Geographic Infonnation Systems (GIS) and Database Management program is a 

general support program for the WPD. GIS systems link digital map information with 

database information to allow for efficient spatial analyses. City staff expects that GIS 

systems will eventually serve as the central tool for information management. Some GIS 

systems development and management is provided by the Infrastructure Systems Support 

(ISS) Department; however staff members within the WPD provide GIS system 

development and management for the erosion, flood, and water quality mission groups. 

The immediate goal of this program is to compile and maintain accurate and complete 

digital map information and corresponding database information for WPD missions and 

functions, using consistent mapping, database structures, and GIS platforms. The 

Database Management provides accurate and consistent data storage and retrieval, often 

in relation to GIS systems. The development of useful and accurate GIS systems requires 

consistent, accurate, and well-designed supporting databases. The Database 

Management program identifies all databases currently used, organizes them within a 

single, consistent database platform, and integrates them into an appropriate GIS. 

Ongoing activities involve updating and managing those databases and GIS systems. 

9.3.4 Potential Program Elements 

Several new integrated program elements were identified during the course of the Master 

Plan to address specific problems or to implement Capital project solutions. A summary 

of the potential program elements is listed below. 

• Flood and Erosion Hazard Property 

Acquisition 

• Conservation EasementlLand 

Acquisition Program 

• Small Scale Urban Water Quality 

Retrofit and Baseflow Enhancement 

9-58 
• city of austin 

• Grow Green Landscape Program for 

Water Quality 

• Street Sweeping for Toxic Control 

• Trash and Debris Control Team 

June 2001 

Watarshad ProtBction 
--------------------

( 

( 

( 

c 
c 

( 

( 

( 



L 

r 

Flood and Erosion Hazard Property Acquisition 

Section 9 
Inventory of Potential Solutions 

This program element is proposed to implement the Capital project solutions Property 
" 

Acquisition for Erosion and Flood Control, and Land Acquisition for Water Quality 

Control (see the Capital Projects section of this report for more details on these solutions. 

This program would work to acquire properties currently in the 25 or 100 year floodplain 

on a voluntary basis. Once vacated, a structure would be removed and the floodplain 

reclaimed as a portion of the natural buffer. 

Conservation EasementlLand Acquisition Program 

This program element is proposed to implement the Capital project solution 

Conservation Easements for Water Quality Control (see the Capital project section of 

this report for details on this solution type). This program would identify, facilitate 

acquisition of, and maintain strategic land properties. Application of this program for 

riparian buffer acquisition could be coordinated with the Flood and Erosion Hazard 

Acquisition Program. 

Small-Scaled Urban Water Quality Retrofit and Baseflow Enhancement 

This program element was identified as a potential program element that would be 

targeted to employ site-specific structural controls (see the Capital project solutions 

inventory for more details on controls) to intercept and retain toxics in runoff water and 

from accidental spills. All of the 17 Phase I watersheds have land uses which are 

potential sources of toxics and other hazardous substances. Bridge locations at creek 

crossings are particularly favorable for hazardous materials traps. Oil/grit separators and 

multi -chambered treatment trains are useful in businesses that use petroleum, oil, and 

lubricant (POL) products. Sand filters can be installed in commercial or industrial areas 

with no existing storm water controls. This program would also employ controls that 

serve to promote the retention of rainfall on-site, which has the corollary benefit of 

reducing peak flows, erosion, and sedimentation. These structural solutions include 

impervious cover removal/disconnection, grassed swales/filter strips, and rainwater 

harvesting. These solutions are well suited to urban retrofit because they either occupy 

June 2001 
• city of austin 

9-59 

Watershed Prot80tim 
~----------,------



Section 9 
Inventory of Potential Solutions 

very little physical space or involve the actual removal or modification of existing 

impervious cover. 

"Grow Green" Landscape Program for Water Quality 

A new Grow Green Landscape element was proposed as a potential program element to 

be introduced into the existing Water Quality Education program that would promote 

and implement environmentally beneficial landscaping in Austin. Since the onset of the 

Master Plan, the Grow Green Landscape program has been initiated as a part of the 

Water Quality Education program. Program elements include community education for 

citizens and local landscape retailers on less toxic alternatives to treat local landscape 

problems. 

Street Sweeping for Toxies Control 

Street sweeping was proposed as a potential program element. It is required under the 

City's NPDES permit and is currently performed through the Solid Waste Services 

Department. While street sweeping is not directly related to water quality control, the 

use of vacuum technologies instead of the currently used brush technologies can provide 

increased water quality benefits. Fine particulates tend to be associated with a 

disproportionate fraction of the overall street toxics load and can be much more 

effectively captured with vacuum sweepers. Street sweeping is beneficial for both 

aesthetic concerns and water quality controL 

Trash and Debris Control Team 

A newly formed Trash and Debris Control Team was proposed as a potential program 

element that would be targeted at identifying, deploying, and maintaining site-specific 

structural trash control measures. The team would also collect trash dumped in City 

waterways, which often results in citizen complaints and aesthetic problems. The Trash 

and Debris Control Team could serve to remove accumulated trash at locations where 

new inlet filters, trash debris booms, and pond retrofits have been constructed. The use 

of a dedicated Trash and Debris Control Team could be an effective and relatively 

inexpensive means of addressing this problem. The team could work in cooperation with 
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the Environmental Hotline for illegal dumping in storm drains and creeks (499-2550). 

This crew could be combined and administered through the Watershed Engineering 

Division. 

Rural Watershed Restoration 

This new proposed program element would encourage and provide assistance to local 

landowners willing to restore degraded rangeland areas. This program is recommended 

to implement the Rangeland Management Strategies of Native Grassland establishment, 

Specialized Grazing Systems and Control of Livestock that are listed in the Capital 

project solution section of this report. (See the Capital project section of this report for 

more details on these solution types). This program would be generally applicable in the 

undeveloped ranchlands on the periphery of urbanized Austin. It would be best 

employed in conjunction with conservation easements, land acquisition, endangered 

species protection regulations, and other measures. 

9.4 Regulations 

Regulations are implemented through application and enforcement of the City of 

Austin's administrative codes and rules. Typical examples of regulations include 

impervious cover limits for new development, drainage design criteria, and industrial 

storm sewer discharge permitting. Regulatory solutions are effective in preventing or 

minimizing future problems such as: (1) creek stability and erosion, and (2) water 

quality degradation (3) future flood plain development, (4) and managing future flood 

prevention. 

The regulatory solutions inventory is a description of existing and potential future City 

regulations and rules that directly affect the erosion, flood, and water quality protection 

missions of the Watershed Protection Department are described in this section. The 

following inventory of existing regulations was taken from Austin City Code Chapters 4, 

10, 12, 14, 18 and 25 (see Table 9 - 13 for summary of chapters and purpose). The 

majority of the regulations enforced by the Watershed Protection Department are found 

in Volume 2 Chapter 25 of the City Code, also known as the Land Development Code 
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(LDC), which contains all regulations affecting the development or redevelopment of 

land. 

Table 9 -13 

Existing City Regulations Affecting Watershed Protection 

Code Chapter Purpose 
Volume 1 - Chapter 4 Restricts discharges into a watercourse, and outlines federal 

and state requirements. 
Volume 1 - Chapter 14 Restricts hazardous materials storage and underground 

storage facilities. 
Volume 1 - Chapter 18 Relates to Drainage Utility and fee collection. 
Volume 2- Chapter 25 Land Development regulations for erosion, flood, and water 

quality requirements, including subdivision and site 
development standards. 

Potential regulations were identified from several sources including City staff, review of 

existing or draft regulations from selected municipal governments, and published 

literature. 

City Code allows City departments to promulgate rules to provide uniform minimum 

standards for implementing the Land Development Code. Proposed rules must be posted 

and written notice provided to any person who requests the notice by mail and posts the 

required fee. Following a minimum 30-day comment period, a City department may 

adopt a proposed, modified, or portion of a proposed rule. Any person may appeal the 

adoption of a rule. 

Adopted rules affecting the Watershed Protection Utility missions are contained within 

the City of Austin Environmental Criteria Manual and Drainage Criteria ManuaL Where 

the code references these manuals, development is required to comply with their criteria. 

Since their approval is through an administrative process, the criteria manuals are an 

appropriate place for detailed technical requirements. The review and appeal processes 

protect the affected communities from arbitrary rules and from rules that are technically 

unsound. 
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Finally, methods of enforcing regulations are discussed, including incentives and other 

options to assist the regulated community and ensure compliance. 

9.4.1 Overview 

The development process is a key element in Austin's ability to achieve flood protection, 

erosion control, and to maintain water quality. Except for retrofit and regional projects, 

the entire infrastructure to achieve these drainage utility missions is planned, designed, 

and constructed as part of private land development. The Land Development Code and 

the Drainage and Environmental Criteria Manuals establish the standards under which 

the development occurs. 

Land development regulations can be in the form of specific development regulations 

(e.g., a regulation specifying an impervious cover restriction), or in the form of 

development planning strategies. These two items work together, with the specific 

regulations ensuring that development is consistent with the Ctiy's overall development 

strategy. 

City of Austin development regulations apply within the city limits. Many of the 

development regulations also apply within the City's extraterritorial jurisdiction. Land 

development ordinances differ among the following watershed groupings based on their 

relationship to Austin's drinking water supply. These groups are specified in the City of 

Austin Codes, and are shown in Figure 9 - 34. 

In addition to the watershed protection zones described above, the City has further 

grouped watersheds for development regulations. The Desired Development Zone are 

watershed within the Suburban and Urban Watersheds. The Drinking Water Protection 

Zone includes all other watersheds in the City. Some development regulations are 

applied differently, depending upon the classification of the watershed in which the 

regulation is applied. 

June 2001 
• city of austin 

9-63 

Watershed ProtectiJn 
~------------------



Figure 9 - 34 
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Regulations in this inventory are divided into five categories, beginning with a 

discussion of factors affecting all WPD missions, followed by regulations affecting each 

ofthe three missions. The five categories are: 

• Flood control; 

• Erosion control; 

• Water quality; 

• Integrated regulations affecting all watershed protection missions; and 

• Incentives 

9.4.2 Flood Control 

Drainage systems and flood control are essential elements of the developed environment. 

The drainage system consists of conveyance and storage facilities. In the undeveloped 

condition, storm water runoff storage is widely distributed across the landscape and 

within the soil. Development displaces some of this storage capacity and stormwater 

runoff travels more quickly into downstream conveyance and storage systems due to 

increased impervious cover. City ordinances and rules regarding flooding are contained 

within the Chapter 25-7 of the City Code and the Drainage Criteria Manual. 

The City of Austin's drainage policy governs planning and design of storm drainage 

facilities within the City of Austin and its extraterritorial jurisdiction. Except for the 

obstruction prohibitions described above, the City's drainage regulations and rules are 

implemented through the land development process. Flood control regulations are listed 

in Table 9 - 14. 

Table 9 -14 

Flood Control Regulations 

Prohibitions on Obstructions to Waterways Return Interval Standards 
and Easements 
Peak Flow Limits Contributing Area Assumptions 
Flood Plain Development/Alteration Drainage Easement Maintenance Criteria 
Regulations 
Drainage Study, Flood Plain and Easement 
Delineation Standards 
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Prohibitions on Obstructions to Waterways and Easements 

City Code prohibits flow 

obstructions In two contexts. 

Section 4-1-87 prohibits any 

storm drain or watercourse 

stoppage that results in an illegal 

discharge. The primary purpose 

of this section of the code is 

preservation of water quality. 

Sections 25-7-2 and 25-7-3 

prohibit any obstruction to a 
Bull Creek 

waterway except as authorized by an approved site plan. The code currently prohibits 

flow obstructions in waterways. Current code does not, however, require maintenance of 

drainage easements in their original conditions (Heitz, 1997). Enforceable code 

language could be expanded to include flow obstructions in drainage easements. 

Peak Flow Limits 

City code regarding peak flow requires simply that any subdivision construction plan or 

site plan provide sufficient waterway for the design flood, determined in accordance with 

the Drainage Criteria Manual (Section 1.2.2 C). The Drainage Criteria Manual requires 

that peak flows shall not be increased at any locations for the 2-, 10-, 25-, or 100-year 

storm frequency that causes increased inundation of any building or roadway surface. 

Peak flow regulation may be achieved by on-site or off-site storage, or by participation in 

the City's Regional Storm Water Management Program. Developments that discharge 

directly into Lake Travis, Lake Austin, Town Lake, or other portions of the Colorado 

River are exempt from the requirement for on-site detention. 

City peak flow regulations could be changed to require peak flow controls regardless of 

whether there is any inundation of buildings or roadways. The City could implement 
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these regulations to achieve this standard by requiring all development to provide 

detention so as not to increase peak flows above the existing condition. 

Flood Plain Development/Alteration Regulations 

Prohibition of construction in the IOO-year flood plain preserves channel conveyance, 

reduces the potential for flood property damage, is federally required, and offers other 

integrated erosion and water quality benefits. City code (Section 25-7-92 B) prohibits 

site plan approval if any proposed building on the site plan encroaches into the IOO-year 

floodplain based on fully developed watershed conditions. 

Drainage Study, Flood Plain and Easement Delineation Standards 

Of several methods for rainfall-runoff computations, the City of Austin allows designs 

based on approved methods depending on the size of the contributing area: 

Contributing Area Rainfall-Runoff Method 

< 100 acres Rational 

< 100 acres Variable Rainfall Intensity 

Up to 400 acres SCS Tabular/Graphical 

SCS TR-20 or HEC-1 

> 400 acres SCS TR-20 or HEC-1 
S()I/rce: Loomis & Moore. 1999 

Easement delineation during the land development process is currently based on the size 

of channel required assuming the channel is well maintained. 

Drainage easements could be sized based on assumptions of a moderately or poorly 

maintained channel, rather than a well maintained channel. Assuming a moderately or 

poorly maintained channel could require the dedication of wider easements. 

Return Interval Standards 

Return interval standards for the design of storm runoff drainage influence the level of 

flood risk and the frequency of events for which parking areas, streets, and other land 

uses may become temporarily unusable due to flood storage. The greater the storm 
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return interval used for a design, the less frequently it is likely to flood. However, the 

severity of a flood increases as the return interval increases. The impact of any stonn, 

however, is also dependent upon the land area upstream of the site. Sites with larger 

contributing land area upstream are also more likely to flood (since more water can drain 

to the site). Assumptions regarding contributing land are discussed in the following 

section, with this section focusing on return intervals. The Drainage Criteria Manual 

(City of Austin, 1996) establishes these return interval standards for drainage facilities 

within the City of Austin and its extraterritorial jurisdiction: 

Drainage System Element Return Interval 

(Criteria) Design Standard 

Street curbs, gutters, inlets, 25-year 
storm drains capacity 

Conveyance (this is not an 100-year 
element) 

Peak flow limits (this is not an 2-, 10-, 25-,and 
element) 100-year 

Source: City of Austin. 1996 

Contributing Area Assumptions 

The Drainage Criteria Manual establishes flood plain and easement delineation 

standards, as discussed above in "Drainage Study, Floodplain, and Easement Delineation 

Standards." Flood plains must be delineated for any location with 64 acres or greater 

contributing area. The flood plain must be determined based on projected full 

development of the upstream contributing area. Zoning maps, future land use maps, and 

master plans are suggested sources of infonnation regarding ultimate watershed 

development. While no floodplain is required to be defined for areas less than 64 acres, 

any concentrated flow requires the dedication of a drainage easement. 

Drainage Easement Maintenance Criteria 

Drainage easement maintenance is perfonned to clear brush and trees, excessive 

sediment and large objects (rocks and debris) from the channel and maintain conveyance 

capacity. The Drainage Criteria Manual establishes storm conveyance and flood control 
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design and maintenance criteria. Criteria include specifications for component 

construction, box culvert and bridge construction, maximum roadway inundation during 

the lOO-year storm, maintenance, access, landscaping, non-erosive conveyance, lining, 

mechanical systems, and signs. A professional engineer registered in the State of Texas 

must certify all designs. 

The City of Austin currently removes vegetation and excessive sediment from open 

waterways to maintain a channel for unimpeded stormflows. The City could establish 

standards to require: 

• A definition of flow impedance conditions that warrant extensive vegetation 

removal; 

• An analysis to demonstrate that sediment accumulation, and not undersized 
culverts or storm water inlets, is the cause of flooding; 

• A revegetation plan, including soil stabilization, replanting, and appropriate 
restrictions on fertilizer application; and 

• Review of the vegetation removal proposal and the revegetation plan by City staff 
responsible for water quality and erosion control. 

The advantages of an effective drainage maintenance policy are the maintenance of 

channel conveyance, enhanced channel vegetation and stream stability, a reduction in 

channel suspended solids, and maintenance of the physical integrity and natural stream 

character. 

9.4.3 Erosion Control 

Erosion occurs in stream banks, 

streambeds, and upland areas when 

sediment or other material is 

transported from its current location 

by wind or water. In Austin, erosion 

occurs primarily through water 

transport. The effects of erosion 

Shoal Creek 
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include streambank destabilization and failure, loss of adjacent property, filling of 

receiving water bodies, increased channel maintenance requirements, and water quality 

degradation from increased suspended sediment and other pollutants. Regulations that 

impact erosion are listed in Table 9 - 15 and are discussed below. 

Table 9 -15 

Erosion Control Regulations 

Shoreline Modification and Dredging Cut and Fill Limits 
Construction Phase Controls Design Storm Runoff Detention 
Revegetation Requirements Drainage DesiQIl Criteria 

Shoreline Modification and Dredging 

Shoreline modifications and dredging can contribute a significant load of soil and rock 

into the City's lakes. Existing regulations regarding shoreline modifications or dredging 

along Lake Austin, Town Lake, or Lake Walter E. Long require a review of any proposed 

modifications or dredging by the Parks and Recreation Board. Any relocation of earth 

material in the Colorado River below the 435 foot contour elevation requires approval by 

the City Council. Any proposal to place fill in Lake Austin, Town Lake, or Lake Walter 

E. Long must be reviewed by the Parks and Recreation Board. 

The City may choose to review all dredge or fill proposals in terms of their final stability 

and impact on sediment migration. The City might also extend shoreline dredge and fill 

regulations to any segment of the Colorado River, including Lake Travis, within its 

extraterritorial jurisdiction. 

Construction Phase Controls 

The single most destructive period in the land development process may occur when 

vegetation is cleared and a site is graded to achieve a more buildable landscape 

(Schueler, 1995). Erosion increases due to the removal of the vegetative cover, 

disturbance of the natural soil structure, and changes in the soil slopes and location. 

Eroded soils are transported offsite into drainage ways, streams and potentially the 

Edwards Aquifer. 
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Current City of Austin Code and Environmental Criteria Manual both address 

construction phase controls. City rules are generally comprehensive, fairly current, and 

are widely used by design engineers in Austin's land development community. Current 

requirements address provisions for 

exposed soils, limitations on runoff 

through disturbed areas, and 

permanent site stabilization. 

City rules regarding construction 

phase eroslOn controls are 

contained within the Environmental 

Criteria Manual. Much of the 

manual is written to allow, rather 

than require, analyses, designs and 

methods. Additional protection 
Walnut Creek Watershed 

could be achieved by rewriting recommendations as requirements. 

Existing City construction phase erosion and sedimentation rules might be expanded to 

provide specific design criteria. The City currently has no regulations specifically 

controlling the storage of polluting materials at a construction site. 

Construction phase erosion and sedimentation requirements are not uniform across the 

City's planning jurisdiction. The highest standards ha~e been promulgated for the 

Barton Springs Zone (LDC Section 25-8-184). Better construction phase erosion and 

sedimentation controls would be achieved by applying the highest standards uniformly 

across the City. Criteria could be written to define minimum standards that all 

construction phase erosion and sedimentation control plans must meet. 

Revegetation Requirements 

City code requires revegetation of areas disturbed by development activities. The City's 

current revegetation standards could be improved with regulations or rules to improve 
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specifications with respect to revegetation timing, grading requirements, soil and seed 

mix specifications, and fertilizer application. 

Cut and Fill Limits 

Cut and fill limits are restrictions upon the 

depth and volume of material that can be 

excavated from or added to a site. These 

serve to discourage construction on 

excessively steep topography. Limiting 

development to flatter areas reduces upland 

suspended solids, nutrient, and toxic loads 

by reducing the potential for sediment 

migration. 

City code Sections 25-8-341 and 342 

prohibit cut and fill more than 4 feet deep, 

except for specified allow purposes, and 

except in the Urban watersheds. 
Williamsoll Creek Watershed 

A potential modification of this requirement might be to expand this restriction to 

include activities in the Urban watersheds. 

Design Storm Runoff Detention Requirements 

City regulations currently require development to install controls so that the 2-year post 

development peak flow in not greater than the 2-year pre-development peak flow. This 

requirement is typically met by providing runoff detention such that the runoff volume is 

released over a longer time interval. 

Expanded regulations would require capture and retention such that there was no 

increase in the runoff volume for those storms determined to control channel 

morphology. 
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Research indicates that the controlling storm ranges between the 6 month to 2 year 

storm. The runoff volume for these storm events would depend on the impervious cover. 

Drainage Design Criteria 

The City's only rules or regulations requiring channel design to minimize erosion are for 

maximum velocity limits. An erosion control assessment could require specification of 

a design to limit erosion. The design could include geomorphic criteria for channel 

design, an inset channel for low flow storms within the larger overflow channel, criteria 

for the appropriate roughness coefficient, vegetation, and requirements to create channels 

that accommodate flows with natural vegetation so that maintenance requirements are 

reduced. 

9.4.4 Water Quality Protection 

Austin's quality of life is closely linked to the environmental integrity of its local water 

resources. As with flood and erosion , water quality problems primarily stem from 

changing land use conditions (i.e., urbanization) that modify watershed hydrology and 

the level of pollutants in local waterways. Regulations provide effective solutions for 

mitigating or preventing many future watershed problems resulting from development. 

Water quality protection regulations are listed in Table 9 - 16, and are discussed below. 

Table 9 -16 
Water Quality Protection Regulations 

Pollution Prohibition Street Sweeping 
Litter Laws Industrial Storm Sewer discharge Permits 
Animal Regulations Hazardous Materials 
Municipal Solid Waste Wastewater Restrictions 
Fertilizer and Pest Management Standards Water Quality Controls 

Pollution Prohibition 

The City is required by NPDES regulations to have an effective prohibition on non-storm 

water discharges. Pollution prohibitions are contained mostly in Chapter 4-1. The form 

of the general prohibitions makes it unlawful or prohibits some activity (dump, throw, 

drain, place, or discharge) involving any material (sewage, urine, excrement, industrial 
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waste, oil, effluent, waste, gas, liquid, herbicide, litter, soils, solid, any dead animal or 

person, filth, offal, or other unsound or offensive animal or vegetable, or other 

deleterious substance) in some specified place (into the city water supply within the 

county, in the Colorado river or any of its branches, above the city dam across the 

Colorado River within the City, the waters of 

Lake Austin or on land at a place which drains 

directly into Lake Austin) that results in 

unwanted outcome (unsanitary, odorous, 

polluted, discolored, contaminated, undesirable, 

or unfit waters). Existing code includes 

particular prohibitions related to marine toilets 

and holding tanks. 
Bull Creek Watershed 

The general prohibition on water pollution contains confusing references to different 

activities and locations within the City of Austin. An improvement would be to make 

simple and consistent references to water pollution-related activities, types of material, 

locations, and resulting conditions. 

Litter Laws 

Most litter decomposes. It creates oxygen demand when this decomposition occurs in 

water. Litter is also an aesthetic detraction. Research by Keep America Beautiful 

(Denver Urban Drainage and Flood Control District, 1992) shows people litter where 

litter has already accumulated. The City's litter regulations are contained primarily in 

Chapters 4-10 and 4-1 of the City Code. 

Pedestrians and motorists account for less than 25% of litter. Other sources are 

household, commercial, and industrial waste, haulage vehicles, loading docks, and 

construction sites. The City of Austin could promulgate additional litter regulations 

directed to haulage vehicles, loading docks, and construction sites. 
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Code contained within Chapter 4-1 prohibits illegal discharges and dumping of animal 

waste. The City code could be revised to better and more clearly describe "pooper­

scooper" requirements. 

Municipal Solid Waste 

Leachate or solids from municipal waste placed on streets, alleys, driveways, parking lots 

or sidewalks are particularly likely to enter the City's drainage system. There are three 

main sections of code related to solid waste: 

• Chapter 12-3: Garbage and Trash 

• Chapter 13-2: Land Use 

• Chapter 13-8: Technical Codes 

Existing regulations and services could be supplemented by the following requirements: 

• A prohibition on improper storage or disposal of municipal waste; and 

• A requirement to provide either a vegetative buffer or secondary containment for 
any waste storage capable of generating leachate. 

Fertilizer and Pest Management Standards 

Existing City code to regulate the application of fertilizers 

and pesticides is limited. Sections 25-8-425 and 25-8-455 

require a plan to minimize the application of fertilizers and 

pesticides on lands used as golf courses or other 

recreational purposes in Water Quality Transition Zones as 

a condition of impervious cover transfer credit in water 

supply suburban and water supply rural watersheds. In 

Section 25-8-261 , public or private parks or golf courses 

are allowed in the Critical Water Quality Zone only if they 

have an approved program for fertilizer, pesticide and 

herbicide use. 
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Within the Barton Spring Zone, rules to implement the SOS ordinance require the 

developer to prepare and submit an Integrated Pest Management (lPM) plan for all 

development. 

The higher standards for the Barton Springs Zone could be established throughout the 

City. Landscaping requirements or incentives to use native plants also reduces the need 

for pesticides and fertilizers. Integrated Pest Management plan requirements could be 

expanded to require information regarding the proper application rates, timing, storage, 

and disposal of pesticides and fertilizers. The plan could identify pesticides and 

fertilizers that, due to their chemical characteristics, potentially contribute to water 

quality degradation. 

Street Sweeping 

The City implemented a street sweeping requirement as one of four optional pollution 

reduction measures in the revised Composite Ordinance promulgated for water quality 

protection in October 1991 . The City has no other regulations requiring street sweeping. 

The City of Austin could implement regulations requiring that owners of private parking 

lots (commercial land uses) regularly sweep their lots. 

Industrial Storm Sewer Discharge Permits 

City regulations prohibit discharge of a list of materials, of waste-containing materials in 

excess of specified concentrations, or wastes that cause or exert certain conditions in the 

receiving waters (Section 4-1-76). This prohibition appears to be in conflict with 

Section 4-1-82, which requires a storm sewer industrial waste permit prior to discharging 

industrial waste into a storm drain or watercourse. Permits must be renewed annually. 

The code specifies no criteria for approval or disapproval of the storm drain industrial 

waste permit application. 

Expanded regulations would more clearly identify the criteria for approval or disapproval 

of an industrial storm sewer discharge permit. Non-storm water discharges could be 
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categorized into those that would be acceptable, unacceptable, and acceptable under 

specified circumstances. 

Hazardous Materials 

Potential Regulations affecting use and storage. of Hazardous materials include: 

• 

• 

• 

• 

Hazardous Material Storage and Spill Control 

Hazardous Materials 

Hazardous Material Traps 

Remediation Cleanup Standards 

Hazardous Material Storage and Spill Control 

City code addresses underground hazardous material storage facilities, containment and 

secondary containment requirements, and spill and drainage control. 

Hazardous material storage regulations could be expanded to require proper storage of 

toxic and polluting chemicals that are not regulated as hazardous. Expanded regulations 

could address storage of chemicals (such as antifreeze and diesel) that are currently not 

regulated when stored in small quantities. The WPD has completed a draft of new 

expanded regulations regarding hazardous materials storage and spill prevention. The 

City's legal staff is currently reviewing the draft regulations. 

Hazardous Material Traps 

Hazardous material traps (HMTs) are structural devices that can be located at the stream 

crossings of major transportation routes to capture:{ hazardous materials spills. The 

purpose of the traps is to capture any chemicals that would be released from accidental 

rupture of a cargo or tanker truck. (See Capital Project Inventory for a full description of 

HMTs.). The City currently has no requirements for hazardous material traps. 

The City could implement regulations to require hazardous material traps at appropriate 

locations. 
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Remediation Cleanup Standards 

The City of Austin currently imposes no remediation cleanup standards. Both state and 

federal legislation establish release reporting and cleanup requirements. Federal 

legislation addressing remediation includes the Emergency Planning and Community 

Right to Know Act (EPCRTKA), the Clean Water Act, the Resource Conservation and 

Recovery Act (RCRA) , and Comprehensive Environmental Response, Compensation, 

and Liability Act (CERCLA). The Texas Water Code and the Texas Oil and Hazardous 

Substances Spill Contingency Plan also establish remediation standards. Texas 

Administrative Code Chapter 334 establishes standards for underground and 

aboveground petroleum storage tanks and Chapter 335 for industrial solid waste and 

municipal hazardous waste. 

The City currently has authority and implements and enforces TNRCC rules within the 

City's jurisdiction. This City activity could be codified by adopting equivalent 

regulations, or by adopting TNRCC regulations by reference. 

City regulations could also require certification for remediation contractors similar to the 

TNRCC Corrective Action Project Manager (CAPM) program. 

Wastewater Regulations 

Sections 25-9-64 and 25-9-65 of the Land Development Code list criteria under which 

the Director of the Water and Wastewater Utility may grant a wastewater service 

extension. The criteria do not currently include any environmental considerations. 

Methods of wastewater regulation include: 

• Wastewater Line Construction 

• Effluent Irrigation Standards 

• Phosphorus Control 
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Chapter 18 Article V requires property owners to repair or replace plumbing so that the 

maximum infiltration rate is less than 250 gallons per inch diameter of pipe per mile of 

pipe per day. This standard is written for the purpose of reducing excess flows into the 

wastewater collection system, rather than for the purpose of minimizing exfiltration into 

the environment. City code (Section 25-8-361) requires sewer systems within the 

Edwards Aquifer recharge zone to comply with the Utilities Criteria Manual. 

City code further prohibits sewer lines within the critical water quality zone except as 

necessary for crossings. All wastewater line leakage is a violation of Texas Water Code. 

City regulations or rules could be expanded to establish higher standards for wastewater 

line construction. Higher standards might include some of the elements required by 

TNRCC for wastewater line construction in the Edwards Aquifer recharge zone. 

On-Site Sewage Facility Requirements 

An on-site sewage facility (OS SF) is "one or more systems of treatment devices and 

disposal facilities that produce not more than 5,000 gallons of waste each day and are 

used only for disposal of sewage produced on the site where the system is located" 

(Camp Dresser & McKee, 1994). Texas grants authority to regulate On-Site Sewage 

Facilities (OSSF), including septic systems, to the TNRCC. Texas also grants TNRCC 

authority to designate authorized agents of OSSFs: a municipality, coUnty, river 

authority, or special district. 

Upon receiving status as an authorized agent of TNRCC, the City must adopt OS SF 

standards that meet the minimum TNRCC requirements in Title 30 Texas Administrative 

Code Chapter 285. These standards have been reviewed and approved by TNRCC. The 

city may adopt more stringent rules than those adopted by TNRCC. Both the City and 

County are in the process of changing the OSSF rules. 
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Effluent Irrigation Standards 

Code requires at least 8,000 square feet of application area per living unit equivalent, or 

7,000 square feet if 6 inches or more of topsoil is present. Irrigation is not permitted on 

slopes with a greater than 15% gradient, in the critical water quality zone, or in the 100 

year floodplain. Storage capacity for 48 hours of discharge is required only for 

subsurface effluent disposaL Irrigation is prohibited during wet weather conditions. The 

storage capacity requirement for surface irrigation is 100 days. (Section 25-8-361). 

Improved effluent irrigation standards could include the nitrogen loading requirements, 

improved management requirements for effluent irrigation of golf courses, and 

monitoring requirements. 

Phosphorous Controls 

Existing regulations for phosphorous controls are contained within Chapter 4-1, Article 

V. These regulations prohibit the sale or gift of household laundry detergent containing 

more than 0.5% phosphorus by weight within the City. 

Water Quality Controls 

Regulations affecting Water Quality Controls include a variety of components such as: 

• Requirements for Controls • Treatment Standards 

• Capture Volume • Maintenance of water Quality Controls 

Reguirements for Controls 

Water quality controls are defined by the Land Development Code to be 

sedimentation/filtration, detention/sedimentation, retention/irrigation, retention, wet 

ponds, buffer zones, irrigation vegetative filter strips or other water quality control 

structures or systems requirement by the code to provide water quality benefits through 

treating storm water runoff. The code specifically encourages innovative runoff 

management practices for water quality (Section 25-8-151). 
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Land Development Code Section 25-8-211 describes conditions under which structural 

water quality controls are required. The remaining design element requirements are 

established within the City's criteria manuals. Design standards for water quality 

controls are found in both the Environmental Criteria Manual and the Drainage Criteria 

Manual. All water quality controls must be designed and constructed according to 

specifications in the Environmental Criteria Manual (Section 25-8-213) or else approved 

as an innovative runoff management practice (Section 25-8-151). The Drainage Criteria 

Manual (City of Austin, 1997) contains additional criteria for water quality controls. 

The City should consider the design and adoption of one criteria manual for watershed 

protection containing design specifications for drainage and water quality controls. One 

manual could be more consistent and less confusing for both the applicant and City 

reviewer. Another improvement would be to include additional information regarding 

maintenance requirements. 

Capture Volume 

The water quality control capture volume determines the largest rainfall event, and the 

percentage of the total annual rainfall that will be captured and treated. Runoff volumes 

greater than the capture volume bypass the water quality control and are discharged 

without treatment. 

All water quality controls within the City's jurisdiction must achieve a minimum capture 

volume of at least the first one-half inch of runoff from the contributing area once a site 

reaches 20% impervious cover (NSA), and the volume increases based on percent 

impervious cover. Under the SOS regulations in the Barton Springs Zone, higher capture 

volumes are required to meet the pollution reduction standard of no increase in the 

average annual pollutant load, and there is no minimum impervious cover trigger. 

Capture volume requirements could be increased as a potential modification of 

requirements. 
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Treatment Standards 

The City has established two treatment standards for water quality controls. At a 

minim~ controls must provide treatment equivalent to a sedimentation/filtration 

system designed in accordance with the Environmental Criteria Manual. In the Barton 

Springs Zone, the SOS Ordinance requirements set a higher treatment standard of no 

increase in the average annual pollutant load for 13 different constituent groups. The 

required treatment efficiency under the SOS ordinance must be determined from the 

estimated developed condition and baseline annual pollutant loads. 

Expanded treatment regulations could establish a treatment standard higher than 

sedimentation/filtration for the City outside the Barton Springs Zone. Wet ponds, 

retention/re-irrigation or controls in series are technologies that would meet a higher 

standard. 

Maintenance of Water Ouality Controls 

The City code currently requires the property owner to maintain water quality controls 

for multifamily, commercial, and industrial areas. The City maintains water quality 

controls for residential development. The City has current maintenance responsibilities 

for 486 residential ponds; this number continues to increase as new development occurs. 

Residents and businesses within the city limits support this service through payment of 

the drainage utility fee. 

Design standards could be modified to better facilitate water quality control maintenance 

and to improve access into and out of the control. Minimum specifications for pumps in 

re-irrigation or other water quality controls are under development via a consultant 

contract. City of Austin design standards could be modified to improve pump reliability 

and facilitate effective pump failure response. 

9.4.5 Integrated Regulations 

Texas Local Government Code (Chapter 211) requires municipal zoning actions to be 

developed in accordance with a comprehensive plan. In 1979 The Austin City Council 
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adopted the Austin Tomorrow Comprehensive Plan in accordance with Article X Section 

5 of the City Charter. The Comprehensive Plan contains the City's policies of growth, 

development, transportation, and beautification within Austin's planning jurisdiction. 

Comprehensive planning is a planning strategy that provides a mechanism to project, 

direct, and support development and redevelopment within a community. There are 

several ways in which the Comprehensive Plan can be implemented to affect flooding, 

erosion, and water quality. Regulations, zoning, park and conservation land acquisition, 

and infrastructure can be planned and implemented to direct development away from 

flood-prone, potentially erosion-prone, or environmentally sensitive areas. Development 

can be planned for areas where transportation, utilities, and services could be provided 

efficiently and with minimal environmental effects. Storage and conveyance can be 

designed and constructed for flows from anticipated land use. 

There are several factors that limit the ability of Austin's comprehensive planning 

process to achieve its goals. One of the largest factors involves the City's jurisdictional 

area. A comprehensive planning process occurs for the geographical area within the 

City'S jurisdiction. However, many of the watersheds extend into areas beyond the 

City's jurisdiction and include the areas in the city limits and extraterritorial jurisdictions 

of other municipalities, unincorporated Travis, Hays, and Williamson Counties, and 

special districts established by the Texas Legislature that are outside of Austin's 

planning processes. 

Since adoption of the Austin Tomorrow Comprehensive Plan, the City and its citizens 

developed the AustinPlan (1988). Objectives of the AustinPlan related to the drainage 

utility mission included items for controlling creekbank erosion, preventing future 

development within floodplains, and addressing water quality problems through 

engineered controls, impervious cover limits and urban retrofit. 

Another planning process by the City of Austin for the revitalization of Austin's urban 

core was the Regional/Urban Design Assistance Team (RlUDAT) (January 1991, 

revisited in 1997) study. This study formulated recommendations related to development 
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of urban runoff controls to address flooding and water quality problems in the urban 

watersheds. The City has not adopted the goals of either the AustinPlan or the RlUDAT 

study as part of the official City planning document. 

In addition to the City's Comprehensive Plan, the City has specific development 

integrated regulations designed to support the WPD's erosion, flood and water quality 

missions. These regulations are listed in table 9 - 17. 

Table 9 -17 

Integrated Regulations 

Impervious Cover Limits Headwater Protection Zone Regulations 
Impervious Cover Reduction via Critical Environmental Features (CEF) 
Development Regulations Protection 
Flow Volume Limits Wetlands Protection 
Disconnected Impervious Cover Landscape Regglations 
Steep Slope Limits Tree Protection Standards 
Stream Setbacks Natural Channel Conveyance 

Requirements 

Impervious Cover Limits 

Impervious cover consists of surfaces that cannot be easily penetrated by water. 

Pavement, sidewalks, driveways and buildings are examples of impervious cover. There 

is a direct link between impervious cover in a watershed and stream degradation. 

Significant water quality and quantity changes associated with increasing impervious 

cover include increases in uplands washoff of total suspended solids and other polluting 

constituents, increases in stormflow volume and stream bank erosion, decreases in 

baseflow volume, channel enlargement and associated changes in the channel cross­

section stability. 

Impervious cover is typically measured as the percentage of ground surface that is 

impenetrable. If an area has an impervious cover of 70%, then water cannot penetrate or 

filter into 70% of the land area. Instead, it runs off, carrying with it any pollutants on the 

ground it encounters along the way. 
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Watersheds with as little as 10 to 15% impervious cover cannot support high quality 

streams in sensitive watersheds. As impervious cover increases from 15 to 20% of the 

watershed, dramatic changes in the stream flow regime and biology occur (Schueler, 

1995). Impervious cover may be the single most important indicator of the effect of 

development on the stream system. Changes in the impervious cover in a watershed 

significantly change runoff volume, peak flow rate, flow duration, infiltration, baseflow 

volume, stream cross-section and flow line elevation, water temperature, water 

chemistry, and biodiversity (Schueler, 1995). 

Estimated impervious cover in the 17 

Phase I watersheds ranges from 11 .9% in 

Barton Creek watershed to 67.8% in the 

Buttermilk Creek watershed (Center for 

Research in Water Resources, 1997). 

City of Austin regulations directly affect 

impervious cover by establishing maximum 

impervious cover limits through both zoning 

and subdivision/site plan requirements by 

watershed. Discussion in this report is 

limited to watershed related impervious 

cover limits. 

Watershed related impervious cover limits 

established by the City are a function of 

several factors: watershed classification, 

relationship to the City's drinking water 
Downtown Austin 

supply, and type of development. The basis for calculating the allowable impervious 

cover is the net site area (NSA). Net site area is based on the "uplands zone," that area 

outside ofthe stream protection zones. It includes all areas with 0 to 15% slopes, 40% of 

areas with 15 to 25% slopes, and 20% of areas with 25 to 35% slopes. This fonnula 
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discourages the construction of impervious cover on steep slopes, since larger portions of 

steeply sloped areas are discounted. 

Allowable impervious cover may be increased up to certain limits based on a transfer of 

impervious cover from the stream protection zones. The code allows transfers of 

development rights based on dedication of the Critical Water Quality Zone (CWQZ) to 

the City, preservation of natural and undisturbed areas within the Water Quality 

Transition Zone (WQTZ), natural areas within the setback of a Critical Environmental 

Feature, and limited transfers for recreational uses and wastewater disposal. 

Impervious cover limits are implemented for roadways and residential construction 

during the subdivision process based on the projected impervious cover. Impervious 

cover limits for commercial developments are regulated through the site plan process. 

To further restrict impervious cover, the City could expand regulations to: 

• reduce the allowable maximum impervious cover limit; 

• reduce the allowable transfer credit for impervious cover; and/or 

• further restrict the net site area basis for impervious cover calculations. 

Impervious Cover Reductions via Development Regulations 

The level of impervious cover is associated with the development size and design. Many 

of the City's development regulations increase the impervious cover required for parking, 

roadway width, sidewalks, cul-de-sac radii, etc. Impervious cover reduction ordinances 

would reduce the amount of impervious cover associated with development of a specific 

use intensity by allowing more flexible alternatives. 

Impervious cover regulations address development requirements to achieve multiple 

purposes: to provide areas for living, working and playing, to provide safe and 

convenient access, to maintain green space, to provide adequate emergency access, to 

reduce noise, provide privacy, and to provide drainage. 
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The greatest potential for impervious cover 

reductions is associated with transportation-related 

infrastructure. Approximately 60% percent of the 

impervious cover in the urban environment may be 

associated with vehicle-oriented pavement, 

including streets, driveways, and parking lots. 

As a potential expansion, the City could 

implement regulatory changes geared at reducing 

transportation related impervious cover, in the 

urban environment such as: 

• Narrower streets 

Permeable Pavement 

• Use of pervious pavers for low traffic-use areas 

• Reduce minimum parking requirements 

• Use of diagonal parking, single one-way lanes between stalls, and smaller stalls 

• Establish cooperative parking agreements 

• Encourage underground, under building, and roof parking and multi -story 

garages 

• Allow taller buildings to reduce building footprints 

• Reduce cul-de-sac radii and require landscaped islands in cul-de-sacs 

The City could also require cluster development to locate impervious cover closer 

together. Cluster development must be linked directly to permanently maintained natural 

buffer areas to be effective. 

Regulations to support public transit systems by providing park and ride lots, bike lanes, 

bike parking and trails could be required. Growth management regulations to encourage 

infill of urban areas can also reduce the overall amount of impervious cover per person. 

Infill concepts encourage development of currently unused land that is already developed 

with impervious cover. These existing underused development areas are redeveloped, 
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rather than building in areas that are not developed currently. These areas can include, 

for example, parking areas and vacant lots. 

Flow Volume Limits 

The City currently regulates the effect of development on flooding though peak flow rate 

limits. A peak flow rate limit places a cap on the peak rate of runoff flow from a 

developed site (City of Austin, 1996). In contrast, a flow volume limit would restrict the 

total volume of flow from a site post-development as opposed to simply restricting the 

rate of flow. Thus, for a given rain event, the total volume of storm water that runs off of 

a site will be restricted. 

Impervious cover, site grading, and the provision of efficient pipe and lined drainage 

systems for land development all significantly increase the volume of runoff from a 

developed site compared to the same site in an undeveloped state. The increase in the 

total volume of runoff is reflected in the average annual runoff coefficient. The City of 

Austin has developed runoff coefficients as a function of impervious cover (City of 

Austin Environmental Criteria Manual). 

Although there are regulations limiting peak flow rates and requiring water quality 

controls, the City currently places no restriction on the total volume of runoff from a site 

after development. City regulations could be expanded to limit the increase in the 

volume of stormflow from a site after development. Compliance with regulations 

limiting the total volume of runoff from a site can be achieved by a combination of 

restrictions on impervious cover and technology to retain and infiltrate storm water 

runoff on site. City code could be changed to require all or some fraction of storm runoff 

storage be provided on each site. Potential storage areas include rooftops, parking lots, 

ball fields, property line swales, parks, roadside swales and on-site ponds. 

Disconnected Impervious Cover 

The effect of impervious cover on water quality, storm runoff volume, and baseflow 

vanes based on its connectedness, i.e., its location relative to waterways or other 
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drainage conveyances. For example, a street in an urban area that directly abuts a stream 

would have more connected impervious cover than if, say, there was a grassy area 

between the channel and street. With the grassy area between the channel and street, 

these two areas would be more "disconnected," and runoff from the street would be 

better able to infiltrate into the soil before reaching the stream itself. 

Where rooftops, parking l~ts and 

streets are connected to creeks 

through enclosed pipes or lined 

channels, all of the impervious cover 

is effective in changing the stream 

flow regime, quality, and biological 

integrity. The effective impervious 

cover is the fraction of surface that 

generates runoff into the storm water 

conveyance system rather than onto 

soil with sufficient infiltration 

capacity. 

Areas with lower impervious cover 

are more likely to include less 

effective impervious cover because 

there are more opportunities for 

directing runoff onto intervening soil 
Slaughter Creek Watershed 

between the impervious cover and the creek. Tables 9 - 18 and 9 - 19 present 

comparisons of total and effective impervious cover for different land uses. See also the 

discussion on "Impervious Cover Disconnection" in the Capital Project Inventory. 
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Table 9 -18 

Comparison of Total & Effective Impervious Cover (IC) by Land Use 

Land Use TotalIC Effective IC 

Low-density residential: < 1 unit/acre 10% 4% 

High-density residential: 3 to 7 units/acre 40% 26% 

Multifamily: 7 to 30 units/acre 60% 48% 

Commercial and Industrial 90% 86% 
Source: Based 011 City of Olympia. W A. 1994. 

Table 9 -19 

Effective Impervious Cover for Residential Land Use 

Uses IC Effective Fraction Effective IC 

Streets 16% 80% 12.8% 

Sidewalks 3% 70% 2.1% 

Parking and driveways 6% 60% 3.6% 

Roofs 15% 35% 5.3% 

Lawns & Landscaping 54% 5% 27% 

Overall 40% 26.5% 
Source: Based 011 City of Olympia. WA. 1994. 

The City has no code that specifically requires disconnected impervious cover. There 

are, however, two code provisions that promote designs that result in disconnected 

impervious cover. Section 25-8-454 requires development in water supply rural 

watersheds to provide a natural buffer area to receive storm water runoff. Section 25-8-

185 requires drainage designs to maintain infiltration and recharge, overland sheet flow, 

and natural drainage features wherever possible. Enclosed storm drains are allowed only 

where the City determines that they are preferred. 

Disconnected impervious cover regulations would require designs that break up the 

efficient transport of water from impervious cover through pipes and lined channels into 

creeks. Runoff would be directed to landscaped areas, vegetated buffer strips, and 

swales. 
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Regulations that promote disconnected impervious cover could include: 

• requirements to direct runoff from impervious areas and rooftops onto vegetated 
strips designed to retain and infiltrate runoff; 

• prohibit direct connection to the stonn drain system; 

• requirements to provide grass-lined channels for stonn water conveyance; 

• requirements to provide "French drain" catchments that collect/intercept 
subsurface infiltration. 

Steep Slope Limits 

Areas of extremely slanted or steep ground surfaces are generally more vulnerable to 

erosion, soil loss, and associated water quality problems. Steep slope regulations limit 

activities in these areas with severe topographic grade and thereby avoid associated 

problems with erosion, sedimentation, and the disruption of natural landscape 

characteristics. The City regulates septic system, land development, and wastewater 

effluent irrigation on steep areas. 

Steep slope limits do not currently apply within the City's Urban watersheds. A potential 

expansion of these regulations would be to extend them into these watersheds. Another 

potential expansion would be to prohibit utility line trenching on steep slopes where 

alternative locations exist. There may be some potential for increasing compliance with 

existing regulations for residential development. 

Stream Setbacks 

Stream setbacks (or "buffers") limit activities adjacent to creeks. City Code prohibits or 

limits activities adjacent to creeks within two area bands parallel to the creek: the Critical 

Water Quality Zone and the Water Quality Transition Zone. The criteria for establishing 

the width of the water quality zones depends upon the location of the creek within the 

City's watershed protection zones, and the contributing drainage area. The band closest 

to the creek is the Critical Water Quality Zone. Activities in this zone are the most 

restricted. Limited development is allowed in the Transition Zone, except where located 

over the South Edward's Aquifer. 
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The smallest drainage area delineation criteria establishes a minimum drainage area of 

64 acres for classified waterways in urban, water supply rural, Barton, Little Bear, 

Onion, Bear, and Little Barton watersheds. In suburban watersheds, however, 

delineation criteria dictate a minimum drainage area of 320 acres for minor waterways. 

These criteria leave stream bank and headwater areas in suburban watersheds without 

setback protections. 

Water quality controls are currently allowed within the Transition Zone in Suburban and 

Barton Springs Zone Watersheds, but not Water Supply Suburban or Rural Watersheds. 

Water quality controls are currently not allowed in the Critical Water Quality Zone 

except by variance. Variances are typically granted only for alternative inline controls 

such as wet ponds and are typically not granted for traditional controls such as 

sedimentation! filtration ponds. Where controls in the critical water quality zone are 

appropriate, however, the required variance is administr~tive. 

More protective regulations would require stream bank setbacks from all waters of the 

United States. Waters of the United States are defined as any watercourse forming a bed 

and bank (Lyday, 1998). Stream bank setbacks based on this definition would extend 

protection to stream headwaters, vegetated shallows, pools and riffles. Cumulatively 

these areas are extremely significant in protecting water quality, reducing flood flows, 

and providing habitat. 

Additional protection and more consistent regulations could be achieved by 

standardizing the stream designation to eliminate or reduce variations within watersheds, 

or to base protection zone delineation on results of technical assessments that document 

problem areas within the watersheds. The City may wish to consider allowing an option 

for protection zone averaging. This concept allows the width of the buffer zone to 

change, as long as the average width is maintained. This flexibility might provide 

additional protection around small seeps, springs, and canyons important for stream 

base flow and habitat. 
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Code language could be added to require water quality controls located in the Critical or 

Transition Zone must be located as close to upland areas as feasible. Vegetation goals 

for the stream protection zones could be established to promote native species and 

discourage managed turf grass or non-native species. 

Water quality setbacks are recommended as buffers between golf course turf 

management and streams. Water quality monitoring data indicate significant differences 

in baseflow concentration of nitrate, ammonia, total dissolved solids, total suspended 

solids and turbidity concentrations associated with golf courses using treated wastewater 

effluent for irrigation. Storm water runoff samples indicate that tributaries associated 

with a golf course site are significantly higher in nitrates, ortho-phosphorus, and total 

dissolved solids and lower in pH than samples from tributaries associated with 

residential and rural land uses (City of Austin, 1997). 

Headwater Buffer Zone Protection 

Headwater streams are part of a network that drains each watershed. Streams within a 

watershed can be defined in terms of their order. First order streams are those that have 

no tributaries. A second order stream is created by the confluence of two first order 

streams. A third order stream is created by the confluence of two second order streams, 

and so forth. All first and second-order streams are headwater streams. Although they 

are short and drain relatively small areas, headwater streams comprise approximately 

75% of the total stream and river length in the United States (Schueler, 1995). 

The quality and character of headwater streams are a sensitive indicator of the health of 

the urban environment. Headwater streams are broadly distributed throughout Austin's 

watersheds. Protecting the quality of headwater streams is a significant step to 

preserving downstream creeks, riparian zones, lakes, and water supplies. 

The City of Austin currently has no ordinances that provide direct protection to 

headwaters. Headwater creeks could be better protected through the stream setback 

requirement proposed in the preceding section. 
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Wetlands Protection 

The City defines wetlands as lands that are transitional between terrestrial and aquatic 

systems where the water table is usually at or near the surface; or land is covered by 

shallow water. Wetlands classification is 

based on technical definitions established 

or used by the U. S. Army Corps of 

Engineers. A designated wetland is a 

critical environmental feature. City code 

requires protection for all wetlands except 

those within the Central Business Area 

(Section 25-8-282). Protection may 

include appropriate setbacks or wetland 

mitigation. Little Walnut Creek Watershed 

The following regulatory changes would provide additional wetlands protection: 

• Changing of the stream setback criteria as recommended above to encompass all 
streams with a defined bed and bank would protect small wetland areas 
immediately adjacent or within stream channels. These wetland areas proximate 
to the stream are critical components of the system maintaining baseflow and 
supporting aquatic life. The Critical Water Quality Zone designation already 
provides protection for some of these wetland areas. The stream designations 
based on contributing areas of 64 to 320 acres, however, eliminate this protection 
for significant headwater areas. 

• Flood control design standards can support the creation of constructed wetlands 
by requiring sufficient conveyance capacity to allow for the presence of wetland 
vegetation without causing flooding. These design standards reduce (actually just 
defer) maintenance requirements and allow for wetland revegetation. 

Maintenance criteria for stream channels could be designed to protect the functions of 

wetland areas. Criteria would include limiting vegetation removal, sediment relocation, 

and the use of bulldozers and other heavy equipment. Mowing and obstruction removal 

including flow-obstructing trees in certain circumstances would be allowed . 
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Critical Environmental Features (CEFs) Protection 

City Code defines critical environmental features (CEFs) as "features determined to be of 

critical importance to the protection of 

one or more environmental resources, 

including without limitation bluffs, 

springs, canyon rimrocks, caves, 

sinkholes and wetlands". Protection 

includes setbacks, protection of 

drainage patterns to prevent 

degradation, exclusion of CEF 's 

within residential lots, and restricted 

activities within setbacks. (Section 25 - Onion Creek 

8-281). 

In addition to those for wetlands above, regulations protecting critical environmental 

features could be expanded to address the following: 

• Sinkholes, caverns, and features encountered during the construction process that 
were not detected during the environmental assessment of site engineering. 
Notification ofthe City and mitigation requirements could be a part of expanded 
regulations. 

• The definition of critical environmental features could be expanded to protect 
stable stream features such as width/depth ratios, pools and riffles, and stable 
streambanks. 

Landscape Regulations 

Landscaping can lower nutrients and toxic concentrations in waterways by enhancing 

infiltration and supplementing baseflow. Effective landscaping practices can also reduce 

leached nutrients, pesticides and herbicides in creek flow and infiltrating groundwater. 

City of Austin landscape regulations affect commercial and multifamily development by 

requiring street buffering, parking lot landscaping and a minimum level of landscaping 

between the buildings and street. Landscape criteria in the Environmental Criteria 
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Manual (ECM) encourages the use of native or xenscape plants. City landscape 

regulations also require native landscape areas as a condition for impervious cover 

transfer credit, and maintenance of hillside vegetation on steep slopes. 

Expanded landscape regulations to achieve the missions of the Watershed Protection 

Utility would improve incentives for limiting the application oflandscape chemicals, and 

other landscape practices that reduce the effects of impervious cover of development 

such as stricter limit of construction areas, and requiring methods for soil improvement. 

Landscape credit could also be given for landscaping that is located to receive runoff 

from a developed area. 

Tree Protection Standards 

Regulations require tree protection 

during construction as part of the 

erosion and sedimentation control plan 

for all development. Tree replacement 

may be required. A tree survey of all 

trees 8 inches or more in diameter is 

required as part of an environmental 

assessment. 

Protected trees are those having a 

circumference of 60 inches or more, 

measured four and one-half feet above 
Barton Creek Watershed 

natural grade (Section 25-8-602). Removal of a protective tree is prohibited without 

securing approval from the City. Codes allow a requirement to plant replacement trees 

or other measures to mitigate as a condition of tree removal approval. 

Tree protection could be further regulated to preserve larger blocks or groves of valuable 

trees. In Central Texas, live oak tree groves may provide a site amenity that could not be 

9-96 
• city of austin 

June 2001 

WatBrshBd ProtBction 
~------------------

( 

( 

( 



r 

r 

r 

r 

r-

Section 9 
Inventory of Potential Solutions 

replaced within several lifetimes. Preservation requirements could also encompass tree 

groves as well as individual trees. 

Tree protection regulations could more rigorously define and enforce a standard which 

includes areas beyond the drip-line for more complete root protection, given that a 

substantial portion of a tree's roots extend well beyond the drip line. 

The City of Olympia (1995) has a landscape goal for parking lots of 40% tree canopy. 

The City might establish a percentage canopy coverage such as 60% as a site 

development standard. 

Where tree replacement on a site is not feasible due to space limitations, the developer 

could be required to either pay a mitigation fee, or to place mitigation trees at some other 

location designated by the City. 

Natural Channel Conveyance Requirements 

The use of curb and gutters are restricted for streets located within the Critical Water 

Quality Zone and the Water Quality Transition Zone of water supply rural or water 

supply suburban watersheds. Within these watersheds, any roadway within the uplands 

zone may be designed without curbs and gutters. Within these watersheds, the 

transportation engineer may modify minimum street right-of-way widths to satisfy storm 

water drainage requirements and the general public welfare. 

The code also requires development to preserve the natural and traditional character of 

land and waterways to the greatest extent feasible. 

The code requirement to preserve the natural and traditional character of land and 

waterways to the greatest extent feasible presents problems in implementation. One 

potential regulatory expansion would be to provide additional definition of "natural and 

traditional character". The definition might include preservation of the existing flow 

regime, preservation of existing and natural stream geormorphology, preservation of 

native vegetation, stream shading, and biological components. 
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Expanded regulations would be requirements or incentives to provide drainage through 

swales. Regulations applicable to the water supply suburban and water supply rural 

watersheds could be extended throughout the City's watersheds. 

9.4.6 Incentives and Enforcement 

Sections below discuss aspects of City 

regulation related to incentives and 

enforcement to achieve the Watershed 

Protection Department flood control, 

erosion prevention, and water quality 

protection missions. 

Regulatory Incentives Williamson Creek Watershed 

Regulatory incentives can include flexible implementation of regulations, fee waivers, 

tax abatement, access to city utilities, and streamlining the development review process. 

The City currently offers these incentives on a case-by-case basis. 

Land Acquisitions and Conservation Easements 

City of Austin regulations encouraging land acquisition or conservation easements are 

those that provide for a transfer of development rights to upland areas based on 

restricting development in sensitive areas. These regulations encourage transfer of the 

Critical Water Quality zone to the City in fee simple, and the maintenance of water 

quality transition zone and upland areas in a natural and undisturbed state. City 

regulations also require parkland dedication as a condition of development permits. 

Undeveloped areas can be preserved by either fee simple purchase of undeveloped land, 

or by acquisition of the development rights and establishing a conservation easement. 

The City might implement regulations that would facilitate acquisition of conservation 

easements to preserve the existing rural character of Austin's undeveloped watershed 

areas. The City could also adopt regulations allowing uplands to uplands transfer of 

development rights in order to protect more sensitive tracts. 
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The City Code includes procedures for requesting variances from regulations. A 

variance can only be requested from when an application for a subdivision of land, or a 

site development pennit has been filed. Some variances can be granted administratively, 

but most require approval from the Planning Commission. Strict findings must be met 

which attempt to weigh the justification for the variance, assess whether similar 

variances have been granted, and which evaluate the impact of the variance on the 

watershed. 

Improvements to the existing variance process would be to require variance applications 

early in the land development project process. The variance needs to be considered early 

enough in the development process so that changes can be made to the project to meet 

variance conditions. 

Operation and Maintenance Permits 

The City currently requires operations and maintenance permits for water quality 

controls maintained by private entities within the Barton Springs Zone. 

Continued enforcement, operation, and maintenance of source controls, structural, and 

nonstructural water quality controls may be the weakest element of Austin's watershed 

protection strategy. Significant improvements might be achieved by expanding the 

operating permit requirement. 

Environmental Assessments 

An environmental assessment is required for all development located over karst aquifers 

or within areas draining to a karst aquifer or a reservoir. Assessments are also required 

for tracts with slopes greater than 15%, or tracts with water quality transition or critical 

water quality zones. An environmental assessment must include a hydrogeologic 

element, a vegetative element, and a wastewater report. 

Potential expansion of the environmental assessment requirements would include 

establishing standards for the biological and geological assessment components, 
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establishing minimum qualifications for 

persons conducting assessments; and 

requiring a discussion of alternative designs 

(currently only required for wastewater 

projects). The Environmental Assessment 

process for City projects might be 

streamlined by requiring circulation of a 

project description for review prior to any 

budget hearing. A determination as to 

whether an environmental assessment is 

necessary could be part of this preliminary 

Capital project review process. 

Fee-in-Lieu Alternatives 

Bear Creek Watershed 

The City of Austin uses a fee-in-lieu of construction for structural flood and water 

quality controls. In either situation, a developer can request to make a payment to the 

City and avoid land, capital, and operating costs of an on-site structural control. There 

are some differences between the programs for flood and water quality. They are 

discussed separately below. 

The fee in lieu option for flood controls is available in some watersheds as part of the 

Regional Stormwater Management program (RSMP). The City has the option of either 

requiring the control or accepting the fee in lieu of the control. 

The City's fee-in-lieu of construction of water quality controls is an option limited to 

development in the Urban Watersheds. The dollar amount was established based on a 

combination of bid estimates developed by the City's Public Works department and 

private engineering records for sedimentation/filtration controls in 1990 and 1991. 

Studies have shown that onsite sedimentation-filtration ponds provide a benefit of 

preventing future stream erosion (Chan, 1999). Potential regulatory modifications could 

include a requirement to demonstrate that no increased channel erosion downstream 
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would result from payment of a fee-in-lieu for water quality controls. The City might 

require a downstream erosion analysis as part of a water quality control fee-in-lieu 

application. If downstream impacts are judged to be unacceptable using fee-in-lieu, the 

application would be denied. 

Application of Standards to Single Residential Lot Construction on a Platted Lot 

Application of the City's development rules and ordinances is generally occurring with 

the review process associated with approving a subdivision plat or granting a 

development permit for commercial development or subdivision infrastructure. Rules 

and ordinances can be applied through covenants, plat map conditions, or easements. 

Enforcement of development requirements on individual lots, however, occurs at the 

time of building permit application (inside the City only), and sometimes through 

financial lending institutions. 

The Land Development Code could be amended to prohibit single family lot clearing 

until a building permit is issued within the City limits. Alternatively, where home 

construction is to occur simultaneously with subdivision infrastructure construction, the 

limits of construction for infrastructure could be expanded to include the home and 

driveway areas. The fiscal posting for erosion control and revegetation would be 

increased to include the additional area. A time limit between clearing and construction 

completion would be established. Either of these solutions would address erosion and 

sedimentation that results when cleared homesites remain vacant. 

Application of Standards to Subdivision of megal Lots 

Lots exist within the City that have never been part of a legal subdivision process. The 

subdivision process is required prior to receiving any permit from the City. 

Redevelopment Standards 

The City of Austin currently allows and promotes redevelopment of existing underused 

areas as a means of promoting infill development. 
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Waiving existing development standards is one mechanism to promote redevelopment. 

The City should, however, carefully consider the consequences of waiving development 

standards on achieving the type of high quality development that encourages infill. One 

consequence of waiving development standards ·is a worsening of inner city flooding, 

erosion, and water quality problems. 

Legal Enforcement 

The City's process for enforcing the Watershed Protection Ordinances consists of several 

steps. The first step is to notify the violator of the situation. The inspection department 

may leave notice through three stages: verbal notice, written notice, and red tagging the 

project. After notice is provided to the violator, the next step in the enforcement process 

is for the City to file a criminal complaint in municipal court. Penalties for code 

violations are specified in Section 25-1-462. Only where there is imminent danger to 

health and safety can the City receiving a temporary restraining order or injunction. 

The code related to Watershed Protection has been Written from the perspective of code 

defendants rather than from a prosecutor's perspective. Several of the sections are 

written so that enforcement is problematic. A potential modification could include 

modification of code language to allow for improved enforcement. 

A potential alternative to the' Municipal Court process would allow Austin Police 

Department officers to write a ticket for an environmental violation. Issuing a ticket for 

code violations, similar to a traffic ticket, would be quicker, easier, and result in 

increased enforcement of the City's code. Tickets cannot, however, be written for these 

violations without authorizing state legislation. 
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Identifying Preferred Solutions 

Preferred solutions for a given area were chosen from the solutions inventory based on 

the nature of the watershed problem and the effectiveness and limitations of the solution 

being considered. (Loomis Austin, Inc., 2000; Loomis & Moore, I 999a; Loomis & 

Moore, 1999b). 

10.1 Protocols Established 
To target solutions, a screening protocol, or set of procedures, was developed to identify 

specific capital, programmatic, or regulatory solutions from the full set of potential 

solutions presented in Section 9 that would be appropriate or applicable for solving 

identified problems. This protocol considered watershed characteristics and associated 

problems, potential limitations, and possible negative impacts of solutions. 

To evaluate whether a particular targeted solution should be implemented, it was 

measured in terms of its ability to effectively achieve the WPD's management goals. 

Ideally, the preferred solution(s) should: 

• meet flood, erosion and water quality objectives; 

• maintain or improve the natural character of the creek; 

• maintain or reduce required maintenance needs; 

• ensure compliance with applicable local, state, federal permit and regulatory 

requirements; and 

• foster additional beneficial uses of waterways and drainage facilities where 

possible. 

10.2 Targeting Solutions Based on Watershed Types 
Selecting the most appropriate solution for a specific problem area is heavily influenced 

by the development conditions of the watershed in which the target problem area is 
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located. Therefore, solutions were initially screened to target watershed management 

solutions for a given watershed type. Three watershed types were considered: 

• Rural 

• Developing 

• UrbanizedlDeveloped 

10.2.1 Rural Watersheds 

Rural watersheds are those in which the vast majority of the land use coverage is 

undeveloped or developed to a low density (less than 10% impervious cover). Preventive 

regulatory approaches (including impervious cover restrictions, setbackslbuffers, and on­

site water quality and erosion volume controls requirements) are highly applicable since 

new regulations could potentially be applied to undeveloped land not affected by 

exemptions due to grandfathering or state legislation. In rural watersheds, the impacts of 

development are generally isolated or not evident at all. Barton Creek is the only Phase I 

watershed that falls under this category. Specific programs, such as Rangeland 

Management are appropriate for rural watersheds, where sufficient undeveloped land is 

available for their application. Appropriate solution measures emphasize prevention of 

future erosion, flood, and water quality problems. The identification of preferred 

solutions for rural watersheds assumed: 

• Erosion control is largely unnecessary given the very low degree of impact. 

Natural channel processes should be allowed to operate unconstrained by 

structural intervention. 

• Retrofit water quality ponds may be considered in pockets of more intense 

development that were constructed without storm water controls. 

• Retrofit flood detention storage is not likely to be necessary in the general 

absence of development near the flood plains. Regulatory prevention of 

construction in the I DO-year floodplain is highly effective. 

Solution options targeted for erosion and water quality control In rural watersheds 

include: 
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• Geomorphically-Referenced River Engineering 

• Wet Ponds or Wetlands 

• Retention-Irrigation Ponds 

10.2.2 Developing Watersheds 

Section 10 
Identifying Preferred Solutions 

The developing watersheds are those in which substantial development already exists, 

and in which significant additional development is projected to occur in the future. The 

Phase I developing watersheds includes Blunn, Bull, Country Club, Walnut, and 

Williamson. Regulations targeting erosion-volume capture on the site for new 

development are likely to be effective. The developing watersheds generally exhibit 

moderate existing impervious cover (between 10% and 50%) and a projected high net 

future impervious cover increase (greater than 10%). Erosion processes are active, 

including rapidly increasing channel widening, incision, and/or conveyance as 

represented by a high (greater than 25%) predicted future increase in channel size. The 

identification of preferred solutions for developing watersheds assumed: 

• Construction of regional retrofit facilities to provide erosion detention control 
(generally in the headwaters) is likely to be appropriate. 

• Localized slope stabilization measures are necessary, but may be ineffective over 
the long tenn if watershed-scale measures (e.g., erosion detention) to limit 
channel enlargement are not implemented. 

• This development condition offers the best opportunity for integrated on-site 
and/or regional, structural, water quality/erosion capturelflood facilities. 

• All flood technologies are considered to be viable since current flood problems 
exist, and the potential for future flood problems is high. 

• Water quality pond technologies (e.g., wet ponds, wetlands, and wet ponds with 
baseflow augmentation) are generally not the preferred solution given that erosion 
processes, not uplands pollutants, dominate water quality problems (MacRae, 
1998). 

Solutions targeted for erosion and water quality control in developing watersheds 

include: 
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• Side-slope control solutions 

> Reinforced earth 

> Gabions/concrete riprap 

> GRRE (Refer to Capital Projects inventory Section 9) 

• DetentionlRetention pond solutions 

> Erosion detention as a stand alone solution or in combination with wet pond 
and/or baseflow extended detention, depending on individual watershed 
needs. 

~ Retention-irrigation pond - only for Bull and Williamson Creeks in the Barton 
Springs zone given their sensitive nature. 

Solutions targeted for flood control in developing watersheds include: 

• Property buyout for flood prone areas 

• Flood detention 

• Channelization 

• Site specific smaller scale solutions 

~ Flow diversion - channels and/or tunnels 

~ Replacement of structural constrictions 

> Levees and floodwalls 

10.2.3 Urbanized/Developed Watersheds 

In urban watersheds, development intensity is generally near full build-out, water quality 

degradation is significant, and channel enlargement processes are often nearly complete. 

In addition, regulatory solutions that are used for newly developing areas cannot 

generally provide additional significant erosion prevention benefits in areas already 

urbanized. The remaining 11 watersheds are included in this group. The urban 

watersheds generally exhibit high existing impervious cover and low proj ected future 

impervious cover increases. These watersheds also show quite advanced channel 
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enlargement processes as represented by a low predicted future increase in channel size. 

Prefered solutions assumed: 

• Erosion volume control technologies (e.g., erosion control detention ponds) are 
generally not the preferred solution given that most preventable channel 
enlargement has already occurred (MacRae, 1998). 

• Localized slope stabilization technologies are appropriate and likely to be 
necessary to protect property along creeks. Property buyouts may be required. 

• Water quality ponds should be considered to address water quality problems and 
augment baseflow. 

Solutions targeted for erosion and water quality control in urban watersheds include: 

• Side-slope control solutions 

~ Reinforced earth 

~ Gabions/concrete riprap 

~ GRRE 

• DetentionlRetention pond solutions 

~ Erosion detention (for Little Walnut and Shoal headwaters) 

~ Wet Ponds or Wetlands 

~ Wet Ponds in conjunction with baseflow extended detention 

Solutions targeted for flood control in urban watersheds include: 

• Property buyout for flood prone areas 

• Flood detention 

• Channelization 

• Site specific smaller scale solutions 

~ Flow diversion - channels and/or tunnels 

~ Replacement of structural constrictions 

~ Levees and Floodwalls 
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The City's Desired Development Zone includes several Phase I watersheds that are 

developing or urbanized. In support of the City's Smart Growth initiative, the Master 

Plan emphasizes the use of engineered strategies in the Desired Development Zone to 

minimize the need for additional regulations that may restrict development in that area. 

Table 10 - I below summarizes solution preferences based on watershed type. 
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Solution Preferences by Watershed Type 
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B1unn Crcek 1. Buttermilk Creek 
Bull Creek 2. Boggy Creek 
Country Club Creek 3. East Bouldin 
Walnut Creck 4. Fort Branch 
Williamson Creek 5. Harper's Brandl 

6. Johnson Creek 
7. Little Walnut Creek 
8. Shoal Creek 
9. Trumehi11 Brauch 
10. West Bouldin Creek 
11. Waller Creek 

" bevelC)plh~ Wllttr5hedl(iJhal:a~letlsfl~. . : ~ .. 
, 
;·'ttrbanfzed,iVat'eHheU Characfdj$lt~!l 

~ 

. , 
Existing Impervious Cover> 1 S% Existing Impervious cover >50% 
Net Future lm[!crvious Cover Increase >5% Net Future Impervious Cover Increase <5% 
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- Propcrty Acquisition (l3uyoulS) for Flood Control - Property Acquisitioll (Buyouts) tllr Flood Control 
- Flood Detention - Flood Detention 
- ChannelizatiolJ - Channelization 
- Flow Diversion: Channels and Tunnels - Flow Diversion: Channels and Tunnels 
- Replacement of Stmctural Constrictions - Replacement of Structural Constrictions 
- Levees and Floodwalls - Levees and Floodwalls 
SoluUon Optlons for -.Eroshitl ilnd W'sler Qual't.y , " 'Suhlth,n OlfliohS for Erosion and \\I~~Qiiilhty 

~- - ., ;l , , 
- Reinforced Earth [erosion side-slope projects] - Reinforced Earth (erosion side-slope projects] 
- Gabions/Concrete Riprap [erosion side-slolle proj.] - Gnbions/Concretc Riprap (erosion side-slope 
- Gcomorphically-Refercneed Rivcr Engineering projects] 

(GRRE) - Geomorphical1y-Refcrcnced River Engineering 
- Erosion Detention (GRRE) 
- Erosion Detention + Wet Ponds - Erosion Detention {Lillie "'allllil & Shoal 

- Erosion Detention + Wet Ponds + Baseflow Extended IIe{l(ilmtel'sj 
Detention - Wet Ponds/Wetlands 

- Retcntion-lrri~8tiolJ Ponds [BII/I; Wi/liam.wm iIIIlSZ/ - Wet Ponds + Basenow Extended Detelltion 
Soul'ce: Loomis Allstill, IlIc., l()On 
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Section 10 
Identifying Preferred Solutions 

10.3 Identifying Preferred Capital Solutions 

Once the capital solution preferences based on watershed conditions were established, 

specific locations in the Phase I watersheds were identified where preferred erosion, 

flood and water quality solutions could potentially be constructed given apparent site 

constraints. In all, over 300 sites for potential projects were identified. Each potential 

project alternative received a limited analysis (focused on potential limiting factors 

associated with the site) to identify appropriate and feasible technologies for the 

particular site and problem. These conceptual projects were then evaluated to estimate 

benefits (in terms of the goals discussed in Section 2.3) and construction costs. 

Consideration was given to environmental constraints and neighborhood impacts in 

evaluating each site. Attempts were made to calculate rough estimates of storage and/or 

treatment volume that each site could provide. These assessments were very preliminary 

in nature due to limited site assessment data and project definition. Information resulting 

from this assessment is considered conceptual in nature, but sufficient for master 

planning purposes. 

This effort resulted in three main categories of (Master Plan) capital solutions. 

• Flood control solutions 

• Erosion side-slope projects 

• Erosion and water quality ponds 

10.3.1 Preferred Flood Control Solutions 

Available flood control techniques were considered for use at each flood problem area. 

These techniques include: 

• Land and structUre acquisition; • Flood walls and/or levees; 

• Storm water detention; • Flow diversion channels or tunnels; and 

• Bridge and culvert modifications; • Structure raising. 

• Channel conveyance modifications; 
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Section 10 
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A "flood problem area" is a location where a flood control solution could likely be 

implemented as a single flood control project, addressing one or more flood problems in 

close proximity. Each problem area was ranked based on the overall flood problem 

scores within the flood problem area. The top 32 ranked problems were designated as 

"Level I" flood areas and were evaluated with a different protocol than the remaining 140 

problem areas that were designated as "Level II" problem areas. 

The identification of potential solutions for Level I flood areas began with a plot of HEC­

RAS profiles to denote the extent of flooding. Each area was visited to assess site 

conditions and note pertinent field data. In all cases, property buy-out was considered as a 

stand-alone solution, as well as in combination with structural solutions. An assessment 

was made to determine if a bridge or culvert was causing the problem. Bridge and 

culvert modifications were considered when: (1) the crossing is overtopped by the 100-

yr flood; (2) there is flooding immediately upstream of the bridge; and (3) the existing 

bridge or culvert opening does not span the entire drainage easement. If a bridge or 

culvert was determined to not be the cause, an assessment was made to determine if 

detention could solve the flooding problem. If detention could not mitigate the problem, 

channel modification was considered. If this still was not adequate to limit flooding 

problems, the following structural solutions were considered: 

evaluated using a different protocol. Rather than 

plotting floodplain boundaries from model output, the boundaries of problem sites were 

determined based on estimates from existing floodplain data. Structure inundation depths 

were recorded for all sites for the 2-, 10-, 25-, and 100-year storm events. Bridge 

problem sites were evaluated in the field for possible replacement or additional culverts. 

For residential and commercial problem sites, channel modification was the only 

structural flood mitigation technology evaluated. Channel conveyance of the proposed 

solution was compared to the estimated conveyance required to remove all structures and 
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Identifying Preferred Solutions 

roadways from the 100-year floodplain based on the Manning's equation analysis. In 

some cases the maximum conveyance associated with the proposed solution was less than 

the estimated required conveyance. 

In addition, property acquisition was considered as a stand-alone solution. The potential 

for using upstream detention was evaluated based on previously proposed detention 

facilities and apparent availability of land for detention (Loomis Austin, Inc. 2000). 

To address localized flooding problems, WPD completed a preliminary study of several 

local storm drainpipe networks to determine if current system capacity and pipe sizes are 

adequate. Each watershed sub-basin area was analyzed to compute excess runoff and 

size the main storm drain system (Figure 10 - 1). 

Figure 10 - 1 

10.3.2 Preferred Erosion Side-Slope Projects 

Side-slope project identification began by combining Type 1, Type 2 and Type 3 erosion 

problem locations into project units. Project units are groupings of nearby erosion 

problems based upon physical proximity of localized erosion problems and reach 

characteristics. Initially, natural channel design using reinforced earth and hard design 
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options, such as gabions, was considered. Topographic maps were reviewed and used to 

help select an appropriate technology for each location. An attempt is made to use soft 

technologies (such as biorevetment techniques) wherever conditions allow their 

implementation. 

Nearly 100 erosion side-slope projects were identified on the main creek system. 

Because these projects target existing bank failure, side-slope projects are best applied in 

the urbanized and developing watersheds where there is a relatively high degree of 

development. These side-slope projects target Type 1 and 2 erosion problems (existing 

structures, fences, trees threatened by creek bank erosion). Side-slope technology varies 

from traditional gabions or concrete to biorevetment methods. Preference is given to 

softer technologies, such as biorevetment, because they are more sustainable and use 

natural products that promote revegetation and protect the natural character of the 

waterways. This minimizes future maintenance, and enhances a stable stream system. 

These techniques also allow for multiple use of waterways by facilitating recreational 

opportunities. A preliminary assessment of all proposed side-slope project locations was 

completed to identify possible locations where biorevetment might be appropriate. 

10.3.3 Preferred Erosion and Water Quality Ponds 

Although there are many erosion and water quality structural solutions· that were 

identified in the capital project inventory, only those deemed suitable for implementation 

on a regional scale were initially considered for evaluation~ Four technologies were 

selected for consideration: 

• Erosion detention ponds 

• Baseflow detention ponds 

• Wet ponds and! or constructed wetlands 

• Retention-irrigation 

Initially, the focus was to identify possible pond locations based upon the location and 

severity of erosion and water quality problems. The difficulty of finding suitable sites in 

the largely urbanized Phase I watersheds led to a decision to identify as many available 
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pond locations as possible. Topographic maps with identified designated open spaces 

were used to identify over 250 potential pond sites. Each site was field verified to assess 

site size and layout and potential constraints or opportunities. Almost half of the original 

sites were eliminated after field reconnaissance due to site constraints. 

Six technology combinations were then considered at the remaining sites: 

• Permanent wet pool only (wet ponds and/or constructed wetlands); 

• Erosion detention only; 

• Permanent wet pool with basetlow detention; 

• Permanent wet pool with erosion detention; 

• Permanent wet pool, erosion detention, and basetlow detention; and 

• Retention-irrigation. 

These combinations were then screened based on watershed type as presented in Section 

10.2. Optimal erosion control and water quality control capture volumes were estimated 

and compared to total available facility size. In cases where the required storage volume 

was not available, a less-than-optimal volume configuration was calculated. Basic design 

parameters were estimated for each configuration at each site for cost and benefit 

detennination. 

Drainage area, impervious cover, water quality volume, and cost data was used in the 

pond evaluation procedure. Pollutant loads and removal efficiencies were also 

calculated. The dissolved phosphorous (DP) removal 'efficiency is calculated as a 

function of wet pond hydraulic residence time, and will vary with impervious cover and 

water quality volume. 

Due to the degree of future erosion predicted in the Walnut Creek watershed, a more 

detailed study of Walnut Creek was performed (Chan, 1999). This study gave insight 

into the level of problem reduction that additional structural controls could accomplish in 

promoting future reach stability. The impacts of varying impervious cover limits, and 

structural erosion and water quality control ponds were modeled for Walnut Creek in an 
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attempt to evaluate the impact that structural controls could be expected to have. This 

study: 1) identified the benefit that sedimentation-filtration ponds have in preventing 

potential erosion, and 2) identified the need for additional ponds in the headwaters of 

Walnut Creek to help achieve future reach stability. 

Projects under the Regional Stonn Water Management Program (RSMP) were also 

considered for possible retrofit. Existing RSMP ponds were screened to select sites with 

minimal existing water quality controls located in the drainage area to the ponds. This 

screening method selects sites where retrofits would provide the greatest water quality 

benefit. Site retrofit design would incorporate wet ponds into the existing pond design. 

Because the proposed regional solutions left a significant gap between goals and problem 

mitigation, additional, smaller scale solution options were also considered. The cost and 

benefit of retrofitting existing small-scale detention and water quality ponds (both RSMP 

and existing residential and commercial on-site ponds) to provide additional water quality 

treatment was evaluated, as well as the potential of using Low Impact Development 

(LID) design techniques in retrofitting existing development. These design techniques 

emphasize the use of alternative and innovative BMPs such as rainwater harvesting, soil 

restoration, and bioretention. WPD analysis (City of Austin, 2000) indicated that at least 

25% of existing developed areas need to be treated to have a significant impact on water 

quality. For high priority receiving waters, preferably up to 50% should be treated. The 

number, type, location and drainage areas of potential retrofit ponds were determined 

using the City's pond database. The areas potentially treatable were compiled by 

watershed. Dissolved phosphorous (DP) was used in evaluating water quality retrofit 

possibilities. DP can be quantified with a relatively high degree of certainty and is a 

good overall indicator of receiving water conditions. This analysis represents a 

significant increase in potential retrofit opportunities over those of only providing 

regional water quality treatment. Further site specific investigations are needed to 

determine the feasibility of retrofitting ponds, and the ability to use alternative and 

innovative BMPs. More detailed, site specific investigations are needed to determine the 

best combinations of large scale regional water quality ponds, and existing pond retrofits . 
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10.3.4 Initial Integration of Capital Solutions 

Each prospective pond project was evaluated to determine the potential to combine 

erosion, flood storage, and water quality components. Existing and proposed capital 

projects were evaluated by City staff to determine if it was possible to augment the 

project to eliminate any of the problems identified under the Master Plan and to 

determine integration potential. 

There are a number of solution concept options that lend themselves to providing an 

integrated solution. Property acquisition is typically chosen to alleviate a flood control 

problem, however, this solution often provides water quality and erosion benefits in 

addition to the primary flood control benefit. Ponds also tend to be effective solutions for 

multiple purposes. They can provide: (1) stormflow detention that will benefit flood 

control and erosion control goals; (2) stormflow retention which can benefit baseflow 

augmentation, as well as mitigate flooding and erosion downstream; and (3) other water 

quality benefits derived from solids settling. In addition, erosion side-slope projects can 

be combined with flood channelization projects to provide dual benefit. Components to 

increase biological habitat and to promote a natural stream system can potentially be 

added to flood channelization and erosion side-slope projects to provide water quality 

benefits. 

10.4 Assessing Benefits and Cost 

Estimates were developed for benefits and costs of the various capital solution 

alternatives developed during the Master Plan. The initial feasibility determination for 

potential capital projects is based on very preliminary site investigations. Therefore, the 

estimation of benefits and costs should also be considered preliminary in nature. 

Additional study of these project concepts will be necessary during the preliminary 

engineering phases of the capital implementation process to define proposed project 

budgets and objectives. 
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10.4.1 Assessing Benefits 

Benefit Estimates for Flood Control Solutions 

Section 10 
Identifying Prefeffed Solutions 

Three types of capital solutions were evaluated for flood benefit: (1) structural projects 

under Level I investigations; (2) structural projects under Level II investigations; and (3) 

nonstructural property buyouts. Benefit for flood control solutions were assigned based 

upon reduction of the flood problem score and reflect the extent to which they would 

remove structures and bridges from the 2-, 10-, 25-, and 1 DO-year flood plains. 

Acquisition of flood plain properties allows the removal of structures threatened by flood 

events, creates a buffer between development and the waterway, and reclaims and re­

naturalizes a portion of the floodplain to more of its original ecological function. 

Opportunities for public access along waterways can be increased, along with improved 

natural appearance and potential reductions in algae (from buffer effects) and litter. 

Flood plain property buyouts therefore were judged to have a positive impact upon four 

Ell subindicators: Aquatic Life Support, Physical Integrity, Non-contact Recreation, and 

Water Quality. (Loomis Austin, Inc. 2000) 

Benefit Estimates for Erosion Control Solutions 

Benefits were estimated for two types of erosion control capital solutions: (1) side-slope 

projects, including flood channel modification; and (2) erosion detention storage. Benefit 

scores are based on the value of the problem score that could be eliminated as a result of 

the solution. Benefit calculation for side-slope projects accounted for the Type 1,Type 2, 

Type 3, that were fixed by a given side-slope project. Detention storage project benefit 

calculation assumed that only Type 3 and future reach stability problems located 

downstream of a pond would be corrected. 

Erosion side-slope and channel modification projects serve to protect channel banks from 

erosion. These projects were therefore credited with lowering Total Suspended Solids 

(TSS) over the portion of each Ell reach protected by the project. Side-slope and 

channelization projects can also impact the Aquatic Life Support (ALS) and Physical 

Integrity (PI) sub-indices of the Ell. Therefore, benefits for these projects were es~imated 

in terms ofthese factors. (Loomis Austin, Inc. 2000) 
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Benefit Estimates for Water Quality Solutions 

Water quality benefits for regional water quality-erosion ponds were estimated for both 

watersheds and receiving waters. Solution benefit was calculated based on the solution's 

ability to improve Environmental Integrity Index (Ell) scores. Negative impacts are also 

considered for solutions that could potentially impair water quality (such as channel 

modification or large scale detention that impacts riparian vegetation). 

Each creek reach was assessed using predicted future conditions with and without 

solution implementation. Estimates of project benefits were made for each solution 

according to the solution's ability to improve conditions and close the gap between the 

predicted future Ell score and the target goal. Benefits of the pond retrofit analysis was 

based on the overall acreage available for retrofit of existing ponds. (Loomis Austin, Inc. 

2000) 

10.4.2 Assessing Costs 

General project costs were estimated based upon construction costs of the major project 

components. For each solution, the cost included initial capital construction costs and 

annual (O&M) costs. Annual O&M costs were assumed to be equal to I % of the initial 

capital cost. Cost estimates are preliminary in nature and are of an overall master 

planning level based on preliminary site investigations. Contingency costs were assumed 

at 20% to 30% (Loomis Austin, 2000). Erosion side-slope project costs were based on an 

'installation' cost per square foot plus an assumed cost per acre of land. Side-slope 

projects are assumed to cover both banks of the channel. In some cases, erosion side­

slope projects costs were based on averaged total costs from similar past projects. 

(Loomis Austin, Inc. 2000). 

Cost estimates for water quality and erosion pond projects are based on unit cost 

functions tied to the following characteristics (Loomis Austin, Inc. 2000): 

• facility footprint (for land purchase estimation) 

• land costs for site 

• excavation/embankment requirements 
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• contributing watershed area treated 

• on-line versus off-line facility 

• facility configuration (e.g., erosion detention only, erosion plus baseflow, etc.) 

In some cases, generalized pond costs were based on pond cost information as follows: 

• Wet Ponds 

> If water quality volume (WQV, also known as permanent pool volume) 
<= 6 ac-ft then 

Cost ($) = 30332* WQV(ac-ft) + 238772 
(from City of Austin retrofit data; r2 = 0.75) 

> IfWQV> 6 ac-ft then 
Cost ($) = 56282*WQV (ac-ft) + 83451 
(Loomis & Moore and City of Austin data; r = 0.9) 

• Sand Filtration and Sedimentation Basin Retrofits 

> Cost ($) = 60142*Ln(WQV [ac-ft] ) + 156297; minimum cost of 
$50,OOO/pond. 

Flood control solution costs were estimated for Level I and Level II analysis projects, as 

well as buyout options. Level I solutions and buyout options included a 20% contingency 

cost, while Level II solutions assumed a 30% contingency cost. Costs were based on 

average costs for project materials, labor costs, and unit costs for the various elements of 

a given solution. Sizing for costing was based on gross design estimates made during 

solution evaluation. Property values for costing buyout options were obtained from the 

Travis Central Appraisal District database (1999-2000 values). A 2.2 multiplier was used 

to account for potential additional costs for acquiring property via condemnation. The 

preliminary cost estimates represent a general range of cost for solutions necessary within 

any given Phase I watershed, rather than an exact assessment of the cost of an individual 

project concept (Loomis Austin, Inc. 2000). 

General estimates of capital solution costs for each potential capital technology were 

developed. Each site had more than one potential solution shown, yet only one solution 

could ultimately be chosen for each site. To provide a realistic estimate of total 
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watershed cost, staff used the most desirable solution type identified for each site. For 

flood control projects, this generally meant that the cost for floodplain structure buyout 

was used, since this solution effectively solved the flooding problems while also 

providing riparian restoration opportunities that also yields benefits for the erosion and 

water quality missions. The flood project cost total of $444,980,000 is based on the 

selection of the alternative solution judged most desirable for each problem area using the 

initial project cost data. Urban and nonurban watershed costs for flood controls are 

$249,330,000 and $195,650,000 respectively. 

The total $166,810,000 shown in Table 10 - 2 reflects the implementation of 

approximately llO total side-slope projects (City of Austin, 2000). Erosion side-slope 

costs are generally the same for each site whether a hard method such as gabions or 

concrete is chosen, or a softer technique such as biorevetment. 

For water quality ponds the most desirable solution type was the one with multiple 

components, such as wet pool, plus baseflow enhancement, plus erosion capture. 

Fourteen regional erosion detention ponds are proposed, including four ponds identified 

by a more detailed study of the Walnut Creek Watershed (City of Austin, 1999). Water 

quality solution costs include 38 regional water quality pond facilities, as well as the 

additional project costs developed for potential retrofits and Low-Impact designs. 

Proposed erosion and water quality pond projects total $263,240,000 and include varying 

configurations of wet pond, baseflow enhancement and erosion detention features. The 

combined cost for erosion and water quality controls (side-slope and ponds) for the urban 

and nonurban watersheds are approximately $185,440,000 and $244,610,000 

respectively. 

Once the initial solution development effort was completed, WPD continued to refine the 

project identification process by conducting additional investigations of specific projects, 

screening out less feasible projects and identifying additional capital solution alternatives 

to further promote goal attainment for each WPD mission. Table 10 - 2 presents the 

results of the cost analysis for each of the Phase I watersheds. As shown, a total of 

$875,030,000 in capital solutions was identified. 
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Primary Drainage System Cost by Watershed 

-
W.atershed Fl.ood Er-osion Water Quality! 

"Fotal 
Sideslope . Erosion "Ponds , 

Barton - 52,640,000 511.340,000 513,980,000 
Blunn 54,820.000 52.230,000 52,230,000 S9.280.000 
Buttermilk - $4,880,000 52,660,000 S7,540,000 
Boggy_ 58,000,000 S8.71O.000 $6,440,000 523,150,000 
Bull $24,420,000 $10,850,000 543,420,000 578,690,000 
Country Club 515.810,000 56,390,000 57,950,000 530.150.000 
East Bouldin S24.980.000 S5.740.000 57,090,000 537.810.000 
Fort Branch 57.820,000 59.930,000 53,240,000 S20.990.000 
Harper's Branch - 5260,000 S1.680,000 SI,940,000 
Johnson $4.300.000 55,610,000 S1,010,000 S I 0,920,000 
Little Walnut $98.190,000 513,440.000 $12.900,000 5124.530,000 
Shoal $69,690,000 52}.360.000 S29,450,000 S120,500,OOO 
Tannehill S2.120,OOO 58.520.000 $3,210.000 S13,850,000 
West Bouldin S7,790,000 53,140,000 513,680.000 524,610,000 
Walnut $54.380,000 $36,890,000 S55,91O,000 SI47.180.000 
Waller $21.620,000 S7,260,OOO 510,770,000 539,650,000 
Williamson S 101,040,000 518.960,000 550,260,000 5170,240,000 
Total S444,980,000 S 166,810,000 5263,240,000 $875,030,000 
Source: CIty oj Austtn. 2000; LoomIS Austtn. Inc .• 2000 ENR constructiOn cost tndex (J 999) = 606 

Preliminary cost estimates for each storm drain system were prepared in order to obtain 

an estimate of the magnitude of required infrastructure needs. Table 10 - 3 summarizes 

the estimated project costs for each watershed. Ultimately, construction costs will 

depend on the results of final design configurations and the length of time required for 

implementation. 
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Table 10-3 

Localized Drainage System Upgrade Estimates 

Watershed 

Entire Watershed Studies*: 
Boggy 
Blunn 
Buttennilk 
Carson 
Country Club 
East Bouldin 
Fort Branch 
Harper's Branch 
Johnson 
Little Walnut 
Shoal 
Tannehill 
Town Lake 1 
Town Lake 2 
Town Lake 3 
Waller 
West Bouldin 

Partial Watershed studies: 
Barton 
Bull 
Eanes 
Walnut 
Williamson 

Estimated Project Cost 
(Millions) 

$17.5 
$ 5.2 
$ 0 
$ 0 
$13.3 
$12.6 
$19.3 
$ 2.6 
$15.2 
$10.4 
$43.3 
$ 8.4 
$ 2.1 
$ 6.2 
$19.4 
$39.4 
$23.0 

Suggested # of 
System Upgrades 

36 
24 
o 
o 

21 
30 
48 

5 
34 
27 
47 
24 
4 
4 
3 

24 
50 

$ 0 0 
$ 0.8 2 
$ 0.04 1 
$ 0.35 2 
$18.4 37 

Total: $257.5 Million 423 
Source: City of Austin, March. 2000 ENR construction cost index = 6127, December 1999 
* Based on previous complaints received through December 1998. 

10.5 Identifying Preferred Programs 

Operating programs were evaluated in several ways. These primarily included (1) 

identifying geographic limitations, 2) developing a Level of Service Study, 3) 

benchmarking with similar areas of the country, and 4) identifying new programs or 

program elements to facilitate the implementation of small-scale capital solutions and 

technologies. Information gained from this evaluation was used to develop program 

enhancement recommendations. 

10.5.1 Geographic Limitations 

Geographic limitations were evaluated by analyzing both the applicability of a 

programmatic solution, as well as jurisdictional constraints. Applicability was related to 

the degree a given program was able to affect a problem score in a given watershed. For 
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example, the storm sewer discharge permit program regulated discharges from 

commercial business's such as automotive repair shops. A rural watershed, such as 

Barton Creek, has limited commercial businesses with the potential for discharges, when 

compared to a more developed watershed with a higher percentage of commercial land­

use, such as Williamson Creek or Shoal Creek. Conversely, a watershed that is not rural 

in nature would not benefit from a program aimed at rangeland management. 

"Jurisdiction" was related to the degree a program was applicable in a given watershed 

based on jurisdictional boundaries. Some watersheds, such as Barton Creek, have large 

areas outside the jurisdictional authority of the City of Austin. WPD programs have little 

to no benefit in terms of loweri?-g the problem score of a watershed in areas outside City 

of Austin jurisdiction. (Loomis Austin, Inc., 2000) 

10.5.2 Level of Service Study 

The Programmatic Level of Service Analysis (Loomis & Moore, Aug. 1999) evaluates 

WPD operating programs. Each program was analyzed to determine the Essential, 

Current, Optimum, and Maximum level of service for each program. The levels of 

service that were considered are defined as follows: 

• Current Level - This is the current level of service being provided by each 

program. 

• Essential - This defined specific service changes for programs that are 

required immediately to address the most crucial WPD program needs, and to 

identify new program elements that are most important to goal attainment. 

• 

• 

June 2001 

Optimum Level - This is the target level of service for each program, where 

each program's minimum objectives are achieved. Target service levels were 

determined through a combination of benchmarking results and City staff 

input. 

Maximum Level - This is the maximum level of service that should be 

considered by the WPD for each program. The outputs associated with each 

program's maximum service level were determined through a combination of 

benchmarking results and City staff input. 
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Program activities were also related to the WPD goals and objectives they support. The 

interdependence between programmatic solutions was investigated. For example, an 

recommended increase in a program budget for Flood Project Implementation and Field 

Engineering that results in an increase in construction of capital projects such as 

detention ponds will have an impact on the future level of maintenance required. 

Programs that provide guidance or support (such as modeling, GIS and database 

management) to other WPD programs were also evaluated based on the recommended 

enhancements of the supported programs. 

For some solutions, one or more of the recommendations for enhancements of the 

Essential, Optimum, Maximum or Current levels of service may not differ. For example, 

a program with no current deficiencies would have an Essential level of service 

recommendation identical to the current level of service. The Maximum level of service 

is defined in this report to provide a complete scope of the level of service information 

that was collected, however, cost information and program enhancements reflecting the 

Maximum level of service were not used in developing the Master Plan findings or 

recommendations. 

Level of service information that was collected or derived included staff and operating 

budget needs. The level of service determination considered current program outputs 

(program yields, such as number of inspections completed, number of miles of pipe 

maintained or replaced) and current program resources. City staff was consulted to 

evaluate whether current output was considered to be sufficient. The benchmarking 

initiative was also considered in evaluation of program output and efficiency. 

Recommendations for increases to program output and efficiency improvements, as well 

as identification of areas that required further investigation were included in the Level of 

Service Report. Programmatic increases needed to meet the identified levels of service, 

as well as the associated budget required, are presented in Table 10 - 4. 
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Section 10 
Identifying Preferred Solutions 

Table 10 - 4 

Programmatic Level of Service Study Results 

STAFF (FTE Change from Current) CURRENT BUDGET" 

Current I Essential I Optimum Annual 1 Capital 
PROGRAMS Service 

Level 
Service Level Budget Budget 

ASSETS MAINTENANCE lAM) PROGRAMS {Tv De C\ 
Existing Flood Control 

Channel Vegetation Control 0 + 0 + 0 $ 1,100,000 $ -
Pond Vegetation Control 0 + 0 + 0 $ 514,1 55 $ -
Open Waterway Maintenance 21 + 0 + 12 $ 1,134,049 $ -
Bridge and Culvert Clearing 4 + 0 + 0 $ 230,000 $ -
Storm Drain System Repair and Rehabilitation 12 +4 + 12 $ 708,770 $ -
Storm Drain System Cleaning 10 + 0 +4 $ 579,903 $ -

Existing Water Quality 
Town Lake Cleanup 3 + 0 +0 $ 169,000 $ -

Existing Integrated 
Detention & Water Qualitv Pond Main\. & ReDair 7 +7 +7 $ 224,751 $ -

New Flood Control 
Dam Safety Inspection 0 + 0 + 1 $ - $ -

GUIDANCE/SUPPORT PROGRAMS 
Erosion Control 

Erosion Project PlanninolimplementationiField Engr 5 + 2 +6 $ 299,379 $ -
Flood Control 

Flood Plain Office 3.03 + 0 + 1 $ 187,429 $ 4,950 
Watershed Management and Facilities Planning 3.27 + 0 +0 $ 233,309 $ -
Watershed Hydrologic & Hydraulic Modeling 2.13 + 0 + 0.5 $ 162,436 $ 6,090 
Flood Project Planninglimplementatlon/Field Engineering 7.5 +2 +5 $ 545,992 $ 16,690 
Flood and Erosion Hazard Property Acquisition 0 + 1 + 1 $ - $ -

Water Quality 
Federal Permit Compliance 3 + 0 +0 $ 162,964 $ 4,800 
Water Quality Assessments 10. 13 + 0 + 0 $ 1,140, 158 $ 10,445 
Land Use Water Quality Monitoring 4 + 0 + 0 $ 472,548 $ 7,200 
Structural Controls Monitoring 7 + 0 + 1 $ 840,084 $ 12,800 
Environmental Impact Assessments 3.76 + 0 + 0 $ 289,056 $ 3,319 
Water Quality Control Design 2.88 + 0 + 0 $ 180,685 $ 4,464 
Dry Weather Flow Screening 0 + 1 + 1 $ - $ -

Integrated 
Review & Inspection of Development 30.7 + 3.5 + 11 $ 1,721 ,084 $ 38,099 
Watershed Master Planning 2.26 + 0 + 0 $ 172,928 $ 4,291 
Programs Integration 0 + 1 +2 $ - $ -
Geographic Information Systems (GIS) 3.48 + 1 + 1 $ 211 ,282 $ 3,800 
Database ManaQement 3 +2 +2 $ 116,200 $ -

SLD PROGRAMS (Solutions with Limited Data) (TYDe C) 
Existing Flood Control 

Flood Hazard Public Information 0.53 + 0.5 + 0.47 $ 41,468 $ 450 
Flood Early Warning System (FEWS) 4.28 + 0 + 1 $ 326,464 $ 4,000 

Existing Water Quality 
Storm Sewer Discharge Permits 6 + 0 + 0 $ 380,382 $ 12,954 
Emergency Spills & Complaints Response 6 + 0 +0 $ 380,382 $ 12,954 
Contaminated Slle Cleanup 0 + 0 +0 $ 50,000 $ -
Pond Operating Permits Program 0.5 + 0 +0 $ 16,568 $ -
Residential and Commercial Pond Inspection 1.125 + 0 + 0.5 $ 94 ,601 $ -
Underground Storage Tanks 2 + 0 +0 $ 92 ,820 $ -
Water Quality Education 2.5 + 0.5 + 1 $ 21 0,970 $ 233 

New Water Quality 
Small-Scale Urban Water Quality Retrofit 0 + 0 + 0.5 $ - $ -
Small-Scale Urban Retrofits for Baseflow Enhancement 0 + 0 + 0.5 $ - $ -
"Grow Green" Landscape Program for Water Qualltv 0 + 0 + 0.5 $ - $ -
Trash and Debris Control Team 0 + 0 + 2.25 $ - $ -

New Integrated Programs 
Conservation EasemenULand Acquisition Program 0 + 0.5 + 1 $ - $ -
Watershed Steward Program 0 + 0 + 0.25 $ - $ -

TYPE A & B PROGRAMS 
Existing Erosion Control 

Erosion Control Crew 6 + 6 +6 $ 288,623 
New Water Quality 

Street Sweeping for Toxics Control 0 + 0 +3 $ - $ -
New Integrated Programs 

Rural Watershed Restoration 0 + 0.5 + 1 $ - $ -
Sums 177 + 31.5 + 85 $ 13,278 ,440 $ 147,539 

*based on Fiscal year 99-00 budget Source: Loomis A list in 200U 
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Section 10 
Identifying Preferred Solutions 

Table 10 - 4 continued 

Programmatic Level of Service Study Results, continued 
ESSENTiAl BUDGET OPTIMUM BUDGET 

PROGRAMS 
Annual Budgel I Capllal Annual Budget I CapUal Budget 

Budgel 

ASSETS MAINTENANCE (AM) PROGRAMS (Type C) 
Existing Flood Control 

Channel Vegetallon Control $ 1100 000 $ $ 1155000 $ -
Pond Vegelation ConlTol $ 514155 $ $ 642694 $ -
Op_en Walerwav Maintenance $ 1134 049 $ - $ 1782,077 $ -
Bridae and Culvert Clearina $ 230000 $ $ 230000 $ -
Storm Drain Syslem Repair and Rehabilitalion $ 945027 $ $ 1417 540 $ -
Storm Drain System Cleaning $ 579903 $ $ 811,864 $ -

Existing Wat~r Quality 
Town Lake Cleanuo $ 169000 $ $ 169,000 $ -

Exlstlna Intaaratlld 
Detention and Water Qualllv Pond Malnt. and Reoair $ 449502 $ - $ 449502 $ -

Now Flood Control 
Dam Safety Inspeelion $ $ $ 62513 $ 20000 

GUIDANCE/SUPPORT PROGRAMS 
Erosion Control 

Erosion Pro'eel PlanninalimplemenlalioniFleld Enaineerina $ 419,131 $ $ 658634 $ -
Flood Control 

Flood Plain Office $ 187429 $ 4950 $ 249279 $ 6584 
Watershed Manaoemenl and Facllllies Plannino $ 233309 $ $ 233309 $ -
Watershed Hvdrolooic and Hvdraullc Modeline $ 162436 $ 6090 $ 200 567 $ 7520 
Flood Pro'eet Plan nina Implementation IField Enaineerina $ 691590 $ 16690 $ 909987 $ 27817 
Flood and Erosion Hazard Property Acqulsilion $ 80,510 $ - $ 80,51 0 $ -

Watllr Quality 
Federal Permit Comollance $ 162964 $ 4800 $ 162964 $ 4800 
Water Qualltv Assessments $ 11 40158 $ 10445 $ 1140158 $ 10445 
Land Use Water Quality Monitoring $ 472 548 $ 7200 $ 472 548 $ 7200 
SlrUctural Controls Monitorino $ 840084 $ 12800 $ 960096 $ 14629 
Envlronmentallmpect Assessments $ 289,056 $ 3319 $ 289,056 $ 3,319 
Water Quality Control Deslan $ 180685 $ 4464 $ 180685 $ 4464 
Dry Wealher Flow Screening $ 121815 $ 20000 $ 121815 $ 20 000 

Intogratad 
Review and Insoection of Develooment $ 1917 299 $ 38099 $ 3265575 $ 72 289 
Watershed Masler Plannlno $ 172928 $ 4291 $ 172928 $ 4,291 
Programs Integration $ 39500 $ $ 134056 $ 
GeoJjraohlc Informalion SYStems GIS $ 271995 $ 3800 $ 271995 $ 4892 
Database Manaoemenl $ 348600 $ $ 348600 $ -

SLD PROGRAMS (Solutions with Limited Data) (Type C) 
Exlstlna Flood Control 

Flood Hazard Public Information $ 80589 $ 450 $ 78241 $ 849 
Flood Early Wamlng Syslem (FEWS) $ 326464 $ 4 000 $ 402,740 $ 4,935 

Existing Watllr Quality 
Siorm Sewer Discharoe Permits $ 380382 $ 12954 $ 380382 $ 12954 
Emeroency Spills an Cornolalnts Resoonse $ 380382 $ 12954 $ 380382 $ 12954 
Contaminated Site Cleanup $ 50000 $ - $ 50000 $ -
Pond Operating Permits Program $ 16568 $ $ 16568 $ 
Residential and Commercial Pond Insoecllon $ 94601 $ $ 136646 $ -
Underoround Storaae Tanks $ 92820 $ - $ 92820 $ -
Water Quality Education $ 253164 $ 233 $ 295357 $ 326 

Naw Watar Quality 
Small,Scaie Urban Water Qualitv Retrofit $ - $ - $ 527904 $ 500000 
Small-Scale Urban Relrofits for 8aseflow Enhancement $ - $ - $ 277904 $ 250000 
"Grow Green" Landscape Program for Water Quality $ $ - $ 32904 $ -
Trash and Debris Control Team $ $ $ 96,796 $ 200,000 

Naw Integratod Programs 
Conservation EasemenULand Acouisltion Pro~ram $ 27755 $ - $ 55510 $ -
Watershed Steward Prooram $ $ $ 37,904 $ -

TYPE A & B PROGRAMS 
Existing Erosion Control 

Erosion Control Crew $ 577 246 $ - $ 577 246 $ -
Now Water QualHv 

Sireel Sweeoina for Taxies Conlrol $ - $ $ 131272 $ 300000 
Naw Intogratlld Programs 

Rural Walershed Restorallon $ 27904 $ $ 55807 $ -
Sums $ 15,081,036 $ 167,539 $ 20,199,335 $ 1,490,268 

*based on Ftscal year 99-00 budget Source: LoomIS Austm, Inc, 2000 
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10.5.3 Benchmarking 

Section 10 
Identifying Prefen-ed Solutions 

Program benchmarking helped determine how City of Austin programs compared to 

other areas, and helped define different levels of service. The following 10 jurisdictions 

were selected from which to collect benchmarking information: 

• Tulsa, Oklahoma • Ft. Worth, Texas 

• Prince George's County, Maryland • Ft. Collins, Colorado 

• Mecklenberg County (Charlotte), North Carolina • Montgomery County, Maryland 

• King County (Seattle), Washington • Orlando, Florida 

• Portland, Oregon • Toronto, Ontario, Canada 

Benchmarking information on the following programs was requested. The programs 

were grouped into the categories below to assist the cities and counties in providing level 

of service information. 

Assets Maintenance 
Channel/Creek Conveyance 

Channel Vegetation Removal 
Bridge and Culvert Clearing 
Open Waterway Maintenance 

Storm Sewer 
Storm Sewer and Inlet Cleaning 
Storm Sewer Repair/Replacement 

Ponds 
Pond Vegetation Removal 
Enhanced Pond Vegetation Removal 

Assessment 
Water Quality 

Water Quality Assessments 
Land Use Water Quality Monitoring 
Structural Controls Monitoring 

Flood Control 
Hydrologic & Hydraulic Modeling 
Storm Sewer Hydraulic Modeling 
Drainage Infrastructure Assessment 

Erosion Control 
Erosion Control Assessment 

June 2001 
• city of austin 

Review and Inspection of Development 
Review and Inspection of Development 

Information Technology 
Geographic Information System eGIS) 
Database Management 

National Flood Insurance Program 
Flood Hazard Public Education 
Flood Early Warning System (FEWS) 

Water Quality Education 
Water Quality Education 
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Section 10 
Identifying Preferred Solutions 

The cities/counties that were chosen for benchmarking represented similar populations, 

had similar development patterns, watershed problems or operating programs; some were 

selected due to the similarity in regulatory effort. 

General program information requested from each jurisdiction included total budget of 

the benchmarked program, total labor, capital budget, revenue information (including 

sources of revenue), fee rates, and information on types of regulations enforced. In 

addition, each point of contact was requested to send infonnation regarding program 

budget and staffing, performance measures, inputs, outputs, results, and perceived gaps in 

service (Loomis & Moore, Aug 1999). 

Benchmarking Results 

The level of response varied with the entities contacted. Orlando, Portland, Ft. Collins, 

Montgomery County, Mecklenberg County, and King County provided adequate detail to 

gain benchmarking information. Infonnation available on some of the initially targeted 

programs listed above, such as Flood Control programs, was minimal. Benchmarking 

information will be continually updated as part of future Master Plan efforts, with 

supplemental information added periodically. Table 10 - 5 provides a general overview 

of the information obtained through benchmarking. A summary of the infonnation 

gained from the benchmarking effort is summarized below. 
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Table 10-5 

Section 10 
Identifying Preferred Solutions 

Summary Benchmarking Information 

City of King County City of Ft. Collins City of 
Austin Portland Orlando 

Name of Watershed Dept oJNatural Bureau oj Storm Water Public Works 
Department Protection Resources, Environmental Utility Department, 

Department Water & Land Services Storm Water 
Resources Utility Bureau 
Division 

Department 
Budget $23,903,860 $44,350,161 $79,113,785 $1,957,419 $10,395,400 

Department 
FTEs 193 346.89 450 19 104 
Capital Budget 

$9,579,000 $77,715,863 $10,175,000 $5,329,000 
Source of Drainage fee, Multiple Sewer and Stonn Stonn Water 
revenues general fund sources stonn water fees Drainage Service Charge 

Utility Fee 
Fee rates I residential $4.74 Residential = $5.50 monthly 

and commercial $30/month perERU 
$51.12 per Commercial rate 
developed acre basedonERU 

Average 
Annual Rainfall 33.8 10 15.00 49.24 
(inches) 
Average 

Annual Snowfall .68 
(inches) 51.00 
Population 567,566 1,500,000 503,000 106,000 182,986 
Area Size 100.2 

(square miles) 225.0 2,200.0 130.0 
Separate or Separate Separate Both separate Both separate Separate 

combined stonn and combined and combined 
water system 
Character of Primarily Primarily Primarily 80% Both natural 

Drainage Ways natural natural natural constructed and 
constructed 

Sunshine (% or 
300 

days) 296 292 
FEMArating 7 6 Not rated 6 7 

1 . 
Based on 1999-2000 drainage fee Source: Loomis & Moore. 1999. as amended by City of Austin 

Assets Maintenance 

Comparison of the assets maintenance programs in the City of Austin with those 

implemented in King Country, Washington (the Seattle area) Orlando, Florida, and Ft . 
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Section 10 
Identifying Prefe"ed Solutions 

Collins, Colorado indicates that Austin's level of service for channel vegetation 

maintenance is in the middle of a very wide range of channel maintenance service 

provided by the entities benchmarked. Austin maintains approximately 70 miles of creek 

channel three times yearly to provide flood control benefits. Orlando has a mixture of 

natural and constructed drainage ways, with an extensive maintenance program. Mowing 

occurs approximately 10 times per year. Application of herbicides in detention basins, 

open ditches and wetlands occurs 6 times per year. Channel mowing is avoided entirely 

in King County, Washington, if possible, to help protect its natural waterways and natural 

fisheries. Channel restoration work is extensive, however. In Ft. Collins channels are 

mostly constructed, and all channels and ponds are mowed 3-5 times/year to about % 

inches, primarily for aesthetics. In addition to routine maintenance, Ft. Collins has staff 

conduct an annual walk-through of each facility and note what heavier-duty work needs 

to be done. 

Water Quality Assessment 

Benchmarking results indicate that Austin's water quality assessment activities excel in 

comparison to other similar locations. King County, Portland, and Orlando are all 

conducting water quality assessments, although none monitor groundwater. Orlando is 

planning a sediment monitoring program, but it does not plan to monitor baseflow. 

Portland is conducting limited bioassessments, and has conducted monitoring of BMP 

effectiveness and TMDL analysis for two subwatersheds. All of these locations except 

Ft. Collins have performed some degree of land use monitoring in preparation for their 

NPDES permit. Ft. Collins does not yet have an NPDES permit. 

King County has extensive water quality controls in place m the fonn of 

retention/detention ponds, which are required for all new development. Water quality 

controls are not extensively required in Ft. Collins, although they are implementing 

BMPs through their capital projects plan. They are revising their criteria and will require 

water quality controls in the future. Detention is required for new development. 
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Review and Inspection of Development 

Section 10 
Identifying Preferred Solutions 

The benchmarking infonnation received from other jurisdictions indicates that the 

development function is primarily decentralized elsewhere, which makes it difficult to 

compare the level of activity with that of Austin. 

Austin has a separate review process for site plan/development permits and building 

permits. Turn around time varies greatly depending on the location and type of project. 

Development review includes plan review to assure compliance with City rules and 

regulations, inspection during construction for compliance with approved construction 

plans, and also for compliance with erosion control, landscaping and tree protection 

requirements. Austin provides a Customer Assistance Center for Land Development and 

Permitting requirements. Austin also provides for enforcement for non-compliance with 

requirements during construction. 

The City of Orlando is the only location benchmarked that has a consolidated 

development review function. Site development review and building plan review are 

consolidated. They have two teams of six staff, with each team consisting of a civil or site 

engineer, a transportation engineer, an building plans examiner, a fire protection expert, 

and two staff focused on land development and zoning. In addition, staff functions such 

as mechanical, electrical and plumbing review are shared between teams. The teams are 

able to turn-around a permit for a single family home in a maximum of two days. The 

turnaround for commercial development is four weeks. Inspections are reported to be 

adequate when fully staffed. The City of Orlando staff schedule predevelopment 

meetings to facilitate interaction with the developer. There is an appeals process, and a 

final decision is made by the senior staff appropriate for that specialty (i.e. the city 

engineer makes the final decision if the issue is related to engineering). 

Information Technology 

Based on information provided by benchmarking of GIS and database programs, Austin 

is behind other similar cities in its level of service for advanced information technology. 

King County, Portland and Orlando all have a higher budget and staff commitment to 

GIS and database programs than that of Austin. 
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Section 10 
Identifying Preferred Solutions 

Public Education 

There are a variety of flood and water quality public education activities conducted in 

other jurisdictions. Orlando, King County, Ft. Collins and Portland have all committed 

resources and staff to both flood and water quality education. These jurisdictions all 

indicated that public education is a vital component of operations, and although no 

effectiveness studies have been done, there is a sense that relatively low funding for 

public education brings a high return. 

Flood Early Warning Systems 

The FEWS system in place in Austin is typical of the technology in use in similar 

situations throughout the country. 

10.5.4 New Program Elements for Small Scale Capital Solutions 

A number of new program elements were identified to address implementation of small 

scale capital solutions. Table 10 - 6 shows the proposed new program elements and the 

capital solutions to be addressed by each program. Section 9.3 Inventory of Capital 

Solutions, subsection on Water Quality Capital solutions, as well as Section 9.4 

Operating Programs also contain information about these potential solutions. 

After determining the service levels provided by current WPD programs, program 

enhancements as well as proposed new program elements were recommended to improve 

service levels (Loomis & Moore, Aug 1999) These enhancements included 

improvements to existing programs and the provision of additional services not currently 

provided by WPD. Generally recommendations were derived from comparisons of 

--current-level-of service -versus identified essential;-and optimal levels of-ser-vice;-and-the­

identification of service gaps for existing programs. 
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Table 10-6 

Section 10 
Identifying Prefeffed Solutions 

New Potential Programs For Capital Project Technologies 

mName 

I 
Inlet Filters 
Trash and Debris Booms 
Retrofit ofExistin!! Ponds for Trash Removal 

! WQ Structural Retrofit for Baseflow Enhancement 

I 

I Impervious Cover Removal or Disconnection 

WQ Structural Retrofit for TOXICS & Spills Control 

I 
I 

I Bioretention 
P p orous avement 
Rainwater Harvesting 
Grassed SwalesNegetative Filter Strips 
Hazardous Materials Traps 
Sedimentation/Sand Filtration 
Oil/Grit Separators & Water Quality Inlets 
Multi-Chambered Treatment Trains 
Inlet Adsorbents 

I Land & Conservation Easement Acquisition Land Acquisition 

I 
Conservation Easements 
Riparian Buffer Zones 

"Grow Green" Pro!!Tam for Water Quality Education Urban Forestry 
Rural Watershed Restoration ~ative Grassland Establishment 

Control of Livestock in Riparian Areas 
Use of Specialized Grazing Systems 

Source: loomIS & Moore. 1999 
-

Since the onset of the master planning effort, several existing WPD programs have 

already expanded their original objectives to include some of the proposed new program 

elements. For example, the proposed "grow-green" landscape education program has 

already been adopted by the Water Quality Public Education Program since the onset of 

this Master Plan. Table 10 - 7 includes those new program recommended for 

implementation. 

Pr02ram Name 
Conservation Easement 
and Land Acquisition 

Dry Weather Field 
Screening 

June 2001 

Table 10-7 

Watershed Protection Master Plan 
Proposed New Programs 

Proeram Description 
Proposed new program to identify, and facilitate acquisition of, and 
maintain strategic land properties in the Master Plan watersheds. 
Application of this program for riparian buffer acquisition could be 
coordinated with flood and erosion hazard property acquisition, which 
would deal ""ith similarly located properties. 
New program required by federal permit. Dry weather field screening and 'I 

inspection of storm drain outlets must be performed to locate and eliminate 
illicit non-storm discharges. By monitoring during dry weather, illegal and I 
problematic discharges can be detected. traced and disconnected to prevent I 

poJlution of creeks. Work to be performed bv existing City staff. i 
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Section 10 
Identifying Preferred Solutions 

Pr02ram ~ame 
Flood and Erosion 

I Hazard Property 
Acquisition 

Rural Watershed 
Restoration 

Table 10 - 7 continued 

Watershed Protection Master Plan 
Proposed New Programs 

Program 'DescriPtion 
Proposed new program would coordinate the acquisition of properties at 
risk of flooding and/or erosion on a voluntary basis. Pursue federal 
matching grants (Flood Mitigation Assistance Program. Hazard Mitigation 
Grant Program). Manage acquisition programs. projects and conversion of 
properties to ereenbelt areas. 
Proposed new program staff to encourage and provide assistance to local 
landowners willing to restore degraded rangeland areas. Generally 
applicable in the undeveloped ranchlands on the periphery of urbanized 
Austin. Best employed in conjunction with conservation easements. land 
acquisition. endangered species protection regulations, and other measures 
to promote ",.rater quality protection and baseflow enhancement. 

Small Scale RetrofIts Intercept and retain pollutants from non-point sources which promote 
for Water Quality and enhancement of stormwater inflltration and baseflow. Widespread 
Baseflow Enhancement implementation of smaller-scale BMPs (usually retrofits) in areas where 

larger CIP projects are infeasible 
Trash and Debris Target cleanup of trash dumped in City waterways which often results in 
Control Team citizen complaints and aesthetic problems in creeks and lakes. 

Source: City ojAustin, 2000 

The Level of Service information was reviewed to evaluate which of the identified levels 

of service (essential, optimum) would best help meet gaps in estimated goal attainment 

for the WPD missions. Table 10 - 8 provides a summary of proposed program 

enhancements. 

Table 10-8 

Proposed Program Enhancements 

Program Name Program Enhancement 
j 

Bridge and Culvert Assess the level of clogging of structures \\,lth assistance from erosion and flood 
Clearing modeling, maintam an updated list of problem areas. 

Channel Vegetation Program expansion required to meet demand and customer requests. Erosion concerns 
Control need to be taken into consideration ""nen maintenance is planned. seasonal scheduling is 

needed to avoid contributing to nutrient loading in algae season, public education target 
to shape public expectations of channel maintenance. (Increased contractual costs). 

Contaminated Site Need a procedure to assign cleanup costs to identifiable responsible parties. 
Cleanup 
Detention and Additional staff (I Pond Crew) to help \\ith completion of short term, priority pond 
Water Quality Pond remediations in a timely manner, and provide for annual inspection and maintenance of 
Maintenance and City-maintained ponds once the short tepm work is completed.. Currently 150 out of 450 
Rehabilitation ponds are maintained on a regular basis. Additional enhancements include establishing a 

regular maintenance schedule, tracking new ponds accepted by the City, and developing 
criteria/plan for wet pond maintenance. 
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Program Name 

Emergency Spills 
and Complaints 

Environmental 
Impact 
Assessments 

Erosion Control 
Crew 

Erosion Project 
Planning. 
I Implementation 
land Field 
I Engineering 
Flood Early 
Warning System 

Flood Hazard 
Public Information 

r 

Flood Plain Office 

I 
I 
Flood Project 
Plannjn~ 

r Implementation 
and Field 
Engineering 

r 

,.. 

r 

,. 
,.. 

,. 

r June 2001 

Section 10 
Identifying Preferred Solutions 

Table 10 - 8 continued 
Proposed Program Enhancements 

Program Enhancement 
. 

Additional staff to address increased workload. Continue development of Interlocal 
agreements to improve communication and address jurisdictional and regulatory issues. 
Upgrade and improve design of database. Obtain adequate support of database. Achieve 
better coordination and training of other City Departments. 
Require Citywide Capital projects to make environmental assessment reviews early in the 
design process; Expand hydrogeological review to support growing \VPAP review needs, 
cave management plan reviewicoordination, and karst feature protection and 1llItigation 
reviews. Expand hydrogeological and biological review capabilities to account for 
additional Capital projects environmental assessments for review. 
IAdditional staff (1 Crew) to help reduce the significant backlog of necessary erosion 
repairs within a reasonable timeframe. 

IAdditional staff to plan, design and manage construction projects performed by new 
IErosion Control Crew and Utility contact for Capital projects. 

I 
I 
Enhance emergency preparedness planning. decision support and response tools. 
Coordinate activities and support Project Impact (federal program to build disaster 
resistant communities). Integrate improved H&H modeling and flood plain mapping into 
FEWS. Enhance data sharing and coordinate flood warning activities with the National 
Weather Service and other agencies. 
Current service levels are minimal to non-existent Enhance planning and 
implementation of direct public education about 1) flood hazards 2) flood plain mapping 
3) flood plain development regulations & procedures 4) National Flood Insurance 
Program. Coordinate with and support Project Impact. 

Additional staff to meet required actions involved with: (1) participation in federal 
Cooperating Technical Communities initiative to create Digital Flood Insurance Rate 
Maps based on digital GIS mapping and updated models (2) public notification of 
changes in flood plain status (flood insurance requirements); (3) review of development 
in the flood plain; (4) maintain community standing in the l'ational Flood insurance 
Program and Community Ratin!!: System. 
The additional staff to meet essential performance levels. Very old complaints and 
problems have not been addressed, necessary services need to be completed within a 
reasonable amount of time, and an inventory of existing storm drain locations is needed. 
Additional enhancements include the development of flood control designs that meet 
objectives of erosion and v,,'ater quality missions as well as flood and incorporate buyouts 
through participation in FEMA Flood Mitigation Assistance Program. Enhance field 
engineering to include Utility Location Services as required by State Law. 
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Program r\ame 

GIS and Database 
Management 

Land Csc and 
Structural Controls 
Water Quality 
Monitorinl! 
Open Waterway 
Maintenance 

Pond Operating 
Pennits 
Pond Vegetation 
Control 
Residential and 
Commercial Pond 

! Inspections 
Review and 
Inspection of 
Development 

Storm Drain 
System Cleaning 

Storm Drain 
System Repair and 
Rehabilitation 

Storm Sewer 
Discharge Permits 

Town Lake 
Cleanup 

UndergroWld 
Storage Tanks 
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Table 10 - 8 continued 
Proposed Program Enhancements 

P.rogram Enbancement 

Additional staff for the drainage infrastructure GIS database management program and 
facility inventory for support of maintenance activities. 2 FfE's will assist with the 
design and maintenance of database systems used by personnel throughout the WPD. 1 
additional FTE would provide GIS support for the maintenance activities of the 
department. Other enhancements include location and condition inventory of the existing 
drainage infrastructure and coordination of GIS and required database needs, v,,"ith 
guidelines being established to ensure proper linkage with GIS. 

Coordinate more effectively \\;th users of data. Refocus away from land use monitoring. 
where data is adequate, to monitoring of alternative water quality controls and micro 
controls. 

Evaluation of channel dredging and sediment removal techniques should be performed. 
Coordination with erosion and flood staff to evaluate the level of sediment accumulation 
that warrants removal has already begun. 
Should be expanded to other watersheds in the form of a registration requirement. See 
Proposed Regulation: Recistration of Water Quality Controls 
Vegetation removal frequencies and methods should be evaluated. Increased frequency 
in maintenance would be beneficial. (Contractual Increase) 
Additional staff to increase oW' ability to complete inspections of 429 Residential Ponds 
3243 Commercial Ponds and 852 FEMA Creek Crossings. 

Additional staff to upgrade inspection and enforcement capabilities. improve customer 
assistance services, and provide assistance for the ERID manager with consultation on 
legal issues. 

ID and target areas with high tree litter for regular maintenance. 

Additional staff to provide an acceptable level of service. Currently, approximately one-
tenth of needed repairs are performed each year. Repairs and replacement to the storm 
drain system are needed to prevent nuisance flooding problems and problems related to 
street flooding. Method to track storm drain condition and age to allow for systematic 
replacement is needed. 

Additional staff to address increased workload. Continue development of interlocal 
agreements to improve communication and address jurisdictional and regulatory issues. 
Improve coordination of efforts with the Development Review and Inspection 
Department. and with WPD's ERID staff of environmental reviewers concerning specific 
new and redevelopment projects. Upgrade and improve design of database (in progress). 
Researchltest pollutant levels of typical discharges and applying discharge limits. 

Enhance public education with anti littering campaign 

Stagger permit renewals. enhance coordination \\ith SSDP program, upgrade database 
(currently underway) and integrate UST permit with site permitting process 

.. city of austin 
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Program l'iame 
Water Quality 
Assessments 

Water Quality 
Control Planning 
and Implementation 
Water Quality 
Public Education 

Watershed 
Hydrologic and 
Hydraulic Modeling 
and Flood Plain 
Mapping 

Watershed 
Management and 
Facilities Planning 

Watershed Master 
Planning 
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Table 10-8 continued 
Proposed Program Enhancements 

1»rogntm Enhancement 

Integrate \\'8ter quality monitonng database with GIS. (Underway with ER.M Site Table 
project), design and implement more effective monitoring of onsite waste\\'8ter 
treatment/disposal system impacts in cooperation with W&WVV department ongoing 
studies, evaluate impact ofJeaking sewers on swface and groood'W'llter quality, Expand 
hydrogeological assessments to better determine impacts of development policies on 
Ed\\'llrds Aquifer and complete 1\l'DES karst mapping requirement. Evaluate 
accumulated aquatic biological data with refined watershed characteristics and 
development history data. Support W&WW and PARD in managing hydrilla in Lake 
Austin to protect water quality do\\nstrearn. 
AddItional staff are needed to implement expanded WQ retrofit program. 

Additional staff to alleviate (I) a lack of production capabilities for graphic design. 
printing, and representation at environmentaI fairs (2) the lack of data regarding the 
effectiveness of the public education initiative. The addition of staff would ease 
production shortfalls and also allow the program to survey water quality knowledge 
before and after education initiatives. Survey results would allow targeting of the most 
effective education approaches and the best locations for education implementation. 
Additional staff is needed to effectively carry out program responsibilities including: (1) 
implementation of a systematic model maintenance and upgrade procedure; (2) updating 
of the existing \\'lltershed models; and (3) development of an efficient digital model 
storage and retrieval system; Inadequate tloodplain mapping and intense growth of 
development increases possibility of new buildings in flood hazard areas. 5150.000 
Contractuals 
Additional staff is required to carry out the program responsibilities which include: (1) 
perform engineering assessments and preliminary engineering; (2) provide project 
planning and design; (3) provide sponsorship during construction for large scale flood 
control projects. Foods are needed to purchase land when available for flood control. 
Fee formula for RSMP is being reevaluated. Upgrade 17Wdeling sojhwzre·to link data 
with GIS. 
Phase 2 funding necessary for watershed assessment and solution development 
( contractuals). 

Source: City of Austin, 2000 

10.6 Identifying Prefe"ed Regulations 

Based on the watershed problems identified in the Master Plan, an analysis of potential 

regulatory initiatives was perfonned to detennine if: 1) enhancements to existing 

regulations would address identified watershed problems and help achieve WPD goals, 

and if 2) new regulations were needed to address identified watershed problems and 

achieve WPD goals. 

To facilitate review, regulations were initially grouped by characteristics of those 

watersheds where the regulations would be most effective. Watersheds were categorized 

June 2001 
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in terms of their general characteristics, similar to the evaluation done on capital projects 

described in Section 9.3.2 Targeting Solutions based on watershed types. Watersheds 

were grouped into the three categories identified in this section, UrbanizedlDeveloped, 

Developing and Rural. This grouping helped identify areas where regulations could be 

expected to have an impact on the ability to meet the WPD goals, as well as identify areas 

that might benefit from new or modified regulations (Loomis & Moore, Aug 1999). 

Regulations were then screened using the following factors. 

• Estimated Benefits based on problems identified for each mission - Very limited 

modeling was done on specific regulations. Impervious cover was analyzed to 

determine the effect of reduced impervious cover limits on individual watersheds. 

Flow volume limits and erosion design storm runoff detention were modeled in terms 

of "equivalent" impervious cover would result if these regulations were implemented. 

Other regulations that were not modeled were evaluated based on the general benefits 

that could be expected. (Loomis & Moore, Jun 1999). Additional regulations 

regarding peak flow limits were determined to not be needed based on a comparison 

of benefits from the existing regulation with expected benefits from a modified 

regulation. Some regulations were deferred for additional study to quantify the 

expected benefits. Natural Channel Conveyance is an example of such a regulation. 

It is intended to protect the natural channel drainage network by requiring that creeks 

be kept in their natural condition. This could potentially have the greatest impact to 

small stream systems that are not regulated as classified waterways. Further study is 

needed to understand the benefit of this option on future reach stability, and to also 

understand the potential impact on future development rights. 

• Applicability- this relates to the area within a specific watershed that the regulation 

would apply to, such as onsite sewage facility regulations or effluent irrigation 

standards, which are limited in applicability to those watersheds that are somewhat 

rural in nature and do not have centralized wastewater service. 

• Jurisdiction - this constraint identifies areas outside Austin's jurisdictional authority 

where the regulation would have no impact. 
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• Availability of data - Regulations were reviewed relative to the ability of the data to 

support the need, also weighing in the expected benefits to address watershed 

problems. Initial modeling done on measurable solutions such as impervious cover 

limits, capture volumes, and treatment standards did not attempt to include the 

potential synergistic effect of using more than one solution. Full evaluation of many 

of the initial regulatory options, such as further reductions of impervious cover 

limits, was deferred due to the lack of available data or resources to facilitate a 

reasonable analysis during this phase ofthe Master Plan. 

• Requirements to implement and enforce - evaluation also included an analysis of 

whether the regulations could be reasonably implemented and enforced, relative to 

the benefits expected from the regulation. Flow volume limits, for example, would 

require that developments retain the site runoff to maintain pre-developed hydrologic 

conditions. It was determined that this regulation would be virtually impossible to 

meet due to the large amount of land required to retain the volume of runoff required. 

Modification of regulations affecting On-site sewage facility requirements was 

deferred to the Health Department for implementation. Some regulations were 

deferred for additional study, such as modification of fertilizer and pest management 

standards to apply to all development. This requirement would be difficult to 

enforce, and would rely on property management oversight once development is 

complete. The decision was made to first target residential areas for voluntary 

compliance prior to attempting to implement this option. 

From this final screening, recommendations for regulatory modification were developed. 

After the screening process described above, the remaining regulatory solutions were 

grouped into the following benefit categories: 

• Incentives - modifications to the City's current regulations that provide 

incentives to improve watershed protection through the use of alternative methods 

to achieve compliance. This group of proposed regulations includes: 

JWle 2001 

~ Landscape/Low Impact Development - this proposed modifications 

would allow the landscape area required as part of the site plan to also 
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be used to locate low-impact development techniques such as micro­

pooling in landscape islands and utilizing vegetated areas for methods 

of water quality treatment. Water Quality credit could be offered for 

such low-impact design alternatives. 

~ Erosion Control/Site Management - updates to the Environmental 

Criteria Manual would be made to incorporate improvements in 

materials and design standards to coordinate with the COA Standards 

Manual. Incentives such as reduction or early release of fiscal could 

be offered for those using improved site management techniques such 

as storing and reusing native topsoil, minimizing time between grading 

and revegetation, use of native or xeriscape plant material and seed 

mixes, and wash racks to control mud tracking. 

~ Development Mitigation Policy - Mitigation policies can benefit both 

the City and the landowners when transfer of development rights are 

allowed between different properties through mitigation that includes 

concepts such as: I) the transfers result in less impervious cover than 

otherwise allowed, 2) transfers move development from more 

environmentally sensitive land to less sensitive land, 3) transfers move 

development to areas that can be served using existing public 

infrastructure, and 4) transfers are structured to preserve open space 

and natural areas within each watershed. 

• Public Service - providing flexible and consistent criteria and tools for 

developers and other members of the public. This group of proposed regulations 

includes: 

10-38 

~ Water Quality Design Criteria - This would revise and expand the 

Environmental Criteria Manual to include standard design criteria and 

assessment methods for alternative water quality controls based on 

average annual pollutant load reductions. 

~ Erosion Controifl'TDES Permit Provisions - This would update the 

City of Austin erosion control criteria to include or reference Federal 
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NPDES construction pennit requirements creating a consistent set to 

criteria for developers to follow. 

~ Uniform Relocation Assistance - This addresses relocation 

assistance in instances where residential or commercial property 

threatened by flooding or creek erosion is acquired by the City on a 

voluntary basis. 

• Infrastructure Management - implementing changes to fees and criteria to 

improve the integrity of drainage infrastructure and reduce long-term maintenance 

demands. This group of proposed regulations includes: 

June 2001 

~ Revised RSMP and Urban WQ Control Fees - Fees amounts have 

not been evaluated since the program origin in the 1980's for RSMP 

and 1990 for the WQ fee. Fees are currently being reviewed to 

determine if they adequately address increases in land and construction 

cost while still remaining low enough to encourage participation. This 

modification will also establish participation criteria for the WQ fee. 

~ Drainage System and Waterway Maintenance Criteria - this 

proposed regulation could allow the maintenance of drainage 

easements in the original permitted design configuration and would 

help define conditions warranting vegetation removal in order to 
I 

adequately convey stormwater flows. It would also set standards for 

maintenance performed within waterways, including soil stabilization 

and replanting. 

~ Drainage Study, Floodplain and Easement Delineation Standards­

The would require a drainage study , and would require drainage 

easements to be designed using an assumption of infrequent 

maintenance. 

~ Water Quality Control Registration - Current requirements exist for 

operating and maintenance permits for the Barton Springs Zone. This 

would expand registration of Water Quality controls City wide as a 

prerequisite for getting reductions in the drainage fee to help track 

• city of austin 
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location and ownership of controls. It would include actively 

publicizing the fee reduction/registration program. 

• Problem Prevention - changes in regulations to avoid the creation of new 

problems in the future. This group of proposed regulations includes: 

10-40 

~ Stream Setbacks - Erosion control based stream setbacks would be 

established to provide property protection from the threat of erosion. 

This requirement would also maintain vegetation in the critical water 

quality zone using native plants without managed turf grass, 

pesticides, or unapproved fertilizers. 

~ Design Storm Runoff Detention for Stream Bank Erosion - This 

would require developments to capture and detain the runoff volume 

greater than that released from the undeveloped site for those small 

and relatively frequent storms that control the channel size and shape. 

The smaller storms should be detained for an optimum detention 

period to prevent erosion damage to property and the stream system. 

~ Effluent Irrigation Standards - This would require additional soil 

depth for effluent irrigation, and would specify maximum nitrogen 

loading, require a water balance analysis to determine wet weather 

storage, require setbacks from watercourses and Critical 

Environmental Features, and require monitoring for effluent 

constituents. 

~ Golf Course Management Plan - this would require a management 

plan for all golf courses to include components for water balance, 

fertilizer loadings and monitoring, and would limit activities in the 

critical water quality zone. 

~ Drainage Design Criteria - This would revise the Drainage Criteria 

Manual to ensure that new or altered channels are properly designed to 

minimize future erosion. Potential modification would include adding 
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pennissible shear stress criteria for both the bottom and side slopes for 

the 1-, 2-, 10-, 25- & 1 ~O-year storm events. 

~ Tree Protection Standards - This would expand tree protection 

requirements to allow for specific circumference regulations for 

different tree species, require a percent of site be left in a natural area, 

protect significant groves of trees, evaluate establishing a minimum 

percent canopy cover for the site, and establish a mitigation fee system 

for tree replacement. 

Table 10 - 9 summarizes the proposed regulatory changes for each of the categories 

listed above. 

Table 10-9 
Proposed Regulatory Modifications 

Incentives 

Landscape-Low Impact 
Allow for landscape credit to be given to developers who choose to use low-
impact development techniques located within landscaped areas to receive 

Development runoff from their site. Water Quality credit could be offered for such low-
impact design alternatives. See alternative WQ Design criteria under 
customer service(assistance below. 

Erosion Control - Site 
Update the Environmental Criteria Manual to incorporate improvements in 

Management 
materials and design standards to coordinate with the COA Standards Manual. 
Incentives such as reduction or early release of fiscal could be offered for 
those using improved site management techniques such as storing and reusing 
native topsoil, minimizing time between grading and revegetation, use of 
native or xeriscape plant material and seed mixes, and wash racks to control 
mud tracking. 

Development Mitigation 
Mitigation Policies can benefit both the City and landowners when transfer of 
development rights are allowed between different properties through mitigation 

Policy 
that includes concepts such as: 1) the transfer result in less impervious cover than 
otherwise allowed, 2) transfers move development from more environmentally 
sensitive land to less sensitive land, 3) transfers move development to areas that 
can be served using existing public infrastructure, and 4) transfers are structured 
to preserve open space and natural areas within each watershed. 

Public Servke/Assistance 

WQ Design Criteria 
Revise and expand the Environmental Criteria Manual to include standard design 
criteria and assessment methods for alternative water quality controls based on 
average annual pollutant load reductions. 

Erosion Control - Update City of Austin erosion control criteria to include or reference Federal 
NPDES Permit NPDES construction pennit requirements creating a consistent set of criteria for 
Provisions local developers to follow. 

June 2001 
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Uniform Relocation 
Assistance 

Table 10 - 9 continued 
Proposed Regulatory Modifications 

Address relocation assistance in instances where residential or commercial 
propeny threatened by flooding or creek erosion is acquired by the City on a 
voluntary basis. 

Infrastructure Management 

Revise RSMP and Urban Fee amounts have not been evaluated since program origin in 1980's for RSMP and 
WQ Control Fees 1990 for WQ fee. Fees are currently being reviewed to determine if they adequately 

address increases in land and construction cost while stilI remaining low enough to 
encourage participation. Establish participation criteria for WO fee-in-lieu-of. 

Drainage System and Re1,'Uiation to allow the maintenance of drainage easements in the original permitted 
Waterway Maintenance design configuration and to defme conditions warranting vegetation removal in order to 
Criteria adequately convey storm water flows. Set standards for maintenance performed within 

waterwavs. including soil stabilization and replantin!!. 
Drainage Study. Floodplain Require drainage easements to be designed using an assumption of infrequent 
and Easement Delineation maintenance. 
Standards 
WQ Control R~istration Current requirements exist for operating and maintenance permits for the Barton Springs 

Zone. Expand registration of WQ controls City wide as a prerequisite for getting 
reductions in drainage fee to help track location and ownership of controls. Actively 
publicize fee reduction/recistration prO!!l'3Dl. 

Problem Prel'elltion 

Stream Setbacks Establish erosion control based stream setbacks to provide property protection from the 
threat of erosion. Maintain vegetation in the critical water quality zone using native 
plants '\\ithout managed turf grass, pesticides or unapproved fertilizers. 

Design Storm Runoff Require developments to capture and detain the runoff volume greater than that released 
Detention for Stream Bank from the undeveloped site for those small and relatively frequent storms that control the 
Erosion channel size and shape. The smaller storms should be detained for an optimum 

detention period to prevent erosion damage to property and the stream system. 
Emuent Irrigation Require additional soil depth for effluent irrigation, to speeify maximmn nitrogen 
Standards loading, to require additional wet weather storage, to require setbacks from watercourses 

and Critical Environmental Features, and to require monitoring for effluent constituents. 

Golf Course Management Require a management plan for aU golf courses to include components for water 
Plan balance, fertilizer loadings and monitoring. and would limit activities in the critical 

water quality zone. 
Drainage Design Criteria Revise the Drainage Criteria Manual to ensure that new or altered channels are properly 

designed to minimize future erosion. Potential modification would include adding 
permissible shear stress criteria for both the bottom and side-slopes for the 1-, 2-, 10-, 
25- & 1000year storm events. 

Tree Protection Standards Expand tree protection requirements to allow for specific circumference regulations for 
different tree species. to require a percent of site be left in a natural area, to protect 
significant groves of trees, to evaluate establishing a minimmn percent canopy cover for 
a site. and to establish a mitigation fee sYStem for tree replacement. 
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Costs for Regulations 
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Costs to the City for implementing regulations were assumed to be borne by the 

respective Guidance-Support or Assets Maintenance programs that administer them. 

WPD currently has staff in place to implement existing regulations. Modifications to or 

creation of new regulations were assumed to utilize existing staff. If further analysis 

reveals the need for additional staff to enforce new or modified regulations, these costs 

will be calculated and added to the cost of the respective programs. 

Some regulations presented may have an added cost for developing land; these costs 

associated with the regulations will be felt by the regulated community, primarily land 

developers, businesses, and land owners. For example, if design storm runoff detention 

requirements are revised, this could require additional land area for the erosion detention 

controls, and could impact the number of saleable lots per unit of land, resulting in lower 

profit margins. During the development of Master Plan recommendations, the City 

attempted to develop incentive based controls, and to provide alternatives to conventional 

compliance as a potential means to be innovative and potentially reduce some 

development costs. The potential impact to the regulated community will have to be 

weighed by policymakers when considering regulatory adjustments (Loomis Austin, Inc., 

2000). 
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Section 11 

Recommendations 

11.1 Estimating Goal Attainment 

In order to gauge the cumulative benefits of proposed capital, regulatory and 

programmatic solutions, preliminary estimates of goal attainment for flood, erosion and 

water quality were developed. Methods of calculating benefits were discussed in Section 

10. These estimates are considered preliminary in nature due to the conceptual nature of 

the capital solutions, and the inherent difficulty in estimating a numeric benefit for many 

of the programmatic and regulatory solutions. Goal attainment was also evaluated to help 

identify areas where additional solutions need to be developed to attain the goals 

established in the Master Plan process, which are discussed in Section 2. 

Goal attainment was defined according to the flood, erosion and water quality objectives 

listed in Table 2 - 1 in Section 2. For each proposed capital project concept, a benefits 

estimate was calculated based on the specific characteristics of each project such as 

potential pond detention volumes, number of homes in the 100-year floodplain, 

contributing drainage area, etc. The benefits of certain programs and regulations were 

also included where estimating benefits was deemed reasonable based in part on the 

availability of data quantifying their effectiveness. 

Goal attainment was calculated based on a best-case scenario which assumed that the 

most effective solution was feasible at each project site identified. The results are 

generalized for each mission, and are shown in Figure 11 - 1. 

The majority of flood problems are addressed by the best-case scenano (99% goal 

attainment) since project concepts were estimated to fully alleviate lOO-year flooding at 

most problem sites. A majority of the Type 1 and 2 erosion problems are addressed in 

the scenario depicted in Figure 11 - I (79% goal attainment). Some Type 3 and Future 

Reach Stability issues will require additional solutions, both capital and programmatic, to 

be developed. 
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Figure 11 - 1 Generalized Goal Attainment Results 

Goal Attainm ent 

99% 

79% 

~ 

-
29% 

1 '1 
F 100 d Erosion Water Quality 

Source: Loomis-Moore, 1999b 

Of most concern for goal attainment is the low predicted attainment for water quality 

protection (29%). This low level of attainment is due to multiple factors . One primary 

factor is limited amount of undeveloped land available in the urban watersheds that is 

suitable for locating an effective regional water quality retrofit. There are typically too 

few adequate sites left in the urban watersheds to have many effective traditional regional 

water quality retrofits such as the Convention Center or the Central Market Wet Pond. 

A second factor that limits goal attainment for water quality is the lack of water quality 

regulation or mitigation for the impact of new development in areas outside the City of 

Austin's jurisdiction. Specifically, for the Phase I watersheds 56% of the Barton Creek 

watershed is located outside of Austin's jurisdiction. The reach of Barton Creek located 

outside of the City of Austin has the highest score for overall water quality degradation 

due to the predicted impacts of unregulated future development. 

The goal attainment values presented in Figure 11 - 1 represent a best case scenario that 

all of the identified project concepts are feasible for implementation. The potential that a 

site initially identified for a capital solution might instead be developed before the City of 

Austin has available funds to acquire it, was not included in the goal attainment 

evaluation. Other site constraints could also arise that might affect project viability, or 

the final benefit level achieved by the project. These factors make evaluation of actual 

goal attairunent difficult and reaffirm the conceptual nature of determining cumulative 

benefits. 
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Additional solutions were developed to increase potential goal attainment beyond the 

levels shown in Figure 11 - 1. Fifty additional sideslope projects were identified to 

provide solutions for all existing erosion (Type 1 and 2) problems. Alternative water 

quality strategies were also developed. Revised erosion and water quality estimates for 

goal attainment were developed to account for these additional solutions. However, the 

revised estimates for water quality are still low, ranging from 25-50%. (COA,2000) 

Additional work is needed to identify alternative water quality opportunities, such as low 

impact designs focusing on retrofitting existing sites through elements including 

rainwater harvesting, micro pooling, enhanced landscape and natural areas design and 

management. These alternative controls primarily use multiple best-management 

practices (BMP's) throughout a developed watershed and rely on the cumulative small­

scale benefits from numerous areas to have a positive impact on the overall water quality 

of a watershed. 

For each mission, achieving the identified watershed protection goals discussed in 

Section 2 is dependent on the final feasibility of the project concepts identified., as well as 

the availability of funding to support their implementation. 

11.2 Implementation Planning 

Successful implementation of proposed watershed solutions relies heavily on public input 

and support. A public hearing sponsored by the Environmental Board and the Citizens 

Advisory Group was held in February 2001 to present the Master Plan findings and 

recommendations, and to obtain public input. All City of Austin Boards and 

Commissions were provided information summarizing the WPD Master Plan findings 

and recommendations. Boards and Commissions that oversee aspects of City 

government where opportunities for partnership on projects, such as the Water and 

Wastewater Commission, the Parks Board, and the Planning Commission were given a 

presentation of WPD Master Plan findings and recommendations. WPD continues to 

In the future, capital projects and program enhancements will be implemented as funding 

is approved through the annual budgeting process, special bond elections, or other 
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funding allocations. Both a short-term and a long-term implementation plan will be 

developed once such funding decisions are made. Regulatory changes will proceed 

through the appropriate public input process for development of final language, and then 

through the public review and adoption process. 

11.2.1 Capital Projects 

Assuming that funding is available, policy decisions must be made regarding the 

implementation of capital projects. Different prioritization processes were reviewed 

during the course of this Master Plan. Several included ranking factors such as cost­

benefit, sustainability and neighborhood impacts. Ultimately, a "needs-based" approach 

was selected (with the support of the Citizens Advisory Group) to prioritize WPD 

recommendations for future project funding. A needs-based approach simply means that 

the worst problem areas [where the needs (risks) are greatest] will be considered first for 

project implementation. 

Problem area severity ratings for the flood, erosion, water quality and integrated problem 

missions form the basis for the priority designation for capital project implementation. 

Often, the projects that will fix these "worst" problem areas are very expensive. Final 

implementation decisions will have to consider available resources. Some high priority 

but costly solutions may have to be delayed if funds are not available. This may result in 

less expensive lower priority projects being implemented first based on availability of 

funds. Project implementation is also affected by the source of the funding. Certain 

sources of revenue, such as RSMP or the urban water quality fund are targeted for 

specific missions and are limited geographically as to where their revenues can be spent. 

Still other projects may proceed based on "opportunity" considerations where land 

donations, grant funding, or cost sharing with other City projects reduces project cost. 

A major tenet of this Master plan is to implement sustainable watershed protection 

strategies that integrate the flood, erosion and water quality missions. Past project 

experience has shown that "single mission" project planning strategies are more costly 

than multipurpose, integrated strategies. Integrated multi-mission projects also have 
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greater benefits than do single mission, and can be better planned by including all 

components of a solution that affect its overall performance and sustainability. Single 

mission planning and implementation commonly creates unanticipated impacts on other 

missions. Ideally, multi-purpose integrated projects are designed concurrently to avoid 

project conflicts and enhance watershed benefits. 

Determining the cumulative impact of implementing several multi-objective projects in 

the same watershed is very complex. Understanding the synergistic impact that projects 

have on each other is also very complex. These are, however, key elements necessary to 

proper long term watershed management planning. An understanding of stream 

dynamics is also necessary to optimize project benefits. Stream dynamics impact the way 

a creek responds to a given drainage improvement, including controls placed in a creek, 

channel improvements or construction done within or adjacent to a creek. An 

understanding of the long-term consequences of a project on a creek system is necessary 

to design and implement sustainable projects. For these reasons, WPD chose to use a 

watershed management area (WMA) approach for solution implementation. The WMA 

approach provides an improved basis for the development of comprehensive, coordinated 

watershed management plans. 

This WMA system is based on the classification of creek segments or reaches into three 

categories (Table 11 - 1) based on the predictions of how the creek will respond to given 

drainage improvements (Chan, 1997). These three categories support a stream 

management approach that provides a watershed-scale perspective on the development of 

restoration programs. While the WMA concept considers the entire watershed, it allows 

for integration on a smaller project-scale basis. Watershed Management Areas were 

designated to encompass given reaches of a creek based on similar reaches. Following a 

systematic procedure to group similar reaches of the creek allows for better planned and 

integrated CIP solutions - designing and implementing them concurrently as a 

comprehensive strategy, rather than individually. This WMA approach will minimize the 

negative impacts of one project on another and will allow coordination of nearby projects 

to avoid conflict and minimize cost. 
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Table 11-1 
w h dM A A aters e 1 anagement rea ~pproac h 

Classification Management Approach 

Type A Type A restoration involves specific reaches or 
lengths of the creek where the stabilization work 
can be implemented in isolation of upstream or 
downstream creek morphology; in other words. 
work .done in one reach does not impact other 
reaches. 

TypeB Type B restoration programs involve two or more 
reaches of the creek where work done in one reach 
affects or impact other reaches of the creek. 

TypeC Type C restoration programs involve watershed-
\\ide stabilization schemes because work done in 
any reach has impacts across the entire watershed. 

Source: Raymond Chan & Associate.'>, J 997 

The WMA process did not guide storm drain improvement priorities since the majority of 

localized flooding occurs in areas beyond the boundaries of creek corridors. There will 

be a greater demand for adequate drainage as in-fill and redevelopment occurs in the 

urban core. As of spring 2000, WPD identified more than 420 problem areas in the Phase 

I watersheds needing upgrades as a result of inadequate capacity. Each localized 

flooding area requires further study to better determine potential integration opportunities 

and relative problem severity. 

The needs-based prioritization system, as defined earlier, was applied to these larger 

watershed management areas. Five varying levels (or tiers) of problems were identified 

to prioritize each Watershed Management Area: Very Low, Low, Moderate, High and 

Very High. Table 11 - 2 shows the WMA designations for each watershed, along with 

the WMA selection approach based on creek characteristics and the tier ratings. Figures 

11 - 2 to 11 - 5 graphically show the resulting prioritization of Watershed Management 

Areas into the five tiers identified above, based on highest problem severity score for 

each mission within each Watershed Management Area. 

Allotment of funding for CIP projects based on the priority WMA Tier system began in 

the capital budget planning process in spring of 2001. Due to the limited budget 

available for transfer to capital projects, only one WMA received funding for FY 
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200112002. Funding was allotted for FOR-I, located from the confluence of Fort Branch 

with Boggy Creek, upstream to the Manor Road crossing. The allotted funding will 

allow preliminary engineering and design to proceed for solution concepts identified in 

that WMA. The funding for FOR-1 will also allow for integration of an existing flood 

and erosion CIP project currently underway, providing additional water quality benefits 

not included in the original design. 

A multi-disciplinary team will be necessary during the design and construction phase of 

implementation to bring together an understanding of the impacts a particular solution 

has on each watershed mission (FC, EC, WQ). An integrated approach during design is 

essential to the success of future integrated solutions. 

Finding a balance to fixing current problems and preventing future problems is essential 

to meeting the WPD goals. Regulations alone cannot prevent all future problems. As a 

result of State legislation, many new developments will not be subject to existing 

regulations, let alone new requirements. Results from the Water Supply Suburban 

Watershed Report (City of Austin, 1999) have provided a clear indication of the large 

number of exemptions and "grandfathering" to older regulations that are outstanding 

within the remaining undeveloped lands within and around Austin. Capital solutions will 

be a necessary part of addressing future problems. An emphasis on acquiring land now 

while it is still available must be made. Capital solutions can be planned and built in 

these locations later, when the land may not be available, or may be too expensive to 

purchase. 

WPD must work actively and partner with other City Departments whose missions also 

affect the health and safety of our waterways, such as the Water and Wastewater 

Department, Parks and Recreation Department (PARD), Transportation Planning and 

Design Department, Public Works Department, and Neighborhood Planning and Zoning 

Department. Many of these Departments have projects within or adjacent to the 

waterways that impact the stream corridor and WPD mission goals. Some are involved 

in long term planning projects that also offer potential for 
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Watershed 
watershed Management 

Area 

BAR 1 

BAR 2 

BLU 1 

BLU 2 

BLU 3 

BMK 1 

BMK 2 

BOG 1 

BOG 2 

BOG 3 

BUL 1 

BUL 2 

BUL 3 

BUL 4 

CNT 1 

CNT 2 

CNT 3 

EBO 1 

EBO 2 

EBO 3 

FOR 1 

FOR 2 

FOR 3 

FOR 4 

Table 11-2 
WMA Description and Tier Ratings 

WMA 
Description 

Approach 

Main Stem from Station 0 to Station 32120 C 

Main Stem from Station 32120 to Station 264275 C 

Main Stem from Station 0 to Station 2680 B 

Main Stem from Station 2680 to Station 4330 A 

Main Stem from Station 4330 to Station 12850 A,B 

Main Stem from Station 0 to Station 8870 A,B 

Main Stem from Station 8870 to 12265 A,B 

Main Stem from Station 0 to Station 8140 B 

Main Stem from Station 8140 to Station 19600 A 

Main Stem from Station 19600 to Station 36660 A,B 

Main Stem from Station 0 to Station 21280 A,C 

Tributary 2 of Bull Creek B,C 

Main Stem from Station 21280 to Station 42880 plus 
Tributary 3 C 

Main Stem from Station 42880 to Station 59735 plus 
Tributaries 4, 5, 6, 7, and 8 A,B,C 

Main Stem from Station 0 to Station 12680 plus 
Tributaries 2 and 3 B 

Main Stem from Station 12680 to Station 18860 plus 
Tributaries 4 and 5 C 

Old Main Stem including Tributary 1 A,B,C 

Main Stem from Station 0 to Station 6040 A 

Main Stem from Station 6040 to Station 10131 A 

Main Stem from Station 10131 to Station 17957 B 

Main Stem from Station 0 to Station 19750 A.B 

Main Stem from Station 19750 to Station 24210 A,B 

Tributa~ 1 of Fort Branch B 

Main Stem from Station 24210 to Station 29310 A 

Notes: (1) Tier 1 = Very High Problem Area, Tier 5 = Very Low Problem Area 
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WMA Tier Rating (1) 

EC FC WQ 

5 5 3 

5 5 1 

4 4 4 

4 4 4 

3 4 3 

3 4 4 

5 4 2 

3 3 4 

5 4 4 

1 2 4 

5 1 1 

1 4 1 

1 2 1 

3 4 1 

1 3 5 

1 4 5 

3 4 1 

2 4 4 

2 4 4 

2 4 1 

1 1 4 

1 3 4 

4 4 4 

5 3 3 
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Watershed 
Watershed Management 

Area 

HRP 1 

JOH 1 

JOH 2 

JOH 3 

LWA 1 

LWA 2 

LWA 3 

LWA 4 

LWA 5 

LWA 6 

LWA 7 

SHL 1 

SHL 2 

SHL 3 

SHL 4 

SHL 5 

SHL 6 

TAN 1 

TAN 2 

TAN 3 

TAN 4 

WBO 1 

WBO 2 

WBO 3 

WBO 4 

Table 11 - 2 continued 
WMA Description and Tier Ratings 

WMA 
Description 

Approach 

Main Stem plus Tributary 1 A.B 

Main Stem from Station 0 to Station 4120 B 

Possum Trot Tributary A 

Main Stem from Station 4120 to Station 12650 A 

Main Stem from Station 0 to Station 13530 B 

Main Stem from Station 13530 to Station 15985 A 

Main Stem from Station 15985 to Station 21580 A 

Main Stem from Station 21580 to Station 32680 B 

Tributary 2 (plus irs Tributary 1) plus Tributaries 4 and 5 B 

Main Stem from Station 32680 to Station 36000 plus 
auali Creek Branch and Tributary 6 C 

Main Stem from Station 36000 to Station 47210 plus 
Tributary 7 C 

Main Stem from Station 0 to Station 14670 A.B 

Main Stem from Station 14670 to Station 25960 A.B 

Main Stem from Station 25960 to Station 29900 A 

Main Stem from Station 29900 to Station 35870 A.B 

Main Stem from Station 35870 to Station 52360 plus 
Fosters Branch Tributary A.C 

Hancock Branch Tributary A 

Main Stem from Station 0 to Station 6290 plus Givens 
Park Tributaries A.B 

Main Stem from Station 6290 to Station 10775 plus 
West Tannehil Branch Tributary A 

Main Stem from Station 10775 to Station 23330 B 

Main Stem from Station 23330 to Station 30675 plus 
Tributaries 1 and 2 A 

Main Stem from Station 0 to Station 4700 A 

Main Stem from Station 4700 to Station 7270 B 

Main Stem from Station 7270 to Station 8050 A 

Main Stem from Station 8050 to Station 17516 plus 
North Fork Tributary and Tributary 1 A.B 

Notes: (1) Tier 1 = Very High Problem Area. Tier 5 = Very Low Problem Area 
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WMA Tier Rating (I) 

FC wa 

4 3 

4 2 

4 2 

4 2 

3 4 

4 4 

4 5 

3 4 

3 5 

3 4 

1 4 

1 3 

4 4 

4 4 

4 4 

3 4 

3 4 

3 5 

3 5 

4 4 

4 3 

2 2 

4 2 

4 2 

3 2 
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Watershed 
Watershed Management 

Area 

Table 11- 2 continued 
WMA Description and Tier Ratings 

WMA 
Description 

Approach 

Main Stem from Station 0 to Station 4440 plus Tributary 
WLN 1 1 and it's tributary A,C 

Main Stem from Station 4440 to Station 49700 plus 
WLN 2 Tributaries 3, 4, and 5 plus its tributary C 

Main Stem from Station 49700 to Station 80810 plus 
WLN 3 Tributary 6 C 

WLN 4 Wells Branch and its Tributaries 1, 2, and 3 C 

Main Stem from Station 80810 to Station 120165 plus 
Tributary 7 (and its tributary); Tributaries 8, 9, and 10; 

WLN 5 Kramer Branch and Tar Branch C 

WLR 1 Main Stem from Station 0 to Station 12300 A,B 

WLR 2 Main Stem from Station 12300 to Station 25740 A,B 

WLR 3 Main Stem from Station 25740 to Station 34730 A,B 

WLR 4 Hemphill Branch Tributary A,B 

WMS 1 Main Stem from Station 0 to Station 17900 C 

WMS 2 Saint Elmo Branch Tributary C 

Main Stem from Station 17900 to Station 32160 plus 
WMS 3 Pleasant Hill Tributary A,C 

WMS 4 Main Stem from Station 32160 to Station 55560 C 

WMS 5 Sunset Valley Tributary_ A,C 

WMS 6 Cherry Creek Tributary A 

WMS 7 Kincheon Branch and its tributary, Wheeler Branch C 

Main Stem from Station 55560 to Station 98000 plus 
WMS 8 Motorola Tributary and Scenic Brook C 

Notes: (1) Tier 1 = Very High Problem Area, Tier 5 = Very Low Problem Area 
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WMA Tier Rating (1) 

EC FC WQ 

2 4 3 

1 1 2 

1 2 3 

1 3 4 

1 4 3 

4 2 3 

5 3 5 

5 3 4 

4 4 5 

2 1 4 

1 5 4 

4 1 2 

2 1 2 

4 2 2 

4 4 2 

5 1 2 

4 2 2 
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integration of missions and co-benefits. When acquiring land, whether for conservation 

easements or future capital solutions, WPD should pursue joint funding whenever 

possible for stream conidor restoration and greenbelt establishment. 

11.2.2 Operating Programs 

As discussed in Section 10, operating program enhancements were defined based on a 

level of service analysis. This analysis resulted in the identification and initial 

prioritization of needed WPD program enhancements. While some identified program 

enhancements do not require funding to implement, most will require additional funding 

approval through the City's annual budgeting process. WPD will propose budget 

enhancements incrementally as Council approves proposed increases in the drainage fee. 

Table 11 - 3 describes recommended budgetary and other program enhancements. 

Table 11-3 
Programs Recommended for Enhancement 

Proeram Name Proeram Enhancement 
Bridge and Culvert IMaintain an updated list of problem areas based on assessment of 
Cleaning the level of clogging of structures. 
Channel Vegetation Program expansion including increased contractuals, required to 
Control meet demand and customer requests. 
Contaminated Site I Develop a procedure to assign cleanup costs to identified 
Cleanup responsible party. 
Detention and Additional staff to help with completion of short tenn, priority 
Water Quality Pond pond remediations in a timely manner, and provide for annual 
Maintenance and inspection and maintenance of City-maintained ponds once the 
Rehabilitation short term work is completed. Currently 150 out of 450 ponds are 

maintained on a regular basis. 
Emergency Spills Additional staff to address increased workload. Upgrade and 
and Complaints improve design of database. 
Environmental Additional staff to expand hydrogeological review to support 
Impact growing WP AP review needs, cave management plan 
Assessments review/coordination. and karst feature protection and mitigation 

reviews. 
Erosion Control Additional staff to help reduce the significant backlog of 
Crew necessarY erosion repairs within a reasonable time frame. 

June 2001 ~ city of austin 
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Table 11 - 3 continued 
Programs Recommended for Enhancement 

Program Name Program Enhancement 
Erosion Project Additional staff to plan, design and manage construction projects 
Planning, perfonned by Erosion Control Crew and to provide Utility contact 
Implementation and for CIP projects. 
Field Engineering 
Flood Early Additional staff to enhance emergency preparedness planning, 
Warning Svstem decision support and response tools. 
Flood Hazard Additional staff to improve current customer service levels. 
Public lnfonnation 
Flood Plain Office Additional statTto create Digital Flood Insurance Rate Maps, to 

provide public notification of changes in floodplain status (flood 
insurance requirements), to review development in the floodplain. 

Flood Project Additional staff to meet essential perfonnance levels. Services 
Planning. need to be completed within a reasonable amount of time, and an 
Implementation and inventory of existing stonn drain locations is needed. 
Field Engineering 
GIS and Database Additional staff for the design and maintenance of database 
Management systems, and to provide GIS support for the maintenance activities 

of the department. 
Land Use and Coordinate more etl'ectively v,ith users of data. Refocus efforts to 
Structural Controls monitoring of alternate water quality controls and micro-controls. 
Water Quality 
Monitoring 
Open Waterway Evaluation of channel dredging and sediment removal techniques. 
Maintenance Continue coordination with other staff to evaluate the level of 

sediment accumulation that warrants removal. 
Pond Operating Improve program to include other watersheds and increase pond 
Pennits tracking through a registration requirement. 

Pond Vegetation Contractual increase to provide increased frequency in 
Control maintenance. Other enhancements include evaluation of 

vegetation removal frequencies and methods. 
Residential and Additional staff to increase ability to complete inspections of 429 
Commercial Pond Residential Ponds. 3243 Commercial Ponds, and 852 FEMA 
In~ections Creek Crossings. 
Review and Additional staff to upgrade inspection and enforcement 
Inspection of capabilities, improve customer assistance, and provide assistance 
Development with consultation on legal issues. 
Storm Drain Identify and target areas with high tree litter for regular 
System Cleaning maintenance. 
Storm Drain Additional staff to provide an improved level of service. 
System Repair and Currently. approximately one-tenth of needed repairs are 
Rehabilitation c.2erfonned each year. 

I 
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Table 11- 3 continued 
Programs Recommended for Enhancement 

Program Name Program Enhancement 
Storm Sewer Additional staff to address increased workload. 
Discharge Permits 
Town Lake Enhance public education with anti-littering campaigns 
Cleanup 
Underground Stagger permit renewal, enhance coordination with SSDP 
Storage Tanks program, upgrade database, and integrate UST pennit with site 

Ipennit process. 
Water Quality Additional staff to integrate water quality monitoring database 
i\ssessments with GIS, and to design and implement more effective monitoring 

of onsite wastewater treatment/disposal system impacts in 
cooperation with W & WW department ongoing studies, and 
evaluate impact ofleaking sewers on surface and groundwater 
quality. 

Water Quality Additional staff to implement expanded WQ retrofit program. 
Control Planning 
and Implementation 
Water Quality Additional staff for graphic design, printing, and representation at 
Public Education environmental fairs, and to conduct surveys regarding the 

effectiveness of the public education initiative. 
Watershed Additional staff and contractual funding is needed for 
Hydrologic and implementation of a systematic model maintenance and upgrade 
Hydraulic procedure updating of the existing watershed models; and for 
Modeling and development of an efficient digital model storage and retrieval 
Flood Plain system. 
Mapping 
Watershed Additional staff to perform engineering assessments and 
Management and preliminary engineering, provide project planning and design for 
Facilities Planning large-scale projects. 
Watershed Master Phase 2 funding necessary for watershed assessment and solution 
Planning development. 

11.2.3 Regulations 

The proposed regulatory changes are merely proposals and planning level 

recommendations at this time. Each proposal will require drafting of code, regulation, 

andlor criteria language. These proposals will be drafted as changes to the Land 

Development Code and the Environmental and Drainage Criteria manuals. City code 

changes, including changes to the Land Development Code, require review by the 
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appropriate City boards and commissions. These proposed changes would go through the 

standard public meetings process to obtain input from interested parties. The final step is 

the City Council hearing where action may be taken. 

Proposed rule changes are subject to stakeholder review and a public review period. This 

includes proposed changes to Criteria manuals. After stakeholder review, the rule is 

posted for public comment prior to fmal adoption. Table 11 - 4 identifies the location for 

proposed rule changes. 

Little Walnut Creek 

... ---- .- " 
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Table 11-4 
Location for Proposed Regulatory Modification 

Regulatory Pr-()posals (l) Location in CodelC-riteria 
i 

Reassess RSMP fees 
Annual Fee Ordinance, Drainage Criteria 
Manual (DCM) 

Reassess Urban Fees Annual Fee Ordinance. Environmental 
Criteria Manual 

Drainage System and Waterway 
EnvironmentallDrainage Criteria Manuals 

Maintenance Criteria 

Drainage Study. Floodplain and Easement Land Development Code (LDC) and 
Delineation Standards Drainage Criteria Manual 

Registration for WQ Controls 
Land Development Code (LDC) and 
Drainage Criteria Manual 

WQ Design Criteria Environmental Criteria Manual 

Erosion ControL'NPDES 
Land Development Code (LDC) and 
Environmental Criteria Manual 

Uniform Relocation Assistance Land Development Code 

Landscape-Low Impact Development 
Land Development Code (LDC) and 
Environmental Criteria Manual 

Erosion Control-Site Management 
Land Development Code (LDC) and 
Environmental Criteria Manual 

Development Mitigation Policy Land Development Code 

Stream Setbacks Land Development Code 

Design Storm Runoff Detention for Stream Land Development Code and' 
Bank. Erosion Environmental/Drainage Criteria Manuals 

Effluent Irrigation Standards Land Development Code 

Drainage Design Criteria Drainage Criteria Manual (DCM) 

Golf Course Management Plan 
Land Development Code (LDC) and 
Environmental Criteria Manual 

Tree Protection Requirements 
Land Development Code (LDC) and 
Environmental Criteria Manual 

(1) See Section 10 for a description of each regulatory proposal 
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11.3 Findings and Recommendations 

Findings were developed based on infonnation gathered in each step of the Master Plan, 

including goal development, technical assessments, and integrated solution development. 

Goal development helped establish the direction toward which each mission will proceed. 

Technical assessments provided valuable infonnation to allow WPD to measure the 

watershed problems against. the watershed goals, and determine where the needs are 

greatest. Integrated solutions development helped define which solutions were 

potentially feasible, and provided general cost and benefit infonnation upon which to 

gauge potential goal attainment. Based on these fmdings, recommendations were 

developed to guide WPD on future funding decisions for capital projects and operating 

programs, and to outline an implementation plan for future regulatory modifications. 

11.3.1 Findings 

1) In the Phase I watersheds, flood, erosion and water quality problems are widespread 

and are expected to worsen if corrective action is not taken. 

2) Over the next 40 years, more than $800 million in capital funds are required to 

construct new or improved integrated watershed protection facilities including 

detention ponds, channel stabilization projects and other flood, erosion and water 

quality controls. This funding level is equivalent to approximately twice the 

historical capital spending rate. 

3) Additional funding of $2 - 5 million per year is needed to provide essential levels of 

service for several City programs including infrastructure maintenance, 

environmental development review and inspection, public education and design 

support. 

4) Various code and criteria changes are required to improve public service, provide 

developer incentives, reduce long-tenn maintenance demands, and prevent the 

creation of new watershed problems in the future. 

5) Attainment of erosion and flood goals may be possible given sufficient funding. 
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Section 11 
Recommendations 

6) Water quality goals are not attainable through implementation of solutions evaluated 

in the Master Plan. Limited regional retrofit opportunities in urban watersheds and 

inadequate regulatory controls in areas outside the City's jurisdiction are significant 

constraints. 

11.3.2 Recommendations 

1) Develop long-range funding proposals to support solution implementation. 

2) Integrate watershed solutions to the extent possible to effectively promote watershed 

protection goals attainment. 

3) Implement integrated capital projects using a needs-based, watershed management 

area approach as funding becomes available. 

4) Develop collaborative mUlti-agency partnerships (that include federal, state, and local 

entities along with other City Departments, community groups and concerned 

citizens) to achieve watershed protection goals. 

5) Use Master Plan results to assist in the development of proposed WPD budget 

increases to fund priority program enhancements. 

6) Involve stakeholders in the comment and review process for proposed regulatory 

modifications before Council consideration as final language is developed. 

7) Refine watershed protection goals based on continued public involvement and 

additional studies. 

8) Continue development and evaluation of innovative water quality solutions to attain 

water quality goals. Lower or revise water quality goals to reflect additional 

evaluation and feasibility of solution implementation. 

9) Update Phase I Master Plan information as better data becomes available and 

solutions are implemented. 

I 0) Expand master planning efforts beyond the Phase I watersheds as funding allows . 
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11.4 Future Master Planning Efforts 

The Watershed Protection Master Plan Report will be revised periodically to reflect 

updated information. WPD will continue to improve water quality modeling efforts by 

utilizing new information as it becomes available. As capital solutions are put in place, 

and existing problems are rectified, updates will also be made to the existing problem 

score to keep current information on high priority needs. 

New water quality monitoring information will be used to update Environmental Integrity 

Index (Ell) scores for both the Phase I watersheds, as well as other watersheds in the City 

of Austin which will be included in future master plan phases. This updated Ell 

information will also be incorporated into the problem scores to keep all master plan data 

current. 

Technical studies for Onion Creek are currently underway to provide the Flood and 

Erosion missions the data necessary to complete problem assessments. As funding 

becomes available, flood and erosion studies will be conducted on other Phase II 

watersheds. 

WPD will continue to work with the public in developing sustainable watershed solutions 

for all watersheds in the City of Austin. 
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Barton Creek 

General Characteristics 

From its confluence with Town Lake at Zi1ker Park, the Barton Creek watershed stretches 

westward to encompass nearly 119.5 square miles of southwest Austin, Travis and Hays 

County. The watershed extends westward beyond Loop 360 and Highway 71. The 

northern watershed border is found just north of Barton Creek and the southern border 

lies just north of Highway 290. The eastern part of the watershed (approximately 5,000 

acres) lies over the sensitive Edwards Aquifer Recharge Zone (COA, May 1998). 

Groundwater discharges from this aquifer at several springs, the best known of which is 

Barton Springs - home to the endangered Barton Springs Salamander. 

Flood Problem Summary 

The majority of the localized flooding complaints are located at the' downstream end of 

the Barton Creek watershed. Barton Creek experiences relatively few flooding problems 

compared to the other Phase I watersheds. The overall flood problem score for Barton 

Creek is depicted in Figure 8-6 in Section 8. 

Erosion Problem Summary 

The Barton Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system. Erosion problem ratings were based on the number 

and type of structures threatened by creekbank ~rosion, the severity of the erosion threat, 

and by the estimated future stability of the creek. Along Barton Creek, there were no 

Type 1 (threatened house, building or road) erosion problem sites identified. Relatively 

few low impact[ C4] Type 2( other resources threatened) and Type 3 (Resources 

threatened by future erosion) erosion problems are found along Barton Creek when 

compared to the remaining Phase I watersheds. All ten reaches of Barton Creek received 

an erosion problem rating of "Very Low" indicating that erosion problems are not as 

large a concern when compared to other Phase I watersheds. Predicted future channel 

enlargement results for the Barton Creek Watershed indicate that the channel expansion 
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is predicted to be "Low" (less than 40%) relative to the other Phase I watersheds. Figure 

8-6 in Section 8 shows the overall erosion problem score by creek reach for Barton 

Creek. The overall problem score includes components for current erosion problems, 

depicted by Type 1 and 2 problems, as well as components for future erosion problems, 

depicted by Type 3 problems, and Future Reach Stability. The Current Erosion Score is 

depicted in Figure A-I. 

Water Quality Problem Summary 

Overall, the water quality conditions m Barton Creek are very good, but localized 

impacts in the lower portions of the watershed have been documented, and future 

development in the watershed is a significant concern. Water quality problem area 

determinations were based on water chemistry, biological, recreational, aesthetic, and 

physical condition factors, and included not only Barton Creek but the resources that are 

either located in or receive discharges from the Barton Creek watershed; the latter include 

Town Lake, the Edwards Aquifer, and Barton Springs Pool. The quality of Town Lake is 

highly influenced by Barton Creek and Barton Springs, which account for over 70% of 

the water discharged to the lake downstream of Lake Austin. The Barton Creek 

watershed is also a major source of water for the Edwards Aquifer, accounting for over 

30% of the recharge volume. 

An important measure of the current water quality conditions in Barton Creek is the 

Environmental Integrity Index (ElI), which measures chemical, biological, physical, 

recreational, and aesthetic conditions. The Ell problem score is based on the gap 

between the Ell goal and current Ell score. The Ell goal for the five monitoring sites in 

Barton Creek is "Excellent." Four of the sites, one above Barton Creek Pool, one at Lost 

Creek Bridge, one below Barton Creek Boulevard, and one at Hwy 71 below Little 

Barton, achieved "Very Good" scores, while the site at Hwy 71 above Little Barton 

achieved an "Excellent" score (the only site among the 70 Phase 1 sites to achieve this 

rating). Future problem scores are based on predicted changes in watershed hydrology 

and amount of pollution (pollutant "loads"). Future problem scores are high in Barton 

Creek because of anticipated development in the watershed, most of which is located 
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outside of the City's jurisdiction and, thus, not subject to the City's non-degradation 

water quality regulations. Stonnwater runoff volumes and pollutant loads are predicted 

to increase significantly (over 100% in for some constituents). These increases could be 

detrimental to not only Barton Creek, but also the Edwards Aquifer, Barton Springs and 

Town Lake. The Water Quality Problem Scores shown on the adjacent Figure 8-6 in 

Section 8 reflect the current and future problem severity scores combined with the 

resource value for an overall water quality problem score. Compared against all other 

Phase 1 watersheds, the level of concern for Barton Creek ranges from "Low" to "Very 

High," reflecting the exceptional quality of resources located in or receiving discharges 

from the watershed, the protection afforded by the City's water quality programs, and 

predicted future changes, especially in the portion of the watershed outside the City's 

jurisdiction. The Current Water Quality Score is depicted in Figure A-2. Current scores 

reflect existing water quality conditions, and are all in the "Very Low" to "Moderate" 

range, indicating that future problems account for most of the overall water quality 

concerns for Barton Creek. Figure A-3 shows the breakout by creek reach of the overall 

water quality problem score for Barton Creek. 

Watershed Solutions 

While upper Barton Creek still retains the characteristics of a rural watershed, lower 

portions are beginning to show the effects of suburban development. The impacts of 

urbanization on creek flooding, erosion and water quality are still limited and isolated 

when compared to other Phase 1 Master Plan watersheds. Barton Creek has a mostly 

stable channel with minimal amounts of past channel enlargement. Preventative 

regulatory and land preservation approaches are the most effective solution since much of 

the land is yet to be developed. Water quality retrofits are appropriate in pockets of more 

intense existing development, and solutions being considered include regional ponds, 

retrofit of existing ponds, public education, and low impact development (LID) 

techniques. Due to limited flooding, and concerns about retaining the natural character of 

the watershed, regional on-line flood detention ponds are not expected to be an integral 

part of the watershed protection strategy for Barton Creek. The LID approach is a 
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relatively new one, and focuses on smaller-scale projects that utilize open space and 

landscaped areas for detaining and/or infiltrating runoff. 

Blunn Creek 

General Characteristics 

The Blunn Creek Watershed is one of the City's smaller urban watersheds. From its 

confluence with Town Lake just west of Interstate 35, the watershed stretches southward 

to encompass merely 1.5 square miles of south central Austin. The watershed is bordered 

roughly on the west by South Congress Ave and on the east by Interstate 35. The 

southern border is Highway 71 (also called Highway 290 at this stretch) and the 

watershed extends northward up to Town Lake. Because of its south central location, the 

Blunn Creek watershed falls under requirements for the city's "Urban Watersheds." 

Flood Problem Summary 

Flooding problems are quite sparse and of low severity when compared to other Phase I 

watersheds. All reaches are rated as either "Low" or "Very Low" problem areas when 

compared to flooding problems in the rest of the Phase I watersheds. Figure 8-7 in 

Section 8 depicts the overall Flood problem score for Blunn Creek. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 75 drainage complaints 

were located in the Blunn Creek Watershed. The majority of the localized flooding 

complaints are located at the downstream end of the watershed along and just south of 

Riverside Drive. 

Erosion Problem Summary 

The Blunn Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system. Erosion problem ratings were based on the number 

and type of structures threatened by creekbank erosion, the severity of the erosion threat, 

and by the estimated future stability of the creek. Along Blunn Creek, there were no 

A4 
• city of austin 

June 2001 

Watershed ProtaoUoo 
~----------~-----



[ 

( 

r 

r 

r 

Appendix A 
Watershed Summaries 

Type 1 (threatened house, building or road) erosion problem sites identified. Several 

relatively significant Type 2 (other resources threatened) and Type 3 (resources 

threatened by future erosion) problem areas are scattered along the Blunn Creek main 

stem, mostly along Reaches 3, 4, and 5 collectively stretching from Woodland Ave. to the 

north end of Warehouse Row. Of the five erosion reaches in Blunn Creek, four were 

rated "Low", and Reach 3, from Woodland to Oltorf Street, has a "Moderate" erosion 

problem rating. Reach 3 also has the highest Future Reach Stability problem rating of the 

Watershed, with a moderate future channel enlargement of 40-100% anticipated. The 

remainder of the watershed has a low future channel enlargement of less than 40%. 

Figure 8-7 in Section 8 shows the overall erosion problem score by creek reach for Blunn 

Creek. The overall problem score includes components for current erosion problems, 

depicted by Type 1 and 2 problems, as well as components for future erosion problems, 

depicted by Type 3 problems, and Future Reach Stability. The Current Erosion Score is 

depicted in Figure A-4. 

Water Quality Problem Summary 

The water quality of Blunn Creek has been impacted by urbanization but the creek still 

retains many desirable characteristics, including baseflow, good stream habitat, aesthetic, 

and recreational qualities. Water quality problem area determinations are based on 

Environmental Integrity Index (Ell) scores, future predicted changes in water quality and 

hydrology, and the watershed's contribution of pollutant loads to Town Lake. The 

primary indicator of current water quality conditions is the Ell, which measures chemical, 

biological, physical, recreational, and aesthetic conditions. The Ell problem score is 

based on the gap between the Ell goal and the current Ell score, for the four sampling 

sites in the creek. Two of the sites, one above Riverside and the other near the Blunn 

Creek Wilderness Preserve are currently rated as "Fair." The ideal goal rating for these 

two segments is "Good". The remaining two sites, one above Stacy Pool and one at 

Willow Run in the upper portion of the watershed are currently rated as "Good" with an 

Ell narrative goal of "Very Good". There are concerns that impacts may increase in the 

future, as existing undeveloped areas are developed, and pollution is predicted to increase 

by 20% or more. These increases are predicted to be most pronounced in the upper 
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watershed and, in addition to potentially impacting Blunn Creek, may also effect Town 

Lake. The Water Quality Problem Scores shown on Figure A8-7 in Section 8 reflect the 

current and future problem severity scores combined with the resource value for an 

overall water quality problem score. Compared against all other Phase 1 watersheds, the 

overall level of concern for Blunn Creek ranges from "Low" to "Moderate." The Current 

Water Quality Score for Blunn Creek is depicted in Figure A-5. Current scores reflect 

existing water quality conditions, and are all in the "Very Low" to "Low" range. Figure 

A-6 shows the breakout by creek reach of the overall water quality problem score for 

Blunn Creek. 

Watershed Solutions 

Blunn Creek has characteristics of a developing watershed with a moderate level of 

impervious cover, and a relatively high potential for a future impervious cover increase 

(greater than 5%). Blunn Creek is experiencing accelerated creek erosion, and shows 

signs of channel instability with a predicted increase in channel size greater than 25%. 

Flood solutions may include property buyouts, detention, bridge or culvert replacement, 

and channel improvements. Construction of regional erosion detention facilities to 

provide erosion control has been identified as a possible solution, since the potential for 

future stream degradation due to channel instability is high. Sideslope stabilization 

measures are recommended to protect existing property threatened by creek erosion, but 

these measures will not be effective over the long-term if watershed-scale measures such 

as erosion detention ponds and stream corridor restoration are not implemented. Water 

quality solutions being considered include regional ponds, retrofit of existing ponds, 

public education, and low impact development (LID) techniques. These solutions should 

be designed to improve both water quality and watershed hydrology in order to benefit all 

three WPD missions. The LID approach is a relatively new one, and focuses on smaller­

scale projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. 
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The Boggy Creek Watershed is one of the largest of the City's urban watersheds. The 

confluence of the watershed with Town Lake is found just east of Highway 183 and just 

west of the Colorado River Greenbelt. The watershed stretches west from its confluence 

and then northward to encompass nearly 5.9 square miles of east Austin. The Fort and 

Tannehill Branches of Boggy Creek are considered as separate watersheds in this Master 

Plan. Collectively, Boggy Creek and its two major tributaries cover l3 square miles, 

forming one of the largest Urban watersheds in the City. The Boggy Creek watershed is 

bordered roughly on the west by Interstate 35 and on the east by Airport Blvd, although 

its far eastern portion stretches just beyond Highway 183. North of Town Lake, the 

watershed extends northward nearly to RM 2222. 

Flood Problem Summary 

Flooding problems occur in the main stem of Boggy Creek mainly between 12th St. and 

38Yz St. Boggy Creek between Manor Rd. and 38Yz St. is rated as a "High" problem area 

with three areas, one from MLK Blvd. to Manor Rd., one from Holmes Ct. to 16th St., 

and one from Delwau Ln. to Shelton Rd. rated as "Moderate". The remaining reaches are 

rated as either "Low" or "Very Low" problem areas when compared to flooding 

problems in the rest of the Phase I watersheds. The overall Flood problem score is 

depicted in Figure 8-8 in Section 8 for Boggy Creek. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 400 drainage 

complaints were located in the Boggy Creek Watershed. Localized flooding complaints 

are not concentrated in anyone area, but occur throughout the entire watershed. 

Erosion Problem Summary 

The Boggy Creek Watershed Erosion Assessment (RCA 1997) presents detailed e.rosion 

data for the primary drainage system. Erosion problem ratings were based on the number 
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and type of structures threatened by creekbank erosion, the severity of the erosion threat, 

and by the estimated future stability of the creek. Along Boggy Creek, one (1) Type 1 

(threatened house, building or road) erosion problem site was identified, located 

approximately 300 feet downstream of Wilshire Boulevard in a segment of the main stem 

of Boggy Creek. Type 2 (other resources threatened) and Type 3 (resources threatened by 

future erosion) problem areas are scattered along Boggy Creek and are found mainly 

from the confluence with the Colorado River to Hwy 183 -- and the creek section 

collectively stretching from Pedernales St to Airport Blvd." Of the seven erosion reaches 

in Boggy Creek, three were classified with "Very Low" erosion control problem ratings, 

one reach was classified as "Low", one reach was classified as "Moderate," and two, 

Reach 5 and 7, were classified as "Very High. Reach 5 of the main stem runs from 

Webberville Road north to 14h Street. Reach 7 of the main stem is from 38th l/2 north to 

the upper reaches of the watershed. Figure 8-8 shows the overall erosion problem score 

by creek reach for Boggy Creek. The overall problem score includes components for 

current erosion problems, depicted by Type I and 2 problems, as well as components for 

future erosion problems, depicted by Type 3 problems, and Future Reach Stability. The 

Current Erosion Score is depicted in Figure A-7. 

Water Quality Problem Summary 

The water quality, biology, physical habitat, recreation, and aesthetic conditions of 

Boggy Creek have all been significantly impacted by urban development. Water quality 

problem area determinations are based on Environmental Integrity Index (Ell) scores, 

future predicted changes in water quality and hydrology, and the watershed's contribution 

of pollutants to the Colorado River below Town Lake. The primary indicator of current 

water quality conditions is the Ell, which measures chemical, biological, physical, 

recreational, and aesthetic conditions. The Ell problem score is based on the gap 

between the Ell goal and the current Ell score, for the four sampling sites in the creek. 

One of the sites from Nile Rd to Delwau Lane, is currently rated "Good" with a goal of 

"Very Good." Two of the sites, one from Airport Boulevard to Banton Road and the 

other from Banton Road to Nile Drive are currently rated as "Fair." One site above 

Airport Boulevard is currently rated "Marginal." All three of these sites have a goal of 

A-8 
• city of austin 

June 2001 

Watershad ProtacUDn 
~-----------------



r 

r 

,. 

, 

Appendix A 
Watershed Summaries 

"Good." As most of the watershed has been developed, future changes in water quality 

and hydrology are not anticipated to be significant. The Water Quality Problem Scores 

shown in Figure 8-8 in Section 8 reflect the current and future problem severity scores 

combined with the resource value for an overall water quality problem score. Compared 

against all other Phase 1 watersheds, the overall level of concern for Boggy Creek is 

"Low." The Current Water Quality Score for Boggy Creek is depicted in Figure A-8. 

Current scores reflect existing water quality conditions, and are all in the "Low" range. 

Figure A- 9 shows the breakout by creek reach of the overall water quality problem score 

for Boggy Creek. 

Watershed Solutions 

Boggy Creek has the characteristics of an urbanized watershed, with high existing 

impervious cover, and thus a lower potential for future development when compared to 

developing or rural watersheds with lower impervious cover. Infill and redevelopment 

are the most likely sources of future increases in impervious cover. Boggy Creek has 

already experienced significant channel enlargement in the past, and estimates of future 

enlargement are predictably low (less than 25%). Undeveloped land available for new 

regional erosion, flood or water quality ponds is severely limited. Large-scale erosion 

detention ponds are generally not considered effective solutions because most of the 

preventable creek enlargement has already occurred. Efforts in Boggy Creek should 

focus on channel restoration including sideslope stabilization, property buyouts, and 

riparian area restoration, together with retrofits of existing ponds for water quality and 

erosion benefits, public education, and low impact development (LID) techniques. The 

LID approach is a relatively new one, and focuses on smaller-scale projects that utilize 

open space and landscaped areas for detaining and/or infiltrating runoff. In addition to 

reducing pollutant loads, water quality solutions should be designed to augment baseflow 

and improve stream habitat quality and stability. Flood solutions are likely to include 

property buyouts, bridge replacement or channel improvements. However, flood 

detention may be an alternative where sufficient open space is available. 
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Bull Creek 

General Characteristics 

The Bull Creek Watershed is the largest of the Water Supply Suburban Watersheds. 

From its confluence with Town Lake just east of Loop 360, the watershed stretches 

northward and then more northwesterly to encompass nearly 25 square miles of 

northwest Austin. The watershed is bordered roughly on the west by RM 620 and RM 

2222, and on the east by Mesa and Highway 183. Stretching north of Loop 360 and west 

ofHighw~y 183, the Bull Creek Watershed reaches almost to Lake Travis. A few of the 

notable sites in the watershed include Stillhouse Hollow Springs, 3M Austin 

Headquarters, St. Edward's Park, Bull Creek Park, and the Arboretum. 

Flood Problem Summary 

Flooding problems occur mainly along the middle portion of the main stem of Bull 

Creek, as well as along a lower main stem reach near the intersection of Loop 360 and 

FM 2222. Bull Creek between FM 2222 and Lakewood Dr. is rated as a "Very High" 

problem area, the reach containing Spicewood Springs Crossing #4 is rated as a "High" 

problem, and the reaches containing Spicewood Springs Crossings # 1,3,5,6, and 7 are 

all rated as "Moderate." The remaining creek reaches are rated as either "Low" or "Very 

Low" problem areas when compared to flooding problems in the rest of the Phase I 

watersheds. Overall Flood problem scores are depicted in Figure 8-9 in Section 8 for 

Bull Creek. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 330 were located in the 

Bull Creek Watershed. The majority of the localized flooding complaints are located at 

the upstream end of Tributary 2 in the Balcones Woods area south of 183 . 
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The Bull Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system. Erosion problem ratings were based on the number 

and type of structures threatened by creekbank erosion, the severity of the erosion threat, 

and by the estimated future stability of the creek. Along Bull Creek, one (1) Type 1 

(threatened house, building or road) erosion problem site was identified; this threatened 

minor road erosion problem in located Reach 7 of the main stem between Spicewood 

Crossing # 1 and Spicewood Crossing #5. Several Type 2 (other resources threatened) 

and Type 3 (resources threatened by future erosion) problem areas are scattered along 

Bull Creek and its tributaries. The majority of these problem areas were found in Reach 

1 of Tributary 2 between the confluence with the main stem and Penny Creek Dr. 

Of the 22 erosion reaches in Bull Creek, the majority (19) of creek reaches were 

classified with a "Very Low" or "Low" erosion problem rating. Two reaches had an 

erosion problem rating of "Very High". One reach is located along Tributary 2 from the 

confluence with the main stem east of Loop 360, north to just past Floral Park between 

Raining Oak Cove and Barker Vista. The second reach is along the main stem near 

Spicewood Springs Road from the confluence with Tributary 3 to between the 4th and 5th 

crossing of Spicewood west of the intersection with Yucca Mountain Road. One reach 

was classified with an erosion problem rating of "Moderate"; it is located on Tributary 4 

from the confluence with the main stem to just past Gallanish Park at Wester Kirk. Most 

areas of the watershed have a future channel enlargement of "Very Low" to "Low" (0-

40). Two areas have a "Moderate" (40%-10%) predicted future channel expansion, one 

area is the entirety of Tributary 2, and the other area is the lower half of Tributary 4. 

Figure 8-9 in Section 8 shows the overall erosion problem score by creek reach for Bull 

Creek. The overall problem score includes components for current erosion problems, 

depicted by Type I and 2 problems, as well as components for future erosion problems, 

depicted by Type 3 problems, and Future Reach StabIlity. The Current Erosion problem 

score is depicted in Figure A-IO. 
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Water Quality Problem Summary 

The current water quality conditions in Bull Creek are good to very good, and it is one of 

the most scenic and ecologically valuable creeks in the Austin area. Water quality 

problem area determinations are based on the Environmental Integrity Index (EIQ scores, 

future predicted changes in water quality and hydrology, and the watershed's contribution 

of pollutant loads to Lake Austin. The primary indicator of current water quality 

conditions is the Ell, which measures chemical, biological, physical, recreational, and 

aesthetic conditions. The Ell problem score is based on the gap between the Ell goal and 

the current Ell score, for the four sampling sites in the creek. The sites are located near 

the intersection of Loop 360 and 2222, at Loop 360 near Lakewood Drive, above the dam 

at St. Edwards District Park, and on Tributary 6 west of Old Lampassas Trail. All four 

sites are currently rated "Very Good" while their goal is "Excellent." Because future 

development is still underway in much of the watershed, future impacts to water quality 

and hydrology may be significant. The Water Quality Problem Scores shown on Figure 

8-9 in Section 8 reflect the current and future problem severity scores combined with the 

resource value for an overall water quality problem score. Compared against all other 

Phase I watersheds, the overall level of concern in Bull Creek ranges from "Low" to 

"Very High." The Current Water Quality Score is depicted in Figure A-II. Current 

scores reflect existing water quality conditions, and are in the "Very Low" to 

"Moderate". Figure A-12 shows the breakout by creek reach of the overall water quality 

problem score for Bull Creek. 

Watershed Solutions 

Bull Creek has characteristics of a developing watershed with a moderate level of 

impervious cover, and a relatively high potential for future impervious cover increase 

(greater than 5%). Bull Creek is experiencing accelerated creek erosion, and shows signs 

of channel instability with a predicted increase in channel size greater than 25%. Flood 

solutions include property buyouts, detention, bridge or culvert replacement, and channel 

improvements. 
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Construction of regional erosion detention facilities to provide erosion control has been 

identified as a possible solution, since the potential for future stream degradation due to 

channel instability is high. Sideslope stabilization measures are recommended to protect 

existing property threatened by creek erosion, but these measures will not be effective 

over the long-tenn if watershed-scale measures such as erosion detention ponds and 

stream corridor restoration are not implemented. Water quality solutions being 

considered include regional ponds, retrofit of existing ponds, public education, and low 

impact development (LID) techniques. These solutions should be designed to improve 

both water quality and watershed hydrology in order to benefit all three WPD missions. 

The LID approach is a relatively new one, and focuses on smaller-scale projects that 

utilize open space and landscaped areas for detaining and/or infiltrating runoff. 

Buttermilk Creek 

General Characteristics 

The Buttermilk Creek Watershed is one of Austin's smallest Urban Watersheds. 

Encompassing only 1.7 square miles, the Buttermilk Creek Watershed is located just 

north east of downtown. Buttermilk watershed is, generally, the area just surrounding the 

intersection of Interstate 35 and Highway 183, not quite reaching as far south as Highway 

290. 

Flood Problem Summary 

Flooding problems are not as severe in Buttermilk Creek watershed when compared to 

other Phase I watersheds. All reaches are rated as either "Low" or "Very Low" problem 

areas when compared to flooding problems in the rest of the Phase I watersheds. Overall 

Flood problem scores are depicted in Figure 8-10 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 60 drainage complaints 

relating to localized flooding were located in the Buttermilk Creek Watershed. The 
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majority of the localized flooding complaints are located in the uppermost part of the 

watershed just south of the US 183lLamari Anderson Lane intersection. 

Erosion Problem Summary 

The Buttennilk Creek Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system. Erosion problem ratings were based on the 

number and type of structures threatened by creekbank erosion, the severity of the 

erosion threat, and by the estimated future stability of the creek. Along Buttermilk Creek, 

there were no Type 1 (threatened house, building or road) erosion problem sites 

identified. Type 2 (other resources threatened) and Type 3 (resources threatened by future 

erosion) problem areas are scattered throughout the watershed, but are found mostly in 

Reach 1 from the confluence with Little Walnut Creek to Cameron Rd. Of the five 

erosion reaches in Buttermilk Creek, four reaches were classified with a "Low" or "Very 

Low" erosion problem rating. Reach 1 was classified as "Moderate", and is located from 

the confluence with Little Walnut Creek north to just west of East Anderson Lane. 

Future channel enlargement results are predicted to be "Low" (less than 40%) relative to 

other Phase I watersheds. Figure 8-10 shows the overall erosion problem score by creek 

reach for Buttermilk Creek. The overall problem score includes components for current 

erosion problems, depicted by Type 1 and 2 problems, as well as components for future 

erosion problems, depicted by Type 3 problems, and Future Reach Stability. The Current 

Erosion Score is depicted in Figure A-13. 

Water Quality Problem Summary 

The water quality, biology, physical habitat, recreation, and aesthetic conditions of 

Buttermilk Creek have all been significantly impacted by urban development. Water 

quality problem area determinations are based on Environmental Integrity Index (EIn 

scores, future predicted changes in water quality and hydrology, and the watershed's 

contribution of pollutants to the Colorado River below Town Lake. The primary 

indicator of current water quality conditions is the Ell, which measures chemical, 

biological, physical, recreational, and aesthetic conditions. The En problem score is 

based on the gap between the Ell goal and the current Ell score, for the four sampling 
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sites in the creek. Three of the sites-- at Little Walnut Creek, at Cameron Rd., and at 

Providence Ave. -- are currently rated as "Fair," and one -- at Chevy Chase Rd. -- is 

currently rated as "Marginal". The goal for all four sites is "Good." Future problem 

concerns are not as significant as current ones as the watershed has been mostly built out. 

The Water Quality Problem Scores shown on Figure 8-10 in Section 8 reflect the current 

and future problem severity scores combined with the resource value for an overall water 

quality problem score. Compared against all other Phase 1 watersheds, the overall level 

of concern for Buttermilk Creek ranges from "Very Low" to "High." The Current Water 

Quality Score for Buttermilk Creek is depicted in Figure A-14. Current scores reflect 

existing water quality conditions, and range from "Very Low" to "High. Figure A-15 

shows the breakout by creek reach of the overall water quality problem score for 

Buttermilk Creek. 

Watershed Solutions 

Buttermilk Creek has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover levels. Infill 

and redevelopment are the most likely sources of future increases in impervious cover. 

Buttermilk Creek has already experienced significant channel enlargement in the past, 

and estimates of future enlargement are predictably low (less than 25%). Undeveloped 

land available for new regional scale erosion, flood or water quality ponds is severely 

limited. Large-scale erosion detention ponds are generally not considered effective 

solutions because most of the preventable creek enlargement has already occurred. 

Efforts in Buttermilk Creek should focus on channel restoration including sideslope 

stabilization, property buyouts, and riparian restoration, together with retrofits of existing 

ponds for water quality and erosion benefits, public education, and low impact 

development (LID) techniques. The LID approach is a relatively new one, and focuses 

on smaller-scale projects that utilize open space and landscaped areas for detaining and/or 

infiltrating runoff. In addition to reducing pollutant loads, water quality solutions should 

be designed to augment baseflow and improve stream habitat quality and stability. Flood 

solutions are likely to include property buyouts, bridge replacement or channel 
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improvements. However, flood detention may be an alternative where sufficient open 

space is available. 

Country Club Creek 

General Characteristics 

The Country Club Creek Watershed is a moderate sized suburban Austin watershed. 

From its confluence with Town Lake just west of Highway 183, the watershed stretches 

in a southwesterly direction to encompass nearly 4.6 square miles of southeast Austin. A 

drainage project constructed in the 1980s diverted much of the upper watershed to a new 

discharge point, located below Town Lake near the Kreig softball fields complex. The 

watershed is bordered roughly on the west by Interstate 35 and on the east by Highway 

183. Highway 71 (Ben White Blvd.) is basically the southern border while Town Lake 

borders it to the north. 

Flood Problem Summary 

Flooding problems occur mostly in Tributaries 2 and 3. The lower half of Tributary 3 is 

located near the intersection of Wickersham and Cromwell and is rated a "Moderate" 

flood control problem area. Tributary 2 at the upper end of the tributary near Riverside 

Farms Ln is also rated a "Moderate" flooding problem area. The remaining creek reaches 

are rated as either "Low" or "Very Low" problem areas when compared to flooding 

problems in the rest of the Phase I watersheds. Overall Flood problem scores are 

depicted in Figure 8-11 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 140 drainage 

complaints have been reported in the Country Club Creek Watershed, with the majority 

of the localized flooding complaints located east of the old main stem. 

A-16 
• city of austin 

June 2001 

Watarshad ProtacHIll 
~------------------



[ 
r 

[ 

r 

r 

,-

( 

( 

( 

Erosion Problem Summary 

Appendix A 
Watershed Summaries 

The Country Club Creek Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system. Erosion problem ratings were based on the 

number and type of structures threatened by creekbank erosion, the severity of the 

erosion threat, and by the estimated future stability of the creek. Along Country Club 

Creek, one Type 1 (threatened house, building or road) erosion problem site was 

identified in Reach 3 from Elmont Rd to Oltorf St. The concrete apron underneath the 

bridge is being undermined. Type 2 (other resources threatened) and Type 3 (resources 

threatened by future erosion) problem areas are scattered throughout the watershed, 

mainly in Reaches 4 and 5 of New Country Club Creek, collectively running from Oltorf 

St. to Old Burleson Rd. 

Of the thirteen erosion reaches in Country Club Creek, six were classified with "Very 

High" erosion problem ratings. Those classified as "Very High" include Tributary 5, 

located from the confluence with the main stem at Burleson Road to the upper reaches of 

the tributary near 1-35 and Woodward; Tributary 4, located from confluence with the 

main stem at Pleasant Valley Road and Riverside to the upper reaches just south of East 

Ben White Blvd.; Tributary 3 located from the confluence with the main stem near 

Cromwell Circle to the upper reaches just south of Oltorf; Tributary 2, located from the 

confluence with the main stem near Crossing Place to the upper reaches between 

Riverside Farms and Oltorf; and two reaches along the main stem from Burleson Road to 

the confluence with Old Country Club Creek at Crossing place. Three reaches were 

classified with "Moderate" erosion problem ratings, and two were classified as "Low". 

Future channel expansion predictions for the watershed were primarily "Medium" to 

"High" ranging from 39% to 131%. Figure 8-11 in Section 8 shows the overall erosion 

problem score by creek reach for Country Club Creek. The overall problem score 

includes components for current erosion problems, depicted by Type I and 2 problems, 

as well as components for future erosion problems, depicted by Type 3 problems, and 

Future Reach Stability. The Current Erosion Problem Score is depicted in Figure A-16. 
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Water Quality Problem Summary 

The water quality of Country Creek has been significantly impacted by urban 

development. Water quality problem area determinations are based on Environmental 

Integrity Index (Ell) scores, future predicted changes in water quality and hydrology, and 

the watershed's contribution of pollutants to the Colorado River below Town Lake. The 

primary indicator of current water quality conditions is the Ell, which measures chemical, 

biological, physical, recreational, and aesthetic conditions. The Ell problem score is 

based on the gap between the Ell goal and the current Ell score, for the three sampling 

sites in the creek. The site at East Oltorf Street is currently rated as "Fair," the site below 

Grove Drive is currently rated as "Poor," and the site at Crossing Place Drive is currently 

rated ''Marginal.'' The goal for these is "Good." Because future development is still 

underway in much of the watershed, future impacts to water quality and hydrology may 

be significant. The Water Quality Problem Scores shown on Figure 8-11 in Section 8 

reflect the current and future problem severity scores combined with the resource value 

for an overall water quality problem score. Compared against all other Phase 1 

watersheds, the overall level of concern for Country Club Creek ranges from "Very Low" 

to "Very High." The Current Water Quality Score for Country Club Creek is depicted in 

Figure A-17. Current scores reflect existing water quality conditions, and are scattered in 

the "Very Low", and "Very High" range. Figure A-18 shows the breakout by creek reach 

of the overall water quality problem score for Country Club Creek. 

Watershed Solutions 

Country Club Creek has characteristics of a developing watershed with a moderate level 

of impervious cover, and a relatively high potential for future impervious cover increase 

(greater than 5%). Country Club Creek is experiencing accelerated creek erosion, and 

shows signs of channel instability with a predicted increase in channel size greater than 

25%. Flood solutions may include property buyouts, detention, bridge, or culvert 

replacement, and channel improvements. Construction of regional erosion detention 

facilities to provide erosion control is identified as a possible solution, since the potential 

for future stream degradation due to channel instability is high. Sideslope stabilization 

measures are recommended to protect existing property threatened by creek erosion, but 
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these measures will not be effective over the long-term if watershed-scale measures such 

as erosion detention ponds and stream corridor restoration are not implemented. Water 

quality solutions being considered include regional ponds, retrofit of existing ponds, 

public education, and low impact development (LID) techniques. These solutions should 

be designed to improve both water quality and watershed hydrology in order to benefit all 

three WPD missions. The LID approach is a relatively new one, and focuses on smaller­

scale projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. 

East Bouldin Creek 

General Characteristics 

The East Bouldin Creek Watershed is a small urban watershed. Its confluence with 

Town Lake is found just west of Interstate 35 within the East Bouldin Greenbelt. The 

watershed stretches in a south-southwesterly direction from Town Lake to Highway 71 

(Ben White Blvd) to encompass nearly 1.8 square miles of south central Austin. The 

watershed stretches just west of South 1st St. and just east of Congress Ave. North of 

Highway 290, the watershed extends north to Town Lake. An underground tunnel 

diverts floodwaters from the lower part of East Bouldin Creek to Town Lake near the 

Stevie Ray Vaughn statue. 

Flood Problem Summary 

Flooding problems in the East Bouldin Creek watershed are not as severe as those in 

other Phase I watersheds. All creek reaches are rated as either "Low" or "Very Low" 

problem areas when compared to flooding problems in the rest of the Phase I watersheds. 

Overall Flood problem scores are depicted in Figure 8-12 in Section 8. 

The detennination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. 150 were located in the East Bouldin 

Creek Watershed, with the majority of the localized flooding complaints located 

throughout the entire watershed . 
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Erosion Problem Summary 

The East Bouldin Creek Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system. Erosion problem ratings were based on the 

number and type of structures threatened by creekbank erosion, the severity of the 

erosion threat, and by the estimated future stability of the creek. Along East Bouldin 

Creek, one (1) Type 1 (threatened house, building or road) erosion problem site was 

identified. This threatened structure is found in Reach 3 between South 1 st St. and West 

Mary St. Since the onset of the Master plan, this threatened Type 1 structure has been 

stabilized by a sideslope project. Type 2 (other resources threatened) and Type 3 

(resources threatened by future erosion) problem areas are scattered along East Bouldin 

Creek, with the majority of Type 2 problems found in Reach 4 from West Mary St. to 

Alpine Rd., and the majority of Type 3 problems found in Reach 1 from the confluence 

with Town Lake to Christopher Street." Of the four erosion reaches in East Bouldin 

Creek, only Reach 2 was identified as a "Very Low" erosion problem rating. Reach 3, 

from South 1st Street to West Mary, received "Very High" erosion problem rating. This 

is the same reach with the threatened Type 1 problem that has since been stabilized by a 

sideslope project, lowering the current erosion problem rating to Very Low. Two 

reaches, Reach 1 located from the confluence with Town Lake to Christopher Street, and 

Reach 4, from West Mary to Alpine Road, both were classified with a "High" erosion 

rating. All reaches within the watershed have a future channel expansion ranking of 

"Low" (0-40%). Figure 8-12 in Section 8 shows the overall erosion problem score by 

creek reach for East Bouldin Creek. The overall problem score includes components for 

current erosion problems, depicted by Type 1 and 2 problems, as well as components for 

future erosion problems, depicted by Type 3 problems, and Future Reach Stability. The 

Current Erosion Problem Score is depicted in Figure A-19. 

Water Quality Problem Summary 

The water quality of East Bouldin Creek has been significantly impacted by urban 

development. Water quality problem area determinations are based on Environmental 

Integrity Index (Ell) scores, future predicted changes in water quality and hydrology, and 

the watershed's contribution of pollutants to Town Lake. The primary indicator of 
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current water quality conditions is the Ell, which measures chemical, biological, 

physical, recreational, and aesthetic conditions. The Ell problem score is based on the 

gap between the Ell goal and the current Ell score, for the four sampling sites in the 

creek. Two of the sites -- at Riverside Dr. and at Alpine Rd. -- are currently rated as 

"Marginal," one site -- at South Austin Center -- is currently rated as "Poor," and the last 

site -- at Elizabeth St. -- is currently rated "Fair." The goal for these four sites is "Good." 

Future problem concerns are not as significant as current ones as the watershed has been 

mostly built out. The Water Quality Problem Scores shown on Figure 8-12 in Section 8 

reflect the current and future problem severity scores combined with the resource value 

for an overall water quality problem score. Compared against all other Phase 1 

watersheds, the overall level of concern for East Bouldin Creek ranges from "Very Low" 

to "Very High." The Current Water Quality Score for East Bouldin Creek is depicted in 

Figure A-20. Current scores reflect existing water quality conditions, and are all in the 

"Low" to the "Very High" range. Figure A-21 shows the breakout by creek reach of the 

overall water quality problem score for East Bouldin Creek. 

Watershed Solutions 

East Bouldin Creek has the characteristics of an urbanized watershed., with a high 

existing impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases 'in impervious cover. East 

Bouldin Creek has already experienced significant channel enlargement in the past, and 

estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered effective solutions 

because most of the preventable creek enlargement has already occurred. Efforts in East 

Bouldin Creek should focus on channel restoration including sideslope stabilization, 

property buyouts, and riparian restoration, together with retrofits of existing ponds for 

water quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 
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runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. Several 

retrofits have already been implemented in the watershed, including the Alpine and St. 

Edwards University wet ponds and the Gillis Park sand filtration system. Flood solutions 

are likely to include property buyouts, bridge replacement or channel improvements. 

However, flood detention may be an alternative where sufficient open space is available. 

Fort Branch 

General Characteristics 

The Fort Branch Watershed is a small Austin urban watershed. After winding through 

East Austin, Fort Branch has a confluence with Boggy Creek near Johnston High School, 

flowing into the Colorado River below Town Lake. The overall drainage area of the 

watershed is 3.3 square miles. The northern reach of the watershed is Highway 290 and 

the southern border is at the point of confluence with Boggy Creek. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Fort Branch Watershed. Modeling was performed for the main stem of Fort Branch. 

Most creek reaches classified as a "Low" or "Very Low" flood problem area. One reach, 

located on the main stem from south of Harold Court to Eleanor and Hudson Street is 

classified "Very High". Two areas are classified as "Moderate" in problem severity. 

Overall Flood problem scores are depicted in Figure 8-13 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. 324 were located in the Fort Branch 

Watershed, with the majority of the localized flooding complaints located in the upper 

reaches of the watershed. 
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The Fort Branch Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system. Erosion problem ratings were based on the number 

and type of structures threatened by creekbank erosion, the severity of the erosion threat, 

and by the estimated future stability of the creek. Along Fort Branch, one (1) Type 1 

(threatened house, building or road) erosion problem site was identified. This threatened 

structure is found in Reach 5 between Manor Rd and the tributary at Westminster and 

Waterbrook. Type 2 (other resources threatened) and Type 3 (resources threatened by 

future erosion) problem areas are scattered along Fort Branch mainly in Reach 2 from 

MKT Railroad to Webberville Rd, Reach 3 from Webberville Rd to Springdale Rd, and 

Reach 5." Of the ten erosion reaches in the watershed, most are classified with a "Low" 

or "Very Low" erosion problem rating. Two reaches, Reach 2 from MKT Railroad to 

Webberville Road, and Reach 5, from Manor Road to just south of Rogge Lane, are 

classified as "Very High". One reach is classified as "Moderate". Reach 2 also has a 

future channel expansion prediction of "High" (100-160%), the worst within the 

watershed. Figure 8-13 in Section 8 shows the overall erosion problem score by creek 

reach for Fort Branch. The overall problem score includes components for current 

erosion problems, depicted by Type 1 and 2 problems, as well as components for future 

erosion problems, depicted by Type 3 problems, and Future Reach Stability. The Current 

Erosion Problem Score is depicted in Figure A-22. 

Water Quality Problem Summary 

The water quality of Fort Branch has been significantly impacted by urban development. 

Water quality problem area .determinations are based on Environmental Integrity Index 

(ElI) scores, future predicted changes in water quality and hydrology, and the 

watershed's contribution of pollutants to the Colorado River below Town Lake. The 

primary indicator of current water quality conditions is the Ell, which measures chemical, 

biological, physical, recreational, and aesthetic conditions. The Ell problem score is 

based on the gap between the Ell goal and the current ElI score, for the four sampling 

sites in the creek. One of the sites -- at Glencrest Drive - is currently rated as "Poor," 

two of the sites --Single Shot and Manor Rd. -- are currently rated as "Fair", while the 
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final site-- at Boggy Creek -- is currently rated as "Good." The goal for these four sites 

is "Good" to "Very Good". Future problem concerns are not as significant as current 

ones as the watershed has been mostly built out. The Water Quality Problem Scores 

shown on Figure 8-13 in Section 8 reflect the current and future problem severity scores 

combined with the resource value for an overall water quality problem score. Compared 

against all other Phase 1 watersheds, the overall level of concern for Fort Branch ranges 

from "Low" to "Moderate." The Current Water Quality Score for Fort Branch is 

depicted in Figure A-23. Current scores reflect existing water quality conditions, and 

range from the "Very Low" to "Moderate" range. Figure A- 24 shows the breakout by 

creek reach of the overall water quality problem score for Fort Branch. 

Watershed Solutions 

Fort Branch has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. Fort 

Branch has already experienced significant channel enlargement in the past, and 

estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered an effective solution 
. . 

because most of the preventable creek enlargement has already occurred. Efforts in Fort 

Branch should focus on channel restoration including sideslope stabilization, property 

buyouts, and riparian restoration, together with retrofits of existing ponds for water 

quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. Flood 

solutions are likely to include property buyouts, bridge replacement or channel 

improvements. However, flood detention may be an alternative where sufficient open 

space is available. 
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General Characteristics 

Appendix A 
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The Harper's Branch Watershed is the City's urban watershed most impacted by 

urbanization. The confluence of Harper's Branch is right along the Interstate 35 corridor 

as it crosses the river, only encompassing 0.54 square miles of central Austin. The 

watershed is bordered roughly on the west by Travis Heights Blvd. and on the east by 

Parker Lane, straddling Interstate 35 north of Oltorf Street to Town Lake. At just over a 

half of a square mile, the Harper's Branch Watershed is the City's smallest watershed. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Harper's Branch Watershed. Modeling was performed for the main stem of Harper's 

Branch. Flooding problems are sparse and of low severity when compared to other Phase 

I watersheds. All creek reaches are rated as "Low" problem areas. Overall Flood 

p~oblem scores are depicted in Figure 8-14 in Section 8. 

The determination of problem areas in the storm drain system is currently restricted to the 

evaluation of drainage complaints. Approximately 20 drainage complaints were located 

in the Harper's Branch Watershed. The majority of the localized flooding complaints are 

located toward the downstream end of the watershed. 

Erosion Problem Summary 

The Harper's Branch Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system of Harper's Branch. Erosion problem 

ratings were based on the number and type of structures threatened by creekbank erosion, 

the severity of the erosion threat, and by the estimated future stability of the creek. Along 

Harper's Branch, there are no Type 1 (threatened house, building or road) erosion 

problem sites identified. Type 2 (other resources threatened) and Type 3 (resources 
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threatened by future erosion) problem areas are scattered along Harper's Branch. The 

majority of Type 2 and Type 3 sites are found in Reach 2, from 1-35 to Reagan Terrace. 

All reaches in Harper's Branch were identified with "Very Low" erosion problem ratings 

when compared to other Phase I watershed reaches. All of the reaches within the 

watershed have a future channel expansion prediction of "Very Low' (0%) or "Low"(O-

40%). Figure 8-14 in Section 8 shows the overall erosion problem score by creek reach 

for Harper's Branch. The overall problem score includes components for current erosion 

problems, depicted by Type I and 2 problems, as well as components for future erosion 

problems, depicted by Type 3 problems, and Future Reach Stability. 

Water Quality Problem Summary 

The water quality of Harper's Branch has been significantly impacted by urban 

development. Water quality problem area determinations are based on Environmental 

Integrity Index (Ell) scores, future predicted changes in water quality and hydrology, and 

the watershed's contribution of pollutants to Town Lake. The primary indicator of 

current water quality conditions is the Ell, which measures chemical, biological, 

physical, recreational, and aesthetic conditions. The Ell problem score is based on the 

gap between the Ell goal and the current Ell score, for the three sampling sites in the 

creek. Two of the sites -- at Woodland and at Riverside Dr. -- are currently rated as 

"Marginal," while the final site - at Windoak -- is currently rated as "Fair." The goal for 

these three sites is "Good." Future problem concerns are not as significant as current 

ones because the watershed has been mostly built out. The Water Quality Problem 

Scores shown on Figure 8-14 in Section 8 reflect the current and future problem severity 

scores combined with the resource value for an overall water quality problem score. 

Compared against all other Phase I watersheds, the overall level of concern for Harper's 

Branch ranges from "Very Low" to "Moderate." The Current Water Quality Score for 

Harper's Branch is depicted in Figure A-26. Current scores reflect existing water quality 

conditions, and are all in the "Very Low" to "High" range. Figure A-27 shows the 

breakout by creek reach of the overall water quality problem score for Harper's Branch . 
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Harper's Branch has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. 

Harper's Branch has already experienced significant channel enlargement in the past, and 

estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered effective solutions 

because most of the preventable creek enlargement has already occurred. Efforts in 

Harper's Branch should focus on channel restoration including sideslope stabilization, 

property buyouts, and riparian restoration, together with retrofits of existing ponds for 

water quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. Flood 

solutions are likely to include property buyouts, bridge replacement or channel 

improvements. However, flood detention may be an alternative where sufficient open 

space is available. 

Johnson Creek 

General Characteristics 

The Johnson Creek Watershed is one of the City's smaller urban watersheds. From its 

confluence with Town Lake just east of Loop 1 (MoPac), the watershed stretches 

northward to encompass nearly 1.7 square miles of west central Austin. The watershed is 

found in the area straddling Loop 1 (MoPac) from Town Lake north almost to 45th Street. 

MoPac Expressway divides the Johnson Creek Watershed along almost its entire length. 

June 2001 
• city of austin 

A-27 

Wat8rshad ProtBoUon 
~------------------



Appendix A 
Watershed Summaries 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Johnson Creek Watershed. Modeling was perfonned for the main stem of Johnson 

Creek and the Possum Trot Branch tributary. Flooding problems are quite sparse and of 

low severity when compared to other Phase I watersheds. All creek reaches are rated as 

either "Low" or "Very Low" problem areas when compared to flooding problems in the 

rest of the Phase I watersheds. Overall Flood problem scores are depicted in Figure 8-15 

in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 180 drainage 

complaints were located in the Johnson Creek Watershed. Localized flooding complaints 

are located throughout the entire watershed. 

Erosion Problem Summary 

The Johnson Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system including Johnson Creek and Possum Trot Branch. 

Erosion problem ratings were based on the number and type of structures threatened by 

creekbank erosion, the severity of the erosion threat, and by the estimated future stability 

of the creek. Along Johnson Creek, there were no Type 1 (threatened house, building or 

road) erosion problem sites identified. Type 2 (other resources threatened) and Type 3 

(resources threatened by future erosion) problem areas are scattered along Johnson Creek 

and Possum Trot Branch, on the main stem in Reach 1 from Town Lake to 7th St, and 

Reach 5 from Woodmont Ave. to Windsor Road, as well as along Possum Trot Branch in 

Reach 2 from Menden Lane to Possum Trot Trail. Of the ten erosion reaches in Johnson 

Creek watershed, nine of the reaches were identified with "Very Low" erosion problem 

ratings, and one reach was classified with "Low" erosion problem ratings. Future 

channel expansion predictions for the watershed have all the segments in one of two 

categories, "Very Low" (0%) or "Low" (0-40%). Figure 8-15 in Section 8 shows the 
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overall erosion problem score by creek reach for Johnson Creek. The overall problem 

score includes components for current erosion problems, depicted by Type 1 and 2 

problems, as well as components for future erosion problems, depicted by Type 3 

problems, and Future Reach Stability. The Current Erosion Problem Score is depicted 

Figure A-28. 

Water Quality Problem Summary 

The water quality of Johnson Creek has been significantly impacted by' urban 

development. Water quality problem area determinations are based on Environmental 

Integrity Index (Ell) scores, future predicted changes in water quality and hydrology, and 

the watershed's contribution of pollutants to Town Lake. The primary indicator of 

current water quality conditions is the Ell, which measures chemical, biological, 

physical, recreational, and aesthetic conditions. The Ell problem score is based on the 

gap between the Ell goal and the current Ell score, for the four sampling sites in the 

creek. Three of the four sites - collectively running from Tarrytown to 1st St - are 

currently rated as "Poor" and the final site -- in South Tarrytown -- is currently rated as 

"Fair." The goal for these four segments is "Good." Future problem concerns are much 

less significant than current ones as the watershed has been mostly built out. The Water 

Quality Problem Scores shown on Figure 8-15 in Section 8 reflect the current and future 

problem severity scores combined with the resource value for an overall water quality 

problem score. Compared against all other Phase I watersheds, the overall level of 

concern for Johnson Creek ranges from "Low" to "High." The Current Water Quality 

Score for Johnson Creek is depicted in Figure A-29. Current scores reflect existing water 

quality conditions, and range from "Low" to "Very High. Figure A-3D shows the 

breakout by creek reach of the overall water quality problem score for Johnson Creek. 

Watershed Solutions 

Johnson Creek has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. 
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Johnson Creek has already experienced significant channel enlargement in the past, and 

estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered effective solutions 

because most of the preventable creek enlargement has already occurred. Efforts in 

Johnson Creek should focus on channel restoration including sideslope stabilization, 

property buyouts, and riparian restoration, together with retrofits of existing ponds for 

water quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. Flood 

solutions are likely to include property buyouts, bridge replacement or channel 

improvements. However, flood detention may be an alternative where sufficient open 

space is available. 

Little Walnut Creek 

General Characteristics 

The Little Walnut Creek Watershed is one of the City's larger urban watersheds. The 

watershed is found in the area just south and east of the intersection of Burnet Rd. and 

Braker Ln. It reaches as far east as Dessau Rd. and Ed Bluestein Blvd. (Highway 183) 

and as far south as 51 st St. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Little WaInut Creek Watershed. Modeling was performed for the main stem of Little 

Walnut Creek, the Quail Branch Tributary, and Tributaries 1,2, 3,4, 5, and 6. One area 

was classified with a "Very High" flood problem rating, located on the main stem from 

A-30 .... _. June 2001 
.-.ell city of austin 

Watarsh8d ProUCUIll 
~------------------



(, 

r 

( 
,. 

Appendix A 
Watershed Summaries 

Mearns Meadow to Quail Valley Blvd. Three areas along the main stem were classified 

with a "Moderate" flood problem rating, and one area in the Quail Creek Branch near 

Rigsby Park, and one area on Tributary 4 at the confluence with the main stem near 

Cameron Road, were also classified with a "Moderate" flood problem rating. The 

remaining creek reaches are rated as either "Low," or "Very Low" problem areas when 

compared to flooding problems in the rest of the Phase I watersheds. Overall Flood 

problem scores are depicted in Figure 8-16 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 700 drainage 

complaints were located in the Little Walnut Creek Watershed. The majority of the 

localized flooding complaints are located the far upstream and far downstream ends of 

the watershed. 

Erosion Problem Summary 

The Little Walnut Creek Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system including Little Walnut Creek, the Quail 

Branch Tributary, and the Little Walnut Creek Tributary 2. Erosion problem ratings were 

based on the number and type of structures threatened by creekbank erosion, the severity 

of the erosion threat, and by the estimated future stability of the creek. One Type 1 

(threatened house, building or road) erosion problem site, a threatened roadway, was 

identified in Reach 9 from Creek Parkway to Parkfield Drive. Numerous Type 2 (other 

resources threatened) and Type 3 (resources threatened by future erosion) erosion 

problems sites were identified scattered throughout the watershed. Of the 22 erosion 

reaches in Little Walnut Creek, the majority of reaches were classified with a "Low" or 

"Very Low" erosion problem rating. Reach 9 between Creek Pkwy and Parkfield Dr. was 

classified with a "Very High" erosion problem rating. Under future conditions the 

channel expansion is predicted to be "Low" (less than 40%) for all of the reaches in the 

watershed. Figure 8-16 in Section 8 shows the overall erosion problem score by creek 

reach for Little Walnut Creek. The overall problem score includes components for 

current erosion problems, depicted by Type 1 and 2 problems, as well as components for 
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future erosion problems, depicted by Type 3 problems, and Future Reach Stability. The 

Current Erosion Problem Score is depicted in Figure A-3l. 

Water Quality Problem Summary 

The water quality of Little Walnut Creek has been impacted by urbanization but the creek 

still retains a number of desirable characteristics. Water quality problem area 

determinations are based on Environmental Integrity Index (EID scores, future predicted 

changes in water quality and hydrology, and the watershed's contribution of pollutant 

loads to the Colorado River below Town Lake. The primary indicator of current water 

quality conditions is the Ell, which measures chemical, biological, physical, recreational, 

and aesthetic conditions. The Ell problem score is based on the gap between the Ell goal 

and the current Ell score, for the four sampling sites in the creek. Two of the sites (at US 

_ 290 and at Golden Meadow Rd) are currently rated as "Fair" with a goal of "Good". The 

remaining two sites (at US 183 and at Hermitage Rd) are currently rated as "Good" with 

a goal of "Very Good." Because development is still occurring in the watershed, some 

concerns exist about future water quality and hydrology conditions. The Water Quality 

Problem Scores shown Figure 8-16 in Section 8 for Little Walnut Creek reflect the 

current and future problem severity scores combined with the resource value for an 

overall water quality problem score. Compared against all other Phase 1 watersheds, the 

overall level of concern for Little Walnut Creek ranges from "Very Low" to "Low." The 

Current Water Quality Score for Little Walnut Creek is depicted in Figure A-32. Current 

scores reflect existing water quality conditions, and range from "Very Low" to "Low. 

Figure A-33 shows the breakout by creek reach of the overall water quality problem score 

for Little Walnut Creek. 

Watershed Solutions 

Little Walnut Creek has the characteristics of an urbanized watershed, with a high 

existing impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. Little 

Walnut Creek has already experienced significant channel enlargement in the past, and 
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estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered effective solutions 

because most of the preventable creek enlargement has already occurred. Efforts in Little 

Walnut Creek should focus on channel restoration including sideslope stabilization, 

property buyouts, and riparian restoration, together with retrofits of existing ponds for 

water quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. Several 

retrofit projects have been implemented are underway in the watershed, including the 

RutlandlRundberg detention/sedimentation pond, and the Betty Cook and Met 94 wet 

ponds. Flood solutions are likely to include property buyouts, bridge replacement or 

channel improvements. However, flood detention may be an alternative where sufficient 

open space is available. 

Shoal Creek 

General Characteristics 

The Shoal Creek Watershed is the largest of the city's urban watersheds. From its 

confluence with Town Lake near the Green Water Treatment Plant, the watershed 

stretches northward to encompass nearly 13 square miles of central Austin. The 

watershed is bordered roughly on the west by Loop 1 (MoPac) and on the east by 

Guadalupe St. and Lamar Blvd. North of Hancock Drive, the watershed extends west of 

MoPac and parallels the MoPac corridor to the watershed's northern boundary near 

Braker Lane and the 1.1. Pickle Research Center. The Northern Edwards Aquifer 

Recharge Zone extends throughout the portion of the watershed west of MoPac. 
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Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Shoal Creek Watershed. Modeling was performed for the main stem of Shoal Creek 

and the Foster and Hancock Branch tributaries. Flooding problems occur in the main 

stem of Shoal Creek and along the Foster and Hancock Branch Tributaries, but most 

severely along the main stem south of 15th St. Shoal Creek main stem between West 5th 

St. and West 15th St. is rated as a "Very High" problem area while Reach 1 of the 

Hancock Branch -- from Hillwin Cir. to Hancock Dr. -- is rated as "Moderate." The area 

along the main stem of Shoal Creek near Steck Lane is also classified as "Moderate". 

The remaining creek reaches are rated as either "Low" or "Very Low" problem areas 

when compared to flooding problems in the rest of the Phase I watersheds. Overall Flood 

problem scores are depicted in Figure 8-17 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 750 complaints were 

located in the Shoal Creek Watershed. The localized flooding complaints are located 

throughout the majority of the watershed. 

Erosion Problem Summary 

The Shoal Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system including Shoal Creek and the Hancock Branch 

Tributary~ Erosion problem ratings were based on the number and type of structures 

threatened by creekbank erosion, the severity of the erosion threat, and by the estimated 

future stability of the creek. Along Shoal Creek, one (1) Type 1 (threatened house, 

building or road) erosion problem site was identified in Reach 3 from West 4th St to 

Martin Luther King Blvd. Type 2 (other resources threatened) and Type 3 (resources 

threatened by future erosion) problem areas are scattered along Shoal Creek and Hancock 

Branch. Reach 5, Windsor Rd. to West 29th St., and Reach 7 West 34th St. to West 45th 

St. have more Type 2 and Type 3 sites than other reaches. Of the 18 erosion reaches in 
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Shoal Creek, the majority were identified as "Low" or "Very Low" erosion problem 

areas. Reach 3 was rated a "Very High" problem area at the time the erosion assessments 

were done. The Type 1 problem in this reach has been fixed since the onset of the Master 

Plan, which lowered the problem score to a "Moderate" due to the number of Type 2 and 

3 problems remaining in the reach. All reaches in the watershed are predicted to have a 

"Low" (0-40%) future channel expansion prediction except for the top portion of the 

watershed, from Foster Lane to U.S. Hwy 183, which has a Medium (40-100%) future 

channel expansion prediction. Figure 8-17 in Section 8 shows the overall erosion problem 

score by creek reach for Shoal Creek. The overall problem score includes components 

for current erosion problems, and include Type 1 and 2 problems, as well as components 

for future erosion problems, depicted by Type 3 problems, and Future Reach Stability. 

The Current Erosion Problem Score is depicted in Figure A-34. 

Water Quality Problem Summary 

The water quality of Shoal Creek has been impacted by urbanization but the creek still 

retains some desirable characteristics. Water quality problem area determinations are 

based on Environmental Integrity Index (BID scores, future predicted changes in water 

quality and hydrology, and the watershed's contribution of pollutant loads to Town Lake. 

The primary indicator of current water quality conditions is the Ell, which measures 

chemical, biological, physical, recreational, and aesthetic conditions. The Ell problem 

score is based on the gap between the Ell goal and the current Ell score, for the four 

sampling sites in the creek. Two of the sites -- above Crosscreek Dr. and Edge Ct. to 24th 

St. -- are currently rated as "Fair," and one site -- above 1st St. -- is currently rated as 

"Marginal." The goal for these three sites is "Good." The remaining site -- Crosscreek 

Dr. to Edge Ct. -- is currently rated as "Good" with a goal of "Very Good." Future 

problem concerns are not as significant as current ones as the watershed has been mostly 

built out. The Water Quality Problem Scores shown on Figure 8-17 in Section 8 for 

Shoal Creek reflect the current and future problem severity scores combined with the 

resource value for an overall water quality problem score. Compared against all other 

Phase 1 watersheds, the overall lev~ , of concern for Shoal Creek ranges from "Low" to 

"Moderate." The Current Water QU<..lty Score for Shoal Creek is depicted in Figure A-35 
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score for Shoal Creek. Figure A-36 shows the breakout by creek reach of the overall 

water quality problem score for Shoal Creek. 

Watershed Solutions 

Shoal Creek has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. Shoal 

Creek has already experienced significant channel enlargement in the past, and estimates 

of future enlargement are predictably low (less than 25%). Undeveloped land available 

for new regional scale erosion, flood or water quality ponds is severely limited. Large­

scale erosion detention ponds are generally not considered effective solutions because 

most of the preventable creek enlargement has already occurred. Efforts in Shoal Creek 

should focus on channel restoration including sideslope stabilization, property buyouts, 

and riparian restoration, together with retrofits of existing ponds for water quality and 

erosion benefits, public education, and low impact development (LID) techniques. The 

LID approach is a relatively new one, and focuses on smaller-scale projects that utilize 

open space and landscaped areas for detaining and/or infiltrating runoff. In addition to 

reducing pollutant loads, water quality solutions should be designed to augment baseflow 

and improve stream habitat quality and stability. Several retrofit projects have been 

implemented in the watershed, including the Thrushwood filtration pond, and the Far 

West, MoPac/Steck, and Upper Shoal wet ponds. Flood solutions are likely to include 

property buyouts, bridge replacement or channel improvements. However, flood 

detention may be an alternative where sufficient open space is available. 

Tannehill Branch 

General Characteristics 

The Tannehill Branch Watershed is a moderate sized urban watershed. Its confluence is 

with Boggy Creek, which subsequently drains into the Colorado River. The wa~rshed 

stretches from St. John's Ave. southward to Springdale Rd. to encompass 4 square miles 
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of east Austin. The western border of the Tannehill Branch watershed is basically 

Ai:rport Blvd. The intersection of Interstate 35 and Highway 290 is at the northern end of 

the Tannehill Branch Watershed. 

Flood Problem Summary 

Flood assessments were perfonned for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Tannehill Branch Watershed. Modeling was performed for the main stern of 

Tannehill Branch. Flooding problems occur in the lower main stern of Tannehill Branch, 

most severely between the confluence with Boggy Creek and Mark Street. Tannehill 

Branch between the confluence with Boggy Creek and Mark Street is rated as a "Very 

High" flooding problem area, while Tannehill Branch between Martin Luther King Blvd. 

and 12th St. is rated as a "Moderate" flooding problem area. The remaining creek reaches 

are rated as either "Low" or "Very Low" problem areas when compared to flooding 

problems in the rest of the Phase I watersheds. Overall Flood problem scores are 

depicted in Figure 8-18 in Section 8. 

The detennination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 250 complaints were 

located in the Tannehill Branch Watershed. The majority of the localized flooding 

complaints are in the vicinity of Givens Park and at the upstream end of the watershed. 

Erosion Problem Summary 

Watershed erosion assessments were perfonned for each of the Phase I watersheds. The 

Tannehill Branch Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system of the Tannehill Branch. Erosion problem ratings 

were based on the number and type of structures threatened by creekbank erosion, the 

severity of the erosion threat, and by the estimated future stability of the creek. Along 

Tannehill Branch, two (2) Type 1 tthreatened house, building or road) erosion problem 

sites were identified. Reach 5 fror:: Martin Luther King Blvd. to Old Manor Rd., has a 
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threatened bridge Type 1 erosion site. Reach 7 from Berkman St. to 1-35, has a threatened 

structure erosion problem site. Type 2 (other resources threatened) and Type 3 (resources 

threatened by future erosion) problem areas are scattered along Tannehill Branch with 

Reach 5 containing the largest number of problem sites. Of the thirteen erosion reaches 

in Tannehill Branch, all except two reaches were identified with "Very Low" erosion 

problem ratings. Reach 5, from MLK Blvd to 51 st Street was classified with "Very High" 

erosion problem rating. Reach 7, from just north of Berkman to 1-35, was classified with 

a "High" Erosion Problem Rating. The future channel enlargement results for the 

Tannehill Branch Watershed indicate that channel expansion is predicted to be "Very 

Low" or "Low" (less than 40%). Figure 8-18 in Section 8 shows the overall erosion 

problem score by creek reach for Tannehill Branch. The overall problem score includes 

components for current erosion problems, depicted by Type 1 and 2 problems, as well as 

components for future erosion problems, depicted by Type 3 problems, and Future Reach 

Stability. The Current Erosion Problem Score is shown in Figure A-37. 

Water Quality Problem Summary 

The water quality of Tannehill Branch has been significantly impacted by urban 

development. Water quality problem area determinations are based on Environmental 

Integrity Index (ElI) scores, future predicted changes in water quality and hydrology, and 

the watershed's contribution of pollutants to the Colorado River below Town Lake. The 

primary indicator of current water quality conditions is the Ell, which measures chemical, 

biological, physical, recreational, and aesthetic conditions. The Ell problem score is 

based on the gap between the Ell goal and the current Ell score, for the four sampling 

sites in the creek. Two of the sites - at Boggy Creek and at Bartholomew Park -- are 

currently rated as "Fair," and one - at Highland Mall - is currently rated as "Marginal". 

The ideal goal rating for these three sites is "Good". The remaining sites - at Lovell Dr. 

-- is currently rated as "Good" with a goal of "Very Good." Future problem concerns are 

not as significant as current ones as the watershed has been mostly built out. The Water 

Quality Problem Scores shown on Figure 8-18 in Section 8 for Tannehill Branch reflect 

the current and future problem severity scores combined with the resource value for an 

overall water quality problem score. Compared against all other Phase 1 watersheds, the 
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overall level of concern for Tannehill Branch ranges from "Very Low" to "Moderate." 

The Current Water Quality Score for Tannehill Branch is depicted in Figure A-38. 

Current scores reflect existing water quality conditions, and range from "Very Low" to 

"Moderate. Figure A-39 shows the breakout by creek reach of the overall water quality 

problem score for Tannehill Branch. 

Watershed Solutions 

Tannehill Branch has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. 

Tannehill Branch has already experienced significant channel enlargement in the past, 

and estimates of future enlargement are predictably low (less than 25%). Undeveloped 

land available for new regional scale erosion, flood or water quality ponds is severely 

limited. Large-scale erosion detention ponds are generally not considered effective 

solutions because most of the preventable creek enlargement has already occurred. 

Efforts in Tannehill Branch should focus on channel restoration including sideslope 

stabilization, property buyouts, and riparian restoration, together with retrofits of existing 

ponds for water quality and erosion benefits, public education, and low impact 

development (LID) techniques. The LID approach is a relatively new one, and focuses 

on smaller-scale projects that utilize open space and landscaped areas for detaining and/or 

infiltrating runoff. In addition to reducing pollutant loads, water quality solutions should 

be designed to augment base flow and improve stream habitat quality and stability. Flood 

solutions are likely to include property buyouts, bridge replacement or channel 

improvements. However, flood detention may be an alternative where sufficient open 

space is available. 
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Waller Creek 

General Characteristics 

The Waller Creek Watershed is the most developed of the City's urban watersheds. 

From its confluence with Town Lake just west of Interstate 35, the watershed stretches 

northward to encompass nearly 5.8 square miles of central Austin. The watershed is 

bordered on the west by Lamar Blvd. and on the east by Interstate 35. From the river, the 

watershed stretches north to the intersection of Highway 183 and Lamar Blvd. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Waller Creek Watershed. Modeling was performed for the main stem of Waller 

Creek and the Hemphill Branch tributary. Flooding problems occur in the main stem of 

Waller Creek and along the Hemphill Branch Tributary. One area along the main stem of 

Waller Creek between E. 8th St. and E. 15th St. is rated as a "High" flooding problem 

area. Three areas are "Moderate", from E. 3rd St. to E. 8th St., from Park Blvd. to 46th 

Street, and from 51 st Street to Skyview near Guadalupe. The remaining creek reaches are 

rated as either "Low" or "Very Low" problem areas when compared to flooding 

problems in the rest of the Phase I watersheds. Overall Flood problem scores are 

depicted on Figure 8-19 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 320 complaints were 

located in the Waller Creek Watershed. Localized flooding complaints are located 

throughout the entire watershed. 

Erosion Problem Summary 

The Waller Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system. Erosion problem ratings were based on the number 
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and type of structures threatened by creekbank erosion, the severity of the erosion threat, 

and by the estimated future stability of the creek. Watershed erosion assessments were 

performed for each of the Phase I watersheds. No Type 1 (threatened house, building 

road) erosion problems were located on Waller Creek. Type 2 (other resources 

threatened) and Type 3 (resources threatened by future erosion) erosion problems were 

scattered throughout the watershed. Of the 12 erosion reaches in Waller Creek, all of the 

reaches were identified as "Low" or "Very Low" erosion problems. Based on Future 

conditions, all the reaches in the watershed are predicted to have a "Low" (0-40%) future 

channel enlargement. Figure 8-19 in Section 8 shows the overall erosion problem score 

by creek reach for Waller Creek. The overall problem score includes components for 

current erosion problems, depicted by Type 1 and 2 problems, as well as components for 

future erosion problems, depicted by Type 3 problems, and Future Reach Stability. The 

Current Erosion Problem Score is depicted in Figure A-40. 

Water Quality Problem Summary 

The water quality of Waller Creek has been impacted by urbanization but the creek still 

retains some desirable characteristics. Water quality problem area determinations are 

based on Environmental Integrity Index (Ell) scores, future predicted changes in water 

quality and hydrology, and the watershed's contribution of pollutant loads to Town Lake. 

The primary indicator of current water quality conditions is the Ell, which measures 

chemical, biological, physical, recreational, and aesthetic conditions. The Ell problem 

score is based on the gap between the Ell goal and the current Ell score, for the four 

sampling sites in the creek. Two of the sites -- at 23rd St. and at Shipe Park -- are 

currently rated as "Fair" and one -- at Cesar Chavez -- is currently rated as "Marginal." 

The goal for these three sites is "Good". The remaining site - at 51st St. -- is currently 

rated "Good" with a goal of "Very Good." Future problem concerns are not as 

significant as current ones because the watershed has been mostly built out. The Water 

Quality Problem Scores shown on Figure 8-19 in Section 8 for Waller Creek reflect the 

current and future problem severity scores combined with the resource value for an 

overall water quality problem score. Compared against all other Phase 1 watersheds, the 

overall level of concern for Waller Creek ranges from "Very Low" to "Moderate." The 
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Current Water Quality Score for Waller Creek is depicted in Figure A-4l. Current scores 

reflect existing water quality conditions, and range from "Very Low" to "Moderate. 

Figure A-42 shows the breakout by creek reach of the overall water quality problem score 

for Waller Creek. 

Watershed Solutions 

Waller Creek has the characteristics of an urbanized watershed, with a high existing 

impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower impervious cover. Infill and 

redevelopment are the most likely sources of future increases in impervious cover. 

Waller Creek has already experienced significant channel enlargement in the past, and 

estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered effective solutions 

because most of the preventable creek enlargement has already occurred. Efforts in 

Waller Creek should focus on channel restoration including sideslope stabilization, 

property buyouts, and riparian restoration, together with retrofits of existing ponds for 

water quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. One 

retrofit completed in the watershed is the Central Park wet pond. Flood solutions are 

likely to include property buyouts, bridge replacement or channel improvements. 

However, flood detention may be an alternative where sufficient open space is available. 

Walnut Creek 

General Characteristics 

The Walnut Creek Watershed is the largest of the City's suburban watersheds. From its 

confluence with Town Lake at the Colorado River Greenbelt, the watershed stretches 
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northward to encompass nearly 56.5 square miles of central Austin. The watershed is 

bordered roughly on the west by Highway 183. The expansive watershed stretches north 

from the Colorado River all the way to the Travis and Williamson County borders, just 

east of Interstate 35. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Walnut Creek Watershed. Modeling was performed for the main stem of Walnut 

Creek, Tributaries 1 through 11, Tar Branch, Ferguson Branch and Wells Branch 

tributaries. As shown on the maps provided, there are two flood control reaches rated as 

"Very High" flood control problem areas. Both are located on the main stem of Walnut 

Creek, one is the Austin Area Mobile Home Park just north of MLK Blvd along Johnny 

Morris Road, and the second is the Crystal Brook Neighborhood located just north of 

Loyola Lane. Four flood reaches on the main stem of Walnut Creek rated as "High", 

three of these were located in an area immediately north and south of Loyola Lane near 

the Crystal Brook Neighborhood, and one located just north of Dessau Lane along 

February Drive. The remaining creek reaches are rated as either "Moderate," "Low," or 

"Very Low" problem areas when compared to flooding problems in the rest of the Phase 

I watersheds. Overall Flood problem ratings are depicted on Figure 8-20 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 520 complaints were 

located in the Walnut Creek Watershed. The majority of the localized flooding 

complaints are located in a small area at the upper northwest end of the watershed. 

Erosion Problem Summary 

The Walnut Creek Watershed Erosion Assessment (RCA 1997) presents detailed erosion 

data for the primary drainage system. Watershed erosion assessments were performed for 

each of the Phase I watersheds. Erosion problem ratings were based on the number and 
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type of structures threatened by creekbank erosion, the severity of the erosion threat, and 

by the estimated future stability of the creek. In the WaInut Creek watershed, two (2) 

Type 1 (threatened house, building or road) erosion problem sites were identified. The 

first, a threatened minor road, is found in Reach 4 of the main stem between Purple Sage 

Dr. and Springdale Rd. Another Type 1 site is located in Reach 2 of Wells Branch 

between Willow Wide Dr. and Parmer Ln. Type 2 (other resources threatened) and Type 

3 (resources threatened by future erosion) problem areas are scattered along Walnut 

Creek and its tributaries throughout the watershed. Of the 46 erosion reaches in Walnut 

Creek watershed, two were given "Low" erosion problem ratings, two were rated "Very 

Low", 7 "Low", 17 "Moderate", 6 "High" and 14 "Very High". The top three ranked 

erosion problem reaches in the entire Phase I watersheds were located on Walnut Creek. 

One is located on the main stem of Walnut Creek from the Northeast District Park north 

to Hwy. 290 East. The other two reaches are located is along tributary 5, also known as 

Buttercup Branch, from Hwy. 290 north to the upper reaches of the tributary along 

Criswell Drive. Future channel enlargement predictions for the watershed have most of 

the reaches as "Very High" (160+%), with a few of the reaches within the main stem and 

tributaries predicted as "High" (100-160%) or "Medium (40-100%). Figure 8-20 in 

Section 8 shows the overall erosion problem score by creek reach for Walnut Creek. The 

overall problem score includes components for current erosion problems, depicted by 

Type 1 and 2 problems, as well as components for future erosion problems, depicted by 

Type 3 problems, and Future Reach Stability. The Current Erosion Problem Score is 

depicted in Figure A-43. 

Water Quality Problem Summary 

While some impacts to the water quality of Walnut Creek have occurred, this scenic and 

ecologically valuable creek retains many desirable characteristics, including base flow, 

riparian vegetation, aesthetics, and recreational qualities. Water quality problem area 

determinations are based on Environmental Integrity Index (ElI) scores, future predicted 

changes in water quality and hydrology, and the watershed's contribution of pollutant 

loads to the Colorado River below Town Lake. The primary indicator of current water 

quality conditions is the Ell, which measures chemical, biological, physical, recreational, 
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and aesthetic conditions. The Ell problem score is based on the gap between the Ell goal 

and the current Ell score, for the five sampling sites in the creek. The sites are located 

near Loyola Lane, Lamar Boulevard, IH 35, Springdale Road, and at the railroad bridge 

near the confluence with the Colorado River. All sites achieved "Good" scores, and have 

goals of "Very Good." Future problem concerns are very significant because the 

watershed is undergoing a rapid rate of development. The Water Quality Problem Scores 

shown on Figure 8-20 in Section 8 for Walnut Creek reflect the current and future 

problem severity scores combined with the resource value for an overall water quality 

problem score. Compared against all other Phase 1 watersheds, the overall level of 

concern for Walnut Creek ranges from "Low" to "High." The Current Water Quality 

Score for Walnut Creek is depicted in Figure A-44. Current scores reflect existing water 

quality conditions, and range from "Very Low" to "Moderate. Figure A-45 shows the 

breakout by creek reach ofthe overall water quality problem score for Walnut Creek. 

Watershed Solutions 

Walnut Creek has characteristics of a developing watershed with a moderate level of 

impervious cover, and a relatively high potential for future impervious cover increase 

(greater than 5%). Walnut Creek is experiencing accelerated creek erosion, and shows 

signs of channel instability with a predicted increase in channet size greater than 25%. 

Flood solutions may include property buyouts, detention, bridge, or culvert replacement, 

and channel improvements. Construction of regional erosion detention facilities to 

provide erosion control is identified as an alternative, since the potential for future stream 

degradation due to channel instability is high. Sideslope stabilization measures are 

recommended to protect existing property threatened by creek erosion, but these 

measures will not be effective over the long-term if watershed-scale measures such as 

erosion detention ponds and stream corridor restoration are not implemented. 

Water quality solutions being considered include regional ponds, retrofit of existing 

ponds, public education, and low impact development (LID) techniques. These solutions 

should be designed to improve both water quality and watershed hydrology in order to 

benefit all three WPD missions. The LID approach is a relatively new one, and focuses 
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on smaller-scale projects that utilize open space and landscaped areas for detaining and/or 

infiltrating runoff. 

West Bouldin Creek 

General Characteristics 

The West Bouldin Creek Watershed is one of the City's most populated urban 

watersheds. From its confluence with Town Lake Auditorium Shores, the watershed 

stretches southward to encompass nearly 2.9 square miles of central Austin. The 

watershed is bordered roughly on the west by Lamar Boulevard, which eventually cuts 

into the middle of the watershed, and on the east by South 15t St. North of Hwy 71 (Ben 

White Blvd.), the watershed extends north beyond Barton Springs Rd to its confluence at 

Auditorium Shores. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the West Bouldin Creek Watershed. Modeling was performed for the main stem of West 

Bouldin Creek and the North Fork Tributary. The worst flooding problems in the 

watershed is in area from West Live Oak to Cumberland Rd. (West Bouldin Mobile 

Home Park) which is rated as a "Very High" problem area. The lower portion of West 

Bouldin Creek from Town Lake to Post Oak St. is rated as a " High" problem area. The 

area from Birdwood Circle to S. Center St. reach is rated as "Moderate." The remaining 

reaches are rated as either "Low" or "Very Low" problem areas when compared to 

flooding problems in the rest of the Phase I watersheds. Overall Flood Problem Scores 

are depicted in Figure 8-21 in Section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 250 complaints were 
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located in the West Bouldin Creek Watershed. The majority of the localized flooding 

complaints are located at the upstream end of the watershed. 

Erosion Problem Summary 

The West Bouldin Creek Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system Watershed erosion assessments were 

performed for each of the Phase I watersheds. Erosion problem ratings were based on the 

number and type of structures threatened by creekbank erosion, the severity of the 

erosion threat, and by the estimated future stability of the creek. Along West Bouldin 

Creek, two (2) Type 1 (threatened house, building or road) erosion problem sites were 

identified, one a threatened major road and one a threatened structure. Both Type 1 

erosion problems are found in Reach 2 between Jewell St. and West Mary St. Type 2 

(other resources threatened). Type 3 (resources threatened by future erosion) problem 

areas are scattered along West Bouldin Creek, mainly in Reach 1 from Town Lake to 

Jewell St., and Reaches 2, and 4 from the Union Pacific RR to Taffy Court, with Reach 4 

having only Type 3 erosion problems. Of the six erosion reaches in West Bouldin Creek, 

all were identified as having "Very Low" erosion problem ratings, except Reach 2, 

between Jewell St. and West Mary St., which was rated a "Very High" problem area. 

The future channel expansion for all reaches within the watershed are predicted to be 

"Low" (0-40%). Figure 8-21 in Section 8 shows the overall erosion problem score by 

creek reach for West Bouldin Creek. The overall problem score includes components for 

current erosion problems, depicted by Type I and 2 problems, as well as components for 

future erosion problems, depicted by Type 3 problems, and Future Reach Stability. The 

Current Erosion Problem Score is depicted in Figure A-46. 

Water Quality Problem Summary 

The water quality of West Bouldin Creek has been significantly impacted by urban 

development. Water quality problem area determinations are based on Environmental 

Integrity Index (Ell) scores, future predicted changes in water quality and hydrology, and 

the watershed's contribution of pollutants to Town Lake. The primary indicator of 

current water quality conditions is the Ell, which measures chemical, biological, 
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physical, recreational, and aesthetic conditions. The Ell problem score is based on the 

gap between the Ell goal and the current Ell score, for the four sampling sites in the 

creek. Two of the sites -- at Riverside Dr. and at South Austin Park -- are currently rated 

as "Marginal," one - at Jewell St. -- is currently rated as "Poor," and one -- at Guerrero 

Park -- is rated as "Fair." The goal for all four of these sites is "Good." Future problem 

concerns are not as significant as current ones because the watershed has been mostly 

built out. The Water Quality Problem Scores shown on Figure 8-21 in Section 8 for West 

Bouldin Creek reflect the current and future problem severity scores combined with the 

resource value for an overall water quality problem score. Compared against all other 

Phase I watersheds, the ovez:all level of concern for West Bouldin Creek ranges from 

"Very Low" to "High." The Current Water Quality Score for West Bouldin Creek is 

depicted in Figure A-47. Current scores reflect existing water quality conditions, and 

range from "Very Low" to "High. Figure A-48 shows the breakout by creek reach ofthe 

overall water quality problem score for West Bouldin Creek. 

Watershed Solutions 

West Bouldin Creek, has the characteristics of an urbanized watershed, with a high 

existing impervious cover level, and thus a lower potential for future development when 

compared to developing or rural watersheds with lower existing impervious cover. West 

Bouldin Creek has already experienced significant channel enlargement in the past, and 

estimates of future enlargement are predictably low (less than 25%). Undeveloped land 

available for new regional scale erosion, flood or water quality ponds is severely limited. 

Large-scale erosion detention ponds are generally not considered effective solutions 

because most of the preventable creek enlargement has already occurred. Efforts in West 

Bouldin Creek should focus on channel restoration including sideslope stabilization, 

property buyouts, and riparian restoration, together with retrofits of existing ponds for 

water quality and erosion benefits, public education, and low impact development (LID) 

techniques. The LID approach is a relatively new one, and focuses on smaller-scale 

projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. In addition to reducing pollutant loads, water quality solutions should be 

designed to augment baseflow and improve stream habitat quality and stability. Flood 
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solutions are likely to include property buyouts, bridge replacement or channel 

improvements. However, flood detention may be an alternative where sufficient open 

space is available. 

Williamson Creek 

General Characteristics 

The Williamson Creek Watershed is the City's second largest suburban watershed, with 

Walnut Creek being the largest. Believed to have once been part of the Barton Creek 

watershed, the Williamson Creek watershed stretches across South Austin to encompass 

nearly 30.1 square miles. The watershed's southern border is found just north of 

Slaughter Lane, and the northern border is Southwest Parkway and Ben White Boulevard. 

The western border nearly reaches the intersection of Southwest Parkway and Highway 

71 while the eastern border nearly reaches the intersection of Burleson Road and 

McKinney Falls Parkway. The upper reaches of the Williamson Creek recharge the 

Edwards Aquifer and Barton Springs. 

Flood Problem Summary 

Flood assessments were performed for the Phase I watersheds. As documented in the 

Flood Control Needs Assessment Models Study (Loomis & Moore 1997), Loomis & 

Moore conducted hydrologic and hydraulic modeling for the primary drainage system of 

the Williamson Creek Watershed. Modeling was performed for the main stem as well as 

the Cherry Creek, Sunset Valley, Motorola, Pleasant Hill, Scenic Brook, Kincheon 

Branch, and Wheeler Branch tributaries of Williamson Creek. Two areas received a 

"Very High" flood problem score. One is located on the main stem of Williamson Creek 

in the Creek Bend area from Pleasant Valley Road west to near Tee Wood Drive. The 

second area is also located on the main stem of Williamson Creek, just south of Jones 

Road from near the confluence with Cherry Creek Branch to the end of Reese Drive near 

Sunset Valley. Two areas received a "High" Flood problem score, one is a large area that 

includes a portion of the main stem of Williamson Creek running between Broken Bow 

and Arapaho south to Jones Road to the confluence with the Sunset Valley Tributary, and 
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continuing on the Sunset Valley Tributary to Pillow Road in Sunset Valley. The second 

area is further west along the main stem, from near the confluence with the Motorola 

Tributary continuing along the main stem along McCarty Lane to just south of the 

intersection with 290 West. There are numerous areas that received a "Moderate" rating 

along both the Main stem and the Kincheon Branch of Williamson Creek. The highest 

concentration of creek flooding problems in the watershed occurs from Sunset Valley 

east to Congress Road. Overall Flood problem scores are depicted in Figure 8-22 in 

section 8. 

The determination of problem areas in the secondary drainage system is currently based 

on the analysis of customer drainage complaints. Approximately 1,200 complaints were 

located in the Williamson Creek Watershed. The majority of the localized flooding 

complaints are located between Ben White and Manchaca. 

Erosion Problem Summary 

The Williamson Creek Watershed Erosion Assessment (RCA 1997) presents detailed 

erosion data for the primary drainage system. Watershed erosion assessments were 

performed for each of the Phase I watersheds. Erosion problem ratings were based on the 

number and type of structures threatened by creekbank erosion, the seyerity of the 

erosion threat, and by the estimated future stability of the creek. Along Williamson 

Creek and its tributaries, there were no Type 1 (threatened house, buildm,g or road) 

erosion problem sites identified. Type 2 (other resources threatened) and Type 3 

(resources threatened by erosion) erosion problem areas are scattered along Williamson 

Creek and its tributaries. The main stem of Williamson from just upstream of the 

confluence with St. Elmo tributary to Nuckols Crossing Rd. has the most Type 2 erosion 

problem sites, while the main stem area collectively from Nuckols Crossing Rd. to the 

intersection of Battle Bend Blvd. and Suburban Dr. has the most Type 3 erosion 

problems. Of the 22 erosion reaches in Williamson Creek watershed, seven were 

identified as having "Very Low" erosion problem ratings, and 12 had "Low" erosion 

problem ratings. Two reaches had "High" erosion problem ratings, both were located on 

the main stem of Williamson Creek, one near the confluence with Sunset Valley branch 
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tributary, north of Jones Road to the end of Lone Oak Trail. The other reach rating 

"High" is located near the confluence with Onion Creek to Pleasant Valley Road. One 

reach rated "Very High", the St Elmo tributary, located from the confluence with the 

main stem south of Stassney to the upper reaches of the tributary along Governor's Row 

near the southeast intersection of 1-35 and Hwy. The St. Elmo tributary is predicted to 

have "Very High" future channel enlargement. The Sunset Valley Branch is predicted to 

have a "Moderate" future channel enlargement. The remainder of the watershed is 

anticipated to have "Very Low" or "Low" future channel enlargement. Figure 8-22 in 

Section 8 shows the overall erosion problem score by creek reach for Williamson Creek. 

The overall problem score includes components for current erosion problems, depicted by 

Type I and 2 problems, as well as components for future erosion problems, depicted by 

Type 3 problems, and Future Reach Stability. The Current Erosion Problem Score is 

depicted in Figure A-49. 

Water Quality Problem Summary 

The water quality of Williamson Creek has been impacted by urban development. Water 

quality problem area determinations are based on Environmental Integrity Index (ElI) 

scores, future predicted changes in water quality and" hydrology, and the watershed's 

contribution of flow and pollutants to the Edwards Aquifer, Barton Springs and Pool, and 

McKinney Falls. The primary indicator of current water quality conditions is the Ell, 

which measures chemical, biological, physical, recreational, and aesthetic conditions. 

The Ell problem score is based on the gap between the Ell goal and the current Ell score, 

for the six sampling sites in the creek. Two of the sites - at McKinney Falls and at 

Pleasant Valley -- are currently rated as "Good" with a goal of "Very Good." One site -­

at 1-35 - is currently rated as "Marginal," and the last three -- at Joe Tanner, at Hwy 71, 

and at Mowinkle -- are currently rated as "Fair." The goal for these sites is "Good." 

Because future development is still underway in much of the watershed, future impacts to 

water quality and hydrology may be significant. The Water Quality Problem Scores 

shown Figure 8-22 in Section 8 for Williamson Creek reflect the current and future 

problem severity scores combined with the resource value for an overall water quality 

problem score. Compared against all other Phase 1 watersheds, the overall level of 
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concern for Williamson Creek ranges from "Low" to "High." The Current Water Quality 

Score for Williamson Creek is depicted in Figure A-50. Current scores reflect existing 

water quality conditions, and range from" Low" to "High. Figure A-51 shows the 

breakout by creek reach of the overall water quality problem score for Williamson Creek. 

Watershed Solutions 

Williamson Creek has characteristics of a developing watershed with a moderate level of 

impervious cover, and a relatively high potential for future impervious cover increase 

(greater than 5%). Williamson Creek is experiencing accelerated creek erosion, and 

shows signs of channel instability with a predicted increase in channel size greater than 

25%. Flood solutions may include property buyouts, detention, bridge, or culvert 

replacement, and channel improvements. Construction of regional erosion detention 

facilities to provide erosion control is identified as a possible solution, since the potential 

for future stream degradation due to channel instability is high. Sideslope stabilization 

measures are recommended to protect existing property threatened by creek erosion, but 

these measures will not be effective over the long-term if watershed-scale measures such 

as erosion detention ponds and stream corridor restoration are not implemented. Water 

quality solutions being considered include regional ponds, retrofit of existing ponds, 

public education, and low impact development (LID) techniques. These solutions should 

be designed to improve both water quality and watershed hydrology in order to benefit all 

three WPD missions. The LID approach is a relatively new one, and focuses on smaller­

scale projects that utilize open space and landscaped areas for detaining and/or infiltrating 

runoff. 
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CCK Cherry Creek Trib 
KIN Kincheon Branch 
MOT Motorola Trib 
PLH Pleasant Hill Trib 
SBK Scenic Brook Trib 
SNV Sunset Valley Trib 
STE St Elmo Trib 
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WHL Wheeler Branch of Kincheon 
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Table B-1 
Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag 
Fe Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized 
Fe Reach 10 

Score 
Score Score Score Score 

BAR 000 000 0 999999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 EST BARoooOOOOOOOOO 0.00 
BLU 000 000 0 1875 5.00 5.00 5.00 5.00 0.04 0.22 0.02 0.14 CALC BLUOOOOOOOOOOOO 0.08 
BLU 000 000 1876 3900 1520.00 124.00 1520.00 124.00 11.23 5.43 6.01 3.46 CALC BLUOOOOOOOO1875 4.70 
BLU 000 000 3900 6325 83.00 11.00 46.00 6.00 0.47 0.48 0.18 0.17 CALC BLUOOOOOOOO3900 0.17 
BLU 000 000 8325 7715 888.00 89.00 888.00 89.00 8.41 3.02 3.43 1.93 CALC BLUOOoooOO08325 2.68 
BLU 000 000 7715 10280 0.00 3.00 0.00 3.00 0.00 0.13 0.00 0.08 CALC' BLUOOOOOOOO7715 0.04 
BLU 000 000 10280 12800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BLUOOooo0010280 0.00 
BMK 000 000 0 2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BMKOOOOOOOOOOOO 0.00 
BMK 000 000 2050 4020 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BMKOOOOOO002050 0.00 
BMK 000 000 4020 5990 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BMKOOOOOOOO402O 0.00 
BMK 000 000 5990 7971 8.00 8.00 13.00 11.00 0.04 0.35 0.05 0.31 CALC BMKOOOOO0005990 0.17 
BMK 000 000 7971 10024 10.00 1.00 33.00 4.00 0.07 0.04 0.13 0.11 CALC BMKOOooo0007971 0.12 
BOG 000 000 0 2080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOOOOOOOOOOO 0.00 
BOG 000 000 2080 4585 2225.00 287.00 2225.00 287.00 18.43 12.57 8.79 8.01 CALC BOGOOoooOO02080 8.39 
BOG 000 000 4585 8500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOOooo004585 0.00 
BOG 000 000 8500 8388 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGoooOOOO06500 0.00 
BOG 000 000 8388 10775 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOO000008388 0.00 
BOG 000 000 10775 12280 5.00 0.00 5.00 0.00 0.04 0.00 0.02 0.00 CALC BOGOOOOOOO10775 0.01 
BOG 000 000 12280 14003 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOOOOO012280 0.00 
BOG 000 000 14003 18810 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGoooOOOO14003 0.00 
BOG 000 000 16610 17935 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOooo0016610 0.00 
BOG 000 000 17935 20050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOoooOO17935 0.00 
BOG 000 000 20050 21380 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BOGOOOOO0020050 0.00 
BOG 000 000 21380 24350 428.00 97.00 428.00 97.00 3.15 4.25 1.68 2.71 CALC BOGOOOOO0021380 2.20 
BOG 000 000 24350 27080 781.00 520.00 781 .00 520.00 5.77 22.78 3.09 14.52 CALC BOGOOOOOOO24350 8.81 
BOG 000 000 27080 28380 729.00 182.00 729.00 182.00 5.38 7.97 2.88 5.08 CALC BOGOOOO00027080 3.98 
BOG 000 000 28380 29987 1091.00 271 .00 1091.00 271.00 8.06 11 .87 4.31 7.57 CALC BOGOOOOOO028360 5.94 
BOG 000 000 29987 32000 3142.00 657.00 3142.00 657.00 23.21 28.78 12.41 18.34 CALC BOGOooo00029967 15.38 
BOG 000 000 32000 34500 313.00 80.00 313.00 80.00 2.31 3.50 1.24 2.23 CALC BOGOOOOO0032000 1.74 
BOG 000 000 34500 35770 37.00 6.00 37.00 8.00 0.27 0.26 0.15 0.17 CALC BOGOOOOO0034500 0.16 

BUL 000 000 0 1755 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULoooOOOOOOOOO 0.00 

BlA. 000 000 1755 4060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOOO1755 0.00 

BlA. 000 000 4080 8100 0.00 0.00 7.00 2.00 0.00 0.00 0.03 0.08 CALC BULOOOOOOO04080 0.05 

BUL 000 000 8100 8200 4252.00 547.00 7414.00 882.00 31 .40 23.96 29.29 24.82 CALC BULOooo00006100 26.96 

BUL 000 000 8200 10350 42.00 2.00 257.00 16.00 0.31 0.09 1.02 0.45 CALC BULOOOOOOO082OO 0.74 

BUL 000 000 10350 12125 178.00 14.00 419.00 30.00 1.31 0.81 1.66 0.84 CALC BULOOOOO0010350 1.25 

BUL 000 000 12125 14075 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOoooooo12125 0.00 

BlA. 000 000 14075 18300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO14075 0.00 

BUL 000 000 18300 18055 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO16300 0.00 

BUL 000 000 18055 19900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO18055 0.00 

BUL 000 000 19900 22175 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO19900 0.00 

BUL 000 000 22175 24270 0.00 0.00 3.00 2.00 0.00 0.00 0.01 0.06 CALC BULOOOOOOO22175 0.04 

BUL 000 000 24270 28350 1188.00 197.00 1810.00 287.00 8.77 8.83 7.15 7.45 CALC BULOOOO00024270 7.30 

BlA. 000 000 26350 28500 438.00 53.00 998.00 112.00 3.23 2.32 3.94 3.13 CALC BULOOOOO0026350 3.54 

BUL 000 000 28500 30300 1721.00 204.00 2345.00 261 .00 12.71 8.94 9.27 7.29 CALC BULOoooOO028500 8.28 

BUL 000 000 30300 32050 2387.00 345.00 4296.00 606.00 17.63 15.11 18.97 16.92 CALC BULOooo00030300 16.95 

BlA. 000 000 32050 34250 38.00 3.00 214.00 16.00 0.2B 0.13 0.B5 0.45 CALC BULOOOOO0032050 0.85 

BUL 000 000 34250 35900 1395.00 224.00 2004.00 291 .00 10.30 9.81 7.92 B.12 CALC BULOOOOOOO34250 B.02 

BUL 000 000 35900 38040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOO0035900 0.00 

• city of austin 
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Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag Fe Reach 10 
Fe Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized Score 
Score Score Score Score 

BUL 000 000 38040 40100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO38040 0.00 
BUL 000 000 40100 42200 1801 .00 196.00 2808.00 287.00 13.30 8.59 10.30 7.45 CALC BULOOOOOOO40100 8.88 
BUL 000 000 42200 44575 387.00 34.00 581.00 47.00 2.86 1.49 2.30 1.31 CALC BULOoooOO042200 1.81 
BUL 000 000 44575 46160 13.00 1.00 155.00 11 .00 0.10 0.04 0.61 0.31 CALC BULOOOOOOO44575 0.46 
BUL 000 000 46160 47660 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOO046160 0.00 
BUL 000 000 47880 49950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO47680 0.00 
BUL 000 000 49950 51790 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOO00049950 0.00 
BUL 000 000 51790 54240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOO00051790 0.00 
BUL 000 000 54240 58345 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOooo00054240 0.00 
BUL 000 000 58345 58345 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOooo00056345 0.00 
BUL 000 000 58345 59735 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULOOOOOOO58345 0.00 
BUL T02 000 0 2090 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T020000oooo0 0.00 
BUL T02 000 2090 4040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T02OOooo2090 0.00 
BUL T02 000 4040 5840 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T02OO0004040 0.00 
BUL T02 000 5840 7840 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T02000005840 0.00 
BUL T02 000 7840 10150 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T02000007840 0.00 
BUL T02 000 10150 12250 3.00 1.00 3.00 1.00 0.02 0.04 0.01 0.03 CALC BULT02OO0010150 0.02 
BUL T02 000 12250 14250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T02000012250 0.00 
BUL T02 000 14250 16285 16.00 4.00 16.00 4.00 0.12 0.16 0.06 0.11 CALC BUL T020ooo14250 0.09 
BUL T02 000 16285 18560 176.00 28.00 176.00 26.00 1.30 1.14 0.70 0.73 CALC BUL T02000016285 0.72 
BUL T03 000 0 2070 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T03000000000 0.00 
BUL T03 000 2070 4170 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T03OO0002070 0.00 

BUL T03 000 4170 6290 434.00 47.00 246.00 30.00 3.21 2.06 0.98 0.64 CALC BULT0300ooo4170 0.91 

BUL T03 000 6290 8350 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T03OOO006290 0.00 

BUL T03 000 8350 10070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T03000008350 0.00 

BUL T03 000 10070 11660 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULT03000010070 0.00 

BUL T04 000 0 2010 354.00 34.00 398.00 37.00 2.61 1.49 1.57 1.03 CALC BUL T04000000000 1.30 

BUL T04 000 2010 4040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULT04000002010 0.00 

BUL T04 000 4040 5930 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T04000004040 0.00 

BUL T04 000 5930 7380 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T04000005930 0.00 

BUL T05 000 0 2130 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T0500ooo0ooo 0.00 

BUL T05 000 2130 4430 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULT0500ooo2130 0.00 

BUL T05 000 4430 6490 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T0500ooo4430 0.00 

BUL T05 000 6490 8310 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T05000006490 0.00 

BUL T05 000 8310 9940 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULT05000008310 0.00 

BUL T05 T06 0 2080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T05T06OOOOOO 0.00 

BUL T05 T06 2060 4140 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T05T06002060 0.00 

BUL T05 TOO 4140 5750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BULT05T06004140 0.00 

BUL T07 000 0 1645 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T07000000000 0.00 

BUL T07 000 1845 4015 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T07oooo01645 0.00 

BUL T07 000 4015 5590 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T07000004015 0.00 

BUL T07 000 5590 7610 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC BUL T070ooo05590 0.00 

BUL TOO 000 0 999999 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 EST BUL T08000000000 0.00 

CNT 000 000 0 2150 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOOOOOOOOOOOO 0.00 

CNT 000 000 2150 4100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOOOOOOO02150 0.00 

CNT 000 000 4100 6200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOOOOooo04100 0.00 

CNT 000 000 6200 8075 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOOOOooo062OO 0.00 

CNT 000 000 8075 10073 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOOOOOOO08075 0.00 

CNT 000 000 10073 11975 2.00 0.00 6.00 1.00 0.Q1 0.00 0.02 0.03 CALC CNTOOOOOOO10073 0.03 

• city of aUBtln 
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Table B-1 
Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF FC Final 

Trlb Trlb ID End Safety Protection Safety Protection Normalized Normalized Normalized Normalized 
Flag FC Reach ID 

Score 
Score Score Score Score 

CNT 000 000 11975 14010 6.00 1.00 25.00 7.00 0.04 0.04 0.10 0.20 CALC CNTOOooo0011975 0.15 
CNT 000 000 14010 16050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOOOOOOO14010 0.00 
CNT 000 000 16050 16660 6.00 1.00 9.00 2.00 0.04 0.04 0.04 0.06 CALC CNTOOOOOOO16050 0.05 
CNT OLD 000 0 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOLDOOOOOOOOO 0.00 
CNT OLD 000 2000 4100 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTOlDOOOOO2000 0.00 
CNT OLD 000 4100 8290 0.00 0.00 0.00 0 .00 0 .00 0 .00 0.00 0.00 CALC CNTOLD000004100 0.00 
CNT OLD 000 6290 9220 14.00 10.00 35.00 18.00 0 .10 0.44 0.14 0.50 CALC CNTOlDOOOOO6290 0.33 
CNT OLD T01 0 2090 0.00 0.00 1.00 0 .00 0.00 0.00 0 .00 0.00 CALC CNTOLDT01000000 0.00 
CNT OLD T01 2090 4167 145.00 40.00 244.00 52.00 1.07 1.75 0.96 1.45 CALC CNTOLDT01002090 1.22 
CNT OLD T01 4187 8144 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 CALC CNTOLDT01004167 0.00 
CNT T02 000 0 2000 175.00 36.00 347.00 60.00 1.29 1.58 1.37 1.66 CALC CNTT020000ooo00 1.54 
CNT T02 000 2000 4200 1093.00 206.00 1774.00 262.00 8.07 9.02 7.01 7.67 CALC CNTT02000002000 7.47 
CNT T03 000 0 2725 1601 .00 664.00 2610.00 260.00 13.30 38.72 10.31 7.62 staff CNTT03000000000 6.96 
CNT T04 000 0 2275 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTT0400000ooo0 0.00 
CNT T04 000 2275 4500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC CNTT04000002275 0.00 
CNT T05 000 0 2421 3.00 1.00 5.00 1.00 0.02 0.04 0.02 0.03 CALC CNTT05000000000 0.03 
EBO 000 000 0 2015 6.00 1.00 6.00 1.00 0.04 0.04 0.02 0.03 CALC EBOOOOOOOOOOOOO 0.03 
EBO 000 000 2015 3907 135.00 42.00 135.00 42.00 1.00 1.64 0.53 1.17 CALC EBOOOOOOOOO2015 0.66 
EBO 000 000 3907 5822 625.00 145.00 625.00 145.00 6.09 6.35 3.26 4.05 CALC EBOOOOOOOOO3907 3.69 
EBO 000 000 5822 7609 19.00 4.00 19.00 4.00 0 .14 0.16 0.06 0.11 CALC EBOOOOOOOOO5822 0 .10 
EBO 000 000 7609 9943 1139.00 165.00 993.00 133.00 8.41 7.23 3.92 3.71 CALC EBOOOOOO0007609 3.61 
EBO 000 000 9943 12059 266.00 75.00 266.00 75.00 2.13 3.29 1.14 2.09 CALC EBOOOOOOOOO9943 1.65 
EBO 000 000 12059 13931 436.00 86.00 436.00 66.00 3.22 3.65 1.72 2.46 CALC EBOOOOOOOO12059 2.09 
EBO 000 000 13931 15965 1060.00 110.00 1060.00 110.00 7.63 4.82 4.19 3.07 CALC EBOOOOOOOO13931 3.63 
EBO 000 000 15965 17957 1.00 0.00 1.00 0.00 0.D1 0.00 0.00 0.00 CALC EBOOOOOOOO15965 0.00 
FOR 000 000 0 4713 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC FOROOOOoooOOOOO 0.00 
FOR 000 000 4713 6946 7987.00 1441.00 7987.00 1441.00 58.99 63.12 31.56 40.23 CALC FOROOO000004713 36.17 
FOR 000 000 6946 7678 1843.00 325.00 1843.00 325.00 13.81 14.24 7.28 9.07 CALC FOROOOOOOO06946 6.23 
FOR 000 000 7676 10040 776.00 141 .00 778.00 141.00 5.75 6.18 3.07 3.94 CALC FOROOooo0007676 3.53 
FOR 000 000 10040 12241 491 .00 69.00 491.00 69.00 3.63 3.02 1.94 1.93 CALC FOROOOOOOO10040 1.93 
FOR 000 000 12241 14626 10.00 2.00 10.00 2.00 0.07 0.09 0.04 0.06 CALC FOROOOOOOO12241 0.05 
FOR 000 000 14626 17345 67.00 8.00 87.00 6.00 0.49 0.35 0.26 0.22 CALC FOROOOOOOO14626 0.24 
FOR 000 000 17345 20951 1481 .00 374.00 1481 .00 374.00 10.94 18.38 5.85 10.44 CALC FOROOOOOOO17345 8.29 
FOR 000 000 20951 25760 1481 .00 374.00 1481.00 374.00 10.94 18.38 5.65 10.44 EST FOROOOOOOO20951 8.29 
FOR 000 000 25760 999999 2.00 1.00 2.00 1.00 0.01 0.04 0 .01 0.03 EST FOROOOOOOO25780 0 .02 
FOR T01 000 0 999999 2.00 1.00 2.00 1.00 0.01 0.04 0.01 0.03 EST FORT01000000000 0 .02 
HRP 000 000 0 999999 2.00 1.00 2.00 1.00 0.01 0.04 0.01 0.03 EST HRPOOOOOOOOOOOO 0.02 
HRP T01 000 0 999999 2.00 1.00 2.00 1.00 0.01 0.04 0.01 0.03 EST HRPT01000000000 0.02 
JOH 000 000 0 1900 23.00 6.00 23.00 8.00 0.17 0.28 0.09 0.17 CALC JOHOOOOOOOOOOOO 0.13 
JOH 000 000 1900 3975 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC JOHOOOOooo01900 0.00 
JOH 000 000 3975 5950 2.00 0.00 2.00 0.00 0.01 0.00 0.01 0.00 CALC JOHoooOooo03975 0.00 
JOH 000 000 5950 8000 0 .00 13.00 0.00 13.00 0.00 0.57 0.00 0.36 CALC JOHOOOOOOO05950 0.18 
JOH 000 000 6000 10200 15.00 2.00 15.00 2.00 0.11 0.09 0.06 0.06 CALC JOHOOOOOOO06000 0.06 
JOH 000 000 10200 12650 26.00 4.00 26.00 4.00 0 .19 0.16 0.10 0.11 CALC JOHOOOOOOO10200 0.11 
JOH POS 000 0 2105 51.00 25.00 51.00 25.00 0.38 1.10 0.20 0.70 CALC JOHPOSOOOOOOOOO 0.46 
JOH POS 000 2105 4245 27.00 6.00 27.00 8.00 0.20 0.35 0.11 0.22 CALC JOHPOSOOOOO2105 0.17 
LWA 000 000 0 2040 224.00 26.00 224.00 28.00 1.65 1.23 0.69 0.78 CALC LWAOOOOOOOOOOOO 0.64 
LWA 000 000 2040 4260 488.00 63.00 512.00 66.00 3.59 2.78 2.02 1.64 CALC LWAOOOOOOOO2040 1.93 
LWA 000 000 4260 6200 1903.00 211 .00 2553.00 267.00 14.05 9.24 10.09 7.45 CALC LWAOOOOOOOO4260 /!·77 
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Watershed 

IA 
iA 

WA 
LWA 
LWA 
LWA 
LWA 
LWA 

ILWA 
iA 
iA 
'IA 
'IA 

ILWA 
LWA 
LWA 

ILWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA 
LWA rw;;: 
LWA 
LWA 
SHL 
SHL 
SHL 

SH 
ISHl 

June 2001 

Level 1 1 Level 21 Station 
Trlb Trlb 10 

000 ~ 6200 
000 000 8300 
000 000 10140 
000 000 12100 
000 000 14000 
000 000 15850 

t8000 
200iiii 

00 000 21950 
00 000 23920 

1000 000 25860 
1000 000 28000 
000 000 301551 
000 000 32020 
000 000 34075 
000 000 36040 
000 000 38040 
000 000 40020 
000 000 42050 
000 000 44070 

ICB 000 0 
ICB 000 2040 
ICB 000 4175 
'02 000 0 
02 000 1550 

rOI 0 
~01 2030 

T01 4000 
rOI 6060 

r02 TOI 81101 
T02 TOI l0030i 
T02 T04 0 
T02 T04 17901 
T02 T05 01 
ro~ T05 _ . 10951 
roo 000 0 

(Too 000 2050 
IT07 000 0 
r07 000 1875 

rOOO 000 0 
rOOO 000 2030 
I()()(} 000 4160 
000 000 6160 
000 000 8305 
000 000 9850 
000 000 11900 

1000 1000 13850 
1000 1000 15982 
1000 1000' I '1795C 

Reach 
End 

8300 
10140 

1210ii 
T400ii 
T58sii 
TeOOO 

20060 
2195ii 
T392ii 
258iiii 
28iiiiii 
3Oi55 

6060 
8ITii 

To03O 
"'Ti7oii 
"""""i79ii 
324ii 
2095 

4ii2O 
2050 
4180 

"'T875 
3485 
2030 
4160 
6160 
j3i 
iii! 

"'11iii 
1381 
15982 
17950 
20000 

Exist 
Public 
Safety 
Score 

"'"""209.00 
Il.OO 

360.00 
43il.OO 
--0:00 

0.00 
0.00 

42.ii( 
"""i685.ii( 
-o:c 
6Of.i 

T367:l 
411.1 

--:r.oc 
8.Oii 
37.00 

""1'241ii:OO 
9638.00 

127f.iiij 
86.00 

1268.00 
838.00 

36.00 
434.iiii 

---0:00 
m-

70 
22 

T72.iiii 
8.00 
0.00 

0:00 
0:00 
Too 

122.00 
0.00 

"'TI4.OO 
2:Oi" 
258.DC 

4'549.iii 
4759.Oi 

10.DC 
D.Oi 
0:00 
0.00 
0.00 
7.00 

10.00 

I aDie IS - I 

Master Plan Problem Area Assessment Flood Control Scores 

Exist 
Property 

Protection 
Score 

26.00 
"""ToO 
44.00 
56.00 

0.00 
0:00 
~.~ 

178. 
-0: 
6f. 
-:rn: 
117.00 
--"3.00 

7.00 
T488.iiii 
T3ii7.iiii 

'Ta3.OO 
22.Oii 
"Tffiii) 
""'147.00 ----roo 
""T55.iii" 
---o:oi 
T3I 

111.00 
Iif.OO 
55.00 

roo 
roo 
roo 
roo 

Too 
24. 

11 
l' 

10i 
2081 

T30i 

.00 
roo 

0:00 
0.00 
0.00 
4.00 

Future 
Public 
Safety 
Score 

225.00 
27.00 

502.00 
507.iiO 

0.00 
0.00 

0:00 
42.iiii 

T43ii.OO 
---0:00 

764.00 
1223.00 

744.00 
'"'33ir.iiii 

261 .00 

121 .00 
---0:00 
176.00 ----roo 

252.00 
""4355.00 
47ii6.OO 

10.00 
0.00 

0:00 
0.00 
O.DC 
7.00 

10.00 

Future 
Property PSE 

Protection Normalized 
Score 

27.00 1.54 
3.00 0.06 

60.00 2.66 
64.00 3.18 
0.00 0.00 
0.00 0.00 
0.00 0.00 
5.00 0.31 

259.00 12.44 

II 
105.001 11 
8! 

152.00 0.03 
12.00 0.08 
27.00 0.27 

954.00 91 .65 
1009.00 71 .18 
249.00 9.43 
22.00 0.64 

131.00 9.38 
190.00 6.17 

5.00 0.27 
155.00 3.21 

0.00 0.00 
343.00 13.24 

0.00 0.00 
122.00 5.17 
135.00 1.64 
52.00 2.01 

2.00 O.O!!, 
1.00 0.0 
0.00 0.0 
0.00 0.0 
4.00 0.0 

24.00 0.00 
15.00 0.00 
21.00 0.84 

1.00 . 0.01 
105.00 1.91 

1993.00 33.60 
1334.00 35.161 

1.00 
0.00 
0.00 
0.00 
0.001 0 
0.001 0.05 
4.00 0.07 

• city of auslln 

PPE 
Normalized 

1.14 
o:oii 

1.93 
2.45 
0.00 
0.00 
0.00 
~ 

7.80 
0.00 
1.93 
1.9g 
1.11 
;.12 
m 
).31 

64.30 
60Ts 

8.02 
0.96 
4.91 
8.44 
0.09 

'"'T.fIj 
1.00 

14.72 
"](j 

1.0' 
1.0( 
1.0( 
1.00 

0.00 
.0< 

).18 

Watarshad Protaction ------

PSF 
Normalized 

0.89 
o:TI 

1.98 
2.OC 
O.OC 
0.00 
0.00 

0Ti 
9.63 
).00 
1.02 
1.83 
1.01 
).03 
0.20 
0.52 

""2ii:n 
27.89 

6:71 
D.32 
5.8e 

5.09 
0.2Q 

1To 
li.iiii 

7.23 
().oo 
2.94 
1.33 
1.03 

"'D.ii3 
0.00 

0:00 
0.00 
0.03 
0.48 

l.ii" 
1.71 

,. 
11 

0.00 
0.00 
0.00 
0.03 
0.04 

PPF 
Normalized 

Flag FC Reach 10 

0.75 CALC 
0.08 CAL 
1.68 CAL 
1.79 CALC 
0.00 CAL 
0.00 CAL 
0.00 CAlC 
0.14 CAlC I WA, 

7.23 CALC 
0.00 CA 
2.46 CA 
2.93 CA 

~~ 4.24 CA 
0.34 CALC 
0.75 CAL 

26.63 CAL 
28.17 CALC 
6.95 CALC 
0.61 CALC 

5.30 CALC 

10140 
12100 

)14000 
f15850 
18000 
20060 
21950 

155 

(I> 

10036040 

(0 

0.14 CALC LWAQCBOOOOO4175 
~.33 CALC LWAT02T01000000 
0.00 CALC LWAT02T01001550 
9.58 CALC LWA~ 
0.00 CALC LWA1 
3.41 CALC LWATO 
3.77 CALC LWATO 
1.45 CALC LWAT02000006110 
0.06 CALC LWAT02000010030 
0.03 CALC LWAT04000000000 
0.00 CALC LWAT04oo0001790 
0.00 CALC LWAl 
0.11 CALC LWA:! 

55841CAl 
37.241CALC ISI-R-OOOOOOOO4160 

0.03 CALC SHLOOOOOOOO816O 
0.00 CALC SHI 
0.00 CALC SHI 
n no r.AI r. !':I-I' nnnOOOO11900 
0.00ICALClSHLOOOOOOOI3850 
0.00 CALC SHLOOOOOOOI5082-
0.11 CALC SHLOOOOOOO17950 

FC Final 
Score 

0.82 
0.10 
1.83 
1.9C 
O.DC 

0:00 
0.00 
0.18 
8.48 
0.00 
2.75 
3.90 
2.24 
2.23 
0.21 
0.64 

27.63 
28.04 

6.84 
0.47 
4.72 
5.20 
0.21 
2.98 
0.00 
8.38 
0.00 
3.17 

2.52 
1.23 
0.04 
0.01 
0.00 
0.00 
0.07 
0.58 
0.22 
0.64 
0.02 
2.01 

37.39 
28.53 

0.03 
0.00 
~ 
0: 
O. 
O. 

0. 

8-1-4 



,. ~ 

Watershed 

,!:tL 
,HL 

iHL 
5H1.. 
rnr 
iHL 

ISHl 
,Hl 
,HI.. 
,HL 
,HL 
,HL 
iHi: 
,HL 
FA 
FA 
FA 
FA 
fA 
FA 
FA 
rA 
fA 
fA 
fAri 
TA/I 
TA~ 

TA~ 
TA~ 
TAN 
[fAN 
rAIl 
fAt; 
i'M 
fAIl 
fAN 

fi'AN 
fi'AN 
IWBO 
WBO 
(WBO 

, 

Level 11 Level 21 Station 
Trlb Trlb 10 

000 000 
000 000 
000 000 
000 000 
Jl:OO 000. 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 QO(l 

~QO(l 
FOS oOC 
HAN OOC 
HAN 000 
HAN 000 
HAN 000 
HAN 000 
HAN 000 
000 000 
000 000 
000 000 
000 000 
000 000 

ggg... 
000 

1
000 
000 
000 000 
000 000 
000 000 
000 000 
000 000 
GP1 000 
IGP1 000 
GP1 000 
GPl GP2 
:;Pl GP2 
:;Pl GP2 
r01 000 
r02 000 
WT3 000 

r3 000 

~ 
1000 

200C 
2191 
T40i 
1200 

1041 
1545 
!063 

33980' 
1020 
;gas 
)()()() 

1915 
i930 

46oli5 
462~ 

o 
"0 

2130 
4320 
6260 
8125 

ge7o 
--0 

i66o' 
i970 
i8I 
rg 

100 
121 
14150 
iii250 

18170 
21840 
24290 
26271 
2793: 
--I 

207i 
416' 

o 
193s 
3715 

o 
o 
"0 

19~ 
o 

L997 
4209 

Reach 
End 

21959 
24iiiiO 
28200 

28041 
30545 

32063 
33960 

Teii20 
379B5 
40000 
41"915 

43930 
46oii5 
48239 

Jil!360 
-.ID 

l' 

10000 
i21iiO 
14150 
18250 

1ii17O 
2184ii 
24290 
26270 
27933 
34687 

2070 
41ii7 
6527 
1935 
3715 

49ii5 
600 

37s 
1980 
2770 
1997 
4209 
6009 

~ 

Exist 
Public 
Safety 
Score ==-

84.00' 
"iiii8.OO 
397.00" 

1.00 
0.00 
2.00 

!3.00 
16.00 
is.OO 
i6.OO 
3.00 

24.1 
lm.i 
--6-.1 

0.1 
360.00 

2462.( 
---s3.( 

382.( 
---01 
--Z 

2: 
42.00 
1247.00 

6eO:OO 
---uiO 

).00 
0.00 

0:00 
0:00 
22.00 

56.iiO 
40.00 

1.00 
).00 

0 .00 
0.00 

0.00 
.Q.OO 
2.00 

2.00 
0.00 
0.00 

3864.61 
38iJ.22 

0 .00 

Table B-1 
Master Plan Problem Area Assessment Flood Control Scores 

Exist 
Property 

Protection 
Score 

14.00 
9tOO 
47.iiii 
0:00 

0.00 
0 .00 
1.00 

0:00 
3.00 
3.00 

0.00 
2.00 

"355.00 
0.00 
0.00 

37.00 
275. 
2Q 
liS: 
n 
T 

).01 
i.O 
;:0 

31 
1. 

.00 
0.00 
0.00 

0:00 
8.00 

21 .00 
6.00 

0.00 
0:00 

1.00 
1.00 
0.00 

0:00 
1050.63 

76.94 
0.00 

Future 
Public 
Safety 
Score 

76.00 
T76.OO 
T72.iiO 
---0.00 

0.0<1 
2.00 

21 .00 
13.iiO 
50.001 
35.00, 

2.00 
14.00 

l175.iiO 
~ 

0.00 
402.00 

2478.( 
----s4.( 

"""37i""" 
-( 

2i , 
569! 
589! 

223 
42.iiO 

""1247.00 
6iiil.OO 

_0.00 
00 

0.00 
0.00 

0:00 
22.00 
58.00 
40.00 

0.00 
0.00 
0 .00 
0.00 

0:00 
0:00 
2.00 
2.00 

324, 
3& 

Future 
Property 

Protection 
Score 

12.00 
88.00 
43.00 
0:00 

0.00 
0.00 
1.00 

0:00 
2.00 
2.00 
0:00 

0.00 
Teii.OO 
---0.00 

0.00 
40.00 

277.00 
20.00 
65.00 

0.00 
12.00 
0.00 

626.00 
626.00 

13.00 
10.00 

3f4.iiO 
142.00 

-0:00 
0 .00 

0:00 
0:00 

0.00 
""ii:OO 
21 .00 

6.00 
0.00 

0:00 
0.00 
0.00 

---00 

Jl.OO 
929.17 

76.94 
0.00 

PSE 1 PPE 
Normalized Normalized 

0 .82 0 .81 
5.97 3.99 
2.93 2.06 
0.01 0.00 
0 .00 0 .00 
0.01 0.00 
0.17 0.04 
0 .12 0.00 
0.41 0.13 
0.28 0.13 
0.02 0.00 
0.18 0.09 

12.68 15.55 
0.04 0.00 
0.00 ~__ O.()(I 
2.611 1:82 

18.18 12.05 
S8 
~ 

.00 
0.20 0.53 
0.03 0 .00 
0.00 0.0() 
0.00 O. 
1.65 O. 
0.31 0.' 
9.21 13.i 
5.02 6 .. 
0.00 0 
0 .00 0 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.16 0.35 
0 .41 0 .92 
0.30 0.28 
0.0 

0:0 

0.0< 

• city of austin 
•• 8 _ .a. __ _ L _ J ___ .... _ _ .... __ 

PSF 
Normalized 

0 .31 
3.ii7 
"'"i.47 

i.OO 
).00 
).01 

0.08 
""ii.05 
""[20 
'""0:14 
o:ii1 

1.01 
[iii 
i.O; 
).0< 
1.59 
1.79 
1.21 
1.47 
i.OO 

""ii.11 
0:02 

22.60 
22.50 

--o:ea 
OTI 
T 

19 

lO 
0:00 

).00 
1.00 
i.iiii 
1.22 m-

0:00 
0:00 

0.00 
0:00 
0:00 
0:00 
0.01 

0:01 
0.00 
0.00 

12.83 
1:50 

0.00 

, ., 

PPF 
Normalized 

Flag Fe Reach 10 

0.34 CALC ISHl 
2.46 CALC (SHlUIMJUUII"lllOlI 
1.20 CALC 
0.00 CALC 
0.00 CAl C I~HI nnoonon?AlI41 
1.00 

n 
o.oo(cAl 
0 .081cALC ISHL 

11::100 

- 0.00 CALC SHlOOOOOOO4OOOO 
0.00 CALC SHLOQ()()()()Q41915 
7.26 staff SHI 
0.00 CALC SHI 
~LP.SI:!! 

1.12 cALc SHl 
7.73 CALC SHL 
0.56 CALC SHLHAN000002130 
1.81 CALC SHLHANO 
0.00 CALC SHLHAN000006,,1IO 
0.34 CALC SHlHANOOOOO8125 
0.00 CALC SI1I 

17.53 slaff 
17.53 sl 

O.OO(CALC I~NOOOOooo12180 

- 0.00 CALC TANOOOOOOO18250 
0.00 CALC TANOOOOOOO18170 
0.00 CALC TANOooo00021840 
I ?? r.AI C TANnnooooo24~ 

- 0.17 CALC TANOOOOOOOuII33 
0.00 CALC TANGPll 
0.00 CALC TANGPlOOO002070 
0.00 CALC TANGP1000004167 
000 CALC TANGP1G 

00 CALC TANGP1GP2001935 
0 .00 CALr. TANGP1GP2003715 
0.03 EST TANTOll 
0.03 EST TAN 
0.00 CALC TAN 
0.00 CALC TANWT3OQ(lOO1980 

O.OO(CALC 

Fe Final 
Score 

0.33 
2.77 
1.34 
0.00 
0.00 
0.01 
0.06 
0.03 
0.13 
0 .10 
0.01 
0.03 
6.01 
0.01 
0·09 
1.34 
8.78 
0.39 
1.64 
0.00 
0 .23 
0.01 

20.02 
20.02 

0.62 
0.23 
6.85 
3.33 
0 .00 
0.00 
0.00 
0.00 
0.00 
0.16 
0.4 

""O:f 

0.00 
0:00 

0.02 
0.02 
0.00 
0.00 

19.39 
1.6~ 
0.00 



Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag Fe Reach 10 
Fe Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized Score 
Score Score Score Score 

WBO 000 000 6009 6049 4.42 1.89 4.42 1.89 0.03 0.08 0.02 0.05 CALC WBOOOOOOOO06009 0.04 
WBO 000 000 6049 9885 10.48 8.65 3300.00 980.00 0.08 0.38 13.04 27.36 staff VVBOOOOOOOOO8049 20.20 
VVBO 000 000 9885 12030 244.87 32.60 3290.00 980.00 1.81 1.43 13.00 27.36 staff VVB~9885 20.01 
WBO 000 000 12030 14080 140.05 30.66 140.05 30.66 1.03 1.34 0.55 0.66 CALC WBOOOOOO0012030 0.70 
WBO 000 000 14080 15680 760.53 405.13 760.53 405.13 5.62 17.75 3.00 11.31 CALC WBOOOOooo014080 7.06 
WBO 000 000 15680 17516 231 .57 36.99 184.45 30.04 1.71 1.62 0.73 0.84 CALC VVBOOOOOOOO15680 0.78 
VVBO NFK 000 0 1925 52.51 30.14 52.51 30.14 0.39 1.32 0.21 0.84 CALC VVBONFKOoooOOOOO 0.52 
WBO NFK 000 1925 4175 60.23 11.95 54.10 10.20 0.44 0.52 0.21 0.28 CALC WBONFKOOOOO1925 0.24 
WBO T01 000 0 999999 2.00 1.00 2.00 1.00 0.01 0.04 0.01 0.03 EST WBOT01000000000 0.02 
VVLN 000 000 0 3370 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOOOOOOOOO 0.00 
VVLN 000 000 3370 4130 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOOOOO3370 0.00 
VVLN 000 000 4130 6226 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLN000000004130 0.00 
VVLN 000 000 6225 8180 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOOOOO8225 0.00 
VVLN 000 000 8180 10050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOOOO8180 0.00 
VVLN 000 000 10050 11980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNoooOOOO10050 0.00 
WLN 000 000 11980 14275 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOO00011980 0.00 
VVLN 000 000 14275 16300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOOO14275 0.00 
VVLN 000 000 16300 18029 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOO0016300 0.00 
VVLN 000 000 18029 20380 0.00 219.00 0.00 277.00 0.00 9.59 0.00 7.73 CALC WLNooo000016029 3.87 
VVLN 000 000 20380 22225 49.00 29.00 5360.00 745.00 0.38 1.27 21 .16 20.80 staff WLNOOOOOO020380 20.99 
WLN 000 000 22225 24400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNoooOOOO22225 0.00 
WLN 000 000 24400 26290 1678.00 425.00 1946.00 495.00 12.39 18.62 7.89 13.82 CALC VVLNOOOOO0024400 10.76 
WLN 000 000 26290 27430 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOO0026290 0.00 
VVLN 000 000 27430 30087 1132.00 607.00 1521.00 763.00 8.38 26.59 6.01 21 .30 CALC VVLNOOOOOO027430 13.66 
VVLN 000 000 30087 32125 1712.00 617.00 3210.00 931 .00 12.64 27.03 12.68 25.99 CALC VVLNOOOOOOO30087 19.34 
VVLN 000 000 32125 34245 11724.00 1774.00 25309.00 3582.00 68.59 77.70 100.00 100.00 CALC VVLNOOOOOOO32125 100.00 
VVLN 000 000 34245 36205 309.00 71 .00 1205.00 281 .00 2.28 3.11 4.76 7.84 CALC VVLNOOOOOOO34245 6.30 
VVLN 000 000 36205 37945 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOooo00036205 0.00 
VVLN 000 000 37945 40120 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOO00037945 0.00 
WLN 000 000 40120 42115 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOO00040120 0.00 
WLN 000 000 42115 43800 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNoooOOOO42115 0.00 
VVLN 000 000 43800 46010 289.00 53.00 1089.00 195.00 2.13 2.32 4.30 5.44 CALC VVLNoooOOOO43800 4.87 
VVLN 000 000 46010 48240 396.00 61.00 1130.00 181.00 2.92 2.67 4.46 5.05 CALC WLNoooOOOO46010 4.76 
VVLN 000 000 48240 49750 56.00 42.00 248.00 94.00 0.43 1.84 0.98 2.62 CALC VVLNOOOOOO048240 1.80 
VVLN 000 000 49750 51730 8.00 2.00 29.00 7.00 0.06 0.09 0.11 0.20 CALC WLNOOOO00049750 0.16 

VVLN 000 000 51730 54100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOOO51730 0.00 

WLN 000 000 54100 58330 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOOO54100 0.00 

VVLN 000 000 56330 58000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOOOO56330 0.00 

VVLN 000 000 58000 60400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOOOO58000 0.00 

VVLN 000 000 60400 62230 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOOOOOO60400 0.00 

VVLN 000 000 62230 64600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNooo00006223O 0.00 

VVLN 000 000 64600 66650 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNoooOOOO64600 0.00 

VVLN 000 000 66650 69900 383.00 34.00 852.00 78.00 2.68 1.49 3.37 2.18 CALC WLNoooOOOO66650 2.73 

WLN 000 000 69900 72000 1639.00 142.00 4153.00 357.00 12.10 6.22 16.41 9.97 CALC WLNOOOOO0069900 12.97 

WLN 000 000 72000 74090 141.00 38.00 609.00 149.00 1.04 1.56 2.41 4.16 CALC WLNoooOOOO72000 3.35 

VVLN 000 000 74090 76000 0.00 0.00 5.00 1.00 0.00 0.00 0.02 0.03 CALC VVLNOOooo0074090 0.03 

VVLN 000 000 76000 78170 145.00 14.00 496.00 48.00 1.07 0.61 1.96 1.34 CALC VVLNOOooo0076ooo 1.63 

VVLN 000 000 78170 80230 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNOOooo0076170 0.00 

VVLN 000 000 60230 82250 0.00 Q.OO 0.00 1.00 0.00 0.00 0.00 0.03 CALC WLNOOOOO0080230 0.02 
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Table B-1 
Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag FC Reach 10 
FC Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized Score 
Score Score Score Score 

WLN 000 000 82250 84250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOO082250 0.00 
WLN 000 000 84250 85900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOooo00084250 0.00 
WLN 000 000 85900 88210 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOooo00085900 0.00 
WLN 000 000 88210 90240 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOO0088210 0.00 WLN 000 000 90240 91940 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOooo0090240 0.00 
WLN 000 000 91940 93625 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOO091940 0.00 
WLN 000 000 93825 95350 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOO093625 0.00 
WLN 000 000 95350 97990 6.00 1.00 44.00 12.00 0.04 0.04 0.17 0.34 CALC WLNOOOOOO095350 0.28 
WLN 000 000 97990 100080 2.00 0.00 40.00 6.00 0.01 0.00 0.16 0.17 CALC WLNOOOOOO097990 0.17 
WLN 000 000 100080 101780 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOO01OOO80 0.00 
WLN 000 000 101780 103680 0.00 0.00 282.00 32.50 0.00 0.00 1.11 0.91 staff WLNOOooo0101780 1.01 
WLN 000 000 103880 105890 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOO 1 03880 0.00 
WLN 000 000 105890 107800 8.00 0.00 137.00 14.00 0.08 0.00 0.54 0.39 CALC WLNOOOOOO105890 0.47 
WLN 000 000 107800 110019 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNooo000107800 0.00 
WLN 000 000 110019 111900 0.00 0.00 10.00 2.00 0.00 0.00 0.04 0.06 CALC WLNOOOOOO110019 0.05 
WLN 000 000 111900 113980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOO111900 0.00 
WLN 000 000 113960 116000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNOOOOOO113960 0.00 
WLN 000 000 118000 117795 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNoooOO0116000 0.00 
WLN 000 000 117795 120165 758.00 94.00 1090.00 197.00 5.60 4.12 4.31 5.50 staff WLNOOOOOO117795 4.91 
WLN KMR 000 0 1940 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNKMROOOoooOOO 0.00 
WLN KMR 000 1940 4070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNKMROOO001940 0.00 
WLN KMR 000 4070 4550 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNKMROooo04070 0.00 
WLN T01 000 0 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01000000000 0.00 
WLN T01 000 2000 4175 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01000002000 0.00 
WLN T01 000 4175 6300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01000004175 0.00 
WLN T01 000 6300 6370 258.00 78.00 444.00 118.00 1.89 3.42 1.75 3.29 CALC WLNT010ooo06300 2.52 
WLN T01 000 6370 10895 86.00 67.00 153.00 123.00 0.84 2.93 0.60 3.43 CALC WLNT0100ooo8370 2.02 
WLN T01 000 10895 12430 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01000010895 0.00 
WLN T01 000 12430 14205 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01000012430 0.00 
WLN T01 000 14205 16040 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01ooo014205 0.00 
WLN T01 000 16040 17690 1.00 0.00 3.00 1.00 0.01 0.00 0.01 0.03 CALC WLNT01OOO016040 0.02 
WLN T01 T01 0 2070 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01 T01 000000 0.00 
WLN T01 T01 2070 2890 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT01 T01 002070 0.00 
WLN T03 000 0 999999 2.00 1.00 2.00 1.00 0.01 0.04 0.01 0.03 EST WLNT03000000000 0.02 
WLN T04 000 0 2300 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT04000000000 0.00 
WLN T04 000 2300 4350 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT040ooo023OO 0.00 
WLN T04 000 4350 6140 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT04000004350 0.00 
WLN T04 000 8140 8420 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT040ooo08140 0.00 
WLN T05 000 0 1830 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT05000000000 0.00 
WLN T05 000 1830 3950 43.00 7.00 158.00 22.00 0.32 0.31 0.82 0.61 CALC WLNT05000001830 0.62 
WLN T05 000 3950 6100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT050OOOO3950 0.00 
WLN T05 000 6100 6320 0.00 0.00 4.00 1.00 0.00 0.00 0.02 0.03 CALC WLNT05000006100 0.03 
WLN T05 000 6320 10600 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.03 CALC WlNT050ooo08320 0.02 
WLN T05 T01 0 2400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WlNT05T01000000 0.00 
WLN T06 000 0 1930 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WlNT06000000000 0.00 
WLN T06 000 1930 4050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT06000001930 0.00 
WLN T08 000 4050 8010 0.00 0.00 4.00 1.00 0.00 0.00 0.02 0.03 CALC WLNT060ooo04050 0.03 
WLN T06 000 6010 8070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT060ooo06010 0.00 
WLN T06 000 8070 9960 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT06000008070 0.00 
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Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag FC Reach 10 
FC Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized Score 
Score Score Score Scor. 

WLN T06 000 9960 11740 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT06000009960 0.00 
WLN T07 000 0 2080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT07000000000 0.00 
WLN T07 000 2080 4080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT07000002060 0.00 
WLN T07 000 4060 5980 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT07ooo004080 0.00 
WLN T07 000 5960 8140 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 CALC WLNT07ooo005980 0.00 
WLN T07 000 8140 10123 27.00 6.00 29.00 6.00 0.20 0.26 0.11 0.17 CALC WLNT07000008140 0.14 
WLN T07 000 10123 12180 5073.00 776.00 . 161.00 122.00 37.47 33.99 0.80 3.41 slaff WLNT07000010123 2.01 
WLN T07 000 12180 13430 22.00 1.00 38.00 3.00 0.18 0.04 0.15 0.08 CALC WLNT07000012180 0.12 
WLN T07 TOl 0 2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT07T01000000 0.00 
WLN T07 TOl 2050 3440 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT07T010020SO 0.00 
WLN T08 000 0 2020 78.00 11.00 101.00 13.00 0.58 0.48 0.40 0.38 CALC WLNT08000000000 0.38 
WLN T08 000 2020 4090 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT08000002020 0.00 
WLN T08 000 4090 5860 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT08000004090 0.00 
WLN T08 000 5860 7979 1.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 staff WLNT08000005860 0.00 
WLN T08 000 7979 9910 4265.00 931.00 0.00 0.00 31.50 40.78 0.00 0.00 slaff WLNT08ooo007979 0.00 
WLN T06 000 9910 11900 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT08ooo009910 0.00 
WLN T09 000 0 2005 6.00 1.00 27.00 4.00 0.04 0.04 0.11 0.11 CALC WLNT09OOO000000 0.11 
WLN T09 000 2005 3960 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT09OOO002005 0.00 
WLN T09 000 3960 6010 122.00 17.00 346.00 40.00 0.90 0.74 1.37 1.12 CALC WLNT09000003960 1.25 
WLN T09 000 6010 7990 58.00 11.00 101.00 18.00 0.41 0.48 0.40 O.SO CALC WLNT09OOO006010 0.45 
WLN T09 000 7990 10000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT09000007990 0.00 
WLN T09 000 10000 11950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT09000010000 0.00 
WLN TOO 000 11950 13400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT090ooo11950 0.00 
WLN T10 000 0 2040 6.00 1.00 49.00 10.00 0.04 0.04 0.19 0.28 CALC WLNT10000000000 0.24 
WLN T10 000 2040 4040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT10000002040 0.00 
WLN T10 000 4040 4710 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNT10ooo004040 0.00 
WLN TAR 000 0 1800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNTAROOOOOOOOO 0.00 
WLN TAR 000 1800 4070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNTAROOOOO1800 0.00 
WLN TAR 000 4070 5950 7.00 2.00 19.00 4.00 0.05 0.09 0.08 0.11 CALC WLNTAROOOO04070 0.10 
WLN TAR 000 5950 7940 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNTARooo005950 0.00 
WLN TAR 000 7940 9430 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNTARooo007940 0.00 
WLN WEL 000 0 2000 261.00 53.00 335.00 68.00 1.93 2.32 1.32 1.90 CALC WLNWELOOOOOOOOO 1.61 

WLN WEL 000 2000 4040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELOOOO02000 0.00 

WLN WEL 000 4040 6975 661.00 121.00 2073.00 264.00 6.36 5.30 8.19 7.37 CALC WLNWELOOOO04040 7.78 

WLN WEL 000 5976 7975 442.00 65.00 1196.00 146.00 3.26 2.41 4.73 4.06 CALC WLNWELOOOOO5975 4.41 

WLN WEL 000 7975 9850 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELOOOO07975 0.00 

WLN WEL 000 9850 11876 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELOOOOO98SO 0.00 

WLN WEL 000 11876 14050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELooo011875 0.00 

WLN WEL 000 14050 16080 8.00 1.00 63.00 14.00 0.06 0.04 0.25 0.39 CALC WLNWELooo0140SO 0.32 

WLN WEL 000 16080 18000 1.00 0.00 11.00 2.00 0.01 0.00 0.04 0.06 CALC WLNWELOO0016080 0.05 

WLN WEL 000 18000 19850 117.00 23.00 384.00 68.00 0.86 1.01 1.44 1.90 CALC WLNWELOOOO18000 1.67 

WLN WEL 000 19850 21975 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELOOO0198SO 0.00 

WLN WEL 000 21975 24075 0.00 0.00 2.00 1.00 0.00 0.00 0.01 0.03 CALC WLNWELooo021975 0.02 

WLN WEL 000 24075 25825 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELOOO024075 0.00 

WLN WEL T01 0 2030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELT01000000 0.00 

WLN WEL T01 2030 4120 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELT01002030 0.00 

WLN WEL T01 4120 6070 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELT01004120 0.00 

WLN WEL Tal 6070 8310 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WLNWELT01006070 0.00 

WLN WEL T02 0 1920 0.00 0.00 ___ ----<l.00 .. ().()() 0.00 0.00 0.00 0.00 CALC WLNWELT02000000 0.00 
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Table 8-1 
Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF Fe Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized Flag FC Reach 10 
Score 

Score Score Score Score 
WLN WEL T02 1920 3400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNVVELT02001920 0.00 
VVLN VVEL T03 0 600 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVLNVVELT03000000 0.00 
VVLR 000 000 0 1994 251.00 65.00 251.00 85.00 1.85 3.72 0.99 2.37 CALC VVLRooOOOoooOOoo 1.70 
VVLR 000 000 1994 3972 1168.00 501.00 1166.00 501.00 8.61 21.94 4.61 13.99 CALC VVLRooOoooo01994 9.40 
VVLR 000 000 3972 6018 758.00 614.00 758.00 614.00 5.60 26.89 2.99 17.14 CALC VVLRooOooo003972 10.22 
VVLR 000 000 6018 8136 32.00 8.00 32.00 8.00 0.24 0.35 0.13 0.22 CALC VVLRoooooo006018 0.18 
VVLR 000 000 8136 10117 15.00 2.00 15.00 2.00 0.11 0.09 0.06 0.08 CALC VVLROOOOOOO08136 0.06 
VVLR 000 000 10117 11933 23.00 6.00 23.00 6.00 0.17 0.26 0.09 0.17 CALC VVLRoooooo010117 0.13 
VVLR 000 000 11933 14100 272.00 79.00 272.00 79.00 2.01 3.46 1.07 2.21 CALC VVLROOOOOO011933 1.65 
VVLR 000 000 14100 16062 310.00 113.00 310.00 113.00 2.29 4.95 1.22 3.15 CALC VVLROOOOOOO14100 2.21 
VVLR 000 000 16062 17965 6.00 2.00 6.00 2.00 0.04 0.09 0.02 0.06 CALC VVLRoooOoo016062 0.04 
VVLR 000 000 17985 20006 253.00 26.00 253.00 26.00 1.87 1.14 1.00 0.73 CALC VVLRoooooo017965 0.66 
VVLR 000 000 20006 22048 304.00 105.00 1095.00 272.00 2.25 4.60 4.33 7.59 staff VVLROOOOoo02oo06 6.00 
VVLR 000 000 22048 24095 453.00 139.00 1095.00 272.00 3.35 6.09 4.33 7.59 staff VVLROooo00022048 8.00 
VVLR 000 000 24095 26023 66.00 34.00 66.00 34.00 0.49 1.49 0.26 0.95 CALC VVLROooo00024095 0.61 
VVLR 000 000 26023 28041 288.00 95.00 1090.00 274.00 2.11 4.18 4.31 7.65 staff VVLROOOOOoo26023 6.02 
VVLR 000 000 28041 30157 546.00 75.00 1090.00 274.00 4.03 3.29 4.31 7.65 staff VVLROOooo0028041 6.02 
VVLR 000 000 30157 32093 1.00 0.00 1.00 0.00 0.01 0.00 0.00 0.00 CALC VVLROOoooOO30157 0.00 
VVLR HMP 000 0 1994 2.00 1.00 2.00 1.00 0.01 0.04 0.01 0.03 CALC VVLRHMPOOOOOOOOO 0.02 
VVLR HMP 000 1994 3980 58.00 16.00 58.00 16.00 0.41 0.70 0.22 0.45 CALC VVLRHMPOOOO01994 0.34 
VVLR HMP 000 3980 4854 51.00 9.00 51.00 9.00 0.38 0.39 0.20 0.25 CALC VVLRHMPooo003980 0.23 
VVMS 000 000 0 2380 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOOOOOOOOOOOO 0.00 
VVMS 000 000 2380 4400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOOOOOOO02380 0.00 
VVMS 000 000 4400 6040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOOOOOOO04400 0.00 
VVMS 000 000 6040 8240 0.00 33.00 0.00 40.00 0.00 1.45 0.00 1.12 CALC VVMSOOOOOO006040 0.58 
VVMS 000 000 8240 9800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOOOOOOO08240 0.00 
VVMS 000 000 9800 11800 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOoooooo09800 0.00 
VVMS 000 000 11800 13950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOooo00011800 0.00 
VVMS 000 000 13950 15900 26.00 1.00 63.00 2.00 0.19 0.04 0.25 0.06 CALC VVMSOOOOO0013950 0.16 
VVMS 000 000 15900 18430 2887.00 335.00 5712.00 650.00 21.32 14.67 22.57 16.15 CALC VVMSOooo00015900 20.36 
VVMS 000 000 16430 20350 93.00 12.00 238.00 31.00 0.69 0.53 0.94 0.87 CALC VVMSOooo00018430 0.91 
VVMS 000 000 20350 21870 0.00 0.00 2.00 0.00 0.00 0.00 0.01 0.00 CALC VVMSOOOOO0020350 0.01 
VVMS 000 000 21870 23950 24.00 1.00 94.00 7.00 0.18 0.04 0.37 0.20 CALC VVMSOOOOO0021870 0.29 
VVMS 000 000 23950 25900 1.00 0.00 3.00 0.00 0.01 0.00 0.01 0.00 CALC VVMSOOOOO0023950 0.01 
VVMS 000 000 25900 28230 22.00 4.00 68.00 13.00 0.16 0.18 0.35 0.36 CALC VVMSOOooo0025900 0.36 
VVMS 000 000 28230 30140 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC VVMSOOOOO0028230 0.00 
VVMS 000 000 30140 32360 798.00 81.00 1514.00 151.00 5.89 3.55 5.98 4.22 CALC VVMSOOOOOO030140 5.10 
VVMS 000 000 32380 34210 139.00 64.00 381.00 104.00 1.03 2.80 1.43 2.90 CALC VVMSooo000032380 2.17 
VVMS 000 000 34210 36350 425.00 48.00 1174.00 131.00 3.14 2.10 4.84 3.66 CALC VVMSoooOOO034210 4.15 
VVMS 000 000 36350 38325 332.00 27.00 669.00 54.00 2.45 1.18 2.64 1.51 CALC VVMSoooooo036350 2.08 
VVMS 000 000 38325 40375 19.00 4.00 58.00 11.00 0.14 0.18 0.23 0.31 CALC VVMSOOOOO0038325 0.27 
VVMS 000 000 40375 42220 125.00 14.00 272.00 29.00 0.92 0.61 1.07 0.81 CALC VVMSOOOO00040375 0.94 
VVMS • 000 000 42220 44230 1226.00 158.00 2615.00 344.00 9.05 6.92 10.33 9.60 CALC VVMSoooOOO042220 9.97 
VVMS 000 000 44230 46090 129.00 18.00 280.00 33.00 0.95 0.79 1.11 0.92 CALC VVMSooOOO0044230 1.02 
VVMS 000 000 46090 48090 583.00 100.00 1371.00 230.00 4.31 4.38 5.42 6.42 CALC VVMSOOOO00046090 5.92 
VVMS 000 000 48090 50250 1360.00 219.00 3349.00 548.00 10.04 9.59 13.23 15.30 CALC VVMSOOOOO0048090 14.27 
VVMS 000 000 50250 52150 489.00 122.00 924.00 231.00 3.61 5.34 3.65 6.45 CALC VVMSOOOOOoo50250 5.05 
VVMS 000 000 52150 54160 3485.00 532.00 5370.00 911.00 25.74 23.30 21.22 25.43 CALC VVMSOOooo0052150 23.33 
VVMS 000 000 54160 58210 79.00 15.00 245.00 46.00 0.58 0.66 0.97 1.28 CALC VVMSOOOOO0054160 1.12 
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Master Plan Problem Area Assessment Flood Control Scores 

Exist Exist Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag Fe Reach 10 
Fe Final 

Trlb Trlb 10 End Safety Protection Safety Protection Normalized Normalized Normalized Normalized Score 
Score Score Score Score 

WMS 000 000 66210 58220 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSOOOOOOO56210 0.00 
WMS 000 000 58220 60162 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSOOOOOOO5622O 0.00 
WMS 000 000 60162 62130 15.00 3.00 39.00 6.00 0.11 0.13 0.15 0.17 CALC WMSOOOOOOO60182 0.16 
WMS 000 000 62130 64120 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSOO0000062130 0.00 
WMS 000 000 64120 65900 6.00 0.00 35.00 0.00 0.04 0.00 0.14 0.00 CALC WMSOOOOOOO64120 0.07 
WMS 000 000 65900 66150 65.00 5.00 237.00 23.00 0.46 0.22 0.94 0.64 CALC WMSOOOOOOO659OO 0.79 
WMS 000 000 66150 70070 114.00 17.00 267.00 42.00 0.64 0.74 1.13 1.17 CALC WMS000000068150 1.15 
WMS 000 000 70070 71740 60.00 12.00 222.00 33.00 0.59 0.53 0.66 0.92 CALC WMSOOOOOO070070 0.90 
WMS 000 000 71740 73990 1766.00 379.00 2764.00 610.00 13.04 16.60 11 .00 17.03 CALC WMSOOooo0071740 13.95 
WMS 000 000 73990 76000 467.00 301 .00 971 .00 586.00 3.45 13.18 3.84 15.86 CALC WMSOOOOO0073990 9.96 
WMS 000 000 76000 77950 560.00 256.00 1005.00 516.00 4.14 11 .30 3.97 14.41 CALC WMSOOOOOO076000 9.31 
WMS 000 000 77950 79690 128.00 66.00 230.00 132.00 0.95 2.98 0.91 3.69 CALC WMSOOOOOOO77950 2.33 
WMS 000 000 79690 82030 1.00 1.00 6.00 2.00 0.01 0.04 0.02 0.06 CALC WMSOOOOOOO79690 0.04 
WMS 000 000 62030 83790 16.00 7.00 61 .00 24.00 0.12 0.31 0.24 0.67 CALC WMSOOOO00062030 0.46 
WMS 000 000 63790 85850 51 .00 27.00 133.00 67.00 0.38 1.18 0.53 1.87 CALC WMSOOOOO0083790 1.21 
WMS 000 000 65850 66090 30.00 8.00 65.00 22.00 0.22 0.35 0.34 0.61 CALC WMSOOOOOOO65850 0.48 
WMS 000 000 66090 90100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSOooo00066090 0.00 
WMS 000 000 90100 92570 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMS000000090100 0.00 
WMS CCK 000 0 1962 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSCCKOOOOOoooO 0.00 
WMS CCK 000 1962 4053 163.00 16.00 174.00 20.00 1.20 0.79 0.69 0.66 CALC WMSCCKOOOOO1962 0.63 
WMS CCK 000 4053 6041 266.00 30.00 277.00 31.00 1.96 1.31 1.09 0.67 CALC WMSCCKOOOOO4053 0.98 
WMS CCK 000 6041 6001 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 CALC WMSCCKOOOOO6041 0.00 
WMS CCK 000 6001 10531 22.00 3.00 23.00 4.00 0.16 0.13 0.09 0.11 CALC WMSCCKOOOOO6001 0.10 
WMS KIN 000 0 2100 17.00 2.00 62.00 7.00 0.13 0.09 0.24 0.20 CALC WMSKINOOOOOOOOO 0.22 
WMS KIN 000 2100 3990 504.00 71.00 900.00 125.00 3.72 3.11 3.56 3.49 CALC WMSKINOO0002100 3.53 
WMS KIN 000 3990 6060 520.00 58.00 1474.00 169.00 3.64 2.45 5.62 4.72 CALC WMSKlNOOOOO399O 5.28 
WMS KIN 000 6060 7675 6.00 6.00 27.00 16.00 0.06 0.26 0.11 0.50 CALC WMSKINOOOOO6060 0.30 
WMS KIN 000 7675 9396 33.00 7.00 175.00 35.00 0.24 0.31 0.69 0.96 CALC WMSKINOOOO07875 0.63 
WMS KIN 000 9395 12285 4295.00 966.00 2609.00 272.00 31 .72 43.28 10.31 7.59 slaff WMSKINOO0009395 8.98 

WMS KIN 000 12265 14055 13640.00 2263.00 2609.00 273.00 100.00 100.00 10.31 7.62 CALC WMSKINOooo12285 6.99 
WMS KIN 000 14055 16115 565.00 150.00 1091 .00 269.00 4.17 6.57 4.31 7.23 CALC WMSKlNOOOO14055 5.74 
WMS KIN 000 16115 17905 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINOOOO16115 0.00 

WMS KIN 000 17905 19870 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINOOOO17905 0.00 

WMS KIN 000 19670 21940 222.00 42.00 645.00 119.00 1.64 1.84 2.55 3.32 CALC WMSKINOOOO19670 2.93 

WMS KIN 000 21940 23940 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKlNOOOO21940 0.00 

WMS KIN 000 23940 25950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINOOOO23940 0.00 

WMS KIN 000 25950 27770 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINOOOO25950 0.00 

WMS KIN WHL 0 1950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINWHLOOOOOO 0.00 

WMS KIN WHL 1950 3505 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINWHLOOI950 0.00 

WMS KIN WHL 3505 4762 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSKINWHLOO3505 0.00 

WMS MOT 000 0 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSMOTOOOOOOOOO 0.00 

WMS MOT 000 2000 4050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSMOTOOOOO2000 0.00 

WMS MOT 000 4050 5295 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSMOTOOOO04050 0.00 

WMS PLH 000 0 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSPLHOOOOOOOOO 0.00 

WMS PLH 000 2000 4220 1.00 0.00 6.00 1.00 0.01 0.00 0.02 0.03 CALC WMSPLHOOOOO2000 0.03 

WMS SBK 000 0 2046 254.00 57.00 463.00 103.00 1.66 2.50 1.83 2.66 CALC WMSSBKOOOOOoooO 2.37 

WMS SBK 000 2046 4000 460.00 71 .00 959.00 147.00 3.55 3.11 3.79 4.10 CALC WMSSBKOOOOO2046 3.95 

WMS SBK 000 4000 6014 43.00 6.00 104.00 16.00 0.32 0.35 0.41 0.50 CALC WMSSBKooo004000 0.46 

WMS SBK 000 6014 6660 2.00 1.00 4.00 1.00 0.01 0.04 0.02 0.03 CALC WMSSBKOOOO06014 0.03 
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Table B-1 
Master Plan Problem Area Assessment Flood Control Scores 

ExIst exIst Future Future 

Watershed 
Level 1 Level 2 Station Reach Public Property Public Property PSE PPE PSF PPF 

Flag FC Reach 1O 
FC FInal 

Trlb Trlb 1O End Safety ProtectIon Safety ProtectIon Normalized Normalized Normalized Normalized Score 
Score Score Score Score 

WMS SNV 000 0 2260 1099.00 289.00 2633.00 722.00 8.12 12.88 10.40 20.18 CALC WMSSNVOOOOOOOOO 15.28 
WMS SNV 000 2280 4060 961.00 327.00 1514.00 560.00 7.10 14.32 5.98 15.63 CALC WMSSNVOOOOO2260 10.91 
WMS SNV 000 4060 5950 340.00 80.00 747.00 165.00 2.51 3.50 2.95 4.61 CALC WMSSNVOOOOO4060 3.80 
WMS SNV 000 5950 7940 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSNVOOOOO5950 0.00 
WMS SNV 000 7940 8790 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSNVOOOOO7940 0.00 
WMS STE 000 0 2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSTEOOOOOOOOO 0.00 
WMS STE 000 2000 4040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSTEOOOOO2000 0.00 
WMS STE 000 4040 6085 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSTEOOOOO4040 0.00 
WMS STE 000 6065 8075 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSTEooo006065 0.00 
WMS STe 000 8075 10125 "- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 CALC WMSSTEOOOOOS075 0.00 

• city of austin 

June 2001 WsataNhAd PrntAl!tinn B · I . II 



., ,.. , , r , ., r ., , r-.., ., r , t , r ""II J , I ., 

Table 8·2 
Master Plan Problem Area Assessment Erosion Control Scores 

Level 1 Level 2 Type1 Score Type2 Score Type3 Score FRS Score 
Final EC EC 

EC Rank Watershed Station ID Reach End Problem Narrative Flag EC Reach ID Trlb Trib Normalized Normalized Normalized Normalized Score 
Score Ratina 

BAR 000 000 0 2780 50.00 4.59 0.00 9.55 3.10 Very Low 1 CALC BAROOOOOOOOOOOO 
BAR 000 000 2780 3664 0.00 2.76 1.26 9.31 2.80 Very Low 1 CALC BAROOOOOOO02780 
BAR 000 000 3664 9060 0.00 4.52 0.00 9.98 3.10 Very Low 1 CALC BAROOOOOOO03664 
BAR 000 000 9060 11620 0.00 2.19 0.00 4.94 1.50 Very Low 1 CALC BAROOOOOOO09060 
BAR 000 000 11620 32120 0.00 13.76 2.36 17.39 7.40 Very Low 1 CALC BAROOOOOO011620 
BAR 000 000 32120 49000 0.00 4.24 1.76 6.51 2.70 Very Low 1 CALC BAROOOOOO032120 
BAR 000 000 49000 70920 0.00 1.00 0.00 5.23 1.30 Very Low 1 CALC BAROOOOOO049000 
BAR 000 000 70920 82600 0.00 0.70 0.00 10.21 2.20 Very Low 1 CALC BAROOOOOO070920 
BAR 000 000 82600 101460 0.00 0.00 7.78 10.42 3.60 Very Low 1 CALC BAROOOOOO082600 
BAR 000 000 101460 111450 0.00 0.34 0.00 5.40 1.20 Very Low 1 CALC BAROOOOO0101460 
BLU 000 000 386 2680 0.00 5.36 27.82 42.75 15.50 Low 3 CALC BLUOOOOOOOO0386 
BLU 000 000 2680 4330 0.00 0.00 27.93 34.18 12.40 Low 3 CALC BLUOOOOOOO02680 
BLU 000 000 4330 7600 0.00 54.38 11.49 47.13 25.30 Moderate 5 CALC BLUOOOOOOO04330 
BLU 000 000 7600 10350 0.00 36.84 0.00 42.10 17.60 Low 3 CALC BLUOOOOOOO07600 
BLU 000 000 10350 12850 0.00 0.00 28.16 43.54 14.30 Low 3 CALC BLUOOOOOO010350 
BMK 000 000 0 4880 0.00 61.21 35.48 24.71 27.30 Moderate 5 CALC BMKOOOOOOOOOOOO 
BMK 000 000 4880 5990 0.00 16.79 4.65 19.07 8.90 Very Low 1 CALC BMKOOOOOOO04880 
BMK 000 000 5990 8870 0.00 0.00 7.49 9.88 3.50 Very Low 1 CALC BMKOOOOOOO05990 
BMK 000 000 8870 10535 0.00 17.10 2.95 12.12 7.30 Very Low 1 CALC BMKOOOOOOO08870 
BMK 000 000 10535 12265 0.00 3.44 1.67 12.34 3.70 Very Low 1 CALC BMKOOOOOO010535 
BOG 000 000 0 4800 0.00 56.21 32.18 23.46 25.20 Moderate 5 CALC BOGOOOOOOOOOOOO 
BOG 000 000 4800 6150 0.00 0.00 0.00 20.54 4.10 Very Low 1 CALC BOGOOOOOOO04800 
BOG 000 000 6150 8140 0.00 0.00 0.00 15.18 3.00 Very Low 1 CALC BOGOOOOOOO06150 
BOG 000 000 8140 19600 0.00 0.00 0.00 4.15 0.80 VervLow 1 CALC BOGOOOOOOO08140 
BOG 000 000 19600 26900 0.00 75.70 100.00 29.38 44.80 Very Hiah 9 CALC BOGOOOOOO019600 
BOG 000 000 26900 32700 0.00 20.65 39.38 4.39 13.90 Low 3 CALC BOGOOOOOO026900 
BOG 000 000 32700 36660 88.57 31.52 11.07 14.86 44.10 Verv Hiah 9 CALC BOGOOOOOO032700 
BUL 000 000 290 7630 0.00 0.00 0.00 8.48 1.70 Very Low 1 CALC BULOOOOOOOO0290 
BUL 000 000 7630 11630 0.00 7.22 7.38 17.08 6.70 Very Low 1 CALC BULOOOOOOO07630 i 

BUL 000 000 11630 13655 0.00 0.00 5.55 12.84 3.70 Very Low 1 CALC BULOOOOOO011630 
BUL 000 000 13655 15410 0.00 0.00 1.42 13.58 3.00 Very Low 1 CALC BULOOOOOO013655 
BUL 000 000 15410 21280 0.00 0.00 7.58 17.55 5.00 Very Low 1 CALC BUL000000015410 
BUL 000 000 21280 24880 0.00 0.00 1.80 17.30 3.80 Verv Low 1 CALC BULOOOOOO021280 
BUL 000 000 24880 34200 100.00 0.00 24.47 35.43 47.00 Very High 9 CALC BULOOOOOO024880 
BUL 000 000 34200 37910 0.00 0.00 22.00 37.92 12.00 Low 3 CALC BULOOOOOO034200 
BUL 000 000 37910 42880 0.00 0.00 10.75 20.26 6.20 VervLow 1 CALC BULOOOOOO037910 

BUL 000 000 42880 47860 0.00 7.17 2.00 17.56 5.70 Very Low 1 CALC BULOOOOOO042880 
BUL 000 000 47860 53420 0.00 0.00 3.70 35.50 7.80 Very Low 1 CALC BULOOOOOO047860 

BUL 000 000 53420 57300 0.00 0.00 1.49 11.01 2.50 VervLow 1 CALC BULOOOOOO053420 

BUL T02 000 100 12150 0.00 57.29 100.00 62.31 46.80 Very Hiah 9 CALC BUL T020000001 00 

BUL T02 000 12150 14560 0.00 6.57 18.77 41.13 13.60 Low 3 CALC BULT02000012150 

BUL T03 000 1000 2900 0.00 8.00 3.46 33.18 9.30 Very Low 1 CALC BUL T03000001000 

BUL T03 000 2900 5100 0.00 4.00 9.11 21.09 7.00 Very Low 1 CALC BUL T03000002900 
BUL T04 000 100 3960 0.00 24.18 35.66 60.77 25.30 Moderate 5 CALC BUL T04000000100 

-
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Master Plan Problem Area Assessment Erosion Control Scores 

Level 1 Level 2 Type1 Score Type2 Score Type3 Score FRS Score 
Final EC EC 

EC Rank Watershed Station ID Reach End Problem Narrative Flag EC Reach ID Trlb Trlb Normalized Normalized Normalized Normalized 
Score Ratlna 

Score 

BUL T04 000 3960 6530 0.00 0.00 14.92 37.09 10.40 Low 3 CALC BUL T04000003960 
BUL T05 000 100 3440 0.00 0.00 3.77 16.66 4.10 Very Low 1 CALC BUL T05000000100 
BUL T05 T06 1000 7350 0.00 0.00 12.00 13.94 5.20 Very Low 1 CALC BUL T05T06001000 
BUL T07 000 0 999999 0.00 0.00 0.00 0.00 7.80 Very Low 1 EST BUL T07000000000 
BUL T08 000 0 3600 0.00 6.65 5.75 46.92 12.20 Low 3 CALC BUL T08000000000 
CNT 000 000 0 850 0.00 26.03 17.74 72.78 24.60 Moderate 5 CALC CNTOOOOOOOOOOOO I 

CNT 000 000 850 7090 0.00 0.00 27.27 67.33 18.90 Low 3 CALC CNTOOOOOOOO085O 
CNT 000 000 7090 12680 100.00 10.83 0.00 67.17 51.40 Very High 9 CALC CNTOOOOOOO07090 
CNT 000 000 12680 15165 0.00 60.72 77.32 61.96 43.10 Very High 9 CALC CNTOOOOOO012680 
CNT 000 000 15165 16710 0.00 17.36 20.59 43.92 17.20 Low 3 CALC CNTOOOOOO015165 
CNT OLD 000 0 2850 0.00 32.73 17.32 58.01 23.30 Moderate 5 CALC CNTOLDOOOOOOOOO 
CNT OLD 000 2850 4700 0.00 7.71 16.67 55.65 16.40 Low 3 CALC CNTOLDOOOO02850 
CNT OLD 000 4700 7650 0.00 5.17 31.96 68.99 21.50 Moderate 5 CALC CNTOLDOOOO04700 
CNT OLD T01 0 999999 0.00 0.00 0.00 0.00 21.80 Moderate 5 EST CNTOLDT01000000 
CNT T02 000 0 999999 0.00 0.00 0.00 0.00 51.40 Very Hiah 9 EST CNTT02000000000 
CNT T03 000 0 999999 0.00 0.00 0.00 0.00 51.40 Very Hkih 9 EST CNTT03000000000 
CNT T04 000 0 999999 0.00 0.00 0.00 0.00 43.60 Very High 9 EST CNTT04000000000 
CNT T05 000 0 999999 0.00 0.00 0.00 0.00 43.60 Very High 9 EST CNTT05000000000 
EBO 000 000 0 6040 0.00 37.80 100.00 13.82 32.20 Hiah 7 CALC EBOOOOOOOOOOOOO 
EBO 000 000 6040 7260 0.00 0.00 3.10 12.70 3.20 Very Low 1 CALC EBOOOOOOOO06040 
EBO 000 000 7260 9400 100.00 20.93 10.00 12.33 9.70 Very Low 1 CALC EBOOOOOOOO07260 
EBO 000 000 9400 16692 0.00 81.72 58.10 36.59 39.40 High 7 CALC EBOOOOOOOO09400 
FOR 000 000 0 1100 0.00 12.87 25.41 43.94 17.10 Low 3 CALC FOROOOOOOOOOOOO 
FOR 000 000 1100 9820 0.00 100.00 100.00 45.75 54.20 Very Hiah 9 CALC FOROOOOOOO01100 
FOR 000 000 9820 14800 0.00 43.46 48.33 24.33 25.40 Moderate 5 CALC FOROOOOOOO09820 
FOR 000 000 14800 19750 0.00 5.58 16.81 9.55 6.70 Very Low 1 CALC FOROOOOOO014800 
FOR 000 000 19750 22250 100.00 28.58 3.74 11.50 45.20 Very High 9 CALC FOROOOOOO019750 
FOR 000 000 22250 24210 0.00 0.00 0.00 8.71 1.70 Very Low 1 CALC FOROOOOOO022250 
FOR 000 000 24210 25760 0.00 0.00 3.43 16.90 4.10 Very Low 1 CALC FOROOOOOO024210 
FOR 000 000 25760 27960 0.00 0.00 1.32 10.83 2.40 VeIYLow 1 CALC FOROOOOOO025760 
FOR 000 000 27960 29310 0.00 3.18 3.57 11.00 3.70 Very Low 1 CALC FOROOOOOO027960 
FOR T01 000 0 3850 0.00 15.85 16.17 30.60 12.00 Low 3 CALC FORT01000000000 
HRP 000 000 0 1100 0.00 0.00 0.00 0.00 0.00 VervLow 1 CALC HRPOOOOOOOOOOOO 

HRP 000 000 1100 1850 0.00 18.08 20.70 4.11 9.50 Very Low 1 CALC HRPOOOOOOO01100 

HRP 000 000 1850 2450 0.00 0.00 0.04 0.36 0.10 Very Low 1 CALC HRPOOOOOOO01850 

HRP 000 000 2450 3330 0.00 1.36 0.00 6.67 1.70 Very Low 1 CALC HRPOOOOOOO02450 

HRP 000 000 3330 3800 0.00 0.00 0.00 0.00 0.00 Very Low 1 CALC HRPOOOOOOO03330 

HRP 000 000 3800 4100 0.00 13.47 0.00 22.34 7.80 Very Low 1 CALC HRPOOOOOOO03800 

HRP T01 000 0 450 0.00 13.47 0.00 22.34 7.80 Very Low 1 CALC HRPT01000000000 

JOH 000 000 0 4120 0.00 54.53 16.48 12.26 19.40 Low 3 CALC JOHOOOOOOOOOOOO 
JOH 000 000 4120 5900 0.00 0.00 0.00 0.00 0.00 Very Low 1 CALC JOHOOOOOOO04120 

JOH 000 000 5900 6800 0.00 5.65 1.55 10.41 3.80 Very Low 1 CALC JOHOOOOOOO05900 

JOH 000 000 6800 7800 0.00 0.00 0.00 0.00 0.00 Very Low 1 CALC JOHOOOOOOO06800 

JOH 000 000 7800 9660 0.00 13.22 1.83 8.98 5.50 Very Low 1 CALC JOHOOOOOOO07800 
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Table 8-2 
Master Plan Problem Area Assessment Erosion Control Scores 

Level 1 Level 2 Type1 Score Type2Score Type3 Score FRS Score 
Final EC EC 

EC Rank I 
Watershed Station ID Reach End Problem Narrative Flag EC ReachiD Trlb Trlb Normalized Normalized Normalized Normalized 

Score Rating 
Score 

JOH 000 000 9660 11045 0.00 8.75 0.39 3.19 2.90 Very Low 1 CALC JOHOOOOOOO09660 
JOH 000 000 11045 12650 0.00 1.03 3.25 6.98 2.30 Very Low 1 CALC JOHOOOOOOO11045 
JOH P~S 000 0 680 0.00 0.00 0.00 1.79 0.40 Very Low 1 CALC JOHPOSooOOOOOOO 
JOH P~S 000 680 2795 0.00 5.41 2.25 5.03 2.80 Very Low 1 CALC JOHPOSooo000680 
JOH P~S 000 2795 3790 0.00 0.00 0.00 1.39 0.30 Very Low 1 CALC JOHPOSOoo002795 
LWA 000 000 0 3260 0.00 27.51 18.71 45.31 19.70 Low 3 CALC LWAOooooooooooo 
LWA 000 000 3260 6950 0.00 37.45 20.36 29.45 15.30 Low 3 CALC LWAOOOOOOO03260 
LWA 000 000 6950 10440 0.00 17.64 5.24 21.51 7.60 Very Low 1 CALC LWAOOOOOOO06950 
LWA 000 000 10440 13530 0.00 0.00 4.68 24.32 5.80 Very Low 1 CALC LWAooOOoo010440 
LWA 000 000 13530 15985 0.00 0.00 0.00 23.44 4.70 Very Low 1 CALC LWAOOOOOO013530 
LWA 000 000 159B5 215BO 0.00 10.03 5.BO 17.85 7.20 Very Low 1 CALC LWAOOOOOOO159B5 
LWA 000 000 21580 32880 0.00 14.74 18.45 14.44 10.30 Low 3 CALC LWAooooo0021580 
LWA 000 000 32880 36000 0.00 0.00 5.02 12.37 3.50 Very Low 1 CALC LWAOOOOOO032880 
LWA 000 000 36000 41760 100.00 18.08 0.00 13.09 42.10 Very High 9 CALC LWAOOOOOO036000 
LWA 000 000 41760 44835 0.00 0.00 0.00 13.74 2.70 Very Low 1 CALC LWAOOOOOO041760 
LWA aCB 000 0 945 0.00 0.00 0.00 19.91 4.00 Very Low 1 CALC LWAaCBOOOOOOOOO 
LWA aCB 000 945 2260 0.00 2.37 9.65 21.58 6.80 Very Low 1 CALC LWAaCBoo0000945 
LWA aCB 000 2260 4215 0.00 0.00 0.00 20.28 4.10 Very Low 1 CALC LWAaCBoo0002260 
LWA aCB 000 4215 6840 0.00 0.00 0.00 26.07 5.20 Very Low 1 CALC LWAaCBoo0004215 
LWA T02 000 0 999999 0.00 0.00 0.00 0.00 2.20 Very Low 1 EST LWAT02T01000000 
LWA T02 T01 0 1650 0.00 7.12 0.00 13.08 4.40 Very Low 1 CALC LWAT02000000000 
LWA T02 T01 1650 4100 0.00 3.49 7.90 10.73 4.60 Very Low 1 CALC LWAT020oooo165O 
LWA T02 r01 4100 6130 0.00 0.00 0.00 11.06 2.20 Very Low 1 CALC LWAT020oooo4100 
LWA T02 T04 0 999999 0.00 0.00 0.00 0.00 4.40 Very Low 1 EST LWAT04oooo00000 
LWA T02 T05 0 999999 0.00 0.00 0.00 0.00 4.40 Very Low 1 EST LWAT05OO0000000 
LWA T06 000 0 999999 0.00 0.00 0.00 0.00 3.50 V~ryLow 1 EST LWAT06000000000 
LWA T07 000 0 999999 0.00 0.00 0.00 0.00 42.10 Very High 9 EST LWAT07000000000 
SHL 000 000 0 5 0.00 9.10 3.34 9.41 4.80 Very Low 1 CALC SHLOOOOOoooOOOO 
SHL 000 000 5 587 0.00 1.85 4.94 9.11 3.30 Very Low 1 CALC SHLoooooooooo05 
SHL 000 000 587 7622 100.00 45.35 84.70 15.33 25.70 Moderate 5 CALC SHLOOOOoooo0587 
SHL 000 000 7622 9820 0.00 21.55 7.85 8.97 8.80 Very Low 1 CALC SHLoooooo007622 
SHL 000 000 9820 14670 0.00 20.61 17.73 13.93 10.30 Low 3 CALC SHLOOOooOO09820 
SHL 000 000 14670 17462 0.00 3.01 4.92 9.09 3.60 Very Low 1 CALC SHLOOOOOOO14670 
SHL 000 000 17462 24385 0.00 44.21 26.10 16.87 19.60 Low 3 CALC SHLOooOOOO17462 

SHL 000 000 24385 25960 0.00 5.71 1.16 11.11 3.90 Very Low 1 CALC SHLooOOOO024385 

SHL 000 000 25960 29900 0.00 0.00 0.00 6.21 1.20 Very Low 1 CALC SHLOoooo0025960 

SHL 000 000 29900 33130 0.00 21.66 5.43 14.84 9.50 Very Low 1 CALC SHLOooOOO029900 
SHL 000 000 33130 35870 0.00 0.00 0.00 11.19 2.20 Very Low 1 CALC SHLOOOoo0033130 

SHL 000 000 35870 38875 0.00 13.05 2.24 9.20 5.60 Very Low 1 CALC SHLOOOOOO035870 
SHL 000 000 38875 41695 0.00 6.41 14.61 20.37 8.60 Very Low 1 CALC SHLOOOOOO038B75 

SHL 000 000 41695 44640 0.00 0.00 5.40 35.32 8.10 Very Low 1 CALC SHLooooo0041695 

SHL 000 000 44640 49575 0.00 0.00 16.43 44.93 12.30 Low 3 CALC SHLooooo0044640 

SHL FOS 000 0 999999 0.00 0.00 0.00 0.00 8.60 Very Low 1 EST SHLFOSOooOOOOOO 

SHL HAN 000 0 2300 0.00 0.00 0.00 13.45 2.70 Very Low 1 CALC SHLHANOOOOOOOOO 
-
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Level 1 Level 2 Type1 Score Type2 Score Type3 Score FRS Score 
Final EC EC 

EC Rank Watershed Station ID Reach End Problem Narrative Flag EC Reach ID Trib Trlb Normalized Normalized Normalized Normalized 
Score Ratina 

Score 

SHL HAN 000 2300 4050 0.00 0.00 16.69 15.72 6.50 Very Low 1 CALC SHLHANOOOO02300 
SHL HAN 000 4050 6970 0.00 0.00 0.00 19.56 3.90 Very Low 1 CALC SHLHANOOOO04050 
TAN 000 000 0 1250 0.00 3.73 4.56 18.69 5.60 Very Low 1 CALC TANOOOOOOOOOOOO 
TAN 000 000 1250 5300 0.00 0.00 0.00 4.34 0.90 Very Low 1 CALC TANOOOOOOO01250 
TAN 000 000 5300 6290 0.00 24.91 0.00 15.77 9.40 Very Low 1 CALC TANOOOOOOO05300 
TAN 000 000 6290 10775 0.00 2.59 14.21 2.63 3.40 Very Low 1 CALC TANOOOOOOO06290 
TAN 000 000 10775 17275 100.00 78.58 19.76 17.80 62.20 Very HiQh 9 CALC TANOOOOOO010775 
TAN 000 000 17275 23330 0.00 2.91 21.94 5.71 6.30 Very Low 1 CALC T ANOOOOOO017275 
TAN 000 000 23330 27680 100.00 7.96 0.43 3.18 37.70 Hiah 7 CALC T ANOOOOOO023330 
TAN 000 000 27680 29020 0.00 3.18 1.16 9.50 2.90 VerY Low 1 CALC T ANOOOOOO027680 
TAN GP1 000 0 999999 0.00 0.00 0.00 0.00 9.40 Very Low 1 EST TANGP1000000000 
TAN GP1 GP2 0 999999 0.00 0.00 0.00 0.00 9.40 Very Low 1 EST TANGP1 GP2000000 
TAN T01 000 0 800 0.00 3.18 1.16 9.50 2.90 Very Low 1 CALC T ANT01000000000 I 

I 
TAN T02 000 0 375 0.00 0.00 0.00 0.00 2.90 VerY Low 1 EST TANT02000000000 I 

TAN WT3 000 0 999999 0.00 0.00 0.00 0.00 4.00 Very Low 1 EST TANWT3000000000 
WBO 000 000 0 4900 0.00 13.35 36.45 7.47 7.40 Very Low 1 CALC WBOOOOOOOOOOOOO 
WBO 000 000 4900 7270 100.00 16.59 14.90 4.59 43.00 Very Hiah 9 CALC WBOOOOOOOO04900 
WBO 000 000 7270 8050 0.00 0.00 0.00 5.64 1.10 VerVLow 1 CALC WBOOOOOOOO07270 
WBO 000 000 8050 14570 0.00 0.00 11.32 6.08 3.50 Very Low 1 CALC WBOOOOOOOO08050 
WBO NFK 000 0 999999 0.00 0.00 0.00 0.00 3.50 Very Low 1 EST WBONFKOOOOOOOOO 
WBO T01 000 0 970 0.00 2.92 0.00 17.81 4.30 Very Low 1 CALC WBOT01000000000 
WLN 000 000 0 4440 0.00 51.65 20.04 100.00 36.90 Hiah 7 CALC WLNOOOOOOOOOOOO 
WLN 000 000 4440 25120 0.00 100.00 100.00 100.00 65.00 Very HiQh 9 CALC WLNOOOOOOO04440 
WLN 000 000 25120 35040 0.00 100.00 100.00 100.00 65.00 Very Hiah 9 CALC WLNOOOOOO025120 
WLN 000 000 35040 49700 100.00 100.00 100.00 100.00 100.00 VervHiilh 9 CALC WLNOOOoo0035040 
WLN 000 000 49700 55500 0.00 100.00 27.41 100.00 50.50 Very Hiah 9 CALC WLNOOOOOO049700 
WLN 000 000 55500 58700 0.00 17.13 23.40 77.81 24.50 Moderate 5 CALC WLNOOOOOO055500 
WLN 000 000 58700 63000 0.00 8.09 15.40 84.50 22.00 Moderate 5 CALC WLNOOOOOO058700 
WLN 000 000 63000 78200 0.00 36.15 100.00 77.46 44.50 VerY Hiah 9 CALC WLNOOOOOO063000 
WLN 000 000 78200 81070 0.00 32.43 24.47 74.65 27.90 Moderate 5 CALC WLNOOOOOO078200 
WLN 000 000 81070 85230 0.00 26.39 23.57 66.86 24.70 Moderate 5 CALC WLN000000081 070 
WLN 000 000 85230 88760 0.00 38.92 80.42 100.00 45.80 Very HiQh 9 CALC WLNOOOOOO085230 
WLN 000 000 88760 90720 0.00 14.69 26.46 75.69 24.10 Moderate 5 CALC WLNOOOOOO088760 
WLN 000 000 90720 98410 0.00 99.61 67.67 100.00 58.40 VerY Hiah 9 CALC WLNOOOOOOO90720 
WLN 000 000 98410 103950 0.00 4.77 18.58 79.89 20.90 Moderate 5 CALC WLN000000098410 

WLN 000 000 103950 108530 0.00 4.03 19.52 83.29 21.60 Moderate 5 CALC WLNOOOOO0103950 

WLN 000 000 108530 114240 0.00 4.57 11.40 100.00 23.40 Moderate 5 CALC WLNOOOOO0108530 
WLN KMR 000 0 999999 0.00 0.00 0.00 0.00 58.40 Very High 9 EST WLNKMROOOOOOOOO 
WLN T01 000 0 15780 0.00 4.11 51.74 41.07 19.60 Low 3 CALC WLNT01000000000 
WLN T01 T01 0 300 0.00 4.11 51.74 41.07 19.60 Low 3 CALC WLNT01T01000000 
WLN T01 T01 300 999999 0.00 0.00 0.00 0.00 19.60 Low 3 EST WLNTOH01000300 

WLN T03 000 0 10250 0.00 58.99 33.92 100.00 41.50 Very High 9 CALC WLNT03000000000 

WLN T03 000 10250 14500 0.00 53.77 19.31 100.00 37.30 Hiah 7 CALC WLNT03000010250 

WLN T03 000 14500 19000 0.00 39.27 16.77 100.00 33.20 Hiah 7 CALC WLNT03000014500 
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Table 8-2 
Master Plan Problem Area Assessment Erosion Control Scores 

Level 1 Level 2 Typa1 Score Typa2 Score Typa3 Score FRS Score 
Final EC EC 

EC Rank Watershed Station 10 Reach End 
Trlb Trlb Normalized Normalized Normalized Normalized 

Problem Narrative 
Score 

Flag EC Reach 10 
Score Ratlna 

WLN T04 000 0 999999 0.00 0.00 0.00 0.00 65.00 Very High 9 EST WLNT04oo0000oo0 
WLN T05 000 0 999999 0.00 0.00 0.00 0.00 100.00 Very High 9 EST WLNT05000000000 
WLN T05 T01 0 999999 0.00 0.00 0.00 0.00 100.00 Very High 9 EST WLNT05T01000000 
WLN TOO 000 0 999999 0.00 0.00 0.00 0.00 28.00 Moderate 5 EST WLNT06000000000 
WLN T07 000 0 5000 0.00 10.43 21.13 SO.69 17.00 Low 3 CALC WLNT07000000000 
WLN T07 000 5000 8550 0.00 11.40 5.74 51.75 14.30 Low 3 CALC WLNT07000005000 
WLN T07 000 85SO 12970 0.00 0.00 0.00 41.97 8.40 Very Low 1 CALC WLNT070oo008550 
WLN T07 T01 0 5840 0.00 3.08 5.07 40.42 9.90 Very low 1 CALC WLNT07T010oooo0 
WLN T08 000 0 1370 0.00 12.97 24.25 62.76 20.60 Moderate 5 CALC WlNT080000ooo00 
WLN T08 000 1370 2470 0.00 4.04 5.55 53.25 12.80 Low 3 CALC WLNT08000001370 
WlN T08 000 2470 10390 0.00 7.76 23.13 57.55 18.10 Low 3 CALC WlNT08000002470 
WlN T09 000 0 13500 0.00 0.00 52.32 100.00 30.SO High 7 CALC WlNT09000000000 
WlN T10 000 0 999999 0.00 0.00 0.00 0.00 23.40 Moderate 5 EST WLNT10ooo000oo0 
WlN TAR 000 0 999999 0.00 0.00 0.00 0.00 24.70 Moderate 5 EST WlNTAROOOOOOOOO 
WlN WEL 000 0 3240 0.00 5.32 11.25 98.05 23.20 Moderate 5 CALC WlNWELOooOOOOOO 
WlN WEL 000 3240 5570 100.00 52.56 53.38 100.00 78.80 Very High 9 CALC WLNWELoooo03240 
WLN WEL 000 5570 96SO 0.00 6.88 66.18 79.39 30.80 High 7 CALC WlNWELOO0005570 
WlN WEL 000 9650 18150 0.00 20.51 100.00 100.00 45.10 Very High 9 CALC WLNWEL000009650 I 

WlN WEL 000 181SO 19720 0.00 0.00 27.74 100.00 25.50 Moderate 5 CALC WlNWELOOO018150 I 

WLN WEL 000 19720 27260 0.00 17.72 16.87 100.00 27.80 Moderate 5 CALC WLNWELoo0019720 
WLN WEL T01 0 999999 0.00 0.00 0.00 0.00 30.90 High 7 EST WlNWElT010oo0oo 
WLN WEL T02 0 999999 0.00 0.00 0.00 0.00 27.80 Moderate 5 EST WlNWELT02000000 

WlN WEL T03 0 999999 0.00 0.00 0.00 0.00 27.80 Moderate 5 EST WLNWELT03000000 

WlR 000 000 0 3000 0.00 39.60 14.11 16.40 16.00 Low 3 CALC WlRoooooooooooO 

WLR 000 000 3000 6620 0.00 1.37 2.50 8.39 2.50 Very low 1 CALC WLRooooOOOO30oo 

WlR 000 000 6620 12300 0.00 44.40 3.08 5.98 12.90 Low 3 CALC WlROOOOOOO06620 

WLR 000 000 12300 22300 0.00 11 .55 1.55 12.70 5.70 Very low 1 CALC WlROOOOOO0123oo 

WlR 000 000 22300 26240 0.00 21.38 1.95 15.97 8.90 Very low 1 CALC WLROOOOOOO22300 

WlR 000 000 26240 26690 0.00 0.00 0.00 12.15 2.40 Very low 1 CALC WLRooOOO0026240 

WlR 000 000 26690 28465 0.00 0.00 0.00 7.84 1.60 Very low 1 CALC WLROooOOOO26690 

WLR 000 000 28465 31811 0.00 6.94 0.00 19.97 5.70 Very Low 1 CALC WLROOOOOO028465 

WLR 000 000 31811 34730 0.00 0.00 3.16 21 .20 4.90 Very low 1 CALC WLROOOOO0031811 

WLR HMP 000 0 865 0.00 10.30 1.15 2.13 3.20 Very low 1 CALC WLRHMPOoooooOOO 

WlR HMP 000 865 3290 0.00 49.15 0.00 2.48 12.80 low 3 CALC WlRHMPOOOOoo865 

WlR HMP 000 3290 4854 0.00 2.00 0.55 2.24 1.10 Very Low 1 CALC WlRHMPOOOO03290 

WMS 000 000 0 2380 0.00 17.57 18.88 23.65 12.90 low 3 CALC WMSooooOOooOOOO 

WMS 000 000 2380 3280 0.00 24.40 18.33 22.43 14.30 low 3 CALC WMSOOOOOOOO2380 

WMS 000 000 3280 15700 0.00 94.02 40.15 34.27 38.40 High 7 CALC WMSOOOOOOOO3280 

WMS 000 000 15700 17900 0.00 21 .24 21.80 22.41 14.20 low 3 CALC WMSOOOOOO015700 

WMS 000 000 17900 30140 0.00 39.51 26.31 22.94 19.70 low 3 CALC WMSoooooo017900 

WMS 000 000 30140 32160 0.00 2.80 5.18 11.57 4.10 Very low 1 CALC WMSooooOO030140 

WMS 000 000 32160 36000 0.00 22.30 11.03 25.42 12.90 Low 3 CALC WMSooOOOOO32160 

WMS 000 000 36000 46000 0.00 23.54 20.38 14.36 12.80 Low 3 CALC WMSOOOOOO036000 

WMS 000 000 46000 49660 0.00 17.08 12.82 30.06 12.80 Low 3 CALC WMSOoooo00460oo 
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WMS 000 000 49660 55560 0.00 37.29 79.49 40.59 33.30 High 7 CALC WMSOOOOOO049660 
WMS 000 000 55560 75020 0.00 5.20 4.94 13.50 5.00 Very Low 1 CALC WMSOOOOoo055560 
WMS 000 000 75020 82030 0.00 13.07 7.45 20.92 8.90 Very Low 1 CALC WMSOOOO00075020 
WMS 000 000 82030 86950 0.00 16.99 17.31 28.03 13.30 Low 3 CALC WMSOOOOOO082030 
WMS CCK 000 0 8980 0.00 17.69 44.84 14.01 16.20 Low 3 CALC WMSCCKOOOOOoooO I 

WMS KIN 000 0 13400 0.00 0.82 14.17 4.06 3.90 Very Low 1 CALC WMSKINooooOOOoo 
WMS KIN 000 13400 21200 0.00 3.27 0.00 6.67 2.20 Very Low 1 CALC WMSKINOOO013400 
WMS KIN WHL 0 999999 0.00 0.00 0.00 0.00 2.20 Very Low 1 EST WMSKINWHLoooOoo 
WMS MOT 000 0 1760 0.00 0.00 0.00 8.97 1.80 Very Low 1 CALC WMSMOTooOOOOooO 
WMS PLH 000 0 999999 0.00 0.00 0.00 0.00 19.80 Low 3 EST WMSPLHOOOOOOOOO 
WMS SBK 000 0 999999 0.00 0.00 0.00 0.00 13.30 Low 3 EST WMSSBKooooooooo 
WMS SNV 000 0 9000 0.00 0.00 0.00 56.14 11.20 Low 3 CALC WMSSNVOOOOOOooO 
WMS STE 000 0 _7200 L-_ 0.00 67.54 84.06 100.00 53.70 Very High 9 CALC WMSSTEOOOOOOOOO 
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Table B-3 
Master Plan Problem Area Assessment Water Quality Scores 

Level 1 Level 2 Station Reach CurrentWQ FutureWQ FlnalWQ WQ 
WQRank I 

Watershed 
Trlb Trlb 10 End Problem Problem Problem Narrative 

Score 
Flag WQReach 10 Ell Site ! 

Score Score Score Rating 

BAR 000 000 3750 46600 49.60 26.90 59.10 Moderate 5 CALC BAROOOOOOO03750 53 
BAR 000 000 46600 59600 14.70 24.60 30.40 Low 3 CALC BAROOOOOO046600 88 
BAR 000 000 59600 111950 29.40 29.80 45.80 Moderate 5 CALC BAROOOOOO059600 82 
BAR 000 000 111950 112450 20.40 33.60 41.70 Moderate 5 CALC BAROOOOO0111950 48 
BAR 000 000 112450 264275 29.40 100.00 100.00 Very Hiah 9 CALC BAROOOOO0112450 78 
BLU 000 000 550 5700 31.60 12.80 34.30 Low 3 CALC BLUOOOOOOOO0550 180 
BLU 000 000 5700 8400 31.00 18.90 38.60 Low 3 CALC BLUOOOOOOO05700 364 
BLU 000 000 8400 12600 2.80 15.40 14.10 Very Low 1 CALC BLUOOOOOOO08400 362 
BLU 000 000 12600 12850 35.30 18.80 41.90 Moderate 5 CALC BLUOOOOOO012600 363 
BMK 000 000 75 3600 22.70 10.20 25.40 Low 3 CALC BMKOOOOOOOOO075 851 
BMK 000 000 3600 7150 6.50 9.50 12.40 Very Low 1 CALC BMKOOOOOOO03600 783 
BMK 000 000 7150 11650 34.00 7.60 32.20 Low 3 CALC BMKOOOOOOO07150 782 
BMK 000 000 11650 12265 74.50 5.70 62.00 High 7 CALC BMKOOOOOO011650 852 
BOG 000 000 2900 20150 35.70 11.10 36.10 Low 3 CALC BOGOOOOOOO02900 493 
BOG 000 000 20150 30800 32.60 5.20 29.20 Low 3 CALC BOGOOOOOO020150 837 
BOG 000 000 30800 35800 30.10 3.80 26.20 Low 3 CALC BOGOOOOOO030800 853 
BOG 000 000 35800 36660 39.20 5.60 34.70 Low 3 CALC BOGOOOOOO035800 784 
BUL 000 000 7650 13210 14.60 24.70 30.30 Low 3 CALC BULOOOOOOO07650 347 
BUL 000 000 13210 36500 54.90 53.40 83.70 Very High 9 CALC BULOOOOOO013210 350 
BUL 000 000 36500 59735 51.20 65.80 90.40 Very Hiah 9 CALC BULOOOOOO036500 920 
BUL T02 000 0 999999 0.00 0.00 83.70 Very Hioh 9 EST BUL T02000000000 0 
BUL T03 000 0 999999 0.00 0.00 83.70 Very High 9 EST BULT03000000000 0 
BUL T04 000 0 999999 0.00 0.00 90.40 Very High 9 EST BUL T04000000000 0 
BUL T05 000 0 999999 0.00 0.00 90.40 Very Hioh 9 EST BUL T05000000000 0 
BUL T05 T06 450 5750 31.80 32.20 49.50 Moderate 5 CALC BUL T05T06000450 151 
BUL T07 000 0 999999 0.00 0.00 90.40 Very Hioh 9 EST BULT07000000000 0 
BUL T08 000 0 999999 0.00 0.00 90.40 Very High 9 EST BULT08000000000 0 
CNT 000 000 12650 16710 13.30 11.10 18.80 Very Low 1 CALC CNTOOOOOO012650 850 
CNT OLD 000 450 8075 96.00 21.10 90.50 Very Hiah 9 CALC CNTOLDOOOOO0450 848 
CNT OLD 000 8075 9220 71.50 15.10 66.90 High 7 CALC CNTOLDOOOO08075 849 
CNT OLD T01 0 999999 0.00 0.00 90.50 Very Hiah 9 EST CNTOLDT01000000 0 
CNT T02 000 0 999999 0.00 0.00 18.80 Very Low 1 EST CNTT02000000000 0 
CNT T03 000 0 999999 0.00 0.00 18.80 Very Low 1 EST CNTT03000000000 0 
CNT T04 000 0 999999 0.00 0.00 18.80 Very Low 1 EST CNTT04000000000 0 
CNT T05 000 0 999999 0.00 0.00 18.80 Very Low 1 EST CNTT05000000000 0 
EBO 000 000 200 7750 45.40 6.20 39.90 Low 3 CALC EBOOOOOOOOO0200 115 
EBO 000 000 7750 12600 28.50 7.50 27.90 Low 3 CALC EBOOOOOOOOO7750 119 
EBO 000 000 12600 16600 97.50 10.20 83.20 Very High 9 CALC EBOOOOOOO012600 120 
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Master Plan Problem Area Assessment Water Quality Scores 

Level 1 Level 2 Station Reach 
CurrentWQ FutureWQ FlnalWQ WQ 

WQRank Watershed 
Trlb Trlb ID End 

Problem Problem Problem Narrative 
Score 

Flag WQReach ID Ell Site 
Score Score Score Rating 

EBO 000 000 16600 17957 46.30 12.50 45.40 Moderate 5 CALC EBOOOOOOO016600 121 
FOR 000 000 250 13800 33.20 12.10 35.00 Low 3 CALC FOROOOOOOOO0250 123 
FOR 000 000 13800 20975 20.30 6.60 20.70 Low 3 CALC FOROOOOOO013800 898 
FOR 000 000 20975 28635 30.40 7.10 29.00 Low 3 CALC FOROOOOOO020975 125 
FOR 000 000 28635 29310 51.80 12.90 50.00 Moderate 5 CALC FOROOOOOO028635 126 
FOR T01 000 0 999999 0.00 0.00 29.00 Low 3 EST FORT01000000000 0 
HRP 000 000 300 3200 40.20 4.50 34.50 Low 3 CALC HRPOOOOOOOO0300 484 
HRP 000 000 3200 4700 61.60 4.20 50.90 Moderate 5 CALC HRPOOOOOOO03200 844 
HRP 000 000 4700 5700 2.80 5.10 6.10 Very Low 1 CALC HRPOOOO00004 700 877 
HRP T01 000 0 999999 0.00 0.00 50.90 Moderate 5 EST HRPT01000000000 844 
JOH 000 000 350 5600 100.00 1.70 78.50 High 7 CALC JOHOOOOOOOO0350 489 
JOH 000 000 5600 8050 79.10 1.30 62.10 High 7 CALC JOHOOOOOOO05600 857 
JOH 000 000 8050 11040 77.60 1.40 61.00 High 7 CALC JOHOOOOOOO08050 897 
JOH 000 000 11040 12650 33.20 1.50 26.80 Low 3 CALC JOHOOOOOO011040 847 
JOH POS 000 0 999999 0.00 0.00 78.50 High 7 EST JOHPOSOOOOOOOOO 0 
LWA 000 000 1400 15130 29.40 15.10 34.40 Low 3 CALC LWAOOOOOOO01400 634 
LWA 000 000 15130 25680 2.10 10.10 9.40 Very Low 1 CALC LWAOOOOOO015130 840 
LWA 000 000 25680 43570 26.90 8.80 27.60 Low 3 CALC LWAOOOOOO025680 839 
LWA 000 000 43570 47210 24.90 8.00 25.40 Low 3 CALC LWAOOOOOO043570 838 
LWA QCB 000 0 999999 0.00 0.00 27.60 Low 3 EST LWAQCBOOOOOOOOO 0 
LWA T02 000 0 999999 0.00 0.00 9.40 Very Low 1 EST LWAT02TO 1 000000 0 
LWA T02 T01 0 999999 0.00 0.00 9.40 Very Low 1 EST LWAT02000000000 0 
LWA T02 T04 0 999999 0.00 0.00 9.40 Very Low 1 EST LWAT04000000000 0 
LWA T02 T05 0 999999 0.00 0.00 9.40 Very Low 1 EST LWAT05000000000 0 
LWA T06 000 0 999999 0.00 0.00 27.60 Low 3 EST LWAT06000000000 0 
LWA T07 000 0 999999 0.00 0.00 27.60 Low 3 EST LWAT07000000000 0 
SHL 000 000 150 9000 67.20 5.30 56.10 Moderate 5 CALC SHLOOOOOOOO0150 122 
SHL 000 000 9000 30700 26.80 6.10 25.50 Low 3 CALC SHLOOOOOOO09000 116 
SHL 000 000 30700 46800 18.70 10.50 22.60 Low 3 CALC SHLOOOOOO030700 117 
SHL 000 000 46800 52360 30.30 12.70 33.10 Low 3 CALC SHLOOOOO0046800 118 
SHL FOS 000 0 999999 0.00 0.00 22.60 Low 3 EST SHLFOSOOOOOOOOO 0 
SHL HAN 000 0 999999 0.00 0.00 25.50 Low 3 EST SHLHANOOOOOOOOO 0 
TAN 000 000 0 13600 5.90 6.50 9.60 Very Low 1 CALC TANOOOOOOOOOOOO 854 
TAN 000 000 13600 18170 41.20 7.30 37.50 Low 3 CALC TANOOOOOO013600 843 
TAN 000 000 18170 30200 37.80 5.00 33.10 Low 3 CALC T ANOOOOOO018170 842 
TAN 000 000 30200 34687 37.80 5.00 33.10 Low 3 CALC T ANOOOOOO018170 842 
TAN GP1 000 0 999999 0.00 0.00 9.60 Very Low 1 EST T ANGP1000000000 0 
TAN GP1 GP2 0 999999 0.00 0.00 9.60 Very Low 1 EST TANGP1 GP2000000 0 
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Table B-3 
Master Plan Problem Area Assessment Water Quality Scores 

Level 1 Level 2 Station Reach 
CurrentWQ FutureWQ FlnalWQ WQ 

WQRank 
Watershed 

Trlb Trlb 10 End 
Problem Problem Problem Narrative 

Score 
Flag WQReach 10 Ell Site 

Score Score Score Rating 

TAN T01 000 0 800 0.00 0.00 33.10 Low 3 EST T ANT01000000000 842 
TAN T02 000 0 375 0.00 0.00 45.00 Moderate 5 EST T ANT02000000000 841 
TAN WT3 000 0 999999 0.00 0.00 9.60 Very Low 1 EST TANWT3000000000 0 
WBO 000 000 800 4400 76.00 5.60 63.10 Hioh 7 CALC WBOOOOOOOOO0800 486 
WBO 000 000 4400 7100 0.40 5.60 4.70 VerY Low 1 CALC WBOOOOOOOO04400 878 
WBO 000 000 7100 10200 77.10 5.90 64.10 Hioh 7 CALC WB0000000007100 845 
WBO 000 000 10200 17516 46.50 5.90 40.40 Moderate 5 CALC WBOOOOOOO010200 846 
WBO NFK 000 0 999999 0.00 0.00 64.10 Hioh 7 EST WBONFKOOOOOOOOO 0 
WBO T01 000 0 999999 0.00 0.00 40.40 Moderate 5 EST WBOT01000000000 0 
WLN 000 000 9370 30000 35.50 29.60 50.20 Moderate 5 CALC WLNOOOOOOO09370 503 
WLN 000 000 30000 49270 41.60 37.10 60.80 High 7 CALC WLNOOOOOO030000 465 
WLN 000 000 49270 75300 39.20 32.80 55.60 Moderate 5 CALC WLNOOOOOO049270 500 
WLN 000 000 75300 80880 36.90 28.70 50.70 Moderate 5 CALC WLNOOOOOO075300 464 
WLN 000 000 80880 120165 11.10 29.80 31.60 Low 3 CALC WLNOOOOOO080880 659 
WLN KMR 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNKMROOOOOOOOO 0 
WLN T01 000 0 999999 0.00 0.00 50.20 Moderate 5 EST WLNT01000000000 0 
WLN T01 T01 0 999999 0.00 0.00 50.20 Moderate 5 EST WLNT01T01000000 0 
WLN T03 000 0 999999 0.00 0.00 60.80 Hioh 7 EST WLNT03000000000 0 
WLN T04 000 0 999999 0.00 0.00 60.80 Hioh 7 EST WLNT04000000000 0 

WLN T05 000 0 999999 0.00 0.00 60.80 Hioh 7 EST WLNT05000000000 0 

WLN T05 T01 0 999999 0.00 0.00 60.80 High 7 EST WLNT05T01000000 0 

WLN T06 000 0 999999 0.00 0.00 50.70 Moderate 5 EST WLNT06000000000 0 

WLN T07 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNT07000000000 0 

WLN T07 T01 0 999999 0.00 0.00 31.60 Low 3 EST WLNT07T01000000 0 

WLN T08 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNT08000000000 0 

WLN T09 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNT09000000000 0 

WLN T10 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNT10000000000 0 

WLN TAR 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNTAROOOOOOOOO 0 

WLN WEL 000 0 999999 0.00 0.00 31.60 Low 3 EST WLNVVELOOOOOOOOO 0 

WLN WEL T01 0 999999 0.00 0.00 31.60 Low 3 EST WLNVVELT01000000 0 

WLN WEL T02 0 999999 0.00 0.00 31.60 Low 3 EST WLNVVELT02000000 0 

WLN WEL T03 0 999999 0.00 0.00 31.60 Low 3 EST WLNVVELT03000000 0 

WLR 000 000 850 11865 54.10 3.90 44.80 Moderate 5 CALC WLROOOOOOOO0850 38 

WLR 000 000 11865 21900 16.50 3.90 15.80 Very Low 1 CALC WLROOOOOO011865 624 

WLR 000 000 21900 26150 13.20 4.40 13.60 Very Low 1 CALC WLROOOOOO021900 781 

WLR 000 000 26150 31811 40.70 6.80 36.70 Low 3 CALC WLROOOOOO026150 780 

WLR HMP 000 0 999999 0.00 0.00 15.80 VerY Low 1 EST WLRHMPOOOOOOOOO 0 

WMS 000 000 0 16000 23.90 18.30 32.70 Low 3 CALC WMSOOOOOOOOOOOO 223 

• city of Bustin 

June 2001 WatAr!dlAd ProtAetinn 8-3-3 



IVJaSler raan rrOblem Area Assessment Water (Juality Scores 

I 

CurrentWQ Future WQ FlnalWQ WQ 
Watershed 

Level 1 Level 2 Station Reach 
Problem Problem Problem Narrative 

WQ Rank 
Flag WQ Reach 10 Ell Site 

Trlb Trlb 10 End 
Score Score Score Rating 

Score 

WMS 000 000 16000 27330 27.10 15.50 32.90 Low 3 CALC WMSOOOOOO016000 492 
WMS 000 000 27330 73850 60.20 19.60 61.60 High 7 CALC WMSOOOOOO027330 491 
WMS 000 000 73850 83600 29.70 12.90 32.90 Low 3 CALC WMSOOOOOO073850 344 
WMS 000 000 83600 93000 31.10 17.70 37.70 Low 3 CALC WMSOOOOOO083600 490 
WMS 000 000 93000 98000 27.00 10.30 28.80 Low 3 CALC WMSOOOOOO093000 300 
WMS CCK 000 0 999999 0.00 0.00 61.60 High 7 EST WMSCCKOOOOOOOOO 0 
WMS KIN 000 0 999999 0.00 0.00 61.60 High 7 EST WMSKINOOOOOOOOO 0 
WMS KIN WHL 0 999999 0.00 0.00 61.60 High 7 EST WMSKINWHLOOOOOO 0 
WMS MOT 000 0 999999 0.00 0.00 32.90 Low 3 EST WMSMOTOOOOOOOOO 0 
WMS PLH 000 0 999999 0.00 0.00 32.90 Low 3 EST WMSPLHOOOOOOOOO 0 
WMS SBK 000 0 999999 0.00 0.00 32.90 Low 3 EST WMSSBKOOOOOOOOO 0 
WMS SNV 000 0 999999 0.00 0.00 61.60 High 7 EST WMSSNVOOOOOOOOO 0 
\,/VMS _ STE 000 0 999999 0.00 0.00 32.70 Low 3 EST WMSSTEOOOOOOOOO 0 

- --
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Table B - 4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 

• city of austin 

June 2001 Watershed Protaetion B - 4 - I 



Watershed 

BOG 
BOG 
BOG 
BOG 
BOG 
BOG 
BOG 
BOG 
B4 

B4 
BOG 
BOG 
BOG 
BOG 
BoG 
BOG 
BOG 
BOG 
BOG 
BOG 
BOG 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
IBUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 

June 2001 

Level 11 Level 21 Station 
Trlb Trlb 10 

000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
'000 000 
1000 000 
1000 000 
LOOO 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 __ Q<IIl 
000 1000 

H
ooo 

000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 

8386 
10775 
11400 
12260 
14003 
16610 
17935 
19600 
20050 

2Oi5ii 
213iiii 
24350 
26900 
27080 
28360 
29900 
29967 

3iiiiiiii 
32000 
32700 

34500 
35770 
35800 

o 
290 

17551 
4060 
6100 
7630 
7650 
8200 

10350 
11630 
12125 
13210 
13855 
14075 
15410 
16300 
18055 
19900 
21280 
22175 
24270 
24880 
26350 
28500 
30300 
32050 
34200 
34250 
35900 
36500 
37910 

Reach FC EC WQ 
E d Final Final Flna 

n Wt Wt Wt 
10775 0.2929 0.3425 0.3646 
11400 0.2929 0.3425 0.3646 
12260 0.2990 0.2962 0.4048 
14003 0.2990 0.2962 0.4048 
16610 0.2990 0.2962 0.4048 
17935 0.2990 0.2962 0.4048 
19600 0.2990 0.2962 0.4048 
20050 0.2990 0.2962 0.4048 
20150 0.2990 0.2962 0.4048 
21380 0.2990 0.2962 n 41141 

24350 0.2990 0.2962 
26900 0.2990 0.2962 0.4048 
27080 0.2990 0.2962 0.4048 
28360 0.2990 0.2962 0.4048 
29900 0.2990 0.2962 0.4048 
29967 0.2964 0.2839 0.4198 
30800 0.2964 0.2839 0.4198 
32000 0.2964 0.2839 0.4198 
32700 0.2964 0.2839 0.419R 
34500 0.2964 0.2839 0.41! 
35770 0.2964 0.2839 0.4198 
35800 0.2964 0.2839 0.4198 
36660 0.2964 0.2839 0.4198 

290 0.2990 0.2769 0.4240 
1755 0.2990 0.2769 0.4240 BUL 
4060 0.2990 0.2769 0.4240 BUL 
6100 0.2990 0.2769 0.4240 BUI 
7630 0.2990 0.2769 0.4240 BUI 
7650 0.2990 0.2769 0.4240 Rill 

8200 0.2990 0.2769 0.4240 
10350 0.2990 0.2769 0.42401BUL 
11630 0.2990 0.2769 0.42401BUL 

IS Reach 10 

)10775 
11400 
12260 
14003 

JltllllU 

150 

lO 

(00 

12125 0.2990 0.2769 0.424I!lBULOOOOOOOl1630 
1321010.299010.27691 0.42401BULOOOOOOO12125 
13655 0.2990 0.2769 0.4240 BULOOOOOOO13210 
14075 0.2990 0.2769 0.4240 BULOOOOOOOl3855 
15410 0.2990 0.2769 0.4240 BULOOOOOOO14075 
16300 0.2990 0.2769 0.4240 BULOOOOOOOl5410 
18055 0.2990 0.2769 0.4240 BuLooooooo163OO 
19900 0.2990 0.2769 0.4240 BULOOOOOOOl8055 
21280 0.2990 0.2769 0.4240 BUL 
22175 0.2990 0.2769 0.4240 BUL 
24270 0.2990 0.2769 0.4240 BUL 
24880 0.2990 0.2769 0.4240 BUL 
26350 0.2990 0.2769 0.4240 BUL 
28500 0.2990 0.2769 0.4240 BUl 
30300 0.2990 0.2769 0.4240 
32050 0.2990 0.2769 0.4240 
34200 0.2990 0.2769 0.4240 
34250 0.2990 0.2769 0.4240 
35900 0.2990 0.2769 0.4240 
36500 0.2990 0.2769 0.4240 BUL 
37910 0.2990 0.2769 0.4240 BUL 
38040 0.2990 0.2769 0.4240 RIll 

1280 

~finn 

7910 

Final FC FC FC Final EC EC EC Final WQ WQ WQ Integrated IS 
Problem Narrative Rank Problem Narrative Rank Problem Narrative Rank S Narrative 

Score Ratlna Score Score Ratlno Score Score Ratlno Score core Rating 
0.00 Very Low 1 0.80 Very Low 1 36.10 Low 3 1.73 Very Low 
0.01 Low 3 0.80 Very Low 1 36.10 Low 3 2.31 Low 
0.01 Low 3 0.80 Very Low 1 36.10 Low 3 2.41 Low 
0.00 Very Low 1 0.80 Very Low 1 36.10 Low 3 1.81 Very Low 
0.00 Very Low 1 0.80 Very Low 1 36.10 Low 3 1.81 Very Low 
0.00 Very Low 1 0.80 VeryLow 1 36.10 Low 3 1.81 Very Low 
0.00 Very Low 1 0.80 Very Low 1 36.10 Low 3 1.81 Very Low 
0.00 Very Low 1 44.80 Very High 9 36.10 Low 3 4.18 Moderate 
0.00 Very Low 1 44.80 Very High 9 36.10 Low 3 4.18 Moderate 
0.00 Very Low 1 44.80 Very Hlah 9 29.20 Low 3 4.18 Moderate 
2.20 Low 3 44.80 Very Hloh 9 29.20 Low 3 4.78 Moderate 
8.81 Moderate 5 44.80 Very High 9 29.20 Low 3 5.37 Moderate 
8.81 Moderate 5 13.90 Low 3 29.20 Low 3 3.60 Low 
3.98 Low 3 13.90 Low 3 29.20 Low 3 3.00 Low 
5.94 Moderate 5 13.90 Low 3 29.20 Low 3 3.60 Low 
5.94 Moderate 5 13.90 Low 3 29.20 Low 3 ___ 3.59 Low 

15.38 Hiah 7 13.90 Low 3 29.20 Low 3 4.19 Moderate 
15.38 High 7 13.90 Low 3 26.20 Low 3 4.19 Moderate 

1.74 Low 3 13.90 Low 3 26.20 Low 3 3.00 Low 
1.74 Low 3 44.10VeryH·gh 9 26.20 Low 3 4.70 Modi 
0.16 Low 3 44.10 VeryHgh 9 26.20 Low 3 4.70 Moderate 
0.16 Low 3 44.10VeryH h 9 26.20 Low 3 4.70 Moderate 
0.16 Low 3 44.10VeryHgh 9 34.70 Low 3 4.70 Moderate 
0.00 Very Low 1 1.70 Very Low 1 30.30 Low 3 1.85 Very Low 
0.00 Very Low 1 1.70 Very Low 1 30.30 Low 3 1.85 Very Low 
0.00 Very Low 1 1.70 Very Low 1 30.30 Low 3 1.85 Very Low 
0.05 Low 3 1.70 Very Low 1 30.30 Low 3 2.45 Low 

26.96 Very Hloh 9 1.70 Very Low 1 30.30 Low 3 4.24 Moderate 
26.96 Very High 9 6.70 Very Low 1 30.30 Low 3 4.24 Moderate 
26.96 Very Hklh 9 6.70 Very Low 1 30.30 Low 3 4.24 Moderate_ 
0.74 Low 3 6.70 Very Low 1 30.30 Low 3 2.45 Low 
1.25 Low 3 6.70 Very Low 1 30.30 Low 3 2.45 Low 
1.25 Low 3 3.70 VeryLow 1 30.30 Low 3 2.45 Low 

Low 

~~~17~+_-+l __ ~~~~~+-_-+l __ =:I~:Z+~C-.f __ =+-_---.:4:;.:.391M0derate 
4 

0.00 Very Low 1 5.00 Very Low 1 - 83.70 Very H ah 9 
0.00 Very Low 1 5.00 Very Low 1 83.70 Very H ah 9 
0.00 Very Low 1 5.00 Very Low 1 83.70 Very H h 9 
0.00 Very Low 1 3.80 Very Low 1 83.70 Very Hah 9 
0.04 Low 3 3.80 Very Low 1 83.70 Very H ah 9 
7.30 Moderate 5 3.80 Very Low 1 83.70 Very HQh 9 

3.54 Low 
8.28 Moderate 

R 

0.00 Ve Low 
0.00 Ve Low 
0.00 Very Low 

5 47.00 Very High 9 83.70 Very H h 9 
3 47.00 Very High 9 83.70 Very Hloh 9 

.J.. 
3 

"3 
"5 
"1 
"1 

1 

47.00 Very High 9 83.70 VerytlilJll 9 
47.00 Very HlQh 9 83.70 Very HiGh 9 
47.00 Very Hklh 9 83.70 Very Hlah 9 
12.00 Low 3 83.70 Very Hloh 9 
12.00 Low 3 83.70 Very Hloh 9 
12.00 Low 3 83.70 Very Hlah 9 
12.00 Low 3 90.40 Very Hlah 9" 
6.20 ~ery Low 1 90.40 Very High ~ 

4.39 Moderate 
4.39 Moderate 
4.39 Moderate 
4.39 Moderate 
4.99 Moderate --;;----
7.80 H h 
7.21 Hi h 
7.80 High 

4 

4 

~ city of austin 
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Walershed 

BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUl 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 

UL 
UL 
UL 
UL 

BUL 
BUL 
BUl 
BUl 
BUl 
BUl 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 
BUL 

lBl.JL 
IBUL 

tnn .. ~OOI 

"' 

Level 11 Level 21 Sialion 
Trlb Trlb 10 

000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
000 000 
'000 000 
000 000 
000 000 
T02 000 
T02 000 
T02 000 
T02 000 
T02 000 
T02 000 
T02 000 
T02 000 
T02 000 

T03 000 
T03 000 
T03 000 
T03 000 
T03 000 
T03 000 
T03 000 
T03 000 
T04 000 
T04 000 
T04 000 
T04 000 
T04 000 
T04 000 
T04 000 
T05 000 
T05 000 
T05 000 
T05 000 
T05 000 
T05 000 
T05 000 
T05 T06 
T05 TOO 
T05 TOO 

IT05 ITOO 
T05 TOO_ 

38040 
401iiO 

42200 
42880 

4457s 
46180 

"'"47a6O 
49'ii5ii 

51790 
53420 
54240 
56345 
57300 
58345 
--0 

100 
2090 
4040 
5840 
7840 

10150 
12150 
12250 
14250 
14560 
16265 
--0 

1000 
2070 
2900 
4170 
5100 

629ii 
8350 

10070 
--0 

100 
2010 
3960 
4040 
5930 
6530 

--0 

100 
2130 
3440 
4430 

649ii 
8310 
--0 

450 
1000 
2060 
41.4Q 

, r , ,..., o r-,r-,r,r",rl'l 

Table 8-4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 

Reach FC EC WQ 
End Final Final Final 1 IS Reach 10 

WI WI WI 
40100 0.2990 0.2769 0.4240 
42200 0.2990 0.2769 0.4240 BULOOOOOOO40100 
42880 0.2990 0.2769 0.4240jBULOOOOOOO422OO 
44575 0.2990 0.2769 0.42401BULC 
46180 0.3243 0.2921 O.3838J9l1IJ 
47860 0.3243 0.2921 0.3836 
49950 0.3243 0.2921 0.3836IBULooooooiJ47860 
51790 0.3243 0.2921 0.3836 
53420 0.3243 0.2921 0.3836 1 bULII\JUUUIJIl:) 1790 

54240 0.3243 0.2921 0.3836 
56345 0.3243 0.2921 0.3836 
57300 0.3243 0.2921 0.3836 BULC 
58345 0.3243 0.2921 0.3836 BULoooo6oo573OO 
59735 0.3243 0.2921 0.3836 BUll 

100 0.2990 0.2769 0.4240 BUL 
2090 0.2990 0.2769 0.4240 BULT0200000010C 
4040 0.2990 0.2769 0.4240 BUl 
5840 0.2990 0.2769 0.4240 Rill 

7840 0.2990 0.2769 0.42. 
10150 0.2990 0.2769 0.4240 BUL 
12150 0.2990 0.2769 0.4240 BULT02000010150 
12250 0.2990 0.2769 0.4240 BULT02000012150 
14250 0.2990 0.2769 0.4240 BULT02000012250 
14560 0.2990 0.2769 O.4240'BULTU2000014250 
16285 0.2990 0.2769 0.4240 BULT02000014560 
18560 0.2990 0.2769 0.4240 BUL 
.JQQ(l 0.2990 0.2769 0.4240 BUL 
2070 0.2990 0.2769 0.4240 'iillI' 
2900 0.2990 0.2769 0.4240 BUL 
4170 0.2990 0.2769 0.4240 BULl 
5100 0.2990 0.2769 0.4240 BULT03000004170 
6290 0.2990 0.2769 0.4240 BUL 
8350 0.2990 0.2769 0.4240 BUL 

10070 0.2990 0.2769 0.4240 BUL 
11660 0.2990 0.2769 0.4240 BULIU300001U07U 

100 0.3243 0.2921 0.3836 BUL ~ 
2010 0.3243 0.2921 0.3836 BULl 
3960 0.3243 0.2921 0.3836 BUL ~ 
4040 0.3243 0.2921 0.3838 BUt;! 
5930 0.3243 0.2921 0.3836 BUL 
6530 0.3243 0.29 
7380 0.3243 0.2921 O.3836lBULT 

100 0.3243 0.2921 O.3836IBI 
2130 0.3243 0.2921 0.38361 RI 

3440 0.3243 0.2921 O.AA~ 

4430 0.3243 0.2921 o. 
6490 0.3243 0.2921 0.3836 BULT.!!! 
8310 0.3243 0.2921 0.3836 BUL 
9940 0.3243 0.2921 0.3836 BUL 
450 0.3243 0.2921 0.3836 BUL 

1000 0.3243 0.2921 0.3836 BUL TU51 UIIUU04:,{J 

2060 0.3243 0.2921 0.3836 BUL T051 
4140 

_575Q 

FInal FC FC FC FInal EC EC EC Final WQ WQ WQ Inle raled IS 
Problem Narrallve Rank Problem Narrallve Rank Problem Narrallve Rank 5 9 Narrallve 

Score RattI!!!. Score Score Rallna Score Score Rall!!lL Score core Rallna 
0.00 Very low 1 6.20 Very Low 1 90.40 Very High 9 4.39 Moderate 
8.88 Moderate 5 6.20 Very Low 1 90.40 Very High 9 5.59 Moderate 
1.81 Low 3 6.20 Very Low 1 90.40 Very f!igh 9 4.99 Moderate 
1.81 Low 3 5.70 Very Low 1 90.40 V!!!Yl:!i!I.h 9 4.99 Moderate 
0.46 Low 3 5.70 VeN Low 1 90.40 Very I:!i!I.h 9 4. 
0.00 Very Low 1 5.70 Very Low 1 90.40 Very High 9 4 .Uf MOOerc 
0.00 Very Low 1 7.80 Very Low 1 90.40 Very High 9 4.07 Moderate 
0.00 Very low 1 7.80 Very Low 1 90.40 VllIY.l:!i!I.h 9 4.07 Moderate 
0.00 Very Low 1 7.80 Very Low 1 90.40 Very High 9 4.07 Moderate 
0.00 Very Low 1 2.50 Very Low 1 90.40 ~ HJ!l.h 9 4.07 Moderate 
0.00 Very Low 1 2.50 Very Low 1 90.40 Very High 9 4.07 Moderate 
0.00 Very Low 1 2.50 Very Low 1 90.40 Very High 9 4 .Uf MOOeralB 
0.00 Very Low 1 2.50 VeN Low 1 90.40 Very High 9 4.07 Moderale 
0.00 Very Low 1 2.50 VeN Low 1 90.40 Verv High 9 4.07 Model 
0.00 Very Low 1 46.80 Very High 9 83.70 Very High 9 6.61 liigh 
0.00 VI}!y Low 1 46.80 VeN Hiah 9 83.70 VeN Hioh 9 6.61 High 
0.00 Very Low 1 46.80 VeN Hioh 9 83.70 Very High 9 6.61 High 
0.00 Very Low 1 46.80 Very High 9 83.70 VeN High 9 6.61 High 
0.00 Very Low 1 46.80 VeN Hioh 9 83.70 Very High 9 6.61 Higl 
0.00 Very Low 1 46.80 Very High 9 83.70 Very High 9 6.61 Hilll 
0.02 Low 3 46.80 Very Hioh 9 83.70 Very High 9 7.21 Higl 
0.02 Low 3 13.80 Low 3 83.70 Very High 9 5.54 Moderale 
0.00 Very l.ow_ 1 13.60 Low 3 83.70 Very High 9 4.95 Moderate 
0.09 Low -3 13.60 Low 3 83.70 ViiiVHlOh 9 5.54}Moderate 
0.09 Low 3 13.60 Low 3 83.70 Very High 9 5.54 1 Moderate 
0.72 Low 3 13.60 Low 3 83.70 Very High 9 5.~..\.Moderate 
0.00 Very Low ..! 9.30 Very Low 1 83.70 Very High 9 
0.00 Very Low 1 9.30 Very low 1 83.70 Very HlOh 9 
0.00 Very Low 1 9.30 VeN low 1 83.70 Very High 9 4.39 Moderate 
0.00 Very Low 1 7.00 Very Low 1 83.70 Very High 9 4.39 Moderate 
0.91 Low 3 7.00 Very Low 1 83.70 Very Hklh 9 4.99 Moderate· 
0.91 Low 3 7.00 Very Low 1 83.70 Very High 9 4.99 Moderate 
0.00 Very Low 1 7.00 Very Low 1 83.70 Very High 9 4.39 Moderate 
0.00 Very Low 1 7.00 Very Low 1 83.70 Very Hklh 9 4.39 Moderate 
0.00 VI}!y Low 1 7.00 VeryLow 1 83.70 Very High 9 4.39 Moderate 
1.30 Low 3 25.30 Moderate 5 90.40 Very H·gh 9 5.89 Moderate 
1.30 Low 3 25.30 Moderate 5 90.40 VeN H h 9 5.89 Moderate 
0.00 Very Low 1 25.30 Moderate 5 90.40 Very H gil 9 5.24 Moderate 
0.00 Very Low 1 10.40 Low 3 90.40 Very H!IIl 9 4.65 Moderate 
0.00 Very Low 1 10.40 Low 3 90.40 Very H gh 9 4.65 Moderate 

.Q.oo Very Low 1 10.40 Low 3 90.40 Very High 9 4.65 Moderate 
0.00 VerYLow 1 10.40 Low 3 00.40 VeryHgh 9 4.85 Moderate 
0.00 Very Low 1 4.10 VeN Low 1 90.40 Very H!IIl 9 4.07 Moderate 
0.00 Vary Low 1 4.10 Very Low 1 90.40 Very H gh 9 4.07 Moderate 
0.00 Vllry Low 1 4.10 VeN Low 1 90.40 VeN H h 9 4.07 Moderate 
0.00 Vary Low 1 4.10 Vary Low 1 90.40 Very H gh 9 4.07 Moderate 
0.00 Vllry Low 1 4.10 VeN Low 1 90.40 VeN Hloh 9 4.07 Moderate 
0.00 Vary Low 1 4.10 Very Low 1 90.40 Very High 9 4.07 Moderate 
0.00 VI}!y Low 1 4.10 VaN Low 1 90.40 Very High 9 4.07 Moderate 
0.00 Very Low 1 5.20 Vary Low 1 49.50 Moderate 5 2.53 Low 
0.00 VI}!y Low 1 5.20 Very Low 1 49.50 Moderate 5 2.53 Low 
~~Low 1 ~~Low 1 ~Mode~ 5 ~Low 

~ city of austin 
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Walershed 

ffiQh.
UL 

!BUh 

~ 
@ 
CN 
ell 
CII 
CNT 
CNT 

IT 
IT 
IT 
IT 
IT 

jT 

Ct 
ICNT 

n 
n 
if 
if 
IT 

CNT 
CNT 
CNT 
CNT 
CNT 
EBO 
EBO. 
EBO 
EBO 
EBO 
EBO 
EBO 
EBO 
EBO 
EBO 
EBO 
EBQ_ 

June 2001 

Level 1 Level 2 Stallon 
Trlb Trlb ID 

T05 T06 5750 
T07 000 0 
T07 000 1845 
T07 000 4015 
T07 000 55g(] 
T08 000 0 
000 000 0 
000 000 850 
000 000 2150 
,000..QQQ...... 410( 
000 - 000 6200 
000 000 7090 
000 000 8075 
000 000 9700 
000 000 1 OO7~ 
000 000 11975 
000 000 12650 
000 000 12680 
000 000 14010 
000 000 15165 
000 000 16050 
000 000 16710 
OLD 000 0 
OLD 000 450 
OLD 000 2000 

IOLD 000 2850 
)LD 000 4100 
)LD 000 470Q 
)LD 000 6290 
)LD 000 765Q 
lLD 000 8075 
)LD TOl 0 

OLD T01 209Q 
OLD TOl 3100 
OLD TOl 4187 
T02 000 0 
T02 000 1280 
T02 000 2000 
T03 000 0 
T04 000 0 
T04 000 2275 
T05 000 0 
000 000 0 
000__ 000 200 
000 000 2015 
000 000 3907 
000 000 5822 
000 000 6040 
000 000 7260 
000 000 7609 
000 000 7750 
000 000 9400 
000 000 9943 

..QQQ... 000 1013..! 

------- ---- --------- --- -- ..... -_ ........ __ . --"-a"---- .... __ .. - , ... - ·· __ .......... _ ...... _bJ' 

Reach FC EC WQ 
E d Final Final Final 

n WI WI WI 
IS ReachlD 

7350 0.3243 0.2921 O.38364,BULIUlII06()(Jlj, 
1845 0.3243 0.292 
4015 0.3243 0.2921 0.3838 BULT07000001a 
5590 0.3243 0.2921 0.3836 BULT07000004015 
7610 0.3243 0.2921 0.3836 BI 
3600 0.3243 0.2921 0.3836 BUL 
850 0.3115 0.2893 0.3992 C~ 

2150 0.3115 0.2893 0.3992 
4100 0.3115 0.2893 0.39!J4!ll,;r 
6200 0.3115 0.2893 
7090 0.3115 0.28931 0.3992lCN 

150 

8075 0.3115 0.2893 0.3992 CN'IIMlUUlJUUfU\!U 
9700 0.31150.28931 O::l1l!l7§N 

10073 0.2956 0.2782 
11975 0.2956 0.2782 0.4262 
12650 0.2956 0.2782 0.4262 
12680 0.2956 0.2782 0.4262 

t010 0.2956 0.2782 0.426~t.;N 
15165 0.2956 0.2782 O. 
16050 0.2956 0.2782 0.4Ztiif1,;N IOOUUUUU15165 
16710 0.2956 0.2782 0.4262IcNTOOOOOOO18050 
18860 0.2956 0.2782 0.4262 CNTOOOOOOO16710 

450 0.3115 0.2893 0.3992 
2000 0.3115 0.2893 0.3992 
2a50 0.3115 0.2893 0.3992 
~!lO 0.3115 0.2893 O. 

4700 0.3115 0.2893 0.399: 
6290 0.3115 0.2893 0.3992 CNTC 
7850 0.3115 0.2893 0.3992 CNT 
8075 0.3115 0.2893 0.3992 CNTC 
9220 0.3115 0.2893 0.3992 CNT 
2090 0.3115 0.2893 0.3992 CNIOLDT010Q1J<1(l<1 
3100 0.3115 0.2893 n 
4187 0.2956 0.27821 0.4262 
6144 0.2956 0.27821 0.42621 
1280 0.3115 0.28931 O::lAA' 

2000 0.2956 0.2782 
4200 0.2956 0.2782 0.4262TcN 
2725 0.2956 0.2782 O.~ 

2275 0.2956 0.2782 0.4262TcN· 
4500 0.2956 0.2782 0.4262 
2421 0.2956 0.2782 0.4262 
200 0.2599 0.3079 0.43~ 

2015 0.2599 0.3079 O. 
3907 0.2599 0.3079 0.43Z 
5822 0.2599 0.3079 o. 
6040 0.2599 0.3079 O. 
7260 0.2599 0.3079 0.4322 
7609 0.2599 0.3079 0.4322 
7750 0.2599 0.3079 0.4322 
9400 0.2599 0.3079 0.4322 
9943 0.2599 0.3079 0.4322iFRI 

10131 0.2599 0.3079 o. 
11350 0.2599 0.307~ 

LDTOloo31oo 
LDTOloo4187 

(5 

015 

IftlU'd 

110131 

Final FC . FC FC Final EC EC EC 
Problem Narrative Rank Problem Rank 

Score Score 
1 1 
1 _1 

.00 VRNLow 1 7.60 Verv Low 1 
0.00 Verv Low 1 7.80 Vert Low 1 
0.00 Very Low 1 7.60 Ven-Low 1 
0.00 Very Low 1 12.20 Low 3 
0.00 Very Low 1 24.60 Moderale 5 
0.00 ViiiVLow 1 18.90 Low 3 
0.00 Verv Low 1 18.90 Low 3 

_0.1)0 V8I)' Low 1 18.90 Low 3 
).00 Very Low 1 18.90 Low 
0.00 VelV Low 1 51.40 VelV H gh 
0.00 Very Low 1 51.40 Very Hah 
0.00 VelV Low 1 51.40 VelV H gh 
0.03 Low 3 51.40 VelV H gh 
0.15 Low 3 51.40 VelV High 
0.15 Low 3 51.40 VtlrY.HI!lh 

_0.15 Low ___ 3 43.10 Vef}' High 
l .oo Very Low 1 43.10 VelY.1-!I!II1 
0.00 VelV Low 1 17.20 Low 
0.05 Low 3 17.20 Low 
0.05 Low 3 17.20 Low 
0.00 VelV Low 1 23.30 Moderate 
0.00 Very Low 1 23.30 Moderate 
0.00 VelV Low 1 23.30 Moderate 
0.00 VelV Low 1 16.40 Low 
0.00 Very Low 1 16.40 Low 
0.00 VelV Low 1 21.50 Moderate 
0.33 Low 3 21.50 Moderate 
0.33 Low 3 21 .50 Moderate 
0.33 Low 3 21.50 Moderate 
0.00 VelV Low 1 21.80 Moderate 
1.22 Low 3 21.80 Moderate 
1.22 Low 3 21.60 Moderate 
0.00 Very Low 1 21.80 Moderat, 
1.53 Low 3 51.40 VelY. Higi 
1.54 Low 3 51.40 VelVHgh 
7.47 Moderate 5 51 .40 Ver}'Hgh 
8.98 Moderate 5 51.40 VelV H gh 
0.00 Very Low 1 43.60 VelV Hgh 
0.00 Very Low 1 43.60 VelV Hgh 
0.03 Low 3 43.60 VelV High 
0.03 Low 3 32.20 HIQh 
0.03 Low_ 3 32.20 H 
0.88 Low T 3f 32.2OTHIQh 
3.69 Low T 31 32.2OTHiQh 
0.10 Low 
0.10 Low 
0.10 Low 
3.81 Low 
3.81 Low 
3.81 Low 
1.65 Low 
j.65 L_()'N 

3 
"3 
"3 
"3 
"3 
"3 
'] 

Low 
Low 
Low 
Low 

9 
9 
9 
9 
::] 
...!! 

9 

...!! 
3 

~ 

5 
"5 
"5 
"5 
"5 
"5 

5 
Ii 
Ii 
Ii 
"9 
Ii 
Ii 
Ii 
"1 
'1 

7 
'1 

7 
"1 
1. 

• city Df austin 
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Final WQ WQ WQ Inle riled IS 
Problem Narrallve Rank ~ Narrallve 

Score Rallna Score are Rallna 
49.50 Moderate 5 2.53 Low 
90.40 Vert High 9 4.07 Moderate 
9O.4017BiVHklh 9 4.07 Moderate 
90.40 Very Hlah 9 4.07 Moderate 
90.40 VeN Hlah 9 4.07 Moderate 
90.40 Very Hklh 9 4.65 Moderate 
18.80 Very Low 1 2.16 Low 
18.80 Very Low 1 1.58 Very Low 
18.80 Verv Low 1 1.58 Very Low 
18.80 VelV Low 1 1.58 VelV Low 
18.80 Very Low 1 1.58 Very Low 
18.80 veri! Low 1 3.31 Low 
18.80 VerY Low 1 3.31 Low 
18.80 Very Low 1 3.23 Low 
18.80 Very Low 1 3.82 Low 
18.80 ViiiVLow 1 3.82 Low 
18.80 Verv Low 1 3.82 Low 
18.80 VelV Low 1 3.82 Low 
18.80 VelV Low 1 3.23 Low 
18.80 Very Low 1 1.56 Very Low 
18.80 Very Low 1 2.15 Low 
18.80 Very Low 1 2.J.; ~ 
90.50 VelV High 9 !; 

90.50 Verv Hiah 9 
90.50 Vert High 9 
90.50 VelV High 

39.90 Low 
39.90 Low 
39.90 Low 
39.90 Low 
39.90 Low 
39.90 Low 
27.90 Low 
27.90 Low 
27.90 Low 
27.90 Low 

9 
9 
9 
9 
-:; 
9 

9 

9 
"1 
"1 
"1 
"1 

3 
"3 
"3 
"3 
"3 
"3 
"3 

5. 
5.35 Moderate 
4.77 Moderate 
4. 

"5.35 Moderale 
5.97 Moderate 
5.97 Moderate 
5.18 Moderate 
5.35 Moderate 
5.97 Mod.JIrate 
6-:11 kkiii 
5.52 Moderale 
3.94 Low 
3.82 Low 
4.41 Moderale 
4.41 Moderate 
3.23 Low 
3.23 Low 
3.82 Low 
4.23 Moderate 
4.~ Moderate 
4.23 Moderate 
4.23 Moderate 
4.23 Moderate 
Z.38 Low 
Z.38 Low 
Z.38 Low 
Z.38 Low 
4.23 Moderate 
4.23 Moderate 
4.23 Moderate 

8-4-4 
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TableB-4 
Master Plaa Problem Area Assessment Integrated Scores (98 Methodology) 

Level 21 Station 1 Reach 
Trlb 10 End 
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TableB-4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 

Level 1 Level 2 Station Reach 
FC EC WQ Final FC FC FC FlnalEC EC EC FlnalWQ WQ WQ 

Integrated 
IS 

Watershed Final Final Final IS ReachlD Problem Narrative Rank Problem Narrative Rank Problem Narrative Rank Narrative Trlb Trlb ID End 
Wt Wt Wt Score Ratlna Score Score Ratlno Score Score Ratlno Score 

Score 
Ratlnq 

LWA T02 000 0 1550 0.2809 0.3014 0.4177 LWAT02T01000000 2.98 Low 3 2.20 Verv-Low 1 9.40 ViiiVLow 1 1.56 Very Low 
LWA T02 000 1550 2600 0.2809 0.3014 0.4177 LWAT02T01001550 0.00 Very Low 1 2.20 Very Low 1 9.40 Very Low 1 1.00 Very Low 
LWA T02 TOl 0 1650 0.2809 0.3014 0.4177 LWAT02000000000 8.38 Moderate 5 4.40 VervLow 1 9.40 VerY Low 1 2.12 Low 
LWA T02 TOl 1650 2030 0.2809 0.3014 0.4177 LWAT02000001650 8.38 Moderate 5 4.80 VervLow 1 9.40 Very Low 1 2.12 Low 
LWA T02 TOl 2030 4060 0.2809 0.3014 0.4177 LWAT02000002030 0.00 Very Low 1 4.60 VervLow 1 9.40 VerY Low 1 1.00 Very Low 
LWA T02 TOl 4060 4100 0.2809 0.3014 0.4177 LWAT02000004060 3.17 Low 3 4.60 Very Low 1 9.40 VerY Low 1 1.56 Very Low 
LWA T02 TOl 4100 6060 0.2809 0.3014 0.4177 LWAT02000004100 3.17 Low 3 2.20 VervLow 1 9.40 Very Low 1 1.56 VerY Low 
LWA T02 TOl 6060 6130 0.2809 0.3014 0.4177 LWAT02000006060 2.52 Low 3 2.20 VerY Low 1 9.40 VerY Low 1 1.56 Very Low 
LWA T02 TOl 6130 8110 0.2809 0.3014 0.4177 LWAT02000006130 2.52 Low 3 2.20 VerY Low 1 9.40 VerY Low 1 1.56 VerY Low 
LWA T02 TOl 8110 10030 0.2809 0.3014 0.4177 LWAT02000008110 1.23 Low 3 2.20 VerY Low 1 9.40 VervLow 1 1.56 Very Low 
LWA T02 TOl 10030 11700 0.2809 0.3014 0.4177 LWAT02000010030 0.04 Low 3 2.20 VervLow 1 9.40 VerY Low 1 1.56 VerY Low 
LWA T02 T04 0 1790 0.2809 0.3014 0.4177 LWAT04000000000 0.01 Low 3 4.40 Very Low 1 9.40 VerY Low 1 1.56 VerY Low 
LWA T02 T04 1790 3240 0.2809 0.3014 0.4177 LWAT04000001790 0.00 Very Low 1 4.40 VervLow 1 9.40 VervLow 1 1.00 Very Low 
LWA T02 T05 0 2095 0.2809 0.3014 0.4177 LWAT05000000000 0.00 Very Low 1 4.40 Very Low 1 9.40 VervLow 1 1.00 Very Low 
LWA T02 T05 2095 4820 0.2809 0.3014 0.4177 LWAT05000002095 0.07 Low 3 4.40 VerY Low 1 9.40 VerY Low 1 1.56 Very Low 
LWA T06 000 0 2050 0.3115 0.2990 0.3895 LWAT06000000000 0.58 Low 3 3.50 Very Low 1 27.60 Low 3 2.40 Low 
LWA T06 000 2050 4180 0.3115 0.2990 0.3895 LWAT06000002050 0.22 Low 3 3.50 VerY Low 1 27.60 Low 3 2.40 Low 
LWA T07 000 0 1875 0.3115 0.2990 0.3895 LWAT07000000000 0.64 Low 3 42.10 VerY Hlah 9 27.60 Low 3 4.79 Moderate 
LWA T07 000 1875 3485 0.3115 0.2990 0.3895 LWAT07000001875 0.02 Low 3 42.10 Very Hiah 9 27.60 Low 3 4.79 Moderale 
SHL 000 000 0 5 0.2750 0.3188 0.4063 SHLOOOOOOOOOOOO 2.01 Low 3 4.80 VervLow 1 56.10 Moderate 5 3.17 Low 
SHL 000 000 5 150 0.2750 0.3188 0.4063 SHLOOOOOOOOOOO5 2.01 Low 3 3.30 VervLow 1 58.10 Moderate 5 3.17 Low 
SHL 000 000 150 587 0.2750 0.3188 0.4063 SHLOOOOOOOOOl50 2.01 Low 3 3.30 VervLow 1 56.10 Moderate 5 3.17 Low 
SHL 000 000 587 2030 0.2750 0.3188 0.4063 SHLOOOOOOOOO587 2.01 Low 3 25.70 Moderate 5 56.10 Moderate 5 4.45 Moderate 
SHL 000 000 2030 4160 0.2750 0.3188 0.4063 SHLOOOOOOOO2030 37.39 Very Hiah 9 25.70 Moderate 5 56.10 Moderate 5 6.10 Hiah 
SHL 000 000 4160 6160 0.2750 0.3188 0.4063 SHLOOOOOOOO4160 28.53 Very High 9 25.70 Moderate 5 56.10 Moderate 5 6.10 Hiah 
SHL 000 000 6160 7622 0.2750 0.3188 0.4063 SHL000000006160 0.03 Low 3 25.70 Moderate 5 56.10 Moderate 5 4.45 Moderate 
SHL 000 000 7622 8305 0.2750 0.3188 0.4063 SHLOOOOOOOO7622 0.03 Low 3 8.80 VerY Low 1 56.10 Moderate 5 3.17 Low 
SHL 000 000 8305 9000 0.2750 0.3188 0.4063 SHLOOOOOOOO8305 0.00 Very Low 1 8.80 VerY Low 1 56.10 Moderate 5 2.63 Low 
SHL 000 000 9000 9820 0.2750 0.3188 0.4063 SHLOOOOOOOO9000 0.00 Very Low 1 8.80 VervLow 1 25.50 Low 3 1.81 VerY Low 
SHL 000 000 9820 9850 0.2750 0.3188 0.4063 SHL000000009820 0.00 V~ry Low 1 10.30 Low 3 25.50 Low 3 2.45 Low 
SHL 000 000 9850 11900 0.2750 0.3188 0.4063 SHLOOOOOOOO9850 0.00 Very Low 1 10.30 Low 3 25.50 Low 3 2.45 Low 
SHL 000 000 11900 13850 0.2750 0.3188 0.4063 SHLOOOOOOOll900 0.00 Very Low 1 10.30 Low 3 25.50 Low 3 2.45 Low 
SHL 000 000 13850 14670 0.2750 0.3188 0.4063 SHLOOOOOOOl3850 0.00 Very Low 1 10.30 Low 3 25.50 Low 3 2.45 Low 
SHL 000 000 14670 15982 0.2750 0.3188 0.4063 SHLOOOOOOO14670 0.00 Very Low 1 3.60 Very Low 1 25.50 Low 3 1.81 Very Low 
SHL 000 000 15982 17462 0.2750 0.3188 0.4063 SHLOOOOOOO15982 0.01 Low 3 3.60 VerY Low 1 25.50 Low 3 2.36 Low 
SHL 000 000 17462 17950 0.2750 0.3188 0.4063 SHLOOOOOOO17462 0.01 Low 3 19.60 Low 3 25.50 Low 3 3.00 Low 
SHL 000 000 17950 19275 0.2750 0.3188 0.4063 SHLOOOOOOO17950 0.08 Low 3 19.60 Low 3 25.50 Low 3 3.00 Low 
SHL 000 000 19275 20000 0.3115 0.3088 0.3797 SHLOOOOOOO19275 0.08 Low 3 19.60 Low 3 25.50 Low 3 3.00 Low 
SHL 000 000 20000 21959 0.3115 0.3088 0.3797 SHLOOOOOOO20000 0.33 Low 3 19.60 Low 3 25.50 Low 3 3.00 Low 
SHL 000 000 21959 24060 0.3115 0.3088 0.3797 SHLOOOOOOO21959 2.77 Low 3 19.60 Low 3 25.50 Low 3 3.00 Low 
SHL 000 000 24060 24385 0.3115 0.3088 0.3797 SHLOOOOOOO24060 1.34 Low 3 19.60 Low 3 25.50 Low 3 3.00 Low 
SHL 000 000 24385 25960 0.3115 0.3088 0.3797 SHLOOOOOOO24385 1.34 Low 3 3.90 Very Low 1 25.50 Low 3 2.38 Low 
SHL 000 000 25960 26200 0.3115 0.3088 0.3797 SHLOOOOOOO25960 1.34 Low 3 1.20 VerY Low 1 25.50 Low 3 2.38 Low 
SHL 000 000 26200 28041 0.3115 0.3088 0.3797 SHLOOOOOOO262OO 0.00 Very Low 1 1.20 VerY Low 1 25.50 Low 3 1.76 VerY Low 
SHL 000 000 28041 29900 0.3115 0.3088 0.3797 SHLOOOOOOO28041 0.00 Very Low 1 1.20 Very Low 1 25.50 Low 3 1.76 Very Low 
SHL 000 000 29900 30545 0.3115 0.3088 0.3797 SHLOOOOOOO29900 0.00 Very Low 1 9.50 VerY Low 1 25.50 Low 3 1.76 Very Low 
SHL 000 000 30545 30700 0.3115 0.3088 0.3797 SHLOOOOOOO30545 0.01 Low 3 9.50 Very Low 1 25.50 Low 3 2.38 Low 
SHL 000 000 30700 32063 0.3115 0.3088 0.3797 SHLOOOOOOO30700 0.01 Low 3 9.50 VervLow 1 22.60 Low 3 2.38 Low 
SHL 000 000 32063 33130 0.3115 0.3088 0.3797 SHLOOOOOOO32063 0.06 Low 3 9.50 VerY Low 1 22.60 Low 3 2.38 Low 
SHL 000 000 33130 33960 0.3115 0.3088 0.3797 SHLOOOOOOO33130 0.06 Low 3 2.20 Very Low 1 22.60 Low 3 2.38 Low 
SHL 000 000 33960 35870 0.3115 0.3088 0.3797 SHLOOOOOOO33960 0.03 Low 3 2.20 VerY Low 1 22.60 Low 3 2.38 Low 

SHL 000 000 35870 36020 0.3115 0.3088 0.3797 SHLOOOOOOO35870 0.03 Low 3 5.60 VerY Low 1 22.60 Low 3 2.38 Low 

SHL 000 000 36020 37985 0.3115 0.3088 0.3797 SHLOOOOOOO3602O 0.13 Low 3 5.60 Very Low 1 22.60 Low 3 2.38 Low 
SHL 000 000 37985 38875 0.3115 0.3088 0.3797 SHLOOOOOOO37985 0.10 Low 3 5.60 Very Low 1 22.60 Low 3 2.38 Low 
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Table B-4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 

Station I Reach 
10 End 

FC EC WQ WQ WQ 
IS Reach 10 

• city of austin 
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Walershed 

WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WlN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 

i N 
WLN 
WLN 

IWLN_ ;N 
WLN 

June 2001 

- --_ ••• • • _ - - - - _ .. _ . .... ..... -- . ..... ... _ _ ......... - ..... ... ... -b· - .. - - ... _ .. .. -- '" - · · ---· .. -----bJ I 

FC EC WQ 
Leveli Level 2 Sialion Reach FI I FI I FI 

Wb Wb m Ed q q q 
n WI WI WI 

000 000 49270 49700 0.3115 0.3088 0.379' 
000 000 49700 49750 0.3115 0.3088 0.3797 WI. 
000 000 49750 51730 0.3115 0.3088 0.3797 WI. 
000 000 51730 54100 0.3115 0.3088 0.3797 WI. 
000 000 54100 55500 0.3115 0.3088 0.3797 WL 
000 000 55500 56330 0.3115 0.3088 0.3797 WI. 
000 000 56330 56740 0.3115 0.3088 0.3797 WI. 
000 000 56740 56000 0.2929 0.2948 0.4123 WI. 
000 000 56000 58700 0.2929 0.2948 0.4123 WI. 
000 000 56700 60400 0.2929 0.2948 0.4123 WL 
000 000 60400 62230 0.2929 0.2948 0.4123 WL 
000 000 62230 63000 0.2929 0.2948 0.4123 WL 
000 000 63000 64600 0.2929 0.2948 0.4123 WL 
000 000 64600 66650 0.2929 0.2948 0.4123 WL 
000 000 66650 69900 0.2929 0.2948 0.4123 WL 
000 000 69900 72000 0.2929 0.2948 0.4123 WLN 
000 000 72000 74090 0.2929 0.2948 0.4123 
000 000 74090 75300 0.2929 0.2948 0.4123 IN 
000 000 75300 76000 0.2929 0.2948 0.4123 
000 000 76000 78170 0.2929 0.2948 0.4123 W 
000 000 78170 78200 0.2929 0.2948 0.4123 W 

IS Reach ID 

1700 

151730 
'54100 

7.i~ 

700 

~7409U 

8170 
000 000 78200 80230 0.2929 0.2948 0.4123 WLNOOOOOOO782OO 
000 000 80230 80740 0.2929 0.2948 0.4123 WI. 
000 000 80740 80810 0.31150.3088 0.3797 WI 
000 000 80810 80880 0.3115 0.3088 0.3797 WLI 
000 000 80680 81070 0.3115 0.3088 0.3797 INU 
000 000 81070 82250 0.3115 0.3088 0.3797 
000 000 82250 84250 0.3115 0.3088 0.3797 WLI 
000 000 84250 85230 0.3115 0.3088 0.3797 INU 
000 000 85230 85900 0.3115 0.3088 0.3797 
000 000 85900 88210 0.3115 0.3088 0.37971l1li\.1 
000 000 88210 88760 0.3115 0.3088 0.3797 210 
000 000 88760 90240 0.3115 0.3088 0.3797 WLI 
000 000 90240 90720 0.3115 0.3088 0.3797 l1li\.1 
000 000 90720 91940 0.3115 0.3088 0.3797 
000 000 91940 93625 0.3115 0.3088 0.3797 l1li\.1 
000 000 93625 95350 0.3115 0.3088 0.3797 
000 000 95350 97990 0.3115 0.3088 0.3797 WLI 
000 000 97990 98410 0.3115 0.3088 0.3797 WU 1l19li 

000 000 98410 100080 0.3115 0.3088 0.3797 
000 000 100080 101780 0.3115 0.3088 0.3797 WLI 
000 000 101780 103880 0.3115 0.3088 0.3797 WLI 1780 
000 000 103880 103950 0.3115 0.3088 0.3797 WLI 
000 000 103950 105890 0.3115 0.3088 0.3797 WLI 
000 000 105890 107600 0.3115 0.3088 0.3797 l1li\.1 
000 000 107800 108530 0.3115 0.3088 0.379, 7800 
000 000 108530 110019 0.3115 0.3088 0.37971WU 
000 000 110019 111900 0.3115 0.3088 0.379IiWLNOOOOOOlloo19 

J.IlQQ. 1000 1160001 11719510.311510.30881 0.3797IWLNOOOOOOll6000 

I Final FC FC FC Final EC 
Problem Narrallve Rank Problem 

EC 

Score Rallno Score Score 
1.80 Low _ __3 inn 

1.80 Low 
0.16 Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
2.73 Low 

12.97 Hiatt 
3.35 Low 
0.03 Low 
0.03 Low 
1.63 Low 
0.00 Very Low 
0.00 Very Low 
0.02 Low 
0.02 Low 
0.02 Low 
0.02 Low 
0.02 Low 
0.00 VerY Low 
0.00 Very Low 
0.00 VerY Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.28 Low 
0.17 Low 
0.17 Low 
0.00 Very Low 
1.01 Low 
0.00 Very Low 
0.00 Very Low 
0.47 Low 
0.00 Very Low 
0.00 Verv Low 
0.05 Low 
0.00 Very Low 

'.00 IVery Low 
0.00 Very Low 
0.00 IVery Low 

4.91 1LOW 
0.00 Very Low 

3 
"1 
"1 

1 
l' 
l' 
l' 
"1 
"1 

1 
"3 
"1 

3 
"3 
"3 

1 
"3 
"3 
"3 
"3 
"3 

1 

J 
1 
l' 
"1 
"1 
"1 

1 
"3 
"3 

3 

"3 
"1 
l' 
"3 

1 
"3 
1" 

l' 
"3 
"1 

.,., 
?? 

44 
AA 

AA 

AA 

AA 

27. 
?7 

d:!l!I!!. 
i..!::!!!I!!.. 

,,~ 

i..!::!!!I!!.. 
i..!::!!!I!!.. 
i..!::!!!I!!.. 
i..!::!!!I!!.. 
i..!::!!!I!!.. 
/High 

2f.ijij Moderate 
27.90 Moderate 
24.70 Moderate 
24.70 Moderate 
24.70 Moderate 
45.60 Very High 
45.80 VII/Y.I1I!II1 
45.80 Very High 
24.10 Moderate 
24.10 Moderate 
56.40 Very H gil 
56.40 Very H ah 
56.40 Very H gh 
56.40 VII/Y.H~ 
56.40 Very H gil 
20.90 Moderate 
20.90 Moderate 
20.90 Moderate 
20.90 Moderate 
21 .60 Moderate 
21 .80 Moderate 
21 .80 Moderate 
23.40 Moderate 
23.40 Moderate 
23.40 Moderate 
23.40 Melderate 
23.40 Moderate 

- 23:40IModerate 
23.40 Moderate 

58.40 V High 

• city of austin 

Watershed Protection 
~----------------~----------

EC 

5 
"5 
"5 
"5 
"5 
"5 
""9 
""9 
""9 
""9 
""9 
""9 
""9 
""9 
Ii 
"] 

5 
"5 
"5 
::! 

9 
""9 
"5 
"5 
""9 
""9 
Ii 
""9 
""9 
"5 
"5 
"5 
"] 

5 

5 
] 

5 
5 

FlnalWQ 
Prablem 

Score 
Na:'~lvel.:!~ Iln~:~~!ed I Na!llve 

Rallno Score Rallna 

55. _______ ___ _ 

55.80 Moderate 
55.60 Moderate 
55.60 Moderate 
55.80 Moderale 
55.60 Moderate 
55.60 Moderate 
55.60 Moderate 
55. 

55. 
55. __ 

55.6IJ 
AAfiii 

55.60 1 Moderate 

55 
50. 
50.70 
so.-
50. 
iii: 

;0.70 Moderate 
;0.70 Moderate 
11 .60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31 .60 Low 
31.60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31.60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .80 Low 
31.60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .60 Low 
31 .80 Low 
31 .60ILow. 
~1 Rn 

31 .60ILow 
31 .60 Low 
31 .80 Low 

5 
5 

"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
"5 
5 
"5 
"5 
"5 
"5 
"3 
"3 
:] 

3 
"3 
"3 
"3 
"3 
"3 
"3 
"3 
"3 
] 
3 
3 
3 

"3 
"3 
"3 
"3 
"3 
"3 
"3 
"3 

3 

3 
3 

"3 

5.61 Moderate 
5.61 Moderate 
5.61 Moderate 
4.99 Moderate 
4.99 Moderate 
3.75 Low 
3.75 Low 
3.83 Low 
3.83 Low 
3.83 Low 
3.83 Low 
3.83 Low 
;.01 Moderate 
.01 Moderate 
.59 Moderate 
.76 HI!JI 

5. 
5. 
5. __ ... ___ ._._ 

5.01 Moderate 
3.83 Low 
4.41 Moderate 
4.38 Moderate 
4.38 Moderate 
3.62 Low 
3.62 Low 
2.99 Low 
2.99 Low 
4.23 Moderate 
4.23 Moderate 
4.23 Moderate 
2.99 Low 
2.99 Low 
4.23 Moderate 
4.23 Moderate 
4.23 Moderate 
4.85 Moderate 
4.85 Moderate 
3.82 Low 
2.99 Low 
3.62 Low 
2.99 Low 
2.99 Low 
3.62 Low 
2.99 Low 
2.99 Low 
3.62 Low 
2.99 Low 
2.99 LOW 
2.99 Low 
2.99 1 Low 

3.621LOW 
4.23 Moderate 
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Table 8-4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 

Levell Level 2 Station Reach FC EC WQ FlnalFC FC FC Final EC EC EC FlnalWQ WQ WQ 
Integrated 15 

Watershed Final Final Final IS Reach 10 Problem Narrative Rank Problem Narrative Rank Problem Narrative Rank Narrative Trlb Trlb 10 End 
Wt Wt Wt Score Rallna Score Score Rallna Score Score Rallna Score 

Score 
Rating 

WLN KMR 000 1940 4070 0.3115 0.3088 0.3797 WLNKMROOOOO1940 0.00 Very Low 1 58.40 Very Hlah 9 31.60 Low 3 4.23 Moderate 
WLN KMR 000 4070 4550 0.3115 0.3088 0.3797 WLNKMR000004070 0.00 Very Low 1 58.40 Very Hlah 9 31.60 Low 3 4.23 Moderate 
WLN TOl 000 0 2000 0.3115 0.3088 0.3797 WLNT01000000000 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 2000 4175 0.3115 0.3088 0.3797 WLNT01000002000 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 4175 6300 0.3115 0.3088 0.3797 WLNTO 1 000004175 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 6300 8370 0.3115 0.3088 0.3797 WLNT01000006300 2.52 Low 3 19.60 Low 3 50.20 Moderate 5 3.76 Low 
WLN TOl 000 8370 10895 0.3115 0.3088 0.3797 WLNTO 1 000008370 2.02 Low 3 19.60 Low 3 50.20 Moderate 5 3.76 Low 
WLN TOl 000 10895 12430 0.3115 0.3088 0.3797 WLNT01000010895 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 12430 14205 0.3115 0.3088 0.3797 WLNT01000012430 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 14205 15780 0.3115 0.3088 0.3797 WLNTO 10000 14205 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 15780 16040 0.3115 0.3088 0.3797 WLNT01000015780 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl 000 16040 17690 0.3115 0.3088 0.3797 WLNT01000016040 0.02 Low 3 19.60 Low 3 50.20 Moderate 5 3.76 Low 
WLN TOl TOl 0 300 0.3115 0.3088 0.3797 WLNTOHO 1 00000o 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl TOl 300 2070 0.3115 0.3088 0.3797 WLNT01TOl0003OO 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN TOl TOl 2070 2690 0.3115 0.3088 0.3797 WLNTOH01002070 0.00 Very Low 1 19.60 Low 3 50.20 Moderate 5 3.14 Low 
WLN T03 000 0 10250 0.3115 0.3088 0.3797 WLNT03000000000 0.02 Low 3 41.50 Very Hlah 9 60.80 Hlah 7 6.37 HJgh 
WLN T03 000 10250 14500 0.3115 0.3088 0.3797 WLNT0300001 0250 0.02 Low 3 37.30 Hlah 7 60.80 HlQh 7 5.75 Moderate 
WLN T03 000 14500 19000 0.3115 0.3088 0.3797 WLNT03000014500 0.02 Low 3 33.20 Hlah 7 60.80 Hloh 7 5.75 Moderate 
WLN T04 000 0 2300 0.3115 0.3088 0.3797 WLNT04000000000 0.00 Very Low 1 65.00 Very Hlah 9 60.80 High 7 5.75 Moderate 
WLN T04 000 2300 4350 0.3115 0.3088 0.3797 WLNT04000002300 0.00 Very Low 1 65.00 Very Hlah 9 60.80 Hlah 7 5.75 Moderate 
WLN T04 000 4350 6140 0.3115 0.3088 0.3797 WLNT04000004350 0.00 VervLow 1 65.00 VervHI h 9 60.80 High 7 5.75 Moderate 
WLN T04 000 6140 8420 0.3115 0.3088 0.3797 WLNT04000006140 0.00 Very Low 1 65.00 Very Hlah 9 60.80 Hloh 7 5.75 Moderate 
WLN T05 000 0 1830 0.3115 0.3088 0.3797 WLNT05000000000 0.00 Very Low 1 100.00 Very H h 9 60.80 High 7 5.75 Moderate 
WLN T05 000 1830 3950 0.3115 0.3088 0.3797 WLNT05000001830 0.62 Low 3 100.00 Very Hlah 9 60.80 Hlah 7 6.37 High 
WLN T05 000 3950 6100 0.3115 0.3088 0.3797 WLNT05000003950 0.00 Very Low 1 100.00 Very Hlah 9 60.80 Hlah 7 5.75 Moderate 
WLN T05 000 6100 8320 0.3115 0.3088 0.3797 WLNT05000006100 0.03 Low 3 100.00 Very High 9 60.80 High 7 6.37 High 
WLN T05 000 8320 10800 0.3115 0.3088 0.3797 WLNT05000008320 0.02 Low 3 100.00 Very Hlah 9 60.80 Hloh 7 6.37 High 
WLN T05 TOl 0 2400 0.3115 0.3088 0.3797 WLNT05T01000000 0.00 Very Low 1 100.00 VerY Hlah 9 60.80 High 7 5.75 Moderate 
WLN T06 000 0 1930 0.2929 0.2948 0.4123 WLNT06000000000 0.00 Very Low 1 28.00 Moderate 5 50.70 Moderate 5 3.83 Low 
WLN T06 000 1930 4050 0.2929 0.2948 0.4123 WLNT06000001930 0.00 VervLow 1 28.00 Moderate 5 50.70 Moderate 5 3.83 Low 
WLN T06 000 4050 6010 0.2929 0.2948 0.4123 WLNT06000004050 0.03 Low 3 28.00 Moderate 5 50.70 Moderate 5 4.41 Moderate' 
WLN T06 000 6010 8070 0.2929 0.2948 0.4123 WLNT06000006010 0.00 Very Low 1 28.00 Moderate 5 50.70 Moderate 5 3.83 Low 
WLN T06 000 8070 9960 0.2929 0.2948 0.4123 WLNT06000008070 0.00 VervLow 1 28.00 Moderate 5 50.70 Moderate 5 3.83 Low 
WLN T06 000 9960 11740 0.2929 0.2948 0.4123 WLNT06000009960 0.00 Very Low 1 28.00 Moderate 5 50.70 Moderate 5 3.83 Low 
WLN T07 000 0 2080 0.3115 0.3088 0.3797 WLNT07000000000 0.00 Very Low 1 17.00 Low 3 31.60 Low 3 2.38 Low 
WLN T07 000 2080 4080 0.3115 0.3088 0.3797 WLNT07000002080 0.00 Very Low 1 17.00 Low 3 31.60 Low 3 2.38 Low 
WLN T07 000 4080 5000 0.3115 0.3088 0.3797 WLNT07000004080 0.00 Very Low 1 17.00 Low 3 31.60 Low 3 2.38 Low 
WLN T07 000 5000 5980 0.3115 0.3088 0.3797 WLNT07000005000 0.00 Very Low 1 14.30 Low 3 31.60 Low 3 2.38 Low 
WLN T07 000 5980 8140 0.3115 0.3088 0.3797 WLNT07000005980 0.00 Very Low 1 14.30 Low 3 31.60 Low 3 2.38 Low 
WLN T07 000 8140 8550 0.3115 0.3088 0.3797 WLNT07000008140 0.14 Low 3 14.30 Low 3 31.60 Low 3 3.00 Low 
WLN T07 000 8550 10123 0.3115 0.3088 0.3797 WLNT07000008550 0.14 Low 3 8.40 VervLow 1 31.60 Low 3 2.38 Low 
WLN T07 000 10123 12180 0.3115 0.3088 0.3797 WLNT07000010123 2.01 Low 3 8.40 Very Low 1 31.60 Low 3 2.38 Low 
WLN T07 000 12180 12970 0.3115 0.3088 0.3797 WLNT07000012180 0.12 Low 3 8.40 VervLow 1 31.80 Low 3 2.38 Low 
WLN T07 000 12970 13430 0.3115 0.3088 0.3797 WLNT07000012970 0.12 Low 3 8.40 Very Low 1 31.60 Low 3 2.38 Low 
WLN T07 TOl 0 2050 0.3115 0.3088 0.3797 WLNT07TO 1 00000o 0.00 Very Low 1 9.90 Very Low 1 31.60 Low 3 1.76 Very Low 
WLN T07 TOl 2050 3440 0.3115 0.3088 0.3797 WLNT07T0100205O 0.00 VllryLow 1 9.90 VerY Low 1 31.60 Low 3 1.76 Very Low 

WLN T07 TOl 3440 5840 0.3115 0.3088 0.3797 WLNT07TO 1 003440 0.00 Very Low 1 9.90 Very Low 1 31.60 Low 3 1.76 Very Low 

WLN T08 000 0 1370 0.3115 0.3088 0.3797 WLNT08000000000 0.38 Low 3 20.60 Moderate 5 31.60 Low 3 3.62 Low 
WLN T08 000 1370 2020 0.3115 0.3088 0.3797 WLNT08000001370 0.38 Low 3 12.80 Low 3 31.60 Low 3 3.00 Low 

WLN T08 000 2020 2470 0.3115 0.3088 0.3797 WLNT08000002020 0.00 VervLow 1 12.80 Low 3 31.60 Low 3 2.38 Low 

WLN T08 000 2470 4090 0.3115 0.3088 0.3797 WLNT08000002470 0.00 Very Low 1 18.10 Low 3 31.60 Low 3 2.38 Low 

WLN T08 000 4090 5860 0.3115 0.3088 0.3797 WLNT08000004090 0.00 Very Low 1 18.10 Low 3 31.60 Low 3 2.38 Low 

WLN T08 000 5860 7979 0.3115 0.3088 0.3797 WLNT08000005860 0.00 Very Low 1 18.10 Low 3 31.60 Low 3 2.38 Low 
WLN T08 000 7979 9910 0.3115 0.3088 0.3797 WLNT08000007979 0.00 Very Low 1 18.10 Low 3 31.60 Low 3 2.38 Low 
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Watershed 

IWLN 
WLN 
WLN 
W 
W 
W 
W 
WL 
WL 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
WLN 
IWLN 

IWLN 
WLN 
WLN 
WLN 
WLR 
WLR 
WLR 
WLR 
WLR 
WLR 
WLR 
WLR 
WLR 
WLR 

June 2001 

Leveli Level 2 Station 
Trlb Trlb ID 

TOO 000 9910 
tT08 000 10390 
IT09 000 0 
IT09 000 2005 
T09 000 3960 
T09 000 6010 
T09 000 7990 
T09 000 10000 
T09 000 11950 
T09 000 13400 
Tl0 000 0 
Tl0 000 2040 
Tl0 000 4040 
TAR 000 0 
TAR 000 1800 
TAR 000 4070 
TAR 000 5950 
TAR 000 7940 
WEL 000 0 
WEL 000 2000 
WEL 000 3240 
WEL 000 4040 
WEL 000 5570 
WEL 000 5975 
WEL 000 7975 
WEL 000 9650 
WEL 000 9850 
WEL 000 11875 
WEL 000 14050 
WEL 000 16080 
WEL 000 18000 
WEL 000 18150 
WEL 000 19720 
WEL 000 19850 
WEL 000 21975 
WEL 000 24075 
WEL 000 25625 
WEL TOl 0 
WEL T01_ _ 2030 
IWEL ITOl 4120 

IWEL ITOl 6070 
WEL T02 0 
WEL T02 1920 
WEL T03 0 
000 000 0 
000 000 850 
000 000 1994 
000 000 3000 
~ 000 3972 
000 000 6018 
000 000 6620 
000 000 8136 
000 000 8900 
000 000 1011~ 

1'I •• ~ .. s. • ••••••• uu.c: ... nl c:a nll.:H:1l3 .. IClll IIUCJ;I al.S:u 13\.UI CII \70 , •• S:IIIUUUIU51 J 

Reach I Fe I EC WQ 
End Final Final Final 

WI WI WI 
IS Reach ID 

Final FC FC FC Final EC EC I EC 
Problem Narrative Rank Problem Narrative Rank 
Score Ratlna Score Score Ratlna Score 

10390 0.3115 0.3088 0.3797 WLNT08OOQQQ9910 
11900 0.3115 0.3088 0.3797 W 
2005 0.3115 0.3088 0.3797 W 

_ ~960 0.3115 0.3088 0.3797 W 
6010 0.3115 0.3088 0.3797 W 
7990 0.3115 0.3088 0.3797 WLNT09000008010 

10000 0.3115 0.3088 0.3797 WLNT09000007990 
1950 0.3115 0.3088 0.3797 WLNT09000010000 
3400 0.3115 0.3088 0.3797 WLNT09000011950 
3500 0.3115 0.3088 0.3797 WLNT 
2040 0.3115 0.3088 0.3797 WLNT 
4040 0.3115 0.3088 0.3797 WLNT10 
4710 0.3115 0.3088 0.3797 WLNT10 
1800 0.3115 0.3088 0.3797 WLNTAI 
4070 0.3115 0.3088 0.3797 WLNTAROOOOO18oo 
5950 0.3115 0.3088 0.3797 W 
7940 0.3115 0.3088 0.3797 WLNT 
9430 0.3115 0.3088 0.3797 WLNTAROOOOO7940 
2000 0.3115 0.3088 0.3797 WLNWELOOOOOOOOO 
3240 0.3115 0.3088 0.3797 WLNWELOOOOO2OOO 
4040 0.3115 0.3088 0.3797 WLNWELOOOOO3240 
5570 0.3115 0.3088 0.3797 WLNWELOOOOO4040 
5975 0.3115 0.3088 0.3797 WLNWELOOOOO5570 
7975 0.3115 0.3088 0.3797 WLNWELOOOOO5975 
9650 0.3115 0.3088 0.3797 WLNWELOOOOO7975 
9850 0.3115 0.3088 0.3797 WI NWF 

11875 0.3115 0.3088 0.3797 
14050 0.3115 0.3088 0.3797 WLNWELooool1875 
16080 0.3115 0.3088 0.3797 WLNWELoooo14050 
18000 0.3115 0.3088 0.3797 WLNWE 
18150 0.3115 0.3088 0.3797 WI NWE 

19720 0.3115 0.3088 0.3797 
19850 0.3115 0.3088 0.3797 WLNWt:LUUIlU19f2\J 
21975 0.3115 0.3088 0.3797 WLNWELoooo19850 
24075 0.3115 0.3088 0.3797 WLNWEL000021975 
25625 0.3115 0.3088 0.3797 WLNWEL000024075 
27260 0.3115 0.3088 0.3797 WLNWEL000025625 
2030 0.3115 0.3088 0.3797 WLNWELT01000000 
4120 0.3115 0.3088 0.3797 WI t.J\ 

·607010.311510.30881 0.3797IWLNWELT0100412O 

3400 0.3115 0.3088 0.3797 WLNWELT02OO192O 
600 0.3115 0.3088 0.3797 WLNWELT03000000 
850 0.3052 0.2782 0.4185 WLF 

1994 0.3052 0.2782 0.4165 WL 
3000 0.3052 0.2782 0.4165 WLF 
3972 0.3052 0.2782 0.4165 W 
6018 0.3052 0.2782 0.4185 WLKUUUUUUUU;3I1,;l 
6620 0.3052 0.2782 0.4165 WLROOOOOOOO6018 
8136 0.3052 0.2782 0.4165 WLR000000008620 
8900 0.3052 0.2782 0.4165 WLROOOOOOOO8136 

10117 0.2929 0.2852 0.4219 WLROOOOOOOO8900 
11865 0.2929 0.2852 0.4219 WLROOOOOOO10llL 

0.00 Very Low 1 18.10 Low 
0.00 VeIV Low 1 18.10 Low 
0.11 Low 3 30.50 Hklh 
0.00 Very Low 130.50 HIg~ _ 
1.25 Low 3 3D.50 Hklh 
0.45 Low 3 30.50 Hklh 
0.00 Veiv Low 1 30.50 HiiIh 
0.00 Very Low 1 30.50 

0.00 Very Low 
0.00 Very Low 
1.61 Low 
0.00 Very Low 
0.00 Very Low 
7. 
7. 
4.41 Low 
0.00 Ve,yLow 
0.00 Very Low 
0.00 Very Low 
0.00 VeIV Low 
0.32 Low 
0.05 Low 
~Low 
1.67 Low 
1.67 Low 
0.00 Very Low 
0.02 Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
O.ooIV.ery Low 

1]ghVeiy Low 
0.00 Very Low 
0.00 Very Low 
0.00 Very Low 
1.70 Low 
1.70 Low 
9.40 Moderate 
9.40 Moderate 

10.22 High 
0.18 Low 
0.18 Low 
0.06 Low 
0.08 Low 
0.13 Low 

1 

1 
'3 

1 
l' 
'3 
l' 

5 
"5 
'3 

1 

~ 

1 
3' 
J: 

1 
l' 
l' 
.! 
1 
l' 

1 
'3 

3 
'3 
3' 

23. 
24. 
24-

24.1 
24. 
24.1 
7~ 

!5.50 Moderate 
!7.60 Moderate 
27.80 Moderate 
27.80 Moderate 
27.60 Moderate 
27.80 Moderate 
30.90 High 
~.1lQ l-tlgh. 
3o.901Hlgh 

3O.9O/Hlgh 
27.60 Moderate 
!7.60 Moilerate 

27.60 Moderate 
16.00 Low 
16.00 Low 
16.00 Low 

1.50 Very Low 
1.50 Very.Low 
!.50 Very Low 

12.90 Low 
12.90 Low 
12.90 Low 
12.90 Low 

~ city of austin 

Watershed Protection 
~-----------------------------

3 
-:; 
"'l 
7 

7 

7 
-:; 
'5 
'5 
'5 
'5 
'5 
'5 

5 
'5 
'5 
'5 
9 
9 
-:; 
-:; 

9 
9 
9 
]: 
J!. 

9 
5 

'5 
'5 
'5 
'5 

5 
'1 
7 
7 

5 
"5 
'3 
'3 

1 
l' 

1 

3 

3 

~:~:!' Na:'~lve .:~ In,::~~!ed Na~:tlve 
Score Ratlna Score Ratlna 

31.60 Low 3 2.38 Low 
31.60 Low 3 2.38 Low 
31.60 Low 3 4.24 Moderaie 
31.60 Low 3 3.61 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 

31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
31.60ILow 
31.60 Low 
31.60 Low 
31.60 Low 
31.60 Low 
44.80 Moderate 
44.80 Moderale 
44.80 Moderale 
44.80 Moderate 
44.80 Moderate 
44.80 Moderate 
44.80 Moderate 
44.80 Moderate 
44.80 Moderate 

_ 44.80 Moderate 

3 
3 
3 

'3 
3' 
3' 
~ 

3 

.1. 
3 

-3 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 
3' 

3 
3' 
3' 
3' 
3' 
'3 
"3 

3 
3 

'3 
3 

'3 
"5 
] 
5 

"5 
"5 

5 
"5 
'5 
'5 

3.61 Low 
3.61 Low 
3.61 Low 
3.61 Low 
3.62 Low 
2.99 Low 
2.99 Low 
2.99 Low 
2.99 Low 
3.62 Low 
2.99 Low 
2.99 Low 
3.62 Low 
2.99 Low 

5.481 Moderate 
A 

4.24 Model'ilte 
3.61 Low 

4. 
l7~ 

A 

3.62 Low 
3.62 Low 
2.99 Low 
3.62 Low 
2.99 Low 
2.99 Low 
3.61 Low 
3.61 Low 

A6I1Lilw 
3.61 Low 
2.9~ Low 
2.99 Low 
2.99 Low 
3.83 Low 
3.83 Low 
4.44 Moderate 
3.89 Low 
4.50 Moderate 
3.28 Low 
3.83 Low 
3.83 Low 
3.84 Low 
3.84 Low 
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Table 8-4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 
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TableB-4 
Master Plan Problem Area Assessment Integrated Scores (98 Methodology) 

Level 11 Level 21 Station 
Trlb Trlb ID ISRe.chID 
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Append;xC 

Master Plan Citizen's Advisory Group 

The Watershed Protection Department Master Plan Citizens Advisory Group highly 
commends the City staff and consultants for their hard work in compiling data, evaluating project 
solutions and procedures, and making recommendations. The WPD Master Plan speaks for itself 
-- the City is in great need of this plan to help prioritize our various needs. The Plan clearly 
shows that the City must aggressively pursue funding, and implement a timeframe to handle the 
highest priority sites. The longer problem areas remain uncorrected, the higher the eventual cost 
and the greater the negative impact to the natural character of the 'Creeks. 

We have reviewed the Executive Summary and have discussed it with staff, especially the 
fmdings and recommendations. We have also heard the comments and concerns of citizens at the 
public hearing and have included them in our considerations. The Citizens Advisory Group 
supports the staff fmdings and recommendations. Because we want the Master Plan to be a living 
document, we would like to emphasize the importance of pursuing an integrated and aggressive 
implementation plan. It is in this context that we propose additional recommendations. With the 
inclusion of these additional recommendations the Citizens Advisory Group strongly urges 
that the City Council adopt the Watershed Protection Master Plan and that the City Manager 
be instructed that pursuit of its implementation is a high Council priority. 

1 . Implementation: 
1.1. Identify an initial 5 -year (of the total projected) implementation program in the areas 

of capital solutions, program enhancements, and regulatory modification. 
1.2. Present a preliminary 5-year implementation timetable to the Environmental Board. 

Report biannually on the status of implementation per the 5-year plan to the 
Environmental Board. 

1.3. Continue to incorporate new data and modify the program of implementation 
appropriately. 

1.4. Continue to refme our land use projections. 
1.5. Aggressively pursue retrofits for water quality. 
1.6. Expand master planning efforts beyond the Phase I watersheds as soon as possible. 

Begin developing and identifying priority areas considering what is already known 
from existing problems and expected development. 

2. Funding: 
2.1. Develop short and long-range funding proposals to support solution implementation. 
2.2. Continue to evaluate the Drainage Utility fee to see if it is adequate for full program 

funding, 
2.3 . Actively pursue funding with multiple governmental agencies. 
2.4. Characterize past and potential future watershed protection funding sources. List 

funding options. 
2.5. Aggressively pursue funding to upgrade infrastructure storm sewer systems. 

3. Advocacy: 
3.1. Encourage the Environmental Board to act as an advocate to get projects funded and 

implemented. 
3.2. Develop a plan to seek community leaders who have been educated about the plan and 

funding issues who will act as advocates and educate citizenry. 
3.3 . Continue support for the Citizens' Advisory Group to monitor the implementation of 

Phase I and the development of Phase II. 
3.4. Since the Environmental Officer is, by ordinance, strongly dedicated to the goals of 

protecting the environment, the Environmental Officer should have additional duties 
related to the better implementation of the Master Plan: 
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3.4.l.Develop a plan to optimize City departmental relationships by cooperating to protect 
the environment (i.e., Public utilities, WaterfWastewater and Tree Protection staff) 

3.4.2. Continue to enforce strict compliance with preventive regulatory approaches. 
3.4.3. Aggressively pursue the proposed regulatory modifications (Executive Summary, 

pages 46 and 47). 

4. Public Information: 
4.1. Develop a community education program for all Drainage Utility customers so that 

they know they have been heard. 
4.2. Provide the Master Plan Executive Summary to all appropriate City boards and 

commissions, other City departments, other governmental agencies, neighborhood 
associations, and neighborhood master planning groups so that they can incorporate 
Master Planning concepts in making decisions that affect the watersheds. 

Mary Arnold., Chair 
Dr. Sterling Lands 
Joyce Conner 

L.G. "Skip" Cameron 
Craig Smith 
Tim Jones 

Hong Guo, P .E. 
Michael Barrett, P .E. 
Tom Shefelman, AlA 

Michael Barrett, Ph.D., P.E. phone (512) 471-0935 
fax (512) 471-0072 Center for Research in Water Resources 

PRC Building 119 
The University of Texas at Austin 
Austin, TX 78712 

I am generally supportive of the overall goals and objectives 
described in the 
Watershed Master Plan; however, I do have a couple of concerns. 

1. The overall budget for the effort may be too large. If I had an 
additional 
$800M to spend to improve the quality of life in Austin, I might 
prefer that a 
significant portion be dedicated to improved mobility (not just 
roads, but sidewalks 
and bike paths as well) or to parks for instance. 

2. I have a long-term vision of turning the urban creeks into 
greenbelts, which 
could provide alternative transportation corridors (for pedestrians 
and bicyclists) 
as well as recreational opportunities. Unfortunately, much of the 
property adjacent 
to the creeks is in private hands . Many of these property owners 
deny access to the 
creeks by the public, yet they are more than happy to request public 
money to protect 
their property from erosion. Consequently, I believe the City 
should obtain an 
easement along the creek from property owners in exchange for using 
taxpayers 
dollars to stabilize their backyards . 
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Michael Wilson 

Mr. Wilson suggested several changes to the recommendations. Of the 
ones he suggested, the following recommendations were not made 
because the original language had already been approved by the 
majority of the Advisory Group and because the language changed 
the meaning of what already been approved. 

"We have also heard the comments and concerns of citizens at the public bearing and have included 
them in [our considerations - delete) (insert - the following recommendations). 

With the inclusion of these additional recommendations the Advisory Group strongly urge that the 
City Council adopt the Watershed Protection Master Plan land that the City Manager be instructed 
that pursuit of its implementation is a high Council priority - delete]. 

1.2 [Present preliminary 5-year implementation timetable to the Environmental Board. Report 
biannually on the status of implementation per the 5-year plan to the Environmental Board -
delete]. 

2.4 [List funding options - delete]. 

3.1 [Encourage the Environmental Board to act as an advocate to get projects funded and implemented 
-delete]. 

3.2 [Develop a plan to - delete] (insert - The city Council of Austin should actively) seek community 
leaders who have been educated about the plan and funding issues who will act as advocates and 
educate citizenry. 

3.3 [Continue support for the Citizens' Advisory Group to monitor the implementation of Phase I 
and the development of Phase II - delete]. 

3.4 [Since the Environmental Officer is, by ordinance, strongly dedicated to the goals of 
protecting the environment, the Environmental Officer should have additional duties related 
to the better implementation of the Master Plan: - delete] 
3.4.1 [Develop a plan to optimize City departmental relationships by cooperating to protect 

the environment (i.e., Public utilities, WaterlWastewater and Tree Protection staff) -
delete] 

3.4.2 [Continue to enforce strict compliance with preventive regulatory approaches­
delete]. 

3.4.3 [Aggressively pursue the proposed regulatory modifications (Executive Summary, 
paces 46 and 47)- delete]. 

4.2 Provide (insert - Make available,) the Master Plan to all City boards and commissions, other 
City departments, other governmental agencies, neighborhood associations, and 
neighborhood master planning groups so that they [can - delete] (insert - have the 
opportunity to) incorporate Master Planning concepts in making decisions that (insert - may) 
affect the watersheds. 
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ENVIRONMENTAL BOARD MOTION 02210 l-B 1 

Date: February 21,2001 

Subject: Watershed Protection Department Master Plan Recommendations 
Motioned By: Joyce Conner Seconded By: Phil Moncada 

The Environmental Board strongly recommends adoption of the Watershed Protection 
Master Plan with the inclusion of additional recommendations developed jointly by the 
Watershed Protection Department Citizens Advisory Group and the Environmental 
Board Master Plan subcommittee. Further, the Environmental Board urges Council to 
instruct the City Manager that pursuit of the Master Plan implementation is a high 
Council priority. 

The Board also wishes to recognize the years of effort on the part of the WPD Master 
Plan Citizens Advisory Group and to highly commend the City staff and consultants for 
their ongoing hard work compiling data, evaluating project solutions and procedures, and 
making recommendations. The Board and the Citizens Advisory Group held a public 
hearing on the plan on February 7,2001. The concerns voiced by citizens at this hearing 
were also given consideration in developing the recommendation of the Citizens 
Advisory Group to the Board. 

The Watershed Protection Master Plan clearly shows that the City is in great need of this 
plan to help prioritize our various needs, and that the City should aggressively pursue 
funding to correct the highest priority watershed problems on a timely basis. The longer 
problem areas remain uncorrected, the higher the eventual' cos~ and the greater the 
adverse impact on the natural character of the creeks. 

The recommendations of the Citizens Advisory Group and the Environmental Board 
subcommittee that have been endorsed by the Environmental Board follow. Because we 
want the Master Plan to be a living document, we would like to emphasize the 
importance of pursuing an integrated and aggressive implementation plan. 

1. Implementation: 
1.1. Identify an initial 5-year (of the total projected) implementation program in the 

areas of capital solutions, program enhancements, and regulatory 
modification. 

1.2. Present a preliminary 5-year implementation timetable to the Environmental 
Board. Report biannually on the status of implementation per the 5-year plan 
to the Environmental Board . 
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1.3. Continue to incorporate new data and modify the program of implementation 
appropriately. 

104. Continue to refine our land use projections. 
1.5. Aggressively pursue retrofits for water quality. 
1.6. Expand master planning efforts beyond the Phase I watersheds as soon as 

possible. Begin developing and identifying priority areas considering what is 
already known from existing problems and expected development. 

2. Funding: 
2.1. Develop short and long-range funding proposals to support solution 

implementation. 
2.2. Continue to evaluate the Drainage Utility fee to see if it is adequate for full 

program funding. 
2.3. Actively pursue funding with mUltiple governmental agencies. 
204. Characterize past and potential future watershed protection funding sources. 

List funding options. 
2.5. Aggressively pursue funding to upgrade infrastructure storm sewer systems. 

3. Advocacy: 
3.1. Encourage the Environmental Board to act as an advocate to get projects 

funded and implemented. 
3.2. Develop a plan to seek community leaders who have been educated about the 

plan and funding issues who will act as advocates and educate citizenry. 
3.3. Continue support for the Citizens' Advisory Group to monitor the 

implementation of Phase I and the development of Phase II. 
3.4. Since the Environmental Officer is, by ordinance, strongly dedicated to the 

goals of protecting the environment, the Environmental Officer should have 
additional duties related to the better implementation ofthe Master Plan: 
3.4.1. Develop a plan to optimize City' departmental relationships by 

cooperating to protect the environment (i.e., Public utilities, 
WaterlWastewater and Tree Protection staff). 

3.4.2. Continue to enforce strict compliance with preventive regulatory 
Approaches. 

3.4.3. Aggressively pursue the proposed regulatory modifications (Executive 
Summary, pg 46 & 47). 

4. Public Information: 

C-6 

4.1. Develop a community education program for all Drainage Utility customers 
so' that they know they have been heard. 

4.2. Provide the Master Plan Executive Summary to all appropriate City boards 
and commissions, other City departments, other governmental agencies, 
neighborhood associations, and neighborhood master planning groups so that 
they can incorporate Master Planning concepts in making decisions that affect 
the watersheds. 
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Citizens Advisory Group Supporting Recommendations: 
Mary Arnold, Chair L.G. "Skip" Cameron Hong Guo, P.E. 
Tim Jones Craig Smith Tom Shefelman, AIA 
Michael Barrett, P.E. Dr. Sterling Lands Joyce Conner 

Vote: 7-0-0-1 

For: Alvarez, Conner, Jones, Leffingwell, Moncada, Williams 

Against: None 

Abstain: None 

Absent: Avery 

Approved By: 

d1'4r--
Lee Leffingwell, Chair 
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Regular Meeting 

AppendixC 

A regularly scheduled meeting ofthe Parks and Recreation Department Board was held 
on Tuesday, March 13,2001 in the Board Room of the Parks and Recreation Department 
Main Office located at 200 South Lamar Blvd., Austin, Texas. 

Board Members Present: Rosemary Castleberry, Mary Ruth Holder, Rocky Medrano, 
Clint Small, JeffFrancell, and Carol Kim. 

Board Members Absent: Rhonda Taylor and Amy Babich 

Staff Members Present: Stuart Strong, Juan Valera-Lema, Don Koehler, Cappy Manly, 
Kimberley Mitchell, Randy Scott and Dina Haines. 

A. 

B. 

C. 

MEETING CALLED TO ORDER The meeting was called to order at 6:32 
p.m. by Rosemary Castleberry, Chair. 

APPROVAL OF THE MINUTES, February 27, 2001 meetings. Board 
Member Francell made the motion to approve the minutes as written. Board 
Member Small second the motion. The Board was in favor 6-0-0. 

PRESENTATIONS 
Dolores Duran, City of Austin Public Works Department spoke in regards to the 
Land Use Agreement and Permanent Slope Easement Related to Phase II and 
Phase ill of the Loyola Lane Right of Way. 
Jean Drew, City of Austin Watershed Protection Department gave a presentation 
to the board regarding the Watershed Protection Master Plan. (see attachment) 

D. CITIZEN COMMUNICATION 
John Nyfeler, Architect, Aquirre/Nyfeler spoke on his request to have the Lamar 
hike and bike pedestrian bridge named after James D. Pfluger, FAlA. Mr. James 
D. Pfluger, was the principal designer who worked with Lady Bird Johnson in the 
original creation of Town Lake Park. Mr. Pfluger was one of the architects who 
did the layout of the Town Lake hike and bike trail. Mr. Nyfeler said he has 
support from various associations and provided copies of letters of support. 

Tom Evans spoke to the board regarding his concern of a developer's improper 
clearing of the Balcones Canyonland Preserves. The developer allegedly cut the 
locks on a city-installed gate on Kollimeyer Road and entered the property with a 
number of trucks, a bulldozer, a shredder and several chainsaws and cut a 700 
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foot long, 25 foot wide swath of land on BCP property. Mr. Evans stated his 
support for preserving the tract of land for the Golden-cheeked Warbler habitats. 

Don Koehler, BCP Manager was present to answer questions. Mr. Koehler 
stated that although the developer has permission to enter upon proper 
circumstances, such as surveying, but not to clear property without proper pen­
nits required by Watershed Protection Department. 

Pam Murfin also spoke to the board with her concerns of the clearing through 
the BCP property. Ms. Murfin lives between Medway Ranch and Reicher Ranch. 
She infonned the board of her intent to try to locate outside conservation buyers 
to purchase more land to secure for the Golden-cheek Warbler. She also 
encouraged the Parks Board to seek City Council support for more funding to 
purchase land. 

Board Member Small left the meeting 6:58 p.m. 

E. ITEMS FOR ACTION 
1. Make a Recommendation to City Council regarding a Parkland Use Agreement 

and Pennanent Slope Easement Related to Phase 11 and Phase ill of the Loyola 
Lane Right of Way. 

Dolores Duran, Project Manager with the Public Works Department gave a presentation 
to the board. The project consist of a land use agreement to construct a 20 to 30 foot 
wide slope easement along the full length of the Northeast Park southern boundary 
adjacent to Loyola Lane near Hwy 183. The Loyola Lane project from Hwy 183 to 
Decker Lane will improve the roadway from two lanes to four lanes, including bike 
lanes, sidewalks and drainage improvements. In the Colony Park and Northeast Park, the 
Public Works Department is also asking for temporary staging area permission to store 
materials for the project while under construction. Board Member Holder infonned the 
board this item had been brought to the Land and Facilities committee meeting and 
would recommend to City Council the Parkland Use Agreement, Pennanent Slope 
Easement and temporary staging area related to Phase II and Phase ill of the Loyola Lane 
Right of Way improvements. Board Member Medrano seconded the motion. The 
motion passed in favor 5-0-0. 

2. Make Recommendation to City Council Regarding the Watershed Protection 
Department Master Plan. Phase I Report. 

Jean Drew, Master Plan Program Coordinator from the Watershed Protection 
Department gave a slide show presentation of the Watershed Protection Master Plan. 
The 
Master Plan findings can be summarized generally as watershed problems are wide 
spread and are expectant to worsen if solutions are not implemented. To address these 
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problems over 800 millions of capitol improvements have been identified and are needed 
to construct integrated watershed protection facilities including detention ponds, channel 
stabilization projects, flood, erosion and water quality controls. (presentation Attached) 

Board Member Holder stated this item was also brought to Land and Facilities 
committee meeting. Ms. Holder stated that in the Board Member's packet was the 
Environmental Board's Recommendation, which incorporated the citizen advisory 
group's recommendations. Ms. Holder felt the Parks Board should support these 
recommendations with the following addition: On page 2, in the Environmental Board 
Recommendation, Item 3, 3.4.1. entitled "develop a plan to optimize City departmental 
relationship by cooperation to protect the environment" (i.e. Public Utilities, 
WaterlWastewater and Tree Protection staff) the Parks and Recreation Department 
should be added to the list of departments. Ms. Holder also stated she believes Board 
members should be cautious about allowing the use of parklands and preserves as 
locations for city flood control and water quality projects because private development 
created the need for such projects and public lands should not have to bear all the burden 
of the effects ofprivate development. 

Board Member Francell made the motion to recommend to City Council the 
recommendations in the Environmental Board's recommendation with the addition of 
Parks and Recreation Department in item 3,3.4. 1. Board Member Medrano seconded 
the motion. The motion passed in favor 5-0-0. 

3 Make Recommendation to City Council Regarding a Parkland Use for an ICG 
Communication Line to cross parkland near Drake Bridge. 

Stuart Strong stated the leG Communications Company requested a license agreement 
to place an underground telecommunication line on parkland near the intersection of 
Cesar Chavez and the South First Street bridge. Telecommunications are permitted to 
place lines in rights of way without local approval. 

The hike and bike trail would remain open and that the work will be completed within 
two evenings. 

Board Member Holder made motion to recommend to City Council a Parkland Use 
Agreement for ICG Communication Line to cross parkland near Drake Bridge. Board 
Member Kim seconded the motion. The motion passed in favor 5-0-0, 

4. Make Recommendation to the Director Regarding the Dino Pit Exhibit at the 
Austin Nature and Science Center. 
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CITY PLANNING COMMISSION 
May 1,2001 [ANNOTATED] 

One Texas Center 
505 Barton Springs Road 

3rd Floor Conference Room 

CALL TO ORDER - 6:00 P.M. 
START. 6.00 P.M. ADJOURN. 11:25 PM 

A Jim Robertson 
__ -,Dr. Sterling Lands 

Ben Heimsath ---' 
A Lydia Ortiz Vice-Chair 

__ -,Robin Cravey Assist. Secretary 
___ Silver Garza Chair 

__ -,Betty Baker Parliamentarian 
__ -,Ray Vrudhula 

___ ,Jean Mather Secretary 

ORDER OF PROCEDURE 
1. Chair announces request. 
2. Staff presents a summary ofthe case. 
3. Chair calls on those FAVORING the request. 

a. Applicant's presentation (5 minutes). 
b. Others favoring the request (3 minutes). 

4. Chair calls on those OPPOSING the request. 
a. Primary presentation (5 minutes). 
b. Others opposing the request (3 minutes). 

5. Applicant is given opportunity to answer objections stated. (3 minutes) 
6. Staff summation and questions from the Commission. 
7. The public hearing on a zoning case may be closed and no further testimony is taken 

from the public. 
8. If the public hearing is closed, the Commission shall make a recommendation to the City 

Council within 14 days or the case will be forwarded to the City Council without a 
recommendation. (Section 25-2-282) 

All of the following items may be acted upon by one motion. The Commission does not 
consider items earlier than the time stated on the agenda; "Other Business" items can be taken 
at any time. After the posted time, the Commission Chairperson may announce the item and, 
if there is no opposition, the item may be taken ''by consent" for approval without discussion. 

CITIZENS WISHING TO SPEAK BEFORE THE COMMISSION MUST REGISTER 
BY SIGNING A LIST A T THE ENTRANCE. 

Any interested party aggrieved by a decision of the Planning Commission on a Hill Country 
Site Plan Conditional Use Permit, Replacement Site Plan, or a Preliminary Subdivision Plan 
with an environmental variance may only appeal the Commission's decision to the City 
Council. The notice of appeal must be submitted in writing on a form provided by the 
Director of Watershed Protection and Development Review Department within fourteen (14) 
days following the decision of the Planning Commission. 
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A. REGULAR AGENDA 

EXECUTIVE SESSION (No public discussion) 

The Planning Commission will announce it will go into Executive Session, if necessary, 
pursuant to Chapter 551 of the Texas Government Code, to receive advice from Legal 
Counsel on matters specifically listed on this agenda. The Planning Commission may 
also announce it will go into Executive Session, if necessary, to receive advice from 
Legal Counsel regarding any other item on this agenda. 

Private Consultation with Attorney - Section 551.071 

CITIZEN COMMUNICATION: 

1. The first four (4) speakers signed up to speak will each be allowed a three-minute 
allotment to address their concerns. 

SUSANA ALMANZA - OZONE DAYS 
RAMON MALDONADO - SPANISH TRANSLATION FOR P. C MEETINGS 

APPROVAL OF MINUTES 

2. Approve Planning Commission minutes from Apri117, 2001. 

APPROVED BY CONSENT 
fR. V, R.C 2"dJ (7-0) L.O, J.R -ABSENT 

DISCUSSION A.N"D ACTION 

3. Discussion and action regarding the Watershed Protection Master Plan. City 
Staff. Jean Drew, Watershed Protection and Development Review 
Department, 499-2272. 

MOTION MADE TO ENDORSE THE WATERSHED MASTER PLAN TO 
THE COUNCIL, THAT IT BE ADOPTED AND CONSIDERED A 
STARTING POINT FOR MORE AGGRESSIVE EFFORT IN PROTECTING 
AND MANAGING THE CITY'S WATERSHEDS. ALSO TO ENDORSE 
AND INCLUDE ENVIRONMENTAL BOARD'S RECOMMENDATION 
DATED FEBRUARY 21, 2001. 
[R., J.M 2"tJ (7- 0) L.O, J.R -ABSENT 
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Executive Summary 

Overview 

The mission of the Watershed Protection Department (WPD) is to reduce the impact of flooding, 

erosion and water pollution on our community in order to protect lives, property and the 

environment. To accomplish this mission, WPD completed Phase I of a Watershed Protection 

Master Plan to better prioritize service needs and refine program direction. 

The Master Plan inventories existing watershed problems and gauges the impact of future 

urbanization in seventeen (17) watersheds - including all of the urban watersheds and five 

surrounding non-urban watersheds: 

Blunn (BLU) 
Boggy (BOG) 
Buttermilk (BMK) 

Urban 

East Bouldin (EBO) 
Fort Branch (FOR) 
Harper's Branch (HRP) 

Johnson (JOH) 
Little Walnut (L W A) 
Shoal (SHL) 
Tannehill (TAN) 
Waller (WLR) 
West Bouldin (WBO) 

NonUrban 
Barton (BAR) 
Bull (BUL) 
Country Club (CNT) 
Walnut (WLN) 
Williamson (WMS) 

Phase I studies helped to locate and prioritize problem areas where watershed protection goals 

and objectives are not currently being met or are not expected to be met in the future. These 

studies are categorized by mission as creek flooding, localized flooding, streambank erosion and 

water quality degradation. Integrated problem areas were determined by overlaying the results 

of the individual mission studies to identify areas of concurrent flooding, erosion and water 

quality problems. Integrated problem areas demonstrate an increased need for multi-purpose 

solutions. 

These studies determined that watershed problems are widespread and will worsen if corrective 

action is not taken. Creek flooding poses a recurring citywide risk to public safety and property. 

For example, a relatively small 2-year storm creates structure flooding in 14 of the 17 Phase I 

watersheds. Localized flooding also threatens property across the City due to undersized, 

deteriorated, clogged or inadequate storm drain systems. Over 4000 localized flooding 

complaints have been logged over the last ten years. New erosion data identifies numerous 
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Executive Summary 

existing threats to property with nearly 500 sites currently threatened. Increased stormflows from 

urban development have accelerated streambank erosion, leading to enlarged and unstable creek 

channels. Water quality studies document the fact that urbanization has led to the degradation of 

our urban creeks and receiving waters. Future development is predicted to continue the trend of 

degrading habitat and creek biology and increasing pollutant levels in local surface waters. 

The Master Plan identifies opportunities for optimizing existing resources through improved 

prioritization, mission integration and a renewed commitment to the use of environmentally 

responsible, cost-effective and sustainable solutions. Problem priorities were established based 

on the severity of the identified problem at each location and the number and type of affected 

community resources (such as homes, roadways and receiving waters). 

To address the problems characterized by the watershed studies, the Master Plan identifies the 

need to implement a combination of watershed solutions including: 

Capital Infrastructure Projects - Over $800 million in capital funds are required to 

construct integrated watershed protection facilities including detention ponds, channel 

stabilization projects and other flood, erosion and water quality controls. 

Operating Program Enhancements - Additional funding of $2 - 5 million per year is 

needed to provide essential levels of service for several City programs and activities 

including infrastructure maintenance, development review and inspection, public education 

and design support. 

Regulatory Modifications - Various code and criteria changes are required to improve 

service to the public, provide developer incentives, reduce long-term maintenance needs and 

prevent the creation of new watershed problems in the future. 

As detailed above, additional resources and funding will be necessary to achieve watershed 

protection goals. While attainment of erosion and flood goals may be possible given sufficient 

funding, water quality goals are not attainable through implementation of solutions evaluated in 

Phase I. Limited regional retrofit opportunities in urban watersheds and inadequate regulatory 

controls in areas outside the City's jurisdiction are examples of the various physical and 
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Executive Summary 

institutional constraints that · currently exist. Given these considerations, Phase I Master Plan 

recommendations are to: 

1) Develop longrange funding proposals to support solution implementation. 

2) Integrate watershed solutions to the extent possible to effectively promote watershed 
protection goals attainment. 

3) Implement integrated capital projects using a needs-based, watershed management area 
approach as funding becomes available. 

4) Develop collaborative multi-agency partnerships (that include federal, state, and local 
entities along with other City Departments, community groups and concerned citizens) 
to achieve watershed protection goals. 

5) Use Master Plan results to assist in the development of proposed WPD budget increases 
to fund priority program enhancements. 

6) Involve stake holders in the comment and review process for proposed regulatory 
modifications before Council consideration as final language is developed. 

7) Refine watershed protection goals based on continued public involvement and 
additional studies. 

8) Continue development and evaluation of innovative water quality solutions to attain 
water quality goals. Refine water quality goals to reflect additional evaluation and 
feasibility of solution implementation. 

9) Update Phase I Master Plan information as better data becomes available and solutions 
are implemented. 

10) Expand master planning efforts beyond the Phase I watersheds as funding allows. 
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Executive Summary 

Introduction 

The mission of the Watershed Protection Department (WPD) is to reduce the impact of flooding, 

erosion, and water pollution on our community in order to protect lives, property and the 

environment. To accomplish this mission, WPD completed Phase I of a Watershed Protection 

Master Plan to better prioritize service needs and refine program direction. The Master Plan 

inventories existing watershed problems and gauges the impact of future urbanization over the 

next 40 years. Based on the magnitude of problems found in the seventeen (17) Phase I 

watersheds, the Master Plan identifies the need to implement an array of watershed solutions 

including: 

Capital Infrastructure Projects - Over $800 million in capital funds are required to 

construct new or improved integrated watershed protection facilities including detention 

ponds, channel stabilization projects and other flood, erosion and water quality controls. 

Operating Program Enhancements - Additional funding of $2 - 5 million per year is 

needed to provide essential levels of service for several City programs and activities 

including infrastructure maintenance, development review and inspection, public 

education and design support. 

Regulatory Modifications - Various code and criteria changes are required to improve 

public service, provide developer incentives, reduce long-tenn maintenance needs and 

prevent the creation of new watershed problems in the future. 

In addition to the solutions listed above, the Master Plan identifies opportunities for optimizing 

existing resources through improved prioritization, mission integration and a renewed 

commitment to the use of environmentally responsible, cost-effective and sustainable solutions. 

However, additional resources and funding will be necessary to achieve watershed protection 

goals. 

As the findings and recommendations are presented in this report, it is useful to gain a better 

understanding of the history and past issues that have led to the creation of this Master Plan. 
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Executive Summary 

For more than two decades, the City of Austin has been recognized as a national leader in 

addressing watershed protection issues. Beginning in the 1970's, Austin began to place an 

emphasis on creek protection and the prevention of future problems through regulation. In 1974, 

the Waterway Development Ordinance (a.k.a., the Creek Ordinance) required a development 

pennit and site plan, limited development in the 25-year floodplain, required developments to 

identify appropriate sedimentation and erosion controls, and brought a new focus to protecting 

the "natural and traditional character" of local creeks. Since that time, the City has enacted 

additional watershed regulations and established design criteria manuals aimed at mitigating 

increased runoff rates and pollutant loadings from new land development. 

Probably the single most important event that helped shape the City's current watershed 

protection program is the Memorial Day Flood of 1981. In response to the storm's devastating 

effects, the City implemented a new drainage fee to provide funding for an expanded stonnwater 

management program. Between 1981 and 1984, strong public support for flood and erosion 

bond packages became evident as voters authorized more than $75 million for capital 

improvement projects. From the mid 1980's to today, the City's erosion and water quality 

efforts have matured as a result of drainage fee fund increases and the passage of notable water 

quality ordinances (e.g., CWO, UWO and SOS ordinances). 

Due to the passage of these existing City regulations, much of the City's current watershed 

protection efforts are targeted at fixing problems caused by existing development that predated 

these regulations. 

The Watershed Protection Department was created in 1996 with the merging of the flood and 

erosion programs of Public Works with the water quality protection programs of the 

Environmental and Conservation Services Department. With the creation of this unified 

department, a new emphasis was placed on: 

1) improving the prioritization of future watershed protection efforts, 

2) determining the adequacy of existing funding levels, and 

3) integrating the three missions of the new department to more cost-effectively achieve 
flood control, erosion control and watershed protection goals. 

Shortly thereafter, this Master Plan was initiated . 
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Executive Summary 

Protecting Lives, Property and the Environment 

Protecting lives, property and the environment. From this multi-objective mission statement, 

specific management goals for flood control, erosion control and water quality protection are 

derived that incorporate the vision and values of the community. 

Building on the WPD mission statement, seven (7) specific management goals and 27 

corresponding objectives were developed to guide the Master Plan. The long-term goals and 

objectives (shown in Table 1) reflect target levels of public safety, property protection and 

environmental protection within the Phase I watersheds (Figure 1). These goals are considered 

"interim" pending public consideration of the goal attainment opportunities and costs identified 

by this first WPD Master Planning effort. 

WPD utilized several means to involve the community in the goal setting process. In the fall of 

1996, three public meetings of the Master Plan Citizen Advisory Group (MPCAG) were 

dedicated to refinement of the Department mission statement, management goals and objectives. 

These goals were also reviewed in the three public meetings held during the spring of 1998 to 

inform the public about the results of the technical assessment portion of the Master Plan. This 

type of results-oriented, inclusive planning was a guiding principle for the Master Plan. In 

addition, watershed protection goals have been and will continue to be published for review in 

the City's annual budget and business plan documents . 
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Executive Summary 

Table 1 
Watershed Protection Master Plan Interim Goals and Objectives 

Goals Ob.iectives 
Protect lives and property by FC!. Reduce the depth and frequency of flooding for all structures in the lOO-year floodplain. 
reducing the impact of flood FC2. Reduce the depth and frequency of flooding on all roads in the IOO-year floodplain. 
events. FC3. Reduce the danger at road crossings subject to any flooding by the IOO-year flood 

(includes the provision of adequate warning). 
FC4. Provide mitigation for flood damage. 
FC5. Prevent the creation of future flood hazards to human life and property. 
FC6 .. Reduce the depth and frequency oflocalized flooding for buildings. 
FC7. Reduce the depth and frequency of localized flooding for yards. 
FC8. Reduce the danger of street flooding associated with old storm drains. 
FC9. Reduce standing water in public rights-of-way and drainage easements outside thelOO-

year floodplain. 

Protect channel integrity and ECI. Repair current erosion that threatens habitable structures and roadways. (Type I sites) 
prevent property damage EC2. Repair current erosion that threatens properties, trees, fences. drainage infrastructure, 
resulting from erosion. parks, hike and bike trails (Type 2 sites). 

EC3. Minimize the future enlargement of channels that would threaten public and private 
property. (Type 3 sites) 

EC4. Achieve stable stream systems. 

Protect and improve Austin's WQI. In local creeks. achieve or exceed Good Environmental Integrity Index (Ell) scores. 
waterways and aquifers for WQ2. In Urban creeks, restore baseflow quantity and quality to the maximum extent possible. 
citizen use and the support of WQ3. In Non-Urban creeks, preserve the existing baseflow quantity and quality to the 
aquatic life. maximum extent possible. 

WQ4. In all creeks, reduce existing and future pollutant loads to the maximum extent possible. 
WQ5. In the Edward's Aquifer, maintain or enhance the existing rate of recharge to the 

maximum extent possible. 
WQ6. Maintain or enhance high quality environmental features (springs, seeps, wetlands, 

swimming holes, threatened or endangered species habitat) to the maximum extent 
possible. 

Improve the urban CGI. Maximize the use of waterways and drainage facilities for public recreation. 
environment by fostering CG2. Maximize areas for public use within floodplains. 
additional beneficial uses of CG3. Maintain natural and traditional character of floodplains to the maximum extent 
waterways and drainage possible. 
facilities. 
Meet or exceed all local, CG4. For all state designated stream segments. including Lake Travis, Lake Austin, Town 
state, and federal permit and Lake, the Colorado River below Austin, Barton and Onion creeks, maintain or improve 
regulatory requirements. the Designated Use Support status. 

CG5. Comply with Stormwater NPDES permit requirements & Endangered Species 10 (a) 
permit. 

CG6. Minimize the risk to structures in the lOO-year floodplain as required by the National 
Flood Insurance program. 

Maintain the integrity and CG7. Provide for adequate maintenance of the watershed protection infrastructure system and 
function of Utility Assets. minimize maintenance requirements for system improvements. 

Optimize City resources by CG8. Maximize flood control, pollution removal and streambank protection for all solutions 
integrating erosion, flood and including CIP projects. 
water quality control 
measures. 

FC = Flood Control; EC = ErOSIOn Control; WQ = Water Quahty; CG = Common Goal 
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Executive Summary 

Figure 1 Phase 1 Watersheds Study Area Map 

( 

[ 

[ URBAN WATERSHEDS NON URBAN WATERSHEDS 
r 

1. Blunn (BLU) 7. Johnson (JOH) 
2. Boggy (BOG) 8. Little Walnut (LWA) 13. Barton (BAR) 

3. Buttennilk (BMK) 9. Shoal (SHL) 14. Bull (BUL) 
r 

4. East Bouldin (EBO) 10. Tannehill (TAN) 15. Country Club (CNT) 

5. Fort Branch (FOR) 11. Waller (WLR) 16. Walnut (WLN) 

6. Harper's Branch (HRP) 12. West Bouldin (WBO) 17. Williamson (WMS) 
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Assessment of Current and Future Problems 

A series of technical studies characterizing flood, erosion and water quality conditions in the 

Phase I watersheds determined that watershed problems are pervasive and will worsen if 

correcti ve action is not taken. 

Phase I of this Master Plan included seventeen (17) watersheds including all of the urban 

watersheds and five surrounding non-urban watersheds: 

Urban 

Blunn (BLU) 

Boggy (BOG) 

Buttermilk (BMK) 

East Bouldin (EBO) 

Fort Branch (FOR) 

Harper's Branch (HRP) 

Johnson (JOH) 

Little Walnut (LWA) 

Shoal (SHL) 

Tannehill (TAN) 

Waller (WLR) 

West Bouldin (WBO) 

Non-urban 

Barton (BAR) 

Bull (BUL) 

Country Club (CNT) 

Walnut (WLN) 

Williamson (WMS) 

Additional watersheds will be studied in subsequent phases of the Master Plan. 

Phase I studies helped to locate and prioritize problem areas where watershed protection goals 

and objectives are not currently being met or are not expected to be met in the future. The 

problem area studies are categorized by mission as follows: 

Creek Flooding Stream Erosion 

Localized Flooding Water Quality Degradation 

Integrated problem areas were determined by overlaying the results of the individual mission 

studies to identify areas of concurrent flooding, erosion and water quality problems. Integrated 

problem areas demonstrate an increased need for mUlti-purpose solutions. 
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Executive Summary 

Creek Flooding 

Most people who live in Austin have witnessed firsthand or seen reports of flooded homes, 

businesses and roadways. The Memorial Day Flood of 1981 and the recent storms of 1997 and 

1998 are reminders of the public safety and property hazards created by heavy rains. Even in the 

midst of an extended drought, the risks associated with these destructive storms are always 

present. 

Creek Flooding poses a recurring r.rains bring more flooding to region 
I....;rl:!:!:::·sk~tO=P=U=b=II=·c~s=afi=etv=_=.~= .. ~;: ... ~=. ~~ .. ~=o='P;:;erty.::;:. ===~(t~.~ln~.=~ 

STORMS ACROSS TEXAS: PAGtsA8-10 '~.:::::.:::.'.: 

I 5 perish as rains rage ~~ 

Source: Austin-American Statesman. 1997. 199R 

Hydrologists classify or "size" storms based upon how often they are likely to occur in a specific 

region. In Austin, for example, there is a 1 % probability in any given year that 6.9 inches of 

rainfall will occur in a three-hour period. This is called a 100-year, 3-hour storm event. 

Similarly, a 2-year storm (2.6 inches of rainfall over 3 hours) has a 50% chance of occurring in 

any given year. 

Flood models are used to estimate the depth of flow in local creeks for storms of various sizes. 

These flow depths are then compared to bridge heights and adjacent property elevations to 

predict where floodwaters may pose a public safety or property threat. The results of the creek 

modeling for each of the Phase I watersheds are shown in Table 2. Based on the findings of the 

creek flooding assessments, the majority of the Phase I watersheds are prone to creek flooding 

that creates public hazards. In fact, the 2-year storm is predicted to cause structure and road 

flooding in 14 of the 17 Phase I watersheds. 
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Table 2 
Estimates of Flooded Structures and Roadways 

No. of Flooded Structures* No. of Flooded Roadways 

Watershed 
2-Year I IO-Year 25-Year Ii000YeaI 2-Year I IO-Year 

Barton Creek** - - - - -
BlunnCreek 1 4 6 14 0 
Buttermilk Creek 0 '1 1 1 0 
Boggy Creek 42 61 70 81 5 
Bull Creek 3 14 26 40 14 
Country Club Creek 11 12 13 17 1 
East Bouldin Creek 10 33 47 64 0 
Fort Branch 32 60 84 110 5 
Harper's Branch** - - - - -
Johnson Creek 3 4 8 13 2 
Little Walnut Creek 85 213 313 401 6 
Shoal Creek 32 89 132 245 0 
Tannehill Branch 2 40 55 69 0 
West Bouldin Creek 7 19 31 116 0 
Walnut Creek 92 238 306 350 10 
Waller Creek 1 43 76 127 13 
Williamson Creek 58 199 295 454 9 
Totals 379 1030 1463 2102 65 
* Primary structures only; buildings such as unattached garages, etc. not included. 
** Flood models not available 

Source: City of Austin, 1998; 1 Loomis Austin. Inc .. 2000 

A 2-year storm creates structure flooding 
in 14 of the 17 Phase/watersheds. 
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Executive Summary 

Historically, WPD has prioritized flood problem areas by focusing on the number of homes and 

businesses in the 100-year floodplain in a particular location. Where the information was 

available, the number of structures in the 2-, 10-, and 25-year floodplains was also considered. 

However, this additional information was rarely available. The calculation of structure and road 

crossing flooding estimates for the 2-, 10-, 25-, and 100-year storms enabled the use of a refined 

prioritization process during the Master Plan. The improved prioritization process gives higher 

priority to those community resources that are flooded more frequently and at greater depths. 

Figure 2 depicts the results of the problem area prioritization for creek flooding by reach. Severe 

flood problem areas are found in the Walnut, Williamson, Shoal, Fort Branch, Little Walnut, and 

Bull Creek watersheds. The Crystal Brook neighborhood and the Austin Hills Mobile Home 

Estates in Walnut Creek are areas at risk of flooding for relatively small storm events. In the 

Williamson Creek watershed, flooding problems are prevalent - especially in the Creek Bend 

neighborhood and along middle Williamson Creek from Bayton Loop to Heartwood Drive. 

) As demonstrated during the 1981 Memorial Day Flood, lower Shoal Creek (south of 15th Street) 

is prone to flooding from a 100-year storm event. The Eleanor Drive area along Fort Branch also 

is predicted to flood during the 100-year storm event. In the Little Walnut Creek watershed, the 

Mearns Meadow Boulevard area north of Rutland Drive is ranked as a very high problem area. 
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Executive Summary 

In the Bull Creek watershed, severe flooding of low water crossings, including FM 2222 at 

Lakewood Drive, are reflected in the flooding problem results. Other less severe flooding areas 

are scattered throughout the Phase I watersheds . 

Even though Master Plan results have improved the basis for estimating flooding risks, the 

number of inhabited structures subject to flooding by the 100-year flood within the City of 

Austin is difficult to determine. Phase I Master Plan results have led to a reduction in previous 

Citywide estimates from 12,000 to approximately 7,000 to 8,000 structures. Structures may lie 

within the horizontal extent of the 100-year floodplain, but their first floor elevation may be 

above the base flood elevation or they may not be inhabited structures. For the Phase I 

watersheds, better data was collected regarding the type and vertical elevation of structures 

within the 100-year floodplain. However, much work remains to improve this data and to 

improve the comparison of structure elevations to the base flood elevations for all watersheds in 

the Austin area. 

Even with the reduced estimate of 7,000 to 8,000 structures, the risk to human life and property 

is high. As many as 20,000 people could be threatened by floodwaters should the lOO-year 

storm occur. In addition, flooded creeks commonly overtop roadways, posing a recurring threat 

to motorists and public safety personnel deployed in storm emergencies. There are over 200 

roadway crossings subject to inundation during the 100-year storm event. Historically, the large 

majority of flood event related deaths in Austin have occurred at roadway crossings. 

Localized Flooding 

"Localized flooding" is the term used for flooding that occurs in the secondary drainage system. 

The secondary drainage system (the local storm drain system) is composed of storm drainpipes, 

curb inlets, manholes, minor channels, roadside ditches, and culverts. WPD maintains 

approximately 400 miles of storm drainpipe, ranging in diameter from six inches to eight feet. In 

addition to minor channels and ditches, the system includes over 18,000 curb inlets. This system 

is intended to efficiently convey storm flows to the primary drainage system in our community -

our creeks. When the secondary drainage system is outdated, localized flooding may occur. 
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Executive Summary 

The identification and prioritization of localized flooding problem areas in the Phase I 

watersheds was based on customer complaint data from two sources: 1) the drainage complaint 

database maintained by WPD, and 2) the results of a customer flood survey that was conducted 

by WPD in 1996. Unlike the creek flooding studies, the prioritization oflocalized flooding areas 

was not based on hydrologic and hydraulic models. Flooding simulation models are not 

available for the extensive storm drain system due to incomplete information on the location, 

size and condition of the system. 

Since 1988, WPD has tracked customer drainage complaints through a computer database. With 

the help of database and geographical information system (GIS) technology, over 6,000 customer 

complaints (Table 3) were analyzed to locate problem areas for the localized drainage system. 

The drainage complaint database was queried to identify localized flooding complaints. The 

drainage complaint database and 1996 flood survey results were geocoded (mapped) using the 

street address provided by each utility customer who contacted the City's complaint hotline or 

responded· to the flood survey. Reported complaints were then characterized by complaint 

density - the number of complaints mapped per square mile. The results are shown in Figure 3. 

Table 3 

Customer Drainage Complaint Database Results 
(Through March, 2000) 

Flood Complaint Type No. of each 
Building Flooding 551 
Yard Flooding 1,459 
Street Flooding 687 
Standing water 851 
Miscellaneous Flooding 1,762 
Unrelated to Localized Flooding 1,005 
Total 6,315 
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In general, the highest complaint densities for localized flooding occur in the urban core of the ( 

City. As shown in Figure 3, there are several local storm drain systems that will likely require 

upgrades. A significant number of drainage complaints originate from the Boggy, Fort Branch, ( 

Johnson, Little Walnut, Tannehill, Walnut, and Williamson Creek watersheds. ( 
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Figure 3 Critical Localized Flood Areas 
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Executive Summary ( 

In the urban core, older stonn drainage systems often fall into one of four conditions: 

1) Existing stonn drains become outdated through changes in design criteria; ( 

2) Existing storm drains have exceeded their anticipated service life (disjointed segments, ( 

damaged or deteriorated pipe); ( 

3) Existing storm drains are partially or completely clogged (debris, sediment, and utility ( 

conflicts); or 

4) Storm drains do not exist. 

There are certain limitations to using customer data to prioritize problem areas. First, complaint 

( 

( 

data may not reflect all areas since customers living in areas served by old storm drain systems ( 

may not have experienced flooding (i.e., their area has not been subjected to a large storm since 

the inception of the flood complaint database in 1988). It should also be assumed that not all 

customers report localized flooding in their area. Until flooding models are available for the 

secondary drainage system, WPD must rely on customer complaint data to help identify study 

( 

( 

( 

areas. More detailed analyses are required in priority areas where improvements are needed in ( 

the local drainage system. C 
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Executive Summary 

Stream Erosion 

Most of Austin's watersheds (including both urban and suburban watersheds) are drained by 

creeks that exhibit Stream Erosion problems. Erosion problems primarily result from changing 

land use conditions (i.e., urbanization) that modify watershed hydrology - significantly 

increasing stormflows in creeks for even small rainfall events. The change in watershed 

hydrology (and sedimentology) greatly increases the frequency, magnitude and duration of 

"erosive" flows. These changes in streamflow have resulted in changes in local creek 

characteristics. For example, past survey data shows that a typical section of Little Walnut 

Creek (Figure 4) has expanded by 60 feet over the last 35 years. A 20-foot wide section of creek 

in 1962 is now 80-feet wide today. 

Figure 4 Past Channel Expansion in Little Walnut Creek 
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As stream channels react to changes in watershed hydrology, several concerns arise regarding 

future creek bank failures, long-term channel degradation, and the resulting impacts to creekside 

residents, their property, and water quality . 
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Executive Summary 

Detailed erosion assessments conducted during the Master Plan process characterized general 

creek conditions, identified current erosion problems along the major creek system and furthered 

understanding of where future problems may occur. An inventory of problem sites identified 

locations along the creeks where erosion poses an existing or future threat to buildings and 

roadways, stream stability, water quality, and drainage infrastructure. Property threats of interest 

include houses, buildings, parking lots, bridges, retaining walls, trees, utility poles, and utilities 

crossing the creek, and fences . 

( 

( 

( 

When an erosion problem was encountered, a priority was assigned to each site as shown in ( 

Table 4. 

Priority 
Type 1 

Type 2 

Type 3 

Table 4 
Erosion Problem Types 

Description 
House, building, or road currently threatened 
by channel bank erosion 

Other resources (walls, fences, trees, trails, 
utility lines, yards, recreational amenities) 
currently threatened by channel bank erosion. 

Resources not currently threatened but may be 
threatened in the future. 

Source: Raymond Chan & Associates, 1997 

In the Phase I watersheds approximately 975 erosion problems were identified. Thirteen (l3) 

are Type 1 problems. The remaining problem sites are split almost evenly between Type 2 and 

Type 3 problems. Table 5 shows the distribution of the identified erosion problems. 

Type 1 Erosion Example 
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Executive Summary 

Table 5 
Erosion Problem Site Summary 

Watershed 
Number ofSite5 Identified 

Type] T}1)e2 Type 3 Total 
Banan 0 18 6 24 
Blunn 0 11 8 19 
Boggy I 24 30 55 

Bull I 15 36 52 
Buttermilk 0 22 16 38 

Country Club I 17 16 34 
East Bouldin I 27 27 55 

Fort I 27 26 54 
Harper's Branch 0 8 5 13 

Johnson 0 18 11 29 
Little Walnut I 23 21 45 

Shoal I 29 I 59 89 
Tannehill 2 23 20 45 

Waller 0 33 I 10 43 
Walnut 2 125 I 98 225 I 

West Bouldin 2 7 I 18 27 
Williamson 0 62 i 66 128 

Total 13 489 I 473 975 

In addition to erosion hazard identification, a rapid geomorphic assessment (RGA) of each creek 

segment (or reach) determined the relative stability of the creek channel system. By observing 

the presence of various physical features within a reach, field teams characterized channel 

stability based on visual evidence of ongoing erosional processes (such as widening or 

downcutting). Reaches were categorized into one of three stability classes (Table 6). 

Stability Class 
Stable 

Transition 

In-Adjustment 

Table 6 
Channel Stability Classes 

DescriptioD 
Little to no evidence of channel instability or enlargement. The stream channel is 
conveying water and sediment loads without substantial erosion or deposition. 
Frequent evidence of instability leading to channel enlargement. Increased runoff is 
exceeding the ability of the natural channel to maintain its fonn. 
Widespread evidence of channel instability and channel enlargement. Channel has 
been significantly destabilized and is attempting to adapt to large, rapid changes in the 
water and sediment loads delivered to the stream system. 

Source: Raymond Chan & . .c\ssoCtatcs, 1997 

Channel stability rating results (Table 7) for each of the Phase I watersheds demonstrate that the 

majority of creek segments studied are unstable. The majority of stable channels are located 
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Executive Summary 

in rock controlled or structurally-controlled (concrete or gab ion-lined) reaches. Over three­

fourths of the identified creek reaches were determined to be in-transition or in-adjustment, 

demonstrating significant evidence of channel instability and enlargement. 

Table 7 
Channel Stability Ratings by Watershed 

Watenbed 
Stable 

Barton 9 
Blunn 0 
Boggy 1 
Bull 2 

Buttermilk 0 
Country Club 1 

E Bouldin I 
Fort I 

F-larper's 4 
Johnson 6 

Little Walnut 0 
Shoal 3 

Tannehill 2 
Waller 4 
Walnut 6 

WBouldin I 
Williamson 4 

Total 45 
*Flgures represent number ofcn:ek segments 
in each stability class by watershed. 

Channel Stabilitv Ratiq Frequency'" 
Transition 10 Ad_iustment 

I 0 
2 3 
3 3 
14 5 
4 1 
1 6 
3 0 

I 4 S 
I 2 0 
I 4 1 
I 15 ] I 

10 5 
S I 
6 2 

21 7 
2 2 
8 7 

105 49 
Source: Raymond Chan & ASSOCIates. May-Oct. 1997 

A major accomplishment of the Master Plan was the development and application of a procedure 

to estimate historic and future channel enlargement in Austin creeks as a function of watershed 

impervious cover. Estimates of past and future channel enlargement for the Phase I watersheds 

are illustrated in Figures 5 and 6 respectively. 

The most significant channel enlargements have occurred in the urban watersheds (Figure 5). 

Channel enlargements of over ten times historic conditions were documented for some Austin 

creeks. The majority of the creek reaches in the urban watersheds have more than doubled in 

channel size due to significantly higher stormflows generated by urban development. The Little 

Walnut Creek example (Figure 4 from page 15) is representative of the past channel expansion 

experienced in the urban watersheds. 
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Executive Summary 

Based on expected future develop~ent levels, substantial increases in channel area are predicted 

for many of the suburban watersheds, especially Walnut Creek (Figure 6). 

High levels of future channel enlargement are predicted in areas where: 

I) creeks and tributary channels are composed of alluvial materials, and 

2) contributing watershed areas are expected to experience substantial increases in urban 

development. 

It should be noted that future predicted increases in channel area are not solely a response to 

future development in the watershed. Erosion occurs over a period of many years (50 years is 

not uncommon). A portion of the predicted future channel erosion is a delayed response to 

increases in storm flows from existing development. 

Erosion problem ratings were assigned to the Phase I watersheds, based on the inventory of the 

number and types of erosion problems identified during each stream investigation and the results 

of a future reach stability analysis. The results are shown in Figure 7 and indicate both current 

problems (Type 1 & 2) and future problems (Type 3 and Future Reach Stability). As 

demonstrated in =igures 5 and 6, the City's eastern watersheds (and especially the Walnut Creek 

watershed) merit significant attention given the high priority ratings assigned to this area. 
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Executive Summary 

Water Quality Degradation 

Austin's quality of life is closely linked to the environmental integrity of its local water 

resources. As with flooding and erosion, water quality problems primarily stem from 

changing land use conditions (i.e., urbanization) that modify watershed hydrology and the 

level of pollutants in local waterways. A water quality assessment was completed for 

each of the Phase I watershed creeks and several receiving waters including Lake Austin, 

Town Lake, the Colorado River below Town Lake, the Southern Edwards Aquifer, 

Barton Springs Pool, and McKinney Falls. The water quality assessments evaluated 

existing and future problem areas based on field monitoring results, and modeling and 

evaluation. Water quality priorities are established based on the resource value of the 

receiving water and the severity of identified current and future water quality problems. 

The main sources of information used for characterizing water quality problems are: 

1) 

2) 

3) 

Environmental Integrity Index (Ell) scores (developed by WPD). 

Flow volumes, including baseflow for creeks and spring flow for Barton 
Springs - calculated or extrapolated from the University of Texas Center for 
Research in Water Resources GIS Loading model (the CRWR model, 
Dartiguenave, 1997). 

Annual average pollutant loads (from the CRWR model). The following 
parameters are considered: 

Sediment -Total Suspended Solids (TSS) 
Nutrients - Total Nitrogen (TN), Total Phosphorus (TP) 
Toxicity - Total Organic Carbon (TOC), Chemical Oxygen Demand 

(COD), Copper (Cu), Lead (Pb), Zinc (Zn) 

4) Spills Risk (from Spills Risk Index developed by WPD). 

5) Construction Runoff Loads (provided by CR WR). 

6) Future Reach Stability (from erosion assessments). 

Also used to a limited extent were State water quality assessment data and reports, data 

analyzed from WPD's water quality and spills database and the Visual Index of Pollution 

for Town Lake. 
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Executive Summary 

To consider water quality problems at a local level as well as at a larger scale, the creeks 

within each watershed were broken up into segments known as Environmental Integrity 

Index (Ell) reaches. The Ell is a tool developed by WPD to monitor and assess the 

ecological integrity and the degree of impairment of Austin creeks (City of Austin, 1997). 

To formulate the Ell, the designated water uses specified in the Clean Water Act that are 

applicable to Austin area creeks were identified and condensed into six protection 

categories. The Ell score is calculated as the average of these six sub-indices. The six 

major categories (sub-indices) are: 

1) Contact recreation (swimming and wading) 

2) Non-contact recreation and aesthetics 

3) Water quality 

4) Sediment quality 

5) Physical integrity and channel stability 

6) Aquatic life support 

A primary motivation for developing the Ell was to address the concern that water 

chemistry data alone does not adequately describe the health of water resources. 

Measuring a range of chemical, physical, and biological conditions (Table 8) results in a 

more accurate and comprehensive assessment of stream health. The results of the Ell 

ratings are shown in Figure 8. 

The Ell provides a more 
accurate and comprehensive 
assessment of stream health. 
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Executive Summary 

Table 8 

Summary of Ell Components 

Contact Recreation Physical Integrity Water 
Sy,imminf & Wading & Channel Stability Qualitv 

Fecal Colifonn Channel Alteration Fecal Colifonn 
Sediment Deposition Total Suspended Solids 
Embeddedness Total Dissolved Solids 
Channel Flow Status Nitrate-Nitrogen 

Sediment Condition of Banks Orthophosphorus 
Quality Bank Vegetation Protection Ammonia-Nitrogen 

Metals Disruptive Pressure 
Polycyclicaromatichydrocarbons (PAH), Riparian Zone Width 
Organochlorides. Pesticides. 
& Polychlorinatedbiphenyls (PCB) 

Aquatic Life 
Channel Stabilifl' Support 

Landfonn Slope 
Macroinvertebrate 
Community 

Mass Wasting Structure 
Debris Jam Potential Diatom Community Structure 

Non-Contact Entrenchment Ratio Algae Percent Cover 
Recreation/Aesthetics Bank Rock Content Chlorophyll a 

Surface Appearance Cutting & Deposition Fish (presence/absence) 
Litter Scouring 
Odor Rock Angularity 
Clarity Brighmess (Clean Rock) 
Percent Algae Cover Attached Aquatic Vegetation 

Obstructions 
Consolidation 
Percent Stable Material 

Source: City of Austm. 1997 

Problem severity is assessed based on the difference between a receiving water's water 

quality goal and the current measured or predicted future condition. Water Quality 

Problem Scores depicting existing conditions are shown in Figure 9. 

Current problem determination for each Ell creek reach is based on how far apart the 

current water quality condition (measured as an Ell score) is from the desired water 

quality condition. Current problem determinations for each of the nine major receiving 

waters (lakes, pools and rivers) were developed based upon available data. Examples of 

data used include State water quality reports, current spills risks data, and data collection 

and analyses performed by WPD (toxic sediments, major algae blooms, sediment loads, 

aquatic life use, and aesthetics). 
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Executive Summary 

Future problem detenninations are based on the difference between current conditions 

and projected future conditions. For example, the water quality in an urban creek may 

not be meeting its water quality goal (e.g., it has a low Ell score); however, the watershed 

may be almost fully developed, so future changes in the pollutant loads are projected to 

be small. In this case, the Ell reach would have a high current problem rating and a low 

future problem rating. 

The basic procedure for developing water quality problem priorities is to consider both 

the receiving water's resource value and problem severity. Resource values reflect the 

number and quality of designated uses (e.g., contact recreation, and aquatic life support) 

supported by the receiving water. The more designated uses supported by the receiving 

water, the higher the resulting resource value assigned. For example, Lake Austin was 

assigned the highest resource value since it is designated as supporting public water 

supply, contact recreation, noncontact recreation and aquatic life uses. Water quality 

problem ratings are shown in Figure 10 and depict both the current and future problem 

infonnation. 

Overall, the results indicate that water quality problems are geographically distributed. 

Not surprisingly, urban creeks are the most degraded currently while future threats are of 

most concern in the non-urban creeks. Urbanized creeks, especially the downstream 

segments of East Bouldin, Johnson, West Bouldin and Country Club creeks, demonstrate 

low aquatic life levels and poor waterlhabitat quality. Rapidly developing watersheds, 

such as Walnut and Bull, still retain good water quality conditions but are susceptible to 

impacts from future development. In the Bull Creek watershed, localized water quality 

impacts to springs have been documented (City of Austin, 1999). Model results also 

indicate that while the current condition of the nine studied receiving waters (e.g., Town 

Lake) is good, degradation may occur in the future due to increases in pollutant loads 

(Figure 11), changes in flow regime and other factors. 
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Executive Summary 

Figure 11 Predicted Pollutant Load Increases for 1995 - 2040 
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Sources: Barton Creek and Bull Creek - CRWR, 1997 
Town Lake - City of Austin, unpublished, 1997 

A ranking of integrated problem areas was developed by averaging the flood, erosion and 

water quality problem area results for each creek. These composite (or integrated) scores 

(Figure 12) help to identify areas that are most appropriate for an integrated solution - a 

solution that simultaneously addresses the flood, erosion and water quality needs of an 

area. Based on this integrated assessment, sections of Bull Creek and the Crystal Brook 

area of the Walnut Creek watershed demonstrated the highest integrated problem ratings 

due to the extent of flooding, erosion and water quality concerns in these areas. 
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Executive Summary 

Developing Integrated Solutions 

After the Phase I problem assessments were completed, the master planning effort then 

focused on the task of developing integrated solutions for identified flood, erosion and 

water quality problem areas. An "integrated" solution refers to the ideal situation where 

a proposed solution would effectively promote the attainment of each of the watershed 

protection goals for a targeted location. 

An integrated solutions development process was developed which entails various steps 

for evaluating the appropriateness and effectiveness of solution alternatives. For the 

Master Plan, the process is broken down into these general steps: 

• Inventorying Solution Types - documenting the range of available solution types 

and their general levels of effectiveness, cost and other implementation 

considerations. 

• Identifying Preferred Solutions - procedures for identifying the "preferred" 

solution type for a given problem area. Also includes planning level estimates of 

the general benefits and costs for site-specific preliminary solutions for each of 

the Phase I watersheds. 

• Estimating Goal Attainment - comparing the benefits provided by proposed 

solutions to WPD goals and objectives. 

• Planning hnplementation Activities - describing the steps to implement capital 

projects, programs and regulations. 

Findings and Recommendations were developed based on the results of the solution 

development process, and are discussed on page ES-61. 
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Executive Summary 

Inventory of Solution Types 

To facilitate the solution development process, available watershed protection techniques 

were characterized along with their corresponding levels of effectiveness, cost and other 

implementation considerations. The complete inventory of watershed protection 

techniques contains over 130 different solution types (Loomis Austin, Inc., 2000). 

Information on flood, erosion and water quality controls was taken from a variety of 

sources including the City of Austin, Lower Colorado River Authority and other local, 

state and national resources (including the Center for Watershed Protection in Maryland). 

From a municipal perspective, watershed protection solutions are grouped into three 

broad categories: capital projects. operating programs, and regulations. 

• Capital Projects most commonly involve the construction or improvement of 

drainage infrastructure such as detention ponds, channels or storm drains. 

Floodplain structure buyouts and open lands acquisition is also considered. The 

term "capital" implies the method by which most of these large projects are 

funded - through the City's capital improvement program. 

• Operating Programs are watershed protection activities implemented by City 

staff and funded through the WPD operating budget. Examples of operating 

programs include infrastructure maintenance, emergency spills and complaints 

response, design review and inspection of new development. 

• Regulations are solutions implemented through application and enforcement of 

City of Austin codes and rules. Examples of regulations include impervious 

cover limits for new development, drainage design criteria, and industrial storm 

sewer discharge permitting. 

Table 9 lists the solutions included in the inventory by the categories listed above. 
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Table 9 
Inventory of Watershed Protection Solutions 

Capital Projects 
Flood Control Erosion Control Water Quality Control 

Property . .&.cquisition through Property Acquisition Source Controls 
Condemnation Side Slope Treatments - Inlet Filters 
Property Acquisition through Voluntary - Reinforced Earth - Trash and Debris Booms 
Buyout - Vegetative Bioengineering - Retrofit for Existing Development 
Flood Detention - Vegetative Reinforcement Techniques - Impervious Cover Removal 
Channelization - Placed Rock Rip Rap - Impervious Cover Disconnection 
Structure Raising - Big Rock Toe Treatments - Bioretention 
Storm Drain System Upgrades - Gabions - Infiltration Basins 
Flow Diversion-Channels and Tunnels - Concrete Rip Rap - Infiltration Trenches 
Removal 0 f Structural Restrictions - Mortared Rock - Porous Pavement 
Levees and F100dwalls Gcomorphically Referenced River - Rainwater Harvesting 

Engineering - Hazardous Materials Traps 
Storm Water Detention for Erosion Rangeland Management Strategies 
Control - Native Grassland Establishment 
Flow Attenuation Cbeck Dams - Livestock Control in Riparian Areas 
Measures for Localized Erosion - Specialized Grazing Systems 
Problems 

Stormwater Treatment Measures 
- Outlet Protection at Storm Drain 

- Retention-Irrigation outfalls 

- Flow Deflectors -Wet Ponds 

-Constructed Stormwater Wetlands 

- Urban Forestry 

Existine WPD Pro2rams 
Flood Control Erosion Control Water - . Protection 

- Watershed Hydraulic and Hydrologic - Erosion Project Planning - Federal Permit Compliance 
Modeling -Implementation and Field Engineering - Water Quality Assessments 

- Flood Plain Office -Erosion Control Crew - Land Use Water Quality and Structural 
- Watershed Management and Facilities Controls Monitoring 

Planning (RSMP) Integrated Programs - Environmental Impact Assessments 
- Flood Hazard Public Information 

-Detention & Water Quality Pond - Water Quality Planning and 
- Flood Early Warning System Maintenance and Rehabilitation Implementation 

- Channel Vegetation Control -Review & Inspection of Development - Storm Sewer Discharge Permits 
- Pond Vegetation Control -Watershed Master Planning - Emergency Spills and Complaints 

- Open Waterway Maintenance Database Management and Geographic -Contaminated Site Cleanup 

- Bridge and Culvert Clearing Information Systems (GIS) - Pond Operating Permits Program 
- Storm Drain System Repair and -Commercial Pond Inspection 

Rehabilitation - Underground Storage Tank Permits 
- Storm Drain System Cleaning -Town Lake Cleanup 
- Flood Project Planning, - Water Quality Public Education 

Implementation & Field Enl!ineennl! 
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Executive Summary 

Table 9 continued 
Inventory or Watershed Protection Solutions 

Flood Control 
- Dam Safety Inspection 

Flood Control 
- Prohibitions on Obstructions to 

Waterways & Easements 
- Peak Flow Limits 
- Floodplain Alteration Guidelines 
- Drainage Study. Floodplain & 

Easement Delineation Standards 
- Return Interval Standards 
- Contnbuting Area Assumptions 
- Drainage Easement Maintenance 

Criteria 
Erosion Control 

- Shoreline Modifications & Dredging 
- Construction Phase Controls 
- Revegatation Requirements 
- Cut & Fill Limits 
- Design Stonn Runoff Detention 
- Drainage Design Criteria 

Adoption of Rules 
Regulatory Incentives 

New Proposed Programs 
Water Oaalitv Control 

- Small Scale Urban Water Quality 
Retrofit 

- Small Scale Urban Retrofits for 
Baseflow Enhancement 

- Grow Green Landscaping 
- Street sweeping for Toxies 
- Trash and Debris Control Team 
- Dry Weather Flow Sc:rec:ning 

Regulations 
Water . Protection 

- Pollution Prolubition 
- Litter Laws 
- Animal Regulations 
- Municipal Solid Waste 
- Fertilizer & Pest Management 

Standards 
- Stormwater & Nonstormwater 

Discharge Permits 
- Industrial Stonn Discharge Permits 
- Hazardous Material Storage & Spill 

Control 
- Hazardous Material Traps 
- Remediation Cleanup Standards 
- Wastewater Line Construction 
- On-site Sewage Facility Requirements 
- Effluent Irrigation Standards 
- Phosphorus Controls 
- Water Quality Controls 
- Capture Volume 
- Treatment Standards 
- Maintenance of WQ Controls 

Incentives aDd Enforcement 

Inteenteel Pl"OI!rams 
- Ongoing Voluntary Buyout of 

Floodplain 
- Land & Conservation Easement 

Acquisition 
- Rural Watershed Restoration 
- Programs Integration 
- Watershed Steward Program 

mte2rated 
- Comprehensive Planning 
- Natural Channel Conveyance 
- Impervious Cover Limits 
- Impervious Cover Reductions via 

Development Regulations 
- Flow Volume Limits 
- Disconnected Impervious Cover 
- Steep Slope Restrictions 
- Stream Setbacks 
- Headwater Buffer Zone Protection 
- Wetlands Protection 
- Critical Environmental Feature 

Protection 
- Landscape Regulations 
- Tree Protection Standards 

Land Acquisition & Conservation Easements 
Variance Procedures 

Application of Standards to Platted Single Residential Lots 
Application of Standards to Subdivision ofIllega\ Lots 
Redevelopment Standards 
Fee In Lieu Alternatives 

Operation & Maintenance Permits 
Environmental Assessments 

June 2001 
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Source: (Loonus Austm, Inc., 2000) 
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Identifying Preferred Solutions 

Preferred solutions for a given problem area were chosen from the solutions inventory 

based on the nature of the watershed problem and the effectiveness and limitations of the 

solution being considered. 

General protocols (or "groun,d rules") were developed to assist with the selection of 

alternative capital project, programmatic and regulatory solutions for further evaluation. 

These protocols are best described as establishing a hierarchy of preferred solutions based 

on each solution's capacity to simultaneously achieve WPD's goals under various land 

use and geographic conditions. In other words, the preferred solution(s) should reflect a 

cost-effective and sustainable strategy to: 

1) meet flood, erosion and water quality objectives; 

2) maintain or improve the natural character of the creek; 

3) maintain or reduce required maintenance needs; 

4) ensure compliance with applicable local, state, federal permit and regulatory 

requirements; 

5) foster additional beneficial uses of waterways and drainage facilities where 

possible. 

The solution protocols are applied to identify specific solutions for each of the Phase I 

watersheds. Depending on site constraints and preliminary constructability 

considerations, one or more preferred alternative solutions were proposed to address each 

problem area. Finally, the benefits and costs of the preferred solutions are estimated to 

facilitate comparisons to watershed goals and available funding resources. 

Capital Projects 

Selecting the most appropriate capital solution alternative(s) for a specific problem area is 

heavily influenced by the development conditions of the watershed in which the target 

problem area is located. In Table 10, three watershed development categories are 

identified - rural, developing and urbanized. 
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Executive Summary 

Table to 
Solution Preferences by Watershed Type 

RURAL WA'n~RSHEDS DEVELOPING WATERSHEDS URBANIZED W ATERSmmS 
I. Bation Creek I. B1unn Creek I. Buttermilk Creek 

2. Bull Creek 2. Boggy Creek 
3. Country Club Creek 3. East Bouldin 
4. Walnut Creek 4. Fort Branch 
5. Williamson Creek 5. Harper's Branch 

6. Johnson Creek 
7. Little Walnut Creek 

I 8. Shoal Creek 
9. Tannehill Branch 
10. West Bouldin Creek 
11. Waller Creek 

-----~ 

(tural Watershed Chara~terlsti~s Developing Watershed Chara~terlstl~s Urbanized Watershed Charo~terlstlcs 
Future Impervious Cover <15% Existing Impervious Cover> 15% Existing Impervious cover >50% 

Net Future Impervious Cover Increase >5% Net Future Impervious Cover Increase <5% 
Solution Options for Flood Control Solution Options fOl' Flood Control Solution Oillions fOl' 11100d Control 
- No flooding problems in Barton Creek - Propelty Acquisition (Buyouts) for Flood Control - Property Acquisition (Buyouts) for Flood Control 

- flood Detention - flood Detention 
- Channelizatioll - Channelization 
- flow Diversion: Channels and Tunnels - Flow Diversion: Channels and Tunnels 
- Replacement of Structural Constrictions - Replacement of Structural Constrictions 
- Levees and floodwalls - Levees and floodwalls 

Solution O,)tions for Erosion and Walel' Qualltv Solution OJ)tions foJ' l4;r0510n and Water Quality Solution O,)tlons fo.· El'Osion and Water Quality 
- Geol11orphically-Rcfcrcnced River - Reinforced Earth [erosion side slopc projects] - Reinforced Earth [erosion sidc slope projects] 

Engineering (GRRE) - Gabions/Conerctc Riprap [erosion side slope proj.] - Gabions/Concrete Riprap [crosion sidc slope proj .] 
- Wct Pond/Wetlands - Geomorphically-Referenced River Engineering (GRRE) - Geomorphically-Referenced River Engineering 
- Retention-Irrigation Ponds - Erosion Detention (GRRE) 

- Erosion Detention + Wet Ponds - Erosion Detention [LillIe Wal. & Shoal headwatersl 
- Erosion Detention + Wet Ponds'" Basenow Extcndcd - Wet Ponds/Wetlands 

Detention - Wet Ponds + Baseflow Extended Detention 
- Retention-Irrigation Ponds [BIlI/: Williall/so/l ill BSZj 

--

Source: Loomis Austin, Inc., 2000 
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In rural watersheds, the impacts of urbanization on creek flooding, erosion and water quality are 

limited and isolated when compared to urbanized watersheds. Creeks draining rural watersheds 

(e.g., Barton Creek) have mostly stable channels with minimal amounts of past channel 

enlargement. In lieu of capital projects, preventive regulatory approaches (including restrictions 

for developing in the floodplain, creek setbacks and on site water quality and erosion controls) 

are more effective since much of the land is yet to be developed. Water quality retrofits are more 

appropriate in pockets of more intense existing development. Due to limited flooding (and 

natural character concerns), regional on-line flood detention ponds are not expected to be an 

integral part ofthe watershed protection strategy for rural watersheds. 

Developing watersheds (Blunn, Bull, Country Club, Walnut, and Williamson) generally have 

moderate levels of existing impervious cover (between 5% and 50%), and a relatively high 

potential for future impervious cover increases (greater than 5% increase). Creeks in developing 

watersheds experience accelerated creek erosion, show signs of instability and are predicted to 

increase in channel size by greater than 25% in most cases. Priority flood solutions include 

property buyouts and detention due to their limited impact on riparian areas relative to channel 

improvements. Bridge or culvert replacement, channel improvements and floodwalls are also 
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Executive Summary 

considered viable options. The availability of open space makes detention a more likely 

alternative for developing watersheds as opposed to urbanized watersheds. 

In developing watersheds, construction of regional detention facilities to provide erosion control 

is given a high priority since the potential for future stream degradation due to erosion is high. 

Priority is also given to the integration of large-scale regional facilities to address flood and 

water quality concerns. Sideslope stabilization measures are recommended to protect existing 

property threatened by creek erosion, but these measures will not be effective over the long-term 

if watershed-scale measures (such as erosion detention ponds and stream corridor restoration) are 

not implemented. 

Regional water quality controls (e.g., wet ponds) that do not provide detention are given a lower 

priority since they do not effectively address the adverse hydrologic impacts of development. 

Retention-irrigation ponds were considered for the Bull and Williamson Creeks watersheds to 

facilitate a higher level of water quality treatment for these watersheds located in the City's 

designated Drinking Water Protection Zone. 

Urbanized watersheds typically have high existing impervious cover levels (greater than 50%) 

and thus, a lower potential for future development when compared to rural and developing 

watersheds. Infill and redevelopment are the most likely sources of future increases in 

impervious cover. Urban creeks commonly have experienced significant channel enlargement in 

the past. Therefore, estimates of future enlargement are predictably low (less than 25%). In 

addition, undeveloped land for siting new erosion, flood or water quality detention ponds is 

severely limited in urbanized watersheds. In urbanized watersheds, large-scale erosion detention 

ponds are generally not considered effective solutions because most of the preventable creek 

enlargement has already occurred. Efforts in these watersheds should focus on channel 

restoration including localized sideslope stabilization and property buyouts together with retrofits 

of existing ponds for water quality and erosion benefits. Flood solutions are likely to include 

property buyouts, bridge replacement or channel improvements. However, flood detention is a 

preferred alternative where sufficient open space is available. In addition to reducing pollutant 
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loads, water quality ponds should be designed to augment baseflow and improve stream habitat 

quality and stability. 

The City's Desired Development Zone includes several Phase I watersheds that are developing 

or urbanized. In support of the City's Smart Growth initiative, the Master Plan emphasizes the 

use of engineered strategies in the Desired Development Zone to minimize the need for 

additional regulations that may restrict development in that area. 

Once the capital solution preferences in Table 10 were established, specific locations in the 

Phase I watersheds were identified where preferred erosion, flood and water quality solutions 

could potentially be constructed given apparent site constraints . In all, over 300 sites for 

potential projects were identified. These conceptual projects were then evaluated to estimate 

construction costs (discussed below) and benefits (see page ES-51) . 

Once the initial solution development effort was completed, WPD continued to refine the project 

identification process by conducting additional investigations of specific projects, screening out 

less feasible projects and identifying additional capital solution alternatives to further promote 

goal attainment for each WPD mission. Table 11 presents the results of the cost analysis for 
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Executive Summary 

each of the Phase I watersheds. As shown, a total of $875,030,000 in capital solutions were 

identified. 

The flood project cost total of $444,980,000 is based on the selection of the alternative solution 

judged most desirable for each problem area using the initial project cost data from Loomis­

Austin, Inc. As discussed earlier, most locations for potential watershed solutions had more than 

one type of technology identified as a potential solution for any given location. In most cases, 

the highest cost flood control alternative per site (purchase of floodplain property) generally 

yields the highest integrated benefits. Final costs could range from $300-500 million. 

Additional erosion sideslope projects (approximately 50 new projects) were added by WPD to 

address problem areas not considered in the initial effort. Costs for the added erosion sideslope 

projects were based on averaged costs from past projects. The $166,810,000 shown in Table 11 

reflects the implementation cost of approximately 110 total sideslope projects. 

Table 11 
Primary Drainage System Cost by Watershed (rounded) 

Watershed Flood Erosion Water Qualityl Total 
Sideslope Erosion Ponds 

Barton - $2,640,000 $11,340,000 $ 13,980,000 
Blunn $4,820,000 $2,230,000 $2,230,000 $9,280,000 
Buttennilk - $4,880,000 $2,660,000 $7,540,000 
Boggy $8,000,000 $8,710,000 $6,440,000 $23,150,000 

Bull $24,420,000 $10,850,000 $43,420,000 $78,690,000 
COWltry Club $15,810,000 $6,390,000 $7,950,000 $30,150,000 

East Bouldin $24,980,000 $5,740,000 $7,090,000 $37,810,000 

Fort Branch $7,820,000 $9,930,000 S3,240,000 $20,990,000 
Harper's Branch - $260,000 $1,680,000 $1,940,000 
Johnson $4,300,000 $5,610,000 $1,010,000 $10,920,000 
Little Walnut $98,190,000 $13,440,000 $12,900,000 $124,530,000 

Shoal $69,690,000 $21,360,000 $29,450,000 $120,500,000 

Tannehill $2,120,000 $8,520,000 $3,210,000 $13,850,000 
West Bouldin $7,790,000 $3,140,000 $13,680,000 $24,610,000 
Walnut $54,380,000 $36,890,000 $55,910,000 $147,180,000 

Waller $21 ,620,000 $7,260,000 $10,770,000 $39,650,000 
Williamson $101,040,000 $18,960,000 $50,260,000 $170,240,000 

Total $444,980,000 $166,810,000 $263,240,000 $875,030,000 
Source: City of Austm, 2000; LOOIIDS Austm, Inc., 2000 E~"R construction cost mdex (1999) = 6060 
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Proposed erosIOn and water quality pond projects total $263,240,000 and include varying 

configurations of wetpond, baseflow enhancement and erosion detention features. Fourteen 

regional erosion detention ponds are proposed - including four ponds identified by a more 

detailed study of the Walnut Creek Watershed (COA, 1999). Water quality solutions include 38 

regional water quality pond facilities. Many of the initial water quality controls were deleted 

from consideration due to their location along the main creek channel, prompting concerns for 

channel erosion and natural character impacts reSUlting from project implementation. Due to the 

limited number of feasible water quality control opportunities, other retrofit alternatives were 

subsequently identified. The cost of retrofitting additional regional stormwater management 

ponds and existing residential and commercial ponds was evaluated. The water quality costs 

shown in Table 11 include all project costs. The combined cost for erosion and water quality 

controls (sideslope and ponds) for the urban and non-urban watersheds are approximately 

$185,440,000 and $244,610,000 respectively. Urban and non-urban watershed costs for flood 

controls are $249,330,000 and $195,650,000 respectively. 

To address localized flooding problems, a preliminary study of several local storm drainpipe 

networks was completed to determine if current system capacity and pipe sizes are adequate. 

Each watershed sub-basin area was analyzed to compute excess runoff and size the main storm 

drain system (Figure 13). 

Figure 13 
Localized Drainage System Study Example* 
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Executive Summary 

Preliminary cost estimates were prepared for each storm drain system in order to obtain an 

estimate of the magnitude of required infrastructure needs. Table 12 summarizes the estimated 

project costs for each watershed. Final costs could range from $100 - $300 million. Ultimately, 

construction costs will depend on the results of final design configurations and the length of time 

required for implementation and the ability to coordinate projects with other City infrastructure 

improvements. 

Table 12 
Localized Drainage System Upgrade Estimates 

Entire Watershed Studies (based on previous complaints received through December 1998): 

June 2001 

Prelim. Project Cost Suggested # of 
Watershed 
Boggy 
Blunn 
Buttermilk 
Carson 
Country Club 
East Bouldin 
Fort Branch 
Harper's Branch 
Johnson 
Little Walnut 
Shoal 
Tannehill 
Town Lake 1 
Town Lake 2 
Town Lake 3 
Waller 
West Bouldin 

Partial Watershed studies: 
Barton 
Bull 
Eanes 
Walnut 
Williamson 

(Millions) System Upgrades 
$ 17.5 36 
$ 5.2 24 
$ 0 0 
$ 0 0 
$13.3 21 
$12.6 30 
$19.3 48 
$ 2.6 5 
$15.2 34 
$10.4 27 
$43.3 47 
$ 8.4 24 
$ 2.1 4 
$ 6.2 4 
$19.4 3 
$39.4 24 
$23.0 50 

$ 0 
$ 0.8 
$ 0.04 
$ 0.35 
$18.4 

o 
2 
1 
2 

Total: $257.5 Million 
.II. 
423 

Source: City of Austin, March, 2000 
ENR construction cost index = 6127, December 1999 
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It should be noted that the initial feasibility detennination for identified potential capital projects 

is based on very preliminary site investigations. Therefore, the estimation of benefits and costs 

should also be considered preliminary in nature. Additional study of these project concepts will 

be necessary during the preliminary engineering phases of the CIP implementation process to 

define proposed project budgets and objectives. Based on current estimates, capital project 

needs for watershed protection exceed $800 million. 

Capital Project needs exceed $800 million 

Creek Flooding 

Buyouts, Detention Ponds, Channel $300 - 500 
Modifications million 

Storm Drains 

Storm Drain Installation, Repair, $100 - 300 
Replacement million 

Bank Stabilization Projects 

Biorevetment, Gabions $150+ 
million 

Integrated Ponds 

Water Quality, Erosion and Multi-objective $250+ 
million 
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Executive Summary 

Operating Programs 

In conjunction with the solution inventory, program data was collected to estimate 

existing operational program service levels. Service levels are measured differently for 

different programs (e.g., miles of pipe replaced, number of plans reviewed). After 

determining the service levels provided by current WPD programs, proposed operational 

program enhancements were recommended to improve service levels (Loomis & Moore, 

1999a). These enhancements included improvements to existing programs and the 

provision of additional services not currently provided by WPD. 

Program activities were also related to the WPD goals and objectives they support. For 

instance, the maintenance programs (such as storm drain or detention pond maintenance) 

not only ensure the proper operation of the drainage infrastructure to achieve desired 

levels of erosion, flood and water quality protection but also help maintain asset values. 

Programs that provide guidance or support (such as modeling, design, and database 

management) to other WPD programs were also evaluated based on the recommended 

enhancements of the supported programs. 

Program recommendations were derived from comparisons of current versus alternative 

levels of service and the identification of service gaps for existing programs. Three 

alternative levels of service were determined through a combination of targeted 

benchmarking of other cities and consultant recommendations. The levels of service are 

defined as follows: 

• Essential - Level of service provided by a program that only addresses immediate 

r program needs but does not function at an optimum level due to resource 

r constraints. 

• Optimum - The target level of service for each program where each program's 

minimum objectives are achieved. 

• Maximum - The maximum level of service that should be considered by WPD 

for each program. 
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Consultant recommendations were made for each program to achieve each of these levels 

of service. After review, priority enhancements were identified. 

From Table 13, program enhancements are recommended for various programs including 

maintenance, review and inspection, public education and design/modeling support. 

Table 13 
Proposed Program Enhancements 

Program Name Program Enhancement 
Channel Vegetation Program expansion including increased contractuals, required to meet demand and customer 
Control requests. 
Detention and Water Additional staff to help with completion of short term, priority pond remediations in a timely 
Quality Pond manner, and provide for annual inspection and maintenance of City-maintained ponds once 
Maintenance and the short term work is completed. Currently 150 out of 450 ponds are maintained on a 
Rehabilitation regular basis. 
Emergency Spills and Additional staff to address increased workload. Upgrade and improve design of database. 
Complaints 
Environmental Impact Additional staff to expand hydrogeological review to support growing WP AP review needs, 
Assessments cave management plan review/coordination, and karst feature protection and mitigation 

reviews. 
Erosion Control Crew Additional staff to help reduce the significant backlog of necessary erosion repairs within a 

reasonable timefrarne. 
Erosion Project Planning, Additional staff to plan, design and manage construction projects performed by Erosion 
Implementation and Field Control Crew and to provide Utility contact for CIP projects. 
Engineering 

Flood Early Warning Additional staff to enhance emergency preparedness planning, decision support and 
System response tools . 
Flood Hazard Public Additional staff to improve current customer service levels . 
Information 
Flood Plain Office Additional staff to create Digital Flood Insurance Rate Maps, to provide public notification 

of changes in floodplain status (flood insurance requirements), to review development in the 
floodplain . 
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Program Name 
Flood Project Planning, 
Implementation and Field 
Engineering 
GIS and Database 
Mana~ement 

Pond Vegetation Control 

Residential and 
Commercial Pond 
IDSj)ections 
Review and Inspection of 
Development 
Stonn Drain System 
Repair and Rehabilitation 
Stonn Sewer Discharge 
Permits 
Water Quality 
Assessments 

Water Quality Control 
Planning and 
Implementation 
WaterQuaIity Public 
Education 
Watershed Hydrologic 

r and Hydraulic Modeling 
and Flood Plain Mapping 
Watershed Management 
and Facilities PlaJining 
Watershed Master 

r Planning 
Program Name 

Conservation Easement 
and Land Acquisition 

r 

Dry Weather Field 
( Screening 

Flood and Erosion Hazard 
Property Acquisition 
Rural Watershed 
Restoration 

r Small Scale Retrofits for 
Water Quality and 
Baseflow Enhancement 

( Trash and Debris Control 
Team 

June 2001 
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Table 13 continued 
Proposed Program Enhancements 

Program Ellhancemeat 
Additional staff to meet essential perfonnance levels. Services need to be completed within 
a reasonable amount of time. and an inventory of existing stonn drain locations is needed. 

Additional staff for the design and maintenance of database systems, and to provide GIS 
support for the maintenance activities of the department. 
Contractual increase to provide increased frequency in maintenance. Other enhancements 
include evaluation of vegetation removal frequencies and methods. 
Additional staff to increase ability to complete inspections of 429 Residential Ponds, 3243 
Commercial Ponds. and 852 FEMA Creek Crossings. 

Additional staff to upgrade inspection and enforcement capabilities. improve customer 
assistance, and provide assistance with consultation on legal issues. 

Additional staff to provide an improved level of service. CWTe1ltly, approximately one-
tenth of needed repairs are perfonned each year. 
Additional staff to address increased workload. 

Additional staff to integrate water quality monitoring database with GIS, and to design and 
implement more effective monitoring of onsite wastewater treatment/disposal system 
impacts in cooperation with W & WW department ongoing studies. and evaluate impact of 
leaking sewers on surface and groundwater quality. 
Additional statTto implement expanded WQ retrofit program. 

Additional staff for graphic design. printing, and representation at environmental fairs, and 
to conduct swveys regarding the effectiveness of the public education initiative. 
Additional staff and contractual funding is needed for implementation of a systematic model 
maintenance and upgrade procedure updating of the existing watershed models; and for 
development of an efficient digital model storage and retrieval system. 
Additional staff to perform engineering assessments and preliminary engineering. provide 
project planning and design for large-scale projects. 
Phase 2 funding necessary for watershed assessment and solution development. 

New Program Description 
Proposed new program to identify. facilitate acquisition of, and maintain strategic land in the 
Master Plan watersheds. Application of this program for riparian butTer acquisition could be 
coordinated with flood and erosion hazard property acquisition, which would deal with 
similarly located properties. 
New program required by federal permit. Dry weather field screening and inspection of 
storm drain outlets must be performed to locate and eliminate illicit non-stonn discharges. 
Work to be perfonned by existing City staff. 
Proposed new program would coordinate the acquisition of properties at risk of flooding 
and/or erosion on a voluntary basis. 
Proposed new program to encourage and provide assistance to loca1landowners willing to 
restore degraded rangeland areas. 
Proposed new program to implement small-scale CIP projects that intercept and retain 
pollutants from non-point sources and which promote enhancement of stormwater 
infLItration and baseflow. Includes widespread implementation of smaller-scale BMPs 
(usually retrofits) in areas where larger CIP projects are infeasible. 
Proposed new program to target cleanup of trash dumped in City waterways which often 
resuhs in citizen cOmplaints and aesthetic problems in creeks and lakes. 
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Regulations 

After a review of the City's watershed protection regulations, approximately 50 potential 

changes were recommended for further evaluation (Loomis & Moore, I 999a). The 

proposed changes were subsequently screened by WPD based on the expected benefit, 

availability of data to support the need, and requirements to implement and enforce the 

proposed change. After the screening process, the remaining regulatory changes were 

grouped into the following benefit categories: 

• Incentives - modifications to the City's current regulations that provide 

incentives to improve watershed protection through the use of alternative methods 

to achieve compliance. 

• Public Service - providing flexible and consistent criteria and tools for 

developers and other members of the public. 

• Infrastructure Management - implementing changes to fees and criteria to 

improve the integrity of drainage infrastructure and reduce long-tenn maintenance 

demands. 

• Problem Prevention - changes in regulations to avoid the creation of new 

problems in the future. 

Table 14 summarizes the proposed regulatory changes for each of the categories listed 

above. Incentives are proposed to promote the use of low impact development 

techniques, improve construction site management, and protect more sensitive watershed 

areas through development transfers. The public is expected to benefit from efforts to 

simplify the pennitting process through the provision of new design criteria for 

alternative water quality controls and more closely aligning City and federal NPDES 

pollution prevention plan requirements. Infrastructure management recommendations 

include proposed clarifications of maintenance criteria along open waterways and a 

review of developer participation fees. The problem prevention category includes 

proposals to establish erosion control-based stream setbacks and to modify current 

drainage channel and detention pond requirements to reduce the threat of future erosion. 
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Incentives 
tand5cape-l.ow Impact Development 

l<:roslon Control - Site Mana2ement 

Development Mitigation Policy 

Public Servlcel Assistance 
WQ Design Criteria 

Erosion Control. NPD(t:S Permit 
Provisions 

Unirorm Relocation Assistan(e 
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Proposed Regulatory Modifications 

Executive Summary 

Allow for landscape credit to be given to developers who choose to use low-impact development techniques located 
within landscaped areas to receive runoff from their site. Watcr Quality credit could be offered for such low-impact 
design alternatives. See alternative WQ Design criteria lUtdcr customer service/assistance below. 

Update the Environmental Criteria Manual to incorporate improvements in materials and desib'1l standards to coordinate 
with the COA Standards Manual. Incentives such as reduction or early release of fiscal could be offered for those using 
improved site management techniques such as storing and reusing native topsoil, minimizing time bctwcen grading and 
revegetation, use of native or xeriscape plant material and seed mixes, and wash racks to control mud tracking. 

Mitigation Policies can benefit both the City and landowners when transfer of development rights are allowed between 
different properties through mitigation that includes concepts such as: I) the transfers result in less impervious cover than 
otherwise allowed, 2) transfers move development from more environmentally sensitive land to less sensitive land, 3) 
transfers move development to areas that can be served using existing public infrastructure, and 4) transfers are structured 
to preserve open space and natural areas within each watershed. 

~.,--'... I 

Revise and expand the Environmental Criteria Manual to include standard design criteria and assessment methods for 
altemative water quality controls based on average annual pollutant load reductions. 

Update City of Austin erosion control criteria to include or reference Federal NPDES construction perntit requirements 
creating a consistent set of criteria for local developers to follow. 

Address relocation assistance in instances where residential or commercial property threatened by flooding or creek 
erosion is acquired by the City on a voluntary basis. 

--------.~ 
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Infrastructure Management 
Revise RSMP and Urban WQ Control 
Fees 

Drainage System and Waterway 
Maintenance Criteria 

Drainage Study. Floodplain and Easement 
Delineation Standards 

WQ Control Registration 

Problem Prevention 
c 

Stream Setbacks 

Design Storm RunolT Detenllon for Stream 
Bank Erosion 

Emuent Irrigation Standards 

Golr Course Management Plan 

Drainage DtSign Criteria 

Tree Protection Standards 

ES-50 

Table 14 continued 
Proposed Regulatory Modifications 

\' j 

Fee amounts have not been evaluated since program origin in 1980's for RSMP and 1990 for WQ fee. Fees are currently 
being reviewed to detennine if they adequately address increases inland and construction cost while still remaining low 
enough to encou.rage participation. Establish participation criteria for WQ fee-in-Iieu-of. 

Regulation to allow the maintenance of drainage easements in the original pemlitted design configuration and to define 
conditions warranting vegetation removal in order to adequately convey stonnwater flows. Set standards for maintenance 
perfomled within waterways, including soil stabilization and replanting. 

Require drainage easements to be designed using an assumption of infrequent maintenance. 

Current requirements exist for operating and maintenance penn its for the Barton Springs Zone. Expand registration of 
WQ controls City wide as a prerequisite for getting reductions in drainage fee to help track location and ownership of 
controls. Actively publicize fee reduction/registration program . 

. . 

Establish erosion control based streanl setbacks to provide property protection from the threat of erosion. Maintain 
vegetation in the critical water quality zone using native plants without managed turf grass, pesticides or unapproved 
fertilizers. 

Require developments to capture and detain the runoff volume greater than that released from the undeveloped site for 
those small and relatively frequent stonns that control the channel size and shape. The smaller stonns should be detained 
for an optimum detention period to prevent erosion damage to property and the stream system. 

Require additional soil depth for effluent irrigation, to specify maximum nitrogen loading, to require additional wet 
weather storage, to require setbacks from watercourses and Critical Environmental Features, and to require monitoring for 
emuent constituents. 

Require a management plan for all golf courses to include components for water balance, fertilizer loadings and 
monitoring, and would limit activities in the critical water quality zone. 

Revise the Drainage Criteria Manual to ensure that new or altered channels are properly desibrned to minimize future 
erosion. Potential modification would include adding pennissible shear stress criteria for both the bottom and side slopes 
for the 1-, 2-, 10-, 25- & l00-year stonn events. 

Expand tree protet:tion requirements to allow for specific circumference regulations for different tree species, to require a 
percent of site be left in a natural area, to protect significant groves of trees, to evaluate establishing a minimum percent 
canopy cover for a site, and to establish a mitigation fee system for tree replacement. 

- - ----- --------------- - -- --
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Executive Summary 

Estimating Goal Attainment 

In an effort to gauge the cumulative benefits of proposed solutions, preliminary estimates of 

watershed goal attainment for erosion, flood and water quality objectives were developed. As 

explained on page ES-44, these estimates are considered preliminary due to the conceptual 

nature of the defined solutions and the estimation process used to determine cumulative benefits. 

Goal attainment was defined according to the erosion, flood and water quality objectives listed in 

Table 1. For each proposed capital project concept, a benefits estimate was calculated based on 

the specific characteristics of each project such as potential pond detention volumes, number of 

homes in the IOO-year floodplain, contributing drainage area, etc. The benefits of certain 

programs and regulations were also included where estimating benefits was deemed reasonable 

based in part on the availability of data quantifying their effectiveness. 

Assuming that the most effective solution is feasible at each project site, a best-case scenario 

goal attainment value was calculated (Loomis-Moore, 1999b). The results are generalized for 

each mission and are shown in Figure 14. The majority of flood problems are addressed by the 

best-case scenario (99% goal attainment) since project concepts were estimated to fully alleviate 

lOO-year flooding at most problem sites. The same is true for erosion (79% goal achievement) 

with the exception of those erosion sites where a conceptual project was not originally proposed 

or where future reach stability is difficult to achieve due to site constraints. 

Figure 14 Generalized Goal Attainment Results 

Goal Attainm ent 

120 % 
99% -

100% 
79% 

80% 

60% 

40% 29% 

20% 

0% I I 
Flood Erosion Water Qual ity 

Source: Loomis & Moore, 1999b 
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From Figure 14, of most concern is the predicted goal attainment for water quality (29%), 

which reflects several factors including limited opportunities to: I) mitigate the impact of 

past development in the City's urban watersheds, and 2) address the impacts from new 

development in areas outside the City's jurisdiction. It should also be noted that the 

estimated goal attainment values above represent an ambitious best case scenario that all 

of the identified project concepts are feasible and implemented. 

With the benefits of additional sideslope stabilization projects and alternative water 

quality strategies proposed by WPD staff, relative goal attainment for erosion and water 

quality should be enhanced over the estimates given above. However, the revised 

estimates for water quality goal attainment are still low (25 - 50 %). Additional work is 

needed to investigate alternative control opportunities, including less effective and more 

costly onsite retrofits. For each mission, achieving watershed protection goals is 

dependent on the final feasibility of the project concepts identified in this Master Plan 

and the availability of funding to support their implementation. 

Implementation Planning 

Successful implementation of proposed watershed protection solutions relies heavily on 

additional public input and support. Additional meetings are proposed to further educate 

the public on Master Plan findings and recommendations. In the future, capital projects 

and program enhancements will be implemented as funding is approved through the 

annual budgeting process, special bond elections or other funding allocations. 

Regulatory changes will proceed through the appropriate public review and adoption 

process. 

Capital Projects 

Assuming that funding is available, policy decisions must be made regarding the 

implementation of capital projects. Different prioritization processes were reviewed 

during the course of this Master Plan. Several included ranking factors such as cost­

benefit, sustainability and neighborhood impacts. Ultimately, a "needs-based" approach 
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Executive Summary 

was selected (with support of the Citizen's Advisory Group) to prioritize WPD 

recommendations for future project funding. A needs-based approach simply means that 

the worst problem areas [where the needs (risks) are greatest] will be considered first for 

project implementation. The problem area results shown in Figures 2, 7, 10 and 12 for 

flood, erosion, water quality and integrated problem areas form the basis for priority 

designations. It should be noted though that projects that fix the worst problem areas in 

the City are generally the most expensive projects. Therefore, actual implementation of 

these priority projects may be delayed until funding is available. In addition, projects 

may be selected for implementation due to criteria placed on the use of targeted funds 

(e.g., RSMP funds) or other opportunity based considerations (e.g., land availability, joint 

projects with other entities). 

A major tenet of this Master Plan is a commitment to implement sustainable watershed 

protection strategies that integrate WPD missions. Past project experience has shown 

that "single mission" project planning strategies are more costly than mUltipurpose, 

integrated project strategies. Single mission planning and implementation commonly 

creates unanticipated impacts on other missions. Ideally, multiple integrated projects are 

designed concurrently to avoid project conflicts and enhance watershed benefits. 

Determining the cumulative impact of implementing several multi-objective projects in 

the same watershed is very complex. An understanding of stream dynamics is necessary 

to optimize project benefits. For this reason, a watershed t;nanagement ar~ (WMA) 

approach for solution implementation is also recommended. The WMA approach 

provides an improved basis for the development of comprehensive, coordinated 

watershed management plans. 

This system is based on the classification of creek segments or reaches into three 

categories (Table 15) based on the predictions of how the creek will respond to given 

drainage improvements (Chan, 1997). Watershed management areas were designated by 

WPD to encompass given reaches of a creek based on the creek segment characteristics 

described in Table 15. The needs-based prioritization system (described previously) was 

applied to these larger watershed management areas. The results are shown in Figures 
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15, 16, 17 and 18. By following a systematic procedure to group similar reaches of the 

creek, WPD can combine and better integrate potential CIP solutions - designing and 

implementing them concurrently as a comprehensive strategy, rather than individually. 

Table 15 
Watershed Management Area Approach 

Classification Approach 

Type A Type A restoration involves specific reaches or lengths of 
the creek wherein the stabilization work for these reaches 
can be undertaken in isolation of upstream or 
downstream creek morphology; in other words. work 
done in one reach does not impact other reaches. 

TypeR Type B restoration programs involve two or more 
reaches of the creek wherein work done in one reach 
affects or impact other reaches of the creek. 

TypeC Type C restoration programs involve watershed wide 
stabilization schemes because work done in any reach 
has watershed wide impacts. 

Source: Raymond Chan & AsSOCiates, 1997 

Storm drain improvements will not be dictated by the WMA process since the majority of 

localized flooding occurs in areas beyond the boundaries of creek corridors. There will 

be a greater demand for adequate drainage as in-fill and redevelopment occurs in the 

urban core. As of spring 2000, WPD identified more than 420 areas in the Phase I 

watersheds needing upgrades due to existing capacity. Each localized flooding area 

requires further study to better determine potential integration opportunities. 

Operating Programs 

As discussed on page ES-45, program enhancements were defined based on a level of 

service analysis. This analysis resulted in the identification and initial prioritization of 

needed WPD program enhancements. While some identified program enhancements do 

not require funding to implement, most will require additional funding approval through 

the City's annual budgeting process. WPD will propose budget enhancements 

incrementally as Council approves proposed increases in the drainage fee. 
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Executive Summary 

Regulations 

Proposed regulatory enhancements require changes in the Land Development Code and 

the Environmental and Drainage Criteria manuals (Table 16). The regulatory changes 

proposed do not at this time have final language drafted. Instead, they represent planning 

level recommendations. In order for regulatory changes to be implemented, final 

language containing specific rules and criteria based on additional studies must be 

prepared for public review. 

Table 16 
Location for Proposed Regulatory Modification 

Regulation Location in Code/Criteria 
Reassess RSYlP fees Annual Fee Ordinance. Drainage Criteria Manual (DCM) 

Reassess Urban Fees Annual Fee Ordinance. Environmental Criteria Manual 
Drainage System and Waterway Maintenance Criteria EnvironmentallDrainage Criteria Manuals 

Drainage Study. Floodplain and Easement Land Development Code (LDC) and Drainage Criteria Manual 
pelineation Standards 

Registration for WQ Controls Land Development Code (LDC) and Drainage Criteria Manual 

WQ Design Criteria Environmental Criteria Manual 

Erosion Control/NPDES Land Development Code (LDC) and Environmental CriterIa 
lManual 

Uniform Relocation Assistance Land Development Code 

Landscape-Low Impact Development Land Development Code (LDC) and Environmental Criteria 
lManual 

Erosion Control-Site Management Land Development Code (LDC) and Environmental Criteria 
Manual 

Development Mitigation Policy Land Development Code 

Stream Setbacks Land Development Code 

Design Storm Runoff Detention for Stream Bank Land Development Code and EnvironmentalJDrainage Criteria 
Erosion Manuals 
Effluent Irrigation Standards Land Development Code 

Drainage Design Criteria Drainage Criteria Manual (DCM) 

Golf Course Management Plan Land Development Code (LDC) and Environmental Criteria 
Manual 

Tree Protection Requirements Land Development Code (LDC) and Environmental Criteria 
Manual 

Changes to the City Code (including the Land Development Code) must be approved by 

City Council. Proposed changes would be reviewed by the City boards and commissions 

which are relevant to the subject of the proposed code change (e.g., Environmental 

Board, Planning Commission). These meetings would be advertised through the standard 
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posting process for public meetings, and would include a public hearing to obtain input 

from interested parties prior to the final Council hearing where action is taken. 

Rule changes (including Criteria Manual revisions) are subject to an administrative 

process that includes stakeholder review and a public review period. Stakeholders are 

made up of other City departments affected by the rules, as well as environmental, 

neighborhood, and business and professional organizations. After stakeholder review, 

the rule is then posted for public comment prior to final adoption. 

~:'" - .::-.-
:;- - ~-

~. -- -
~ - -=.--- - ~""""'~ Appropriate stream setbacks can prevent the 

creation of new watershed problems due to erosion. 

As shown in Table 14, relatively few regulations are proposed for modification. The 

majority of existing regulations are effective in minimizing the impact of new 

development that is subject to current City rules and regulations. Many existing 

watershed problems were caused by older development that occurred prior to the passage 

of watershed regulations. Similarly, many future problems are predicted due to 

development in areas outside Austin's ETJ, or from future development within Austin not 

subject to current requirements by virtue of exceptions allowed by State law . 
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Executive Summary 

Findings and Recommendations 

Findings 

1) In the Phase I watersheds, flood, erosion and water quality problems are widespread 

and are expected to worsen if corrective action is not taken. 

2) Over the next 40 years, more than $800 million in capital funds are required to 

construct new or improved integrated watershed protection facilities including 

detention ponds, channel stabilization projects and other flood, erosion and water 

quality controls. This funding level is equivalent to approximately twice the 

historical capital spending rate. 

3) Additional funding of $2 - 5 million per year is needed to provide essential levels of 

service for several City programs including infrastructure maintenance, 

environmental development review and inspection, public education and design 

support. 

4) Various code and criteria changes are required to improve public service, provide 

developer incentives, reduce long-term maintenance demands, and prevent the 

creation of new watershed problems in the future. 

5) Attainment of erosion and flood goals may be possible given sufficient funding. 

6) Water quality goals are not attainable through implementation of solutions evaluated 

in the Master Plan. Limited regional retrofit opportunities in urban watersheds and 

inadequate regulatory controls in areas outside the City's jurisdiction are significant 

constraints. 

Recommendations 

1) Develop long-range funding proposals to support solution implementation. 

2) Integrate watershed solutions to the extent possible to effectively promote watershed 

protection goals attainment. 
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3) Implement integrated capital projects using a needs-based, watershed management 

area approach as funding becomes available. 

4) Develop collaborative multi-agency partnerships (that include federal, state, and local 

entities along with other City Departments, community groups and concerned 

citizens) to achieve watershed protection goals. 

5) Use Master Plan results to assist in the development of proposed WPD budget 

increases to fund priority program enhancements. 

6) Involve stakeholders in the comment and review process for proposed regulatory 

modifications before Council consideration as final language is developed. 

7) Refine watershed protection goals based on continued public involvement and 

additional studies. 

8) Continue development and evaluation of innovative water quality solutions to attain 

water quality goals. Refine water quality goals to reflect additional evaluation and 

feasibility of solution implementation. 

9) Update Phase I Master Plan information as better data becomes available and 

solutions are implemented. 

10) Expand master planning efforts beyond the Phase I watersheds as funding allows. 
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Section 1 

Introduction 

1.1 Background 

For more than two decades, th~ City of Austin has been recognized as a national leader in 

addressing watershed protection issues. Beginning in the 1970's, Austin began to place 

an emphasis on creek protection and the prevention of future problems through 

regulation. In 1974, the Waterway Development Ordinance (a.k.a., the Creek Ordinance) 

limited development in the 25-year floodplain, required developments to identifY 

appropriate sedimentation and erosion controls and brought a new focus to protecting the 

"natural and traditional character" of local creeks. Since that time, the City has enacted 

additional watershed regulations and established design criteria manuals aimed at 

mitigating increased runoff rates and pollutant loadings from new land development. 

Probably the single most important event that helped shape the City's current watershed 

protection program is the Memorial Day Flood of 1981. In response to the storm's 

devastating effects, the City implemented a new drainage fee to provide funding for an 

expanded stormwater management program. Between 1981 and 1984, strong public 

support for flood and erosion bond packages became evident as voters authorized more 

than $75 million for capital improvement projects. The first creek ordinance that limited 

development in the 100-year floodplain was passed in 1983. Erosion controls were first 

required for new construction in 1978 with the Lake Austin ordinance. From the mid 

1980's to today, the City's erosion and water quality efforts have matured as a result of 

drainage fee fund increases and the passage of notable water quality ordinances (e.g., 

Comprehensive Watershed Ordinance, Urban Watershed Ordinance and the Save Our 

Springs Ordinance). 

Due to the passage of these existing City regulations, much of the City's current 

watershed protection efforts are targeted at fixing problems caused by existing 

development that predated these regulations. 
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Section 1 
Introduction 

Today, the City's watershed management program has three primary missions, flood 

control, stream erosion control, and water quality management. The programs that 

comprise these missions are described below: 

• Flood Control - The City's flood control program is founded on regulations that 

prohibit an increase in peak storm water runoff that results in increase flooding 

impacts from development, maintenance programs to ensure that waterways are free 

of flow-blocking debris and vegetation, construction projects to improve the ability of 

creeks and streams to carry water, and finally, a system of regional detention 

facilities. Regional detention ponds can help reduce stonn water runoff from large 

watershed areas, and are much easier to construct in some areas than many smaller 

facilities. 

• Stream Erosion Control- The City's current erosion control program was fonnally 

adopted in 1991, during the fonnation of the Drainage Utility. Prior to that time, the 

City had a limited budget for erosion control projects. Occasionally, projects 

intended to reduce flooding also helped control stream bank erosion but, by and large, 

no specific erosion control projects were built (even though complaints by property 

owners indicated that there was a strong need for such projects). Once the erosion 

control program was started, City staff found that they faced a daunting task -

erosion problems along several creeks were so severe and widespread that short-tenn 

and small-scale solutions would have been ineffective. Little Walnut Creek, 

Tannehill Branch, and Fort Branch were some of the creeks that fell into this 

category. 

• Water Quality Protection - Austin has developed a multi-faceted storm water 

quality program to control pollution from urban areas. The City's control strategy 

relies on source control and treatment facilities to remove pollution. Source control 

meaSures include land use zoning, impervious cover limits, creek set backs and buffer 

requirements for new development, and the control of illegal discharges, public 

education, a spill and environmental complaint response program, and drainage 

facility maintenance. Despite the above efforts, treatment structures are also needed 
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to protect water quality. The City pioneered the use of sand filtration systems to 

reduce pollution in stonn water runoff. Today, the types of treatment technologies 

used for this purpose have expanded to include wet ponds, retention/irrigation 

systems, extended detention ponds, and alternative filtration systems. 

1.2 Need for a Master Plan 

In 1991, the City established a Drainage Utility to oversee stonn water management 

programs. Between 1982 and 1991, any monies raised by the fee could be used for storm 

water management, but were not dedicated exclusively to stonn water projects. The 

creation of the Drainage Utility in 1991 ensured that funds raised by the fee would be 

used only for stonn water management and watershed protection programs. 

The Watershed Protection Department was created in 1996 with the merging of the flood 

and erosion programs from Public Works with the water quality protection programs of 

the Environmental and Conservation Services Department. With the creation of this 

unified department, a new emphasis was placed on: 

1) improving the prioritization of future watershed protection efforts, 

2) detennining the adequacy of existing funding levels, and 

3) integrating the three missions of the new department to more cost-effectively achieve 

flood control, erosion control and watershed protection goals. 

Shortly after this the Watershed Protection Phase I Master Plan was initiated to obtain 

city-wide technical data on the flood erosion and water quality missions that is needed to 

prioritize watershed protection efforts. As solutions were developed and evaluated, they 

were analyzed to determine the most effective solution types for each problem area, as 

well as to determine the location where integrated solutions were needed. 

1.3 Master Plan Approach 

This Master Plan sets forth a plan to protect watersheds, people and property. Phase I 

watersheds include all twelve urban watersheds, and five surrounding suburban and water 

supply watersheds: Barton, Blunn, Boggy, Buttermilk, Bull, Country Club, East Bouldin, 
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Harper's Branch, Johnson, Little Walnut, Shoal, Tannehill, Waller, Walnut, West 

Bouldin, and Williamson Creek Watersheds. Figure 1 - 1 shows the Phase I watersheds. 

The Master Plan Phase I watersheds represent 64% of the area within the City's limited 

purpose annexation area, and represent 32% of the area within the City's 5-mile extra­

territorial jurisdiction (ETJ). 

Figure 1 - 1 
Phase 1 Watersheds Study Area Map 

U RBAN WATERSHEDS NON URBAN 

1. BLUNN (BLU) 7. JOHNSON (JOH) 
2. BOGGY (BOG) 8. LITTLE WALNUT (LWA) 
3. BUTTERMILK (BMK) 9. SHOAL (SHL) 
4. EAST BOULDIN (EBO) 10. TANNEHILL (TAN) 
5. FORT BRANCH (FOR) 11. WALLER (WLR) 
6. HARPER'S BRANCH (HRP) 12. WEST BOULDIN (WBO) 

13. BARTON (BAR) 
14. BULL (BUL) 
15. COUNTRY CLUB (CNT) 
16. WALNUT (WLN) 
17. WILLIAMSON (WMS) 
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Introduction 

The first step in developing a Master Plan was to establish the Utility mission and the 

management goals. Section 2 of this report provides details on the goal setting process. 

Next, technical assessments were performed to identify flood, erosion and water quality 

problems within the Phase I watersheds. The technical assessments assessed current 

conditions as well as future conditions to the year 2040. After the problem areas were 

identified, a prioritization process was developed for each mission. An overview of the 

problem summary and prioritization process is provided in Section 3 of this report. 

Problem summary infonnation for each mission is provided in Sections 4-7, and a 

summary of integrated problems is located in Section 8. Integrated problem areas are 

defined by overlaying individual mission problem areas together to see where problems 

exist in a common area. These "common" or integrated problem areas represent a need 

for multi-mission solutions that incorporate elements for flood, erosion, and water quality 

into a single solution strategy. Figure 1 - 2 describes the Master Plan process. 

City of Austin 
Watershed Protection 

MasterPlan 

Establish Watershed 
Protection Mission 

Develop Management 
Goals and Objectives 

Assess Current and 
Future Conditions 

Figure 1- 2 

Master Plan Process 

Prioritize Problem 
Areas within Missions 

+ 
Prioritize Areas for 

Solution Development 
Across all Missions 

+ 
Develop Integrated 

Solutions 

Prioritize Solutions for 
~ Implementation 

Citywide 

~ 
Document Findings 

and Recommendations 

+ 
Compile Watershed 

- Summaries 

+ 
Evaluate Master Plan 

Process 

After the technical assessments were completed, solution development began, as 

described in Section 10 of this report. Solutions that were analyzed included Capital 
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projects, WPD operating programs, and regulations. After the potential solutions were 

identified, recommendations were developed based on implementation through a needs 

based priority system. Section 11 describes the recommendations and the priority 

implementation process. 

1.4 Master Plan Public Input Process 

In order to receive citizen input during all stages of the Master Plan process, three major 

strategies were developed. 

• Citizens Advisory Group 

• Public Input Survey 

• Master Plan Public Meetings 

1.4.1 Citizens Advisory Group 

The Citizens Advisory Group was formed early in the Master Plan process and consisted 

of members from varying interest groups and geographical areas throughout the city, 

representing neighborhood interests, water quality action groups, the academic 

community, as well as business and development interests. They provided advice on the 

process, made recommendations on various forms of public input and promoted the 

Master Plan efforts among fellow citizens. 

1.4.2 Public Input Survey 

The Watershed Protection Department commissioned an independent telephone survey in 

July 1997 to provide citizen input on drainage issues in their watershed. The seventeen 

Phase I watersheds were divided into 39 polling areas based on the size of the watershed. 

In the larger watersheds, for example, the watershed was divided into three segments so 

that variances from the headwater areas, mid-watershed and lower watershed could be 

measured. In the mid-sized creeks, two polling areas were used and in the smallest 

watersheds, only one was deemed necessary . 

1-6 
• city of austin 

June 2001 

Wltnhad PratactimI 

( 

( 

( 

( 

r 
c 
( 

c 
c 

c 

c 

c 
( 

c 
( 

( 

( 

( 

l 
<. 
( 



r 
r 

L 

r 

( 

[ 

( 

( 

( 
( 

l 

( 
, 

r 

Section 1 
Introduction 

Citizens were asked their level of concern about flooding, erosion and water quality 

problems in their immediate neighborhood and in the City in general. They were also 

given the opportunity to describe any specific problem areas with which they were 

familiar. On the watershed level, results varied based on watershed specific concerns. 

The city-wide survey results showed a nearly equal concern level for each of the 

missions: 

Mission 

Flood 

Erosion 

Water Quality 

% of Respondents 
Expressini Concern 

35% 

30% 

35% 

1.4.3 Master Plan Public Meetings 

Three Master Plan public meetings took place in April and May of 1998 to allow citizens 

to comment on the findings of the Master Plan problem assessments as well as potential 

solution types. 

Publicity for these meetings included the distribution of doorhangers in each of the 

seventeen watersheds, newspaper advertisements in the Austin American-Statesman and 

the Austin Chronicle, informational articles in the Statesman and various neighborhood 

papers, letters from the Director to community organization leaders and letters from 

Citizen Advisory Group members inviting targeted citizens. 

The meetings included information on Department activities, followed by individual 

presentations by staff members on findings of technical assessments for each of the Phase 

I watersheds. Presentation materials included maps that illustrated problem severity in 

the creek (flood control, stream erosion control, and water quality, and integrated 

problems). Information on potential capital, programmatic and regulatory solutions were 

provided. Individual watershed Fact Sheets were also developed to summarize relevant 

population, land use, and technical assessment data. 
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Following the presentations, there was a question and answer periods where citizens 

commented on the infonnation presented. Citizens were also asked to fill out a survey on 

issues covering the meeting content, the Master Plan process, and Utility funding. 

One additional meeting was held February 7, 2001 to present the findings and solution 

recommendations of the Phase I Master Plan. The public meeting was co-sponsored by 

the Environmental Board and the Citizen's Advisory Group. 

1.5 Master Plan Participants 

The City of Austin managed the Watershed Protection Master Plan, utilizing consultants 

and researchers as needed to gather technical data on the problem areas and potential 

solution concepts. Table 1 - 1 outlines the efforts of the team members used on this 

project. 

Table 1-1 
Master Plan Participants 

"- Element ..!' •• " • r/:""' :;~. Participaut ,~~~.; - .;. ':. ~-

Erosion Assessments Raymond Chan & Associates 
Flood Problem Assessment 
- Hydrologic & Hydraulic model conversion Loomis Austin, Inc. 
Flooded Structure Survey data Carter & Burgess 
Flooded Structure GIS application City of Austin 
Problem Area Prioritization System City of Austin 
Prioritization System Automation Camp Dresser & McKee (CDM) 
Water ()uality Assessments City of Austin 
Pollutant Load GIS Modeling University of Texas at Austin 

Center for Research in Water 
Resources (CRWR) 

Stream Erosion Solutions Development Raymond Chan & Associates 
Loomis Austin. Inc. 

Regulatory Solutions Development Glenrose & Associates 
Loomis Austin, Inc . . 
Raymond Chan & Associates 

WPD Program Level of Service and Loomis Austin, Inc. and Crespo 
Benchmarking Consulting 
Initial Capital Solution Evaluation Loomis Austin, Inc. 
Findings and Recommendations City of Austin 
General Technical Assistance and Report Camp Dresser & McKee 
Reproduction 
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Section 2 

Watershed Protection Goals 

Watershed protection goals define program direction, facilitate accountability and thereby 

enhance public trust. A set of clearly defined and comprehensive watershed management 

goals is necessary to focus the Master Planning process. By including the public in the 

goal development process, consensus building and public trust are fostered as proposed 

management strategies are developed and measured against the desired outcome. This 

type of results-oriented, inclusive planning was a guiding principle for the Master Plan. 

The following section provides an overview of the Watershed Protection Department 

(WPD) mission statement, management goals and objectives. The goals and objectives 

were key factors in determining the type of data to be collected during the Master Plan to 

locate and describe watershed problem areas. Thus, they are reflected in the design of 

the technical assessments (field work and modeling) described later in Sections 3 through 

8 of this Master Plan. In Section 10, the City's ability to achieve these goals is discussed. 

2.1 Challenges of Watershed Protection 

Changes to the landscape from urbanization can profoundly affect stream character. 

Urbanization in the form of impervious cover (rooftops, streets, sidewalks, driveways and 

parking lots ) represents that change. Increased impervious cover can alter the 

watershed's hydrology, increasing the risk of flooding and causing erosion. It also 

affects the quality of stormwater runoff, and initiates a chain of events that can degrade 

water quality. 

2.1.1 Watershed Hydrology 

Urbanization increases the amount of water that "runs off' into streams and causes 

flooding. Development sets in motion a series of hydrologic changes that: 

• Increases peak discharges 
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• Increases stonnwater runoff volume 

• Reduces time needed for runoff to reach a stream, and 

• Increases runoff velocity 

These changes can lead to expansion of the floodplain and increased flood risks to people 

and property. 

To reduce the threat from flooding, the stream system is often modified to direct and 

convey runoff away from urbanized areas. Stream diversion, channelization, damming 

and piping, which have been traditional responses to flooding and the altered hydrology 

of the stream, may destroy stream beds and related aquatic habitats like wetlands. 

Conversely, the altered hydrology of the stream may reduce streamflow during prolonged 

periods of dry weather. 

Stream channels change shape, or adjust, in response to more severe flooding caused by 

increases in impervious cover or urbanization. Higher flows may increase the size of a 

stream by widening stream banks, downcutting stream beds or sometimes both. Stream 

channel instability, in turns, triggers a cycle of stream erosion. Property loss is a major 

expression of channel instability. Other consequences of stream erosion include the loss 

of aquatic habitat, such as a pool and riffle sequence, increased sediment deposition, and 

the loss of overhead protection and shading from the tree canopy. 

2.1.2 Water Quality 

Pollutant export increases dramatically both during and after construction. Site 

preparation practices such as clearing and grading leaves soils exposed and unprotected. 

Unless adequate erosion controls are installed and maintained at the site, sediment can be 

delivered to the stream channel, along with attached soil nutrients and organic matter. 

Urban pollutant loads are directly related to watershed imperviousness. Impervious 

surfaces collect and accumulate non-point source pollutants deposited from the 
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atmosphere, leaked from vehicles or derived from other sources. During storms, 

accumulated pollutants are quickly washed off and carried into local streams. 

Major non-point source pollutants include certain types of bacteria, nutrients, toxic 

contaminants, debris and sediment. Bacterial contamination indicates a possible health 

hazard and can affect drinking water and close recreational areas to swimming. Nutrients 

such as nitrogen and phosphorus "enrich" stream water leading to algae blooms that, 

when they subside, rob the water of oxygen, which fish and aquatic insects rely on. 

Toxic contaminants like heavy metals and pesticides threaten the health of aquatic 

organisms, which can also harm their human consumers. Furthermore, these 

contaminants may persist for a very long time. Debris is unsightly and in some cases 

harms animals and humans. Sediment, another non-point source pollutant, is a major 

concern because of its negative impacts to aquatic species and their habitats, and also 

because other pollutants can adhere to eroded soil particles. 

2.2 Goal Setting Process 

In early 1996, the newly formed Watershed Protection Department had its first 

opportunity to formulate integrated watershed protection goals. The "Planning for 

Performance" approach (Figure 2 - 1) adopted by the City heavily influenced the goal 

setting process. The first step in this planning process was to establish a mission 

statement for the WPD. The mission statement describes the purpose of the functional 

services performed by the WPD. This mission statement then leads to management goals 

that convey the vision and values of the community. 

The goals that are established under a performance-based system should be a concise 

statement ofthe desired results of the City's watershed protection efforts. In other words, 

stated goals should convey long-term purpose and direction for the WPD. Typically, 

these goals do not change from year to year and are not quantifiable. For quantification 

purposes, objectives are developed that describe in specific, measurable terms the results 
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Figure 2-1 
Planning for Performance Approach 
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a program is expected to achieve toward a certain goal. Objectives are commonly 

synonymous with the desired level of service. The stated objectives should be attainable 

within a certain timeframe and may change annually in an attempt to achieve the desired 

goal. 

Example: 

Goal = To meet or exceed all state and federal permits and regulations. 

Objective = For FY 99-00, comply with l37 activities specified in federal storm 
water permit. 

After establishing long-term goals and objectives, a strategic plan (e.g., this Master Plan) 

is developed to determine how best to achieve the stated goals. Long-term goals and 

objectives are translated into annual goals that are included in the WPD's business plans. 

Eventually, these annual goals help define the performance measures for the department's 

work groups and individual staff members through a performance review process. 

Finally, annual performance measures are tracked to relate the success of the strategic 

plan back to the original goals and objectives. 

To promote consensus building and public understanding, WPD staff utilized several 

means for involving the community in the goal setting process. In the fall of 1996, three 

public meetings of the Master Plan Citizen Advisory Group (MPCAG) were dedicated to 

review and comment on the mission statement, management goals and objectives. These 

goals were also reviewed in the three public meetings held during the spring of 1998 at 

local high schools to inform the public about the results of the technical assessment 

portion of the Master Plan. Goals are also presented in the WPD's business plan and 

annual budgets. 

2.3 Mission Statement 

As contained in the FY1999-2000 business plan, the current mission statement for the 

Watershed Protection Department is as follows: 

The purpose of the Watershed Protection Department is to reduce the impact of 
flooding, erosion, and water pollution on our community in order to protect lives, 
property and the environment. 
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Although the City has long realized that flood control, erosion control and water quality 

protection are integrally linked, an integrated mission statement for Austin's watershed 

protection efforts was created relatively recently in 1995. Previous City budget 

documents and regulatory initiatives (e.g., 1974 Creek Ordinance) conveyed multi­

objective goals, but none contained a concise mission statement that incorporated flood, 

erosion and water quality concerns. 

The origin of WPD's mission statement coincides with the inception of the primary 

funding mechanism for the City's current watershed protection activities - the drainage 

fee. Created in 1982, the fee helped fund program activities of the Watershed 

Management Division (WMD) of the Department of Public Works and Engineering until 

1986. At the time, WMD's established drainage program was complemented by a 

growing water quality section that provided monitoring, modeling, and design 

criteria/review support. Although WMD did not have a single integrated mission 

statement, annual budgets included references to flood, erosion and water quality 

objectives through 1986. 

In FY 1986-87, the Water Quality Section ofWMD was transferred to the newly created 

Department of Environmental Protection (DEP), thus separating the erosion and flood 

control activities from the water quality activities on an organizational basis. Not until 

1990, when the City established a dedicated Drainage Fund, did the semblance of an 

integrated mission statement appear. In the enacting ordinance and amendments that 

followed, the declarations of purpose referenced a multi-objective theme: 

" ... .in order to protect the citizenry from the degradation of water quality and 
loss of life and property caused by surface water runoff, oveiflows, and 
stagnation ...... it is necessary and in the best interest of public health and safety to 
a establish a drainagefee .... {Ordinance No. 900913-Q) " 

In December 1993, a Drainage Utility Strategic Planning Team was formed that included 

City staff representatives of the erosion and flood control mission groups (from the 

Public Works and Transportation Department) and the water quality management mission 

group (from the Environmental and Conservation Services Department, formerly DEP). 
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The team's January 1995 final report contained the first integrated mission statement for 

the City's watershed protection efforts: 

"The Mission of the Drainage Utility is to use environmentally-responsible and 
cost effective approaches to protect lives, property and the quality of life by 
managing the movement of water to reduce flooding, erosion and pollution. " 

Based on staff review and public input, variations of this mission statement were created 

for the Master Plan and the WPD's annual business planning efforts. From 1995 until 

today, each version specifically addresses the three primary missions of the Watershed 

Protection Department: 

Flood Control Erosion Control Water Quality 

Ultimately, these missions reflect the City's commitment to improve public safety, 

property protection and the quality of life in Austin. 

For the most part, the information presented in this Master Plan is organized by these 

three missions. However, because the integration of these missions is a primary goal of 

this Master Plan, problem areas and solutions that address more than one mission are also 

presented. 

2.4 WPD Goals and Objectives 

Building on the department's mission statement, WPD staff developed seven (7) specific 

management goals to guide the Master Plan in 1996. The long-term goals listed below 

reflect public input received during the goal setting process. The goals are further 

defined by multiple objectives as show in Table 2 - 1. 
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Table 2-1 
Watershed Protection Department Master Plan 

Goals and Objectives 

GOALS OBJECTIVES 
Protect lives and property by FC!. Reduce the depth and frequency offlooding for all IOO-year floodplain structures. 
reducing the impact of flood FC2. Reduce the depth and frequency of flooding on all roads in the IOO-year floodplain. 
events FC3. Reduce the danger at road crossings subject to any flooding by the 100-year flood. 

(including "Provide adequate warning at dangerous crossing") 
FC4. Provide mitigation for flood damage. 
FCS. Prevent the creation of future flood hazards to human life and property. 
FC6. Reduce the depth and frequency of localized flooding for buildings. 
FC7. Reduce the depth and frequency oflocalized flooding for yards. 
FC8. Reduce the danger of street flooding created by substandard storm drains. 
FC9. Reduce standing water in public rights-of-way and drainage easements outside the 100-

year floodplain. 

Protect channel integrity and ECI. Repair current erosion that threatens habitable structures and roadways (referred to as 
prevent property damage resulting Type 1 sites). 
from erosion. EC2. Repair current erosion that threatens properties, trees, fences, drainage infrastructure, 

parks, hike and bike trails (Type 2 sites). 
EC3. Minimize the future enlargement of channels that would threaten public and private 

property (Type 3 sites). 
EC4. Achieve stable stream systems. 

Protect and improve Austin's WQ 1. In local creeks, achieve or exceed Good (>=62.6) Environmental Integrity Index (Ell) 
waterways and aquifers for citizen scores. 
use and the support of aquatic WQ2. In Urban creeks, restore baseflow quantity and quality to the maximum extent possible. 
life. WQ3. In Nonurban creeks, preserve the existing base flow quantity and quality to the maximum 

extent possible. 
WQ4. In all creeks, reduce existing and future pollutant loads to the maximum extent possible. 
WQS. In the Edward's Aquifer, maintain or enhance the existing rate of recharge to the 

maximum extent possible. 
WQ6. Maintain or enhance high quality environmental features (e.g., springs, seeps, wetlands, 

swimming holes, threatened or endangered species habitat) to the maximum extent 
possible. 

Improve the urban environment CGl. Maximize the use of waterways and drainage facilities for public recreation. 
by fostering additional beneficial CG2. Maximize areas for public use within floo~plains. 
uses ofwaterways and drainage CG3. Maintain natural and traditional character of floodplains to the uiaximurn extent possible. 
facilities. 

Meet or exceed all local, state, CG4. For all state designated stream segments, including Lake Travis, Lake Austin, Town 
and federal permit and regulatory Lake, the Colorado River below Austin, Barton and Onion creeks, maintain or improve 
requirements. the Designated Use Support status. 

CGS. Comply with Storm Water NPDES permit requirements. 
CG6. Minimize the risk to structures in the IOO-year floodplain as required by the National 

Flood Insurance program. 

Maintain the integrity and CG7. Provide for adequate maintenance of the watershed protection infrastructure system and 
function of Utility Assets minimize maintenance requirements for system improvements. 

Optimize City resources by CG8. Maximize flood control, pollution removal and streambank protection for all solutions 
integrating flood, erosion and including CIP projects. 
water quality control measures. 

Primary Mission: FC = Flood Control, EC = Erosion Control, WQ = Water Quality, CG = Common Goal 
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2.4.1 Flood Control 

The management goal of the flood control mission is to protect lives and property by 

reducing the impact of flood events. This goal is further defined by the following 

objectives: 

FC 1. Reduce the depth and frequency of flooding for all IOO-year floodplain 
structures. 

FC2. Reduce the depth and frequency of flooding on all roads in the IOO-year 
floodplain. 

FC3. Reduce the danger at road crossings subject to flooding by the lOO-year flood. 

FC4. Provide mitigation for flood damage. 

FC5. Prevent the creation of future flood hazards to human life and property. 

FC6. Reduce the depth and frequency oflocalized flooding for buildings. 

FC7. Reduce the depth and frequency of localized flooding for yards. 

FC8. Reduce the danger of street flooding associated with old storm drains. 

FC9. Reduce standing water in public rights-of-way and drainage easements outside 
the 100-year floodplain. 

Even in the midst of drought conditions, flash flooding poses a continuous threat to 

Central Texans. The heavy downpours common to this area combine with the steep 

slopes of the Balcones Escarpment to present an often times dangerous combination for 

local motorists and creekside residents. These dangers are mostly present along flooded 

creeks, especially where bridges and low water crossing have been inundated with 

floodwaters. The allure of flooded streams can also be dangerous as spectators standing 

on soft and muddy banks can venture too close to the fast moving flows. In locations 

where old storm drain systems do not meet current criteria, rising waters can cause severe 

property damage even for those residents who do not live near flooded creeks. 

The primary purpose of the flood control mission is to reduce the existing and future 

impacts of flooding on local roadways and structures. This is true for both the primary 

creek system (creekside flooding) and the local storm drain network (localized flooding). 
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Creekside flooding commonly poses the greatest threat to public safety. For this reason, 

an important activity of the flood control mission is to issue flood warnings dUling heavy 

storms. Low water crossings are closed, and the public is encouraged to be attentive to 

any imminent flood danger. Flood insurance and floodplain information is also 

distributed on a routine basis to help mitigate property damage from floods and save 

lives. 

Because heavy downpours occur infrequently, there is a tendency for the public to lose 

interest in flood management initiatives as past floods fade from memory. However, 

WPD's floodplain managers are actively planning and implementing solutions to improve 

the drainage system and reduce the creation of new flood hazards. 

Localized flooding is the term given to flooding areas that result from the secondary 

drainage system (storm drains), not necessarily as a result of creekside flooding. Storm 

drains begin with inlets and include drain pipes, culverts, and open ditches. Localized 

flood complaints occur more frequently than creekside flood complaints because they 

most often arise from smaller storm events. Localized flooding problems can be 

categorized as building flooding, yard flooding, street flooding, or nuisance standing 

water. 

Building or yard flooding can damage real property if storm water runoff is not contained 

in the secondary drainage system. Often, the secondary drainage systems in the urban 

watersheds are outdated. Old or outdated storm drains mean storm drains designed 

and/or installed under drainage criteria in effect before January 1977. This is due to 

changes in design requirements over time. In fact, storm drains (namely, inlets and drain 

pipes) constructed before the 1970's appear to be sized for the 10-year (or less frequent) 

storm event. In certain areas where inlets and storm drains are outdated, the ponding of 

runoff along streets can result in undesirable driving hazards for motorists. The City has 

adopted stricter drainage requirements since the 1970's. 

In addition to driving hazards, standing water in public rights-of-way and drainage 

easements poses a general nuisance related to diminished aesthetic value, mosquito 

breeding, soggy mud, pedestrian and vehicular inconvenience, and commonly foul odors . 
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Standing water often appears as puddles or' "bird baths" along minor ditches or 

deteriorated roadway infrastructure systems (curbs and gutters). Standing water can 

usually be attributed to poor design, poor construction or poor maintenance. Sometimes, 

in flat or low areas, standing water cannot be completely eliminated by draining due to 

topographical constraints. 

2.4.2 Erosion Control 

The management goal of the erosion control mission is to prevent property damage 

resulting from erosion and protect channel integrity. This goal is further defined by the 

following objectives: 

EC 1. Repair current erosion that threatens habitable structures and roadways. 

EC2. Repair current erosion that threatens properties, trees, fences, drainage 
infrastructure, parks, hike and bike trails. 

EC3. Minimize the future enlargement of channels that would threaten public and 
private property. 

EC4. Achieve stable stream systems. 

As discussed in Section 1, urbanization alters the hydrologic response of a watershed to 

rainfall. Development increases the total volume, peak discharge rate and frequency of 

runoff from rainfall events. Consequently, the capacity of urban streams and channels to 

withstand erosive flows is exceeded more frequently. The steep slopes in West Austin 

and the deep soils in East Austin exacerbate the erosive conditions caused by these higher 

runoff volumes and more frequent flow events leading to unstable stream channels. 

Often, the result is severe channel erosion in the fonn of degradation' and widening. 

Where structures have been constructed near stream banks, channel widening can pose a 

serious threat to property. Stream bank erosion also creates a significant sediment load to 

local creeks and lakes, resulting in increased turbidity and adverse impacts to aquatic 

ecosystems. 

Historically, much of the City's erosion control program has been aimed at mitigating 

areas where stream bank erosion has posed an immediate threat to property (mostly 
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homes and businesses) on a complaint basis. Without comprehensive erosion 

assessments that provide insight into the geomorphic characteristics of a creek (e.g., 

channel type, bank stability and future enlargement potential), the preventive capabilities 

of the erosion program were severely limited. In 1997, erosion assessments for each of 

the Phase I watersheds were completed. These assessments were designed to evaluate the 

erosion conditions of each watershed compared to the erosion control goals and 

objectives described above. Therefore, each assessment includes an inventory of 

community resources threatened by erosion and an analysis of existing and future channel 

stability. This new erosion assessment data has enabled the Watershed Protection 

Department to proactively plan for erosion mitigation and prevention and to promote 

geomorphically stable creek systems. This represents a tremendous advancement in the 

understanding of erosion control issues in our local creek systems. Please refer to 

Section 6 of this Master Plan for a detailed summary of the erosion assessment methods 

and results. 

2.4.3 Water Quality Protection 

The management goal of the water quality protection mission is to protect and improve 

Austin's waterways and aquifers for citizen use and the support of aquatic life. This goal 

is further defined by the following objectives: 

2-12 

WQ I. In local creeks, achieve or exceed Good Environmental Integrity Index (Ell) 
scores. 

WQ2. In Urban creeks, restore baseflow quantity and quality to the maximum extent 
possible. 

WQ3. In Nonurban creeks, preserve the existing baseflow quantity and quality to the 
maximum extent possible. 

WQ4. In all creeks, reduce existing and future pollutant loads to the maximum extent 
possible. 

WQ5. In the Edward's Aquifer, maintain or enhance the existing rate of recharge to 
the maximum extent possible. 
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WQ6. Maintain or enhance high quality environmental features (e.g., springs, seeps, 
wetlands, swimming holes, threatened or endangered species habitat) to the 
maximum extent possible. 

As natural lands are transformed into urban land uses, the increase in impervious area, 

traffic, and other human activity results in dramatic changes to our local waterways. By 

altering the flow regime of creeks and increasing pollutant loads, urbanization can lead to 

adverse impacts to aquatic ecosystems and riparian areas. Some of these changes can be 

readily apparent as spills, trash and debris create noticeable environmental problems. In 

other cases, changes in a waterway's environmental integrity occur very slowly in 

response to development. This is especially true of long-tenn erosive processes and 

gradual increases in pollutant loadings in slow developing watersheds. 

A common approach to water quality management is to focus on the reduction of non­

point source pollution. While this has proven to be a valuable approach to storm water 
I 

quality management, this single measure does not adequately reflect the range of urban 

impacts on the beneficial uses of our waterways. For example, reducing stormwater 

pollutants in runoff does not address the acceleration of stream band erosion and resulting 

loss of habitat quality due to increased storm flows. 

One of the major objectives of the Water Quality mission is to achieve or exceed Good 

Environmental Integrity Index (ElI) scores for local creeks. The Ell was developed by 

WPD as a tool to monitor and assess the ecological integrity and degree of impairment of 

local creeks and streams as they relate to beneficial uses. It represents a compilation of 

various sampling results that reflect the chemical, physical and biological health of a 

stream system. The narrative results (discussed in Section 7) are reported in one of eight 

categories - Very Bad, Bad, Poor, Marginal, Fair, Good, Very Good and Excellent. For 

creeks that exceed the desired minimum score of "Good", a revised goal is established to 

attain a narrative score one level higher than the existing score in an effort to improve 

water quality Citywide. Where creeks are found to be at the highest rating of Excellent, 

the goal is to maintain this rating. 

As a result of urbanization, much of the rainfall that once infiltrated into the ground and 

reappeared days later as creek baseflow now falls on rooftops and parking lots to be 

June 2001 
• city of austin 

2-13 

Watarshed Protaction 
~------------------



Section 2 
Watershed Protection Goals 

quickly conveyed to a ditch or storm drain. In addition to reductions in baseflow 

volumes, reduced infiltration of rainfall results in increased stormflows and a deficit of 

rainfall that is recharged to aquifers. Therefore, the water quality mission strives to 

restore baseflow quantity and quality in urban creeks where the impacts of development 

are most prominent. In nonurban creeks, preservation of a watershed's baseflow 

characteristics is a high priority. Maintaining or enhancing recharge rates to the 

Edward's Aquifer helps promote baseflow and springflow volumes, protects aquatic 

ecosystems and replenishes drinking water supplies. Likewise, the City promotes the 

protection of sensitive environmental features. 

2.4.4 Common Goals 

Many of the goals of the Watershed Protection Department are common to each of the 

three missions described above. These shared goals cover a range of initiatives that strive 

to make the best use of City resources and maintain compliance with applicable State and 

Federal regulations. As the Master Plan commenced, three shared goals were formulated 

to encompass a variety of objectives as follows: 

Goal: Improve the urban environment by fostering additional beneficial uses of 

waterways and drainage facilities. This goal is further defined by the following 

objectives: 

CG 1. Maximize the use of waterways and drainage facilities for public recreation. 

CG2. Maximize areas for public use within floodplains. 

CG3. Maintain natural and traditional character of floodplains to the maximum 
extent possible. 

The City of Austin has a long history of promoting the public enjoyment of local 

waterways and constructed drainage facilities. Miles of greenbelts and hike and bike 

trails parallel Austin's creeks and lakes. Working closely with the City's Parks and 

Recreation Department, soccer fields and park areas are commonly integrated into the 

design of many Austin storm water management facilities (e.g., Northwest Park and Dick 

Nichols Park). The effort to promote the public use of City drainage facilities and 

2-14 
• city of austin 

JlUle 2001 

Wal81'Shad Protection 
~-----------------

c 
( 

( 

( 

( 

( 

( 

c 
c 
c 
c 
c 
( 

( 

( 

C 
( 

( 

t 
( 

( 



[ 

( 

r 

{ 

r 

r 

r 

l 
L 
( 

r 

Section 2 
Watershed Protection Goals 

floodplains (while promoting the natural and traditional character of local creeks) will 

continue as new solutions are implemented in the future. 

Goal: Meet or exceed all local, state, and federal permit and regulatory requirements. 

This goal is further defined by the following objectives: 

CG4. For all state designated stream segments, including Lake Travis, Lake Austin, 
Town Lake, the Colorado River below Austin, Barton and Onion creeks, 
maintain or improve the Designated Use Support status (see Table 2 - 2). 

CGS. Comply with Storm Water NPDES permit requirements. 

CG6. Minimize the risk to structures in the 1 DO-year floodplain as required by the 
National Flood Insurance program. 

Table 2 - 2 
Designated Use of Local Receiving Waters 

Receiving Water 
Designated Use 

PWS CR NCR ALS 
Lake Austin V V V H 
Lower Town Lake ;/ Vi ;/ H 
Colorado River below Longhorn Dam (to E edge of Austin ETJ) ;/ ;/ V E 
Barton Creek (all) ;/ ;/ V AP2 
Blunn v3 V L 
Boggy "<J3 "<J L 
Bull Creek v3 V H 
Country Club ;/3 V L 
East Bouldin "<J3 "<J L 
Fort Branch "<J3 "<J L 
Harper's Branch v3 V L 
Johnson "<J3 "<J L 
Little Walnut "<J3 "<J L 
Shoal ;/3 ;/ L 
Tannehill ;/3 V L 
Waller "<J3 "<J H 
Walnut "<J3 "<J H 
West Bouldin v3 V L 
Williamson v3 V L 

Source: 30 TAC §307.10(1) AppendIX A 
PWS - Public Water Supply CR - Contact Recreation NCR - Non Contact Recreation 
ALS - Aquatic Life Support H - High E - Exceptional L - Limited AP - Aquifer Protection 
IWhile Segment 1429 may exhibit quality characteristics which would make it suitable for contact recreation, the use is 
prohibited by local regulation for reasons unrelated to water quality. 

lThe aquifer protection use applies to the contnbuting, recharge, and transition zones of the Edwards Aquifer. 
1 Unclassified segment, but assume this is the correct presumption based on 30 TAC §307.4(j) 

The City of Austin is obligated to comply with all applicable local, state and federal 

permit and regulatory requirements. The objectives listed above are the three most 
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prominent regulatory issues affecting the Watershed Protection Department. It should be 

noted that the WPD must comply with any state and federal permit or regulation that may 

be applicable to the daily operations of the WPD. In addition to the regulations addressed 

by the three objectives listed above, other applicable regulations commonly include the 

Texas Water Code, Local Government Code and Federal Endangered Species Act. 

Mandated programs usually align with the City's designated goals. For example, the 

National Flood Insurance Program requires the City to minimize flood threats to 

structures in the 100-year floodplain, which is a stated goal of WPD's flood control 

mission. In other cases, new permits and regulations create the need for new City 

initiatives. Routine dry weather screening is an example of a new water quality 

monitoring activity that is federally mandated through the City's NPDES storm water 

permit. In most cases, noncompliance with state and federal regulatory requirements can 

lead to stiff penalties and fines. Therefore, it is in the City's best interest to ensure 

compliance is maintained on a continual basis. 

Goal: Maintain the integrity and function of Drainage Utility assets. This goal is further 

defined by the following objective: 

CG7. Provide for adequate maintenance of the watershed protection infrastructure 
system. 

The City's drainage infrastructure system consists of hundreds of miles of creeks, 

improved channels, ditches, and storm drains. In addition, the system includes over 

18,000 curb inlets and over 400 detention and water quality ponds. This extensive 

drainage network services over 200 square miles of the City. Providing adequate 

maintenance of the drainage infrastructure system is a high priority because: 

1) the initial construction and ·improvements of this system represents a tremendous 

financial investment of both public and private resources, and 

2) in order to achieve WPD goals, the drainage system must function as designed. 

Because the WPD operates as a public utility under the Texas Municipal Drainage Utility 

Systems Act, the components of the drainage system network are dedicated drainage 

utility assets. Therefore, from a financial perspective, it is the City's responsibility to 
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maintain the value of its drainage utility assets through a proper inspection, maintenance 

and repair program. 

From a goal attainment standpoint, maintaining the efficiency and effectiveness of the 

drainage system is imperative for the City to achieve its watershed protection goals. For 

example, the benefits of flood and water quality ponds can only be realized if these 

facilities are maintained properly. If debris is not cleared from clogged bridges after 

storms, subsequent stonns could easily overtop the bridge, flood the immediate vicinity 

and erode adjacent streambanks. Each component of the drainage system must be 

operating as designed for the entire system to be effective. 

Goal: Optimize City resources by integrating flood, erosion and water quality control 

measures. This goal is further defined by the following objective: 

CG8. Maximize flood control, pollution removal and streambank protection for all 
solutions including CIP projects. 

From the outset of the Master Plan, a high priority has been assigned to integrating the 

three missions of the Watershed Protection Department. The need for integration in 

erosion control, flood control and water quality management issues are integrally 

connected. The ability to reduce erosion and protect aquatic ecosystems is directly 

related to managing stormflow regimes. Water quality strategies must address 

streambank erosion concerns, and not inadvertently worsen flooding. 

Through integration, resulting watershed protection strategies should ideally make the 

best use of drainage funds by simultaneously addressing flood, erosion and water quality 

problems. While the opportunity to integrate missions is heavily influenced by site­

specific factors (especially for capital projects), the selected approach should strive to 

improve the status quo for each mission. In some cases, maintaining the existing flood 

conditions may have to suffice for an erosion or water quality project. Likewise, a 

flooding project may not always incorporate water quality enhancement features. 

However, it should be noted that any new capital proj ect should be designed to promote a 

sustainable and stable stream channel. 
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An integrated approach usually requires more thoughtful planning and sophisticated 

designs. When compared to a single mission project, planning and design costs tend to 

be higher and project implementation periods tend to be lengthened as a greater variety of 

skilled planners and designers are involved in the process. However, when compared to 

the independent planning and design of separate flood, erosion and water quality projects, 

the overall benefits of integration are tremendous. 

Public opinion and desires for capital projects can also impact the nature of a project 

design. Public sentiment regarding mission integration can vary widely based on the 

particular needs of a neighborhood and available funding. 

It is the intent of this Master Plan to promote integrated planning, and thus the 

implementation of integrated solutions, in an effort to optimize the limited resources 

available for the attainment ofWPD's diverse watershed protection goals. 
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Section 3 

Problem Area Identification 

The Watershed Protection Department (WPD) performed technical studies to characterize 

flood control, erosion control and water quality problem areas within the Phase I 

watersheds. These studies helped to define watershed characteristics and locate areas 

within each watershed where watershed protection goals are not being achieved. With a 

variety of technical professionals working on this aspect of the Master Plan, special 

attention was given to the manner in which problem identification was performed. 

Methods used to identify watershed problem areas were developed that maximized the 

use of existing information, allowed direct comparisons between watersheds, and 

promoted consistency among the three missions. 

This section presents the methods used for data collection and evaluation to determine 

both current and projected future problems on a mission-by-mission basis. The problem 

area results are then detailed for the Phase I watersheds. An "integrated problem area" 

concept is presented later in this section. This concept provides additional insight into 

potential watershed management strategies by combining the results of the three 

individual mission studies to identify areas of concurrent flood, erosion and water quality 

problems, thus suggesting an increased need for mUlti-purpose solutions. 

3.1 Data Col/ection and Evaluation 

This Master Plan represents the City' s first effort to develop and implement an integrated 

planning process for watershed protection. This integrated 

planning approach encourages the joint development of flood, 

erosion and water quality management strategies. Given the 

ambitious scope of this study, it became readily apparent that 

the success of the Master Plan relied heavily on the WPD's 

ability to coordinate data collection and evaluation methods 

within and across the three missions of the WPD . 
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Since the City and several consultants performed data collection and evaluation, a 

concerted effort was made to identify common data needs among the different project 

teams. Before the Master Plan began, few of the Phase I watersheds had water quality 

management plans and none had ever been studied for erosion control management. 

Therefore, the erosion and water quality assessments were largely consistent in their use 

of common data sources since these studies included initial model development and 

implementation. On the other hand, the flood control assessments relied on watershed 

data already contained in existing hydrologic and hydraulic (H+H) models to support 

analysis of problem areas. As part of this Master Plan, the various H+H models were 

converted to the same suite of software programs developed by the U.S. Army Corps of 

Engineers Hydrologic Engineering Center. This effort greatly improved WPD's ability to 

compare converted flood model results among watersheds. However, updating the raw 

data contained in the existing flood models and calibrating the updated models was 

determined to be cost-prohibitive during Phase I of the Master Plan. 

The data necessary to characterize watershed problems is described in the following 

sections. In addition, detailed watershed data is contained in each of the specific reports 

generated by the various proj ect teams. 

3.2 The "Problem Score" Approach 

A common principle was established for the approach used to characterize and prioritize 

problem areas for each mission [flood control (FC), erosion control (EC), and water 

quality (WQ)] . This principle relies on the calculation of a "problem score" for each 

segment, or "reach" of a creek. Problem scores range from 0 to 100 with a score of 0 

reflecting ideal watershed conditions and a score of 100 representing the worst identified 

problem area within the Phase I watersheds. These scores are initially developed on a 

mission specific basis for each creek reach. Later, the individual EC, FC, and WQ 

mission scores are combined (based on public input) to develop integrated problem 

scores (See Section 8). 
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90 
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The determination of a problem score for a given reach of a creek is a function of 1) 

problem severity, 2) the number of resources impacted, and 3) the type of community 

resources impacted by the problem (reflected by the "resource value") . 

3.2.1 Problem Severity 

The technical studies for each mission determined the severity of existing and potential 

future problems in each studied creek reach. Public safety and property protection needs 

associated with flood control (see Section 4) were evaluated by determining the flooding 

depth and velocity at each impacted resource (e.g., a residence). Erosion problems 

focused on property protection and stream bank stability issues. The erosion assessments 

identified community resources (homes, businesses, etc.) along creeks that were (or will 

be) threatened by eroding banks. Areas were also identified where future streambank 

stability is a concern (see Section 6). The methods used to characterize severity of water 

quality problems varied depending on the affected water body considered and its 

designated uses (see Section 7). Water quality sampling results for biological, chemical 

and physical parameters were considered along with predicted pollutant loadings, 

baseflow volumes and spills risk for existing and future conditions. 

3.2.2 Resource Values 

WPD assigned numerical values to the various community resources that might be 

threatened by flooding, erosion, or impaired water quality. These values were established 

with input from the Master Plan Citizens Advisory Group. The resources affected and 

the values placed on each resource are different for each mission. For example, resources 
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threatened by flooding or erosion include homes and businesses, while resources 

impacted by poor water quality are receiving waters and individual creek segments 

(including the recreational value and aquatic life they support). Again, using a score 

between a and 100, high priority resources (e.g., a school) may be given a resource value 

of 90 - 100, with lower values given to resources of lesser priority. Resource values 

established for each mission are presented in the discussions of mission-specific study 

methods later in Sections 4.3,6.3, and 7.2. 

3.2.3 Problem Score Calculations 

The general concept for calculating the problem score for a creek reach is represented by: 

Reach Prob lem Score = f (# of resources located in the creek reach, their resource value and the severity 
of the watershed problem at each resource) 

Reach problem scores account for both existing conditions and future development 

conditions. Combining the existing and future problem data then produces an overall 

reach score. Since each mission defmes problem severity and resource values in different 

manners, the specific formulas vary by mission. However, this general concept is 

followed for all three missions. 

3.3 Reach Naming System 

Another important part of the problem scoring process was the development of a standard 

method for identifying locations along a creek or major tributary. An understanding of 

this naming convention is helpful as many of the detailed Master Plan results are 

referenced to creek segments using this system. Creek segments (reaches) are bounded 

by a downstream point and upstream point on the creek. For reporting purposes, reaches 

were identified by their downstream point. Each mission project team segmented the 

creeks according to their individual study needs (see Table 3 - 1) but used the same 

nomenclature for identifying reach beginning and end points. 
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Creek Reach Segmentation Number of Average Reach 
Based on: Reaches Length (ft) 

FEMA Stations 500(1) 2,000 

Like reaches 199 4,540 

Ell Sites 70 12,015(2) 

(I) This value reflects 489 reaches for which there was a flood model and II reaches that were estimated based on best available 
flood information 

(2) The median water quality reach length is 5570 feet. 

The alphanumeric naming system is composed of four fields: 

Creek Tributary Station 

I 
WWW- FFF - SSS - 999999 

Watershed First Second Distance 

Level Level from 
Tributary Tributary Mouth (ft.) 

The first three fields (having three characters each) describe the creek tributary name. 

For instance, WMS-KIN-WHL represents the tributary identifier for Wheeler Branch. 

Wheeler Branch (WHL) discharges to Kincheon Branch (KIN) which ultimately flows 

into Williamson Creek (WMS). A placeholder ("000") is used in the second and third 

fields to represent the main stem of major creeks. For example, the reach designation for 

the main stem of Williamson Creek is WMS-OOO-OOO and its major tributary Kincheon 

Branch is designated as WMS-KIN-OOO. Standard three-letter code designations for 

major creeks are taken from Section 1.0 of the City of Austin Drainage Criteria Manual. 

The fourth field (999999) represents the "station" or point of interest on the creek. 

Stations are measured (in feet) from the creek's confluence (also known as the mouth of 

the creek) with another creek or major receiving water. For instance, the point at which 

East Bouldin Creek flows into Town Lake is considered the mouth of the creek and is 

represented as 000000. A point located 250 feet upstream on East Bouldin Creek is 

designated as 000250. 
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Figure 3 - 1 illustrates how the reach naming system is applied to Bull Creek. This figure 

shows a small section of the creek where Tributary 1 and Tributary 2 join the main stem. 

The main stem reach between station 12500 and 25000 begins 12500 feet from the mouth 

of Bull Creek and is designated as BUL 000 000 012500. Similarly, the reach shown for 

Tributary I begins at the confluence of the main stem and the tributary and is designated as 

BUL TO 1 000 000000. A site along Tributary 1 located 2100 feet from the confluence of 

the tributary and the main stem is designated as BUL TO 1 000 002100. These reach 

designators appear in many of the tables and maps contained in this Master Plan. The 

specific reach designation system for each watershed can be found in Appendix A (the 

Watershed Summaries section of this Master Plan). 
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Section 4 

Creek Flooding Assessment 

4.1 Background 

Most people who live in Austin 

have witnessed firsthand or seen 

reports of flooding of homes, 

roads, or other property. The 

"big" storms of 1998, 1991 and 

the Memorial Day flood of 1981 

are reminders of the public 

safety and property hazards 

associated with flooding. 

Hydrologists classify or "size" storms based upon how often they are likely to occur. For 

example, a very large storm that has a 1% probability of occurring in any given year is 

termed a 100-year storm event. The Memorial Day flood of 1981 that killed l3 people 

and resulted in over $35 million in property damage was estimated to be a 100-year storm 

for Shoal, Walnut, and Little Walnut (lesser frequency for other watersheds). For this 

Master Plan, models were used to estimate flooding resulting from the 2-, 10-, 25-, and 

100-year storm events. 

4.2 Study Methods for Creek Systems 

Flooding problems may occur in the both the primary and secondary drainage systems. 

This section describes the methods used to investigate problems associated with the 

primary system only (major creeks and their tributaries). Methods used to investigate 

localized flooding associated with the secondary drainage system (storm drains and 

minor channels) are reviewed in Section 5 of this report. 

Flooding problems in major creek systems were identified with the aid of hydrologic and 

hydraulic (H+H) models. Hydrologic models use data describing watershed and channel 
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characteristics to compute stonn water runoff quantities for stonns of various sizes. 

Using flow rates computed by the hydrologic models, hydraulic models are then 

employed to predict the depth and velocity of flow in creek channels. The predicted 

depths help detennine when creek levels will be high enough to overflow creek banks 

and flood nearby structures (e.g., homes and businesses). This analysis is perfonned for 

existing and projected future development conditions. 

Over the last twenty years, the City has studied many of the Phase I watersheds as part of 

its stonn water management efforts. The City, local engineering consultants and the U.S. 

Army Corps of Engineers (USACOE) have been the primary developers and users of 

flood models for the major creek systems in Austin. As discussed in Section 3.1, the 

flood control assessments relied on watershed data already contained in existing 

hydrologic and hydraulic (H+H) models to support analysis of problem areas. As part of 

the Master Plan, the various H+H models were converted to the same suite of software 

programs developed by the USACOE Hydrologic Engineering Center (HEC). This effort 

greatly improved WPD's ability to compare converted flood model results among 

watersheds. However, updating the raw data contained in the existing flood models was 

determined to be cost-prohibitive during Phase I of the Master Plan. 

In the past, local hydrology was modeled using various methods including the Austin 

Standard Method, TR-20, NUDALLAS and HEC-l. For the Master Plan, available 

models were converted to the HEC-l model for 14 Phase I watersheds that had originally 

been modeled using other fonnats as shown in Table 4 - 1. (Note that Tannehill was 

already in HEC-l fonnat and Barton and Harper's did not have flood models completed.) 

The hydraulic model previously used to assess most watersheds in Austin, HEC-2, was 

replaced with a newer version, HEC-RAS. HEC-RAS was released in 1995 by the Corps 

of Engineers and offers graphical bridge modeling and analysis routines not offered in its 

HEC-2 predecessor, as well as enhanced application routines. Existing HEC-2 models 

for 15 Phase I watersheds were translated into the newer HEC-RAS fonnat. 
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West Bouldin 

Williamson 

,. 

June 2001 

Table 4-1 

Hydrologic Model History 
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Model History 

Author Method Date 
City of Austin TR-20 Mid 

90's 

USACOE NUDALLAS 1989 

City of Austin TR-20 1991 

Murfee Engineering Company, TR-20 1992 
Inc. 

Espey Huston & Associates, TR-20 1992 
Inc. TR-20 1996 
Crespo Consulting Service, Inc. 

Dannenbaum Engineering Austin 1984 
Corp. Standard 

Method 

USACOE NUDALLAS 1989 

City of Austin Austin 1984 
Standard 
Method 

Murfee Engineering Company, TR-20 1992 
Inc. 

Espey Huston & Associates, HEC-l 1997 
Inc. Austin 80's 
Unknowns Standard 

Method 

Camp Dresser & McKee, Inc.! HEC-l 1997 
Raymond Chan & Associates, 
Inc. 

Raymond Chan & Associates, TR-20 1994 
Inc. 

Gebhard Sarma Group, Inc. TR-20 1996 

Dannenbaum Engineering Austin 1984 
Corp. Standard 

Method 

City of Austin TR-20 1990 
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Two watersheds, Barton Creek and Harper's Branch, do not have existing hydraulic 

models. To date, flooding problems along these creeks have not warranted intensive 

flood studies or H+H model development. 
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The model conversion efforts 

described above resulted in a set of 

standardized H+H model results that 

can be more confidently compared 

across the Phase I watersheds. The 

results predicted the depth of 

stormflow and flood elevations in the 

primary drainage system (major creeks 

and tributaries) for the Phase I 

watersheds. 

I Flooded Structure Parameters I 
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The next step in the flood assessment methodology is to determine the resulting depth 

and velocity of flooding at specific points of interest for both existing and future 

development conditions. These points include residential and commercial buildings, low 

water crossings and bridges. In order to accomplish this task, additional information 

regarding structure location and first floor (or roadway) elevation was needed. First floor 

elevations of flooded structures were surveyed in some of the Phase I watersheds as 

funding allowed (approximately 8,000 structures). For the remaining Phase I watersheds, 

finished floor elevation data was estimated using City of Austin 2' topographic maps . 

The first floor (and roadway) elevations were input into a "flooded structure" database. 

A GIS-based procedure was then applied to define structure flooding depths using the 

H+H models results and first floor elevation data. When the elevation data is combined 

with a structure location map and the H+H model results, a GIS computer application 

estimates the depths of flooding at each structure for the 2-, 10-, 25-, and 100-year storm 

event. This data is then used to calculate flood problem scores as discussed later in 

Section 4.5. Figure 4 - I shows an example of the flooded structure analysis for a 25-

year storm in a portion of the Fort Branch watershed. 

2 - 4 
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Figure 4-1 

Flooded Structure Analysis for Fort Branch 

Source: Camp Dresser & McKee, 2000 
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While the previously described method appears quite simple, the amount of interrelated 

data is voluminous. By restricting the modeling analysis to only the primary drainage 

system, H+H models were utilized to reflect flooding conditions in 72 major creeks and 

tributaries within the Phase I watershed area. 

4.3 Resource Values 

Flooding impacts several types of community resources. These include different types of 

residential and commercial structures and roadways. Flood management strategies aim to 

reduce the risks posed by flooding to a level acceptable to the public. 

When flooding occurs, public safety and property protection are the two immediate 

concerns to be addressed. For the purposes of prioritizing flood problem areas, resource 

values were assigned for both public safety and property protection concerns with input 

from the Master Plan Citizens Advisory Group. These values are shown in Table 4 - 2. 

These values are used in the development of problem area scores as discussed later in 

Section 4.5. 

Table4-2 
Flood Control Resource Values 

Resource Type 
Public Safety Property Protection 

Resource Value Resource Value 

Structures 

Public Care Facilities (school, hospital) 100 100 
Residential - Multi-Family 80 60 
Residential- Single-Family 60 40 

Non Residential 40 80 

Roadways 

Highway 100 100 
Arterial Road 80 70 

Single Access Road 60 30 
Collector Road 40 20 

Local Road 20 10 
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4.4 Problem Severity 

Historically, WPD has prioritized 

flood problem areas by focusing 

on the number of homes and 

businesses In the 1 DO-year 

floodplain in a particular location. 

Where the information was 

available, the number of 

structures in the 2-, 10- and 25-

Section 4 
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year floodplains was also considered. However, this additional information was rarely 

available. During the course of this Master Plan, this additional information was 

obtained for the Phase I watersheds. The use of database and GIS applications facilitated 

the analysis necessary to compile this wealth of information. 

Like resource values, threats to both property protection and public safety were 

considered during the calculation of problem severity values. Flood threats to property 

are directly measured by the depth and frequency of flooding that occur at the property. 

Flood threats to public safety also 

correspond to the depth and 

frequency of flooding. However, 

the velocity or speed of 

floodwaters also plays a role m 

determining the relative threat to 

public safety. For example, fast 

movmg floodwaters pose a 

greater danger to vehicles and pedestrians crossmg flooded low water crossings and 

bridges than slower moving waters. It should be noted though that drownings have 

occurred along major Austin creeks where the public has underestimated the force of 

even slow moving floodwaters. 
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A flood threat was calculated for individual resources listed in the City's flooded 

structure database. Flood threats to property protection and public safety are based on the 

following equations: 

FTSafety 

Where: 

FTProperty = Flood threat (problem severity) to property 

FTSafely = Flood threat (problem severity) to public safety 

D2 = Flood depth for the 2-year flood, etc. 

V 2 = Flow velocity for the 2-year flood, etc. 

Structure flooding depths were calculated as the difference between first floor elevations 

and creek flood stages predicted by HEC-RAS. An example of structure flood threat 

scores for East Bouldin is shown in Figure 4 - 2. Velocities were also taken from the 

HEC-RAS model output. From the equations above, community resources that are 

flooded more frequently and at greater depths merit a higher threat score. In other words, 

a home or business that floods every two years (i.e., flooded by the 2-year storm) is 

assigned a higher threat value than a home that is flooded every 25 years . 

4-8 

Figure 4-2 

Flooded Structure Threat Scores for East Bouldin 
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4.5 Calculating Problem Scores 

Flood problem scores are calculated for each creek reach using the flood threat value at 

each flooded structure within the reach. Each modeled creek and tributary was 

segmented into multiple reaches of approximately 2,000 feet long. A flood problem 

score for any given reach was based on: 1) the number and type of structures located 

along its 2,000 foot length, and 2) the severity of flooding along the segment. Similar to 

the flood threats calculated for each structure, a property protection and public safety 

problem score is calculated for each creek reach. Flood problem scores are computed 

using the following equations: 

n 

i = 1 

n 

i = 1 

Where: 

PP = Property protection problem score 

PS = Public safety problem score 

RV property = Resource value for property protection 

R V safety = Resource value for public safety 

FT property = Flood threat (problem severity) for property protection 

FTsafety 

n 

= Flood threat (problem severity) for public safety 

= Number of flooded structures 

An existing and future reach flood problem score is then determined for each reach by 

weighting the two composite scores based on the relative concerns of the public with 

respect to public safety and property protection as shown below: 

JlDle 2001 
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FCE,F = Wproperty* PP + WsafetY* PS 

Where: 

FC = Flood problem score (existing or future conditions) 

Wproperty = Weighting factor for property protection (see below) 

W safety = Weighting factor for public safety (see below) 

PP = Reach problem score for property protection 

PS = Reach problem score for public safety 

Existing and future flood control scores were nonnalized to a maximum score of 100. 

Although current and future conditions were evaluated, the final reach problem score is 

based on the future flooding conditions only. It should be noted that W property and W safety 

varied by watershed, and for larger watersheds these weights varied within the watershed. 

Based on the public input process, a relative weight was determined for public safety and 

property protection for each watershed or subwatershed. 

This new prioritization system takes advantage of the additional infonnation regarding 2-, 

10- and 25-year storm event flooding and represents a significant improvement in WPD's 

ability to prioritize flood control needs across the City. 

4.6 Results 

Based on the findings of the creek flooding assessments, the majority of the Phase I 

watersheds are prone to creek flooding that creates public hazards. The results of the 

creek modeling for each of the Phase I watersheds is shown in Table 4 - 3. From Table 4 

- 3, the 2-year storm is predicted to cause structure and road flooding in 14 of the 17 

Phase I watersheds. 
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Table4-3 
Estimates of Flooded Structures and Roadways 

No. OfFll'V¥Wl Structures* No. ofFlooded~ 

Watershed 
2-Year 100Year 25-Year lOO-YfS 2-Year 100Year 25-Year 

Barton Creek"'* - - - - -
BllUlIl Creek 1 4 6 14 0 
Buttennilk Creek 0 I I 1 0 
Boggy Creek 42 61 70 81 5 
Bull Creek 3 14 26 40 14 
Country Club Creek 11 12 13 17 1 
East Bouldin Creek to 33 47 64 0 
Fort Branch 32 60 84 110 5 
Harper's Branch** - - - - -
Johnson Creek " 4 8 13 2 .} 

Little Walnut Creek 85 213 313 401 6 
Shoal Creek 32 89 132 245 0 
Tarmebill Branch 2 40 55 69 0 
West Bouldin Creek 7 19 31 116 0 
Walnut Creek 92 238 306 350 10 
Waller Creek 1 43 76 127 13 
Williamson Creek 58 199 295 454 9 
Totals 379 I 1.030 I 1.463 2102 65 I 
* Primuy structures only; buildings such as unattached garages, etc. not included. 
** Flood mxlels not available 
Source: City of Austin, 1998; Loomis Austin, Inc. 2000 

- -
6 8 
0 0 
6 6 

14 15 
2 4 

13 18 
5 7 
- -
5 11 

15 22 
5 10 
0 0 
6 8 

20 25 
26 31 
14 17 

137 182 

lOO-YfS 

-
8 
0 
6 

15 
7 

19 
7 
-

13 
26 
11 
0 
8 

30 
36 
18 

204 

While determining the exact number of structures that will be subject to flooding by the 

100-year storm event is very difficult, various studies have allowed WPD to develop 

order of magnitude estimates. Initial estimates predicted that there were approximately 

12,000 homes citywide that would be flooded in the 100-year storm event. Results from 

the H+H models and the GIS flood application estimate that about 2,500 primary 

structures (e.g., homes and businesses) in the Phase I watersheds are predicted to flood in 

the 100-year storm event. This data has been extrapolated to a citywide estimate of 

approximately 7,000 to 8,000 primary structures with predicted flooding under the 100-

year storm event, down from initial estimates of 12,000. 

Structures may lie within the horizontal extent of the laO-year floodplain, but their first 

floor elevation may be above the base flood elevation or they may not be inhabited 

structures. For the Phase I watersheds, better data was collected regarding the type and 
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vertical elevation of structures within the 100-year floodplain. However, much work 

remains to improve this data and to improve the comparison of structure elevations to the 

base flood elevations for all watersheds in the Austin area. 

Even with the reduced estimate of 7,000 to 8,000 structures, the risk to human life and 

property is high. As many as 20,000 people could be threatened by floodwaters should 

the laO-year storm occur. In addition, flooded creeks commonly overtop roadways, 

posing a recurring threat to motorists and public safety personnel deployed in storm 

emergencIes. 

There are over 200 roadway crossings subject to inundation during the lOa-year event. 

Historically, the large majority of flood event related deaths in Austin have occurred at 

roadway crossings. Public safety personnel routinely perform rescue missions during 

flood events for vehicles stalled on roadway crossings or swept into waterways. 

Flood problem scores are used to identify relative flooding concerns for creeks and their 

major tributaries in the Phase I watersheds. Based on the modeling results shown in 

Table 4 - 3 and the scoring methodology described in Section 4.5 , flood scores were 

calculated for 500 creek reaches, reflecting one million feet, or nearly 190 miles, of creek 

channel. 

A 2-year storm creates structure flooding 

in 14 of the 17 Phase I watersheds. 

Flood problem scores are listed in Table B-1 of Appendix B. Figure 4 - 3 presents the 

distribution of flood control scores. As shown, more than one-half of the flood reaches 

(approximately 270) have a non-zero flood control score, indicating that flooding of a 
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community resource is predicted within the reach. The y-axis in Figure 4 - 3 represents 

the flood control problem score, Each mission (FC, EC, and WQ) divided problem 

scores into ranges that represented one of five categories. The division and categories for 

flood control scores are as follows: 

Problem Score 
o 
0-5 
5-10 
10-20 
20-100 

Narrative Rating 
Very Low 
Low 
Moderate 
High 
Very High 

Figure 4 - 4 depicts the results of the problem area prioritization for creek flooding. 

Severe flood problem areas are found in the Fort Branch, Walnut, Williamson, Shoal, 

Little Walnut, and Bull Creek watersheds. The Crystal Brook neighborhood and the 

Austin Hills Mobile Home Estates in Walnut Creek are areas at risk of flooding for 

relatively small storm events. Ten out of the eleven reaches in Fort Branch have flooding 

problems. Most notably, the Eleanor Drive area along Fort Branch also is predicted to 

flood during the 100-year storm event. In the Williamson Creek Watershed, flooding 

problems are prevalent - especially in the Creek Bend neighborhood and along middle 

Williamson Creek from Bayton Loop to Heartwood Drive. 
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Figure 4-3 
Flood Control Score Distribution 
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As demonstrated during the 1981 Memorial Day Flood, lower Shoal Creek (south of ISth 

Street is prone to flooding from a 100-year storm event. In the Little Walnut Creek 

watershed, the Mearns Meadow Boulevard area north of Rutland Drive is ranked as a 

very high problem area. In the Bull Creek watershed, severe flooding of low water 

crossings, including FM 2222 at Lakewood Drive, are reflected in the flooding problem 

results. Other less severe flooding areas are scattered throughout the Phase I watersheds. 

The top ten flood control problem reaches listed alphabetically are as follows: 

Reach Ratin!! Location 
BULOOOOOOO06100 Very High Near the intersection of FM 2222 and Lakewood 

Dr. 
FOROOOOOOO04713 Very High Near the intersection ofLott Ave. and Ledesma 

Rd. 
LWAOOOOOO038040 Very High From Mearns Meadow Blvd. to Parkfield Dr. 
L W AOOOOOO040020 Very High From Parkfield Dr. to Quail Valley Blvd. 
SHLOOOOOOO02030 Very High From 6th Street to 11 th Street 
SHLOOOOOOO04160 Very High From 11 th Street to Kingsbury Street 
WLNOOOOOO020380 Very High Near the intersection of Martin Luther King Blvd. 

and Jolumy Morris Rd. 
WLNOOOOOO03212S Very High About 2300 feet upstream of the crossing at 

Loyola Lane in the vicinity of Crystal Brook Dr. 
~SOOOOOO052150 Very High From the confluence with Cherry Creek to West 

Gate Blvd. 
~SOOOOOOOI5900 Very High From West Gate Blvd. to Reese Dr. (Creek Bend 

Area) 
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Section 5 

Localized Flooding Assessment 

5.1 Introduction 

The secondary drainage system (collectively known as the localized storm drain system) 

is composed of storm drainpipes, curb inlets, manholes, minor channels, roadside ditches, 

and culverts. WPD operates approximately 400 miles of storm drainpipe, ranging in 

diameter from six inches to eight feet. In addition to minor channels and borrow ditches, 

the system includes over 18,000 curb inlets as well. This system is intended to efficiently 

concentrate and convey stormflows to the primary drainage system (creeks). "Old" or 

"outdated" storm drains means storm drains designed and/or installed under drainage 

criteria in effect before January 1977. When the secondary drainage system is old, 

localized flooding may occur. 

As used in this Master Plan, "localized flooding" is the term given to areas where 

flooding occurs due to the secondary drainage system, not necessarily as a result of 

creekside flooding. Creekside flooding is commonly associated with the l00-year 

floodplain area of a given creek. On the other hand, localized flooding typically occurs 

outside of the 100-year floodplain with one exception. The exception is where there is a 

transition area along floodplains. If the creek does not rise enough to back up water into 

the local storm drains, there may still be a possibility of localized flooding for smaller 

storms inside the 100-year flood plain. 

A study of past drainage complaints revealed that more customers outside the l00-year 

floodplain complain about the secondary system through the drainage complaint hotline 

than do customers within the l00-year floodplain. To date, WPD has responded to 

customer complaints regarding localized flooding on a case-by-case basis. This means 

that traditionally WPD has been reactive in response to customer needs regarding 

localized flooding. However, with the advent and the growing availability of 

geographical information system (GIS) technology, WPD is proactively moving towards 
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understanding the magnitude and causes of localized flooding. With a better 

understanding of the issues, WPD can better develop solution strategies, inform decision­

makers and the public, define reasonable levels of service, address customer expectations, 

and plan future improvements. 

This study concludes that in the urban core, the localized stonn drains often fall into one 

of four conditions: 

I) Stonn drains do not exist; 

2} Existing storm drains become old through changes in design criteria; 

3} Existing stonn drains have exceeded their anticipated service life (disjointed 

segments, damaged or deteriorated pipe); or 

4} Existing stonn drains are partially or completely clogged (debris, sediment, and 

utility conflicts). 

5.2 History 

The earliest recorded flood in Austin occurred in 1832 when, the Bicentennial record 

states, the Colorado River rose far more than 46 feet. This occurrence predates Austin 

being chartered as the capital of the Republic of Texas in 1839 and the Civil War. In 

nearly every decade since, there is record of significant flood events. Only since late 

1988 has WPD tracked customer drainage complaints through a computer database. It 

was not until the late 1990's, with the help of GIS as an information management tool, 

that WPD was able to plot the customer complaints and begin to analyze the localized 

drainage system. 

To better understand how the localized drainage system evolved to its present condition, 

it is necessary to explore past design practices. Borrowing from agriCUltural experience, 

the earliest urban drainage systems were designed and constructed as a series of open 

ditches. Later, stonn drainpipes were designed to carry runoff underground ("out-of­

sight, out-of-mind"). The integrity of these stonn drainpipe systems is heavily dependent 

on two factors - material selection and design criteria. 

5-2 
• city of austin 

June 2001 

Watarshad Protaction 
~-----------------

( 

( 

c 
c: 
( 

c 

( 

l 

c 
( 

( 

c 
( 

C 

( 

( 

( 



,. 

r 

r 

r 

r 

5.2.1 Material Selection 
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Historically, the predominant drainpipe materials used in Austin are vitrified clay, non­

reinforced concrete, and reinforced concrete. The fust material used for enclosed stonn 

drains was vitrified clay pipe. This material, while resistant to corrosion, is fragile when 

disturbed by construction or soil movement. In Austin, vitrified clay pipe was probably 

installed around the 1890's- early 1900's and is still present in parts of downtown, the 

Enfield area, and the Hyde Park neighborhood. Non-reinforced concrete pipe is a 

cylindrical concrete pipe without steel reinforcement. This material was used 

predominantly in the 1930's to early 1960's. Non-reinforced concrete pipe is commonly 

found in the older parts of the City, which were developed during this time period. 

Experience has shown that in Austin, non-reinforced concrete pipe has a service life of 

about 40 years. Unfortunately, with out the steel reinforcement, it has a reduced service 

life and is subject to collapse requiring routine replacement. Reinforced concrete pipe 

(RCP) was developed in the 1950's but was not cost-effective for common use until the 

early 1960's. It has a design life of more than 50 years and, under ideal conditions, it can 

exceed 75 years or more. 

5.2.2 Design Criteria 

City drainage design criteria have had significant changes in the past as well. The earliest 

criteria for designing storm drains can be found in the 1954 City Code. It set the 

minimum requirement of computing total runoff to be not less than 2.6 cubic feet per 

second (cfs) per acre. The Rational Method was developed in mid-1800's and is 

commonly used to size storm drains, but this method was not fonnally introduced as part 

of City criteria until the first edition of the City's Drainage Criteria Manual in 1977. It is 

not clear what methods were accepted for determining excess runoff prior to 1977. As a 

comparison, the 1954 minimum criteria of 2.6 cfs per acre would more likely be about 5 

to 7 cfs per acre, on average, for most fully-developed residential areas under the City's 

current criteria. This means that the older storm drain capacities are undersized by a 

factor of 2 to 3 times under today's standards. Curb inlets are used to get the water off the 

streets and into the storm drainage system. There are old curb inlets scattered throughout 
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the City. Some of the smallest are only 18 inches in length. Five (5) foot curb inlets are 

prevalent throughout the inner city. Today's minimum curb inlet length is 10 feet. 

Lastly, in various parts of town, there are no stonn drains at all. The excess runoff was 

apparently designed to flow along city streets and in minor channels, sometimes between 

houses or businesses. 

5.3 Available Database Information 

Two vital information sources were available for this localized drainage study. One is 

WPD's drainage complaint database and the other is a customer flood survey that was 

conducted in 1996. These two information sources allowed WPD staff to begin to gain 

an understanding of the localized drainage system needs and priorities. 

5.3.1 Drainage Complaint Database 

There are several 'truisms' that need to be stated regarding flood complaints. 

5-4 

• Not everyone is aware of the threat of localized flooding in their area. WPD 001 Y 
has records of complaints since 1988; this is too short a period to compare with 
large storm events (such as the 25- to 1 ~O-year storms) that are of greater concern. 
A common misconception is seen in the Memorial Day flood of 1981, well 
publicized as a 1oo-year storm event (i.e., an event that has a 1 in 100 or 1% 
chance of occurring in any given year). Most people don't realize that it 
predominantly affected the flood plain in the Shoal Creek watershed. This event 
was not a good benchmark for the 100-yr storm in most areas of Austin. There 
may be a false sense of security in comparing the 1981 Memorial Day flood 
damage in the Shoal Creek area to the lack of damage in other parts of the City. 
In addition, people moving to Austin who are new to Central Texas may not be 
aware of the threat of flash flooding. 

• Not everyone who has experienced localized flooding calls in a complaint. Some 
people either choose not to complain or don't know where or how to file a 
complaint. 

• WPD is only aware of those localized flood prone areas where the department has 
record of a complaint. There is not enough detailed data (such as finished floor 
elevations and land survey information) to accurately model the entire City to a 
level of detail necessary to identify projected areas of localized flooding. The 
City is taking steps to acquire a better understanding of these localized problems -
see below. 

• Not all of the complaints filed are the responsibility of the City of Austin. In 
some cases, the complaints are a result of actions taken by others such as 
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neighbors, businesses or property owners without the City's involvement. Such 
cases become ci viI matters between property owners. 

• Areas where yard-flooding complaints have been filed may be indicative of 
potential future structural flooding. This statement is supported by the fact that 
not every part of Austin has experienced the 100-year storm event in recent years. 
To date, flooded yards may have only experienced structural flooding "near 
misses" in the brief complaint record history. 

In the spring of 1999, the drainage complaint database was queried, searching for key 

words like flood, flooded, house, garage, structure, foundation, and building. There were 

5,793 responses out of nearly 16,000 complaints. This was the first set of data to support 

a long held belief by WPD staff that the local drainage system was outdated. 

A simple complaint density for each of the Phase I watersheds was developed by dividing 

the number of complaints in a watershed by the area of that watershed in square miles, as 

shown in Figure 5 - 1. Table 5 - 1 Drainage Complaint Densities, provides the numbers 

used to develop the complaint density for each watershed using 5,793-flood complaint 

records. 
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Table 5-1 

Drainage Complaint Densities 

Watershed Sq. Miles # of Complaints Complaint Density 

BAR 109 134 1 
BLU 1 76 76 
BMK 2 59 30 
BOG 6 397 66 
BUL 25 336 13 
CNT 5 144 29 
EBO 2 163 82 
FOR 3 325 108 
HRP 1 21 21 
JOH 2 184 92 
LWA 11 706 64 
SHL 13 770 59 
TAN 4 242 61 
WBO 3 251 84 
WLN 44 524 12 
WLR 6 329 55 
WMS 31 1132 37 

As illustrated in Figure 5 - 1 and Table 5 - 1, the following observations are made: 

• The complaint densities are neither directly or inversely proportional to the size of 
the watershed. Inverse proportionality (the smallest watershed has the highest 
complaint density) might have indicated the densities were skewed by watershed 
area (i.e., dividing by a smaller drainage area renders a large complaint density or 
vice versa). There is a disproportionate distribution of complaint densities varying 
from watershed to watershed. 

• For their size, Fort, Johnson, West Bouldin, East Bouldin and Blunn Creeks have 
the highest complaint densities . This infonnation might playa part in prioritizing 
the implementation of solutions, as funding becomes available, but it does not 
specifically address the severity of the complaints. 

• The highest complaint densities occur in the urban core. This supports the 
conclusions of this study that the older urban drainage systems are outdated. 

In the spring of 2000, the drainage complaint database was again queried to identify 

localized flooding complaints (versus creekside flooding). A total of 6,315 customer 

complaints were identified with verifiable street addresses. Each customer complaint was 
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individually reviewed for content and sorted with one of six flood codes per the following 

descriptions [keywords are italicized]: 

Flood Codes for the Localized Flood Study 

BLD (building reported to have flooded from storm water runoff) 

House, home, garage, business, office, inside door, basement 

YRD (yards or water around buildings; possible near misses) 

Yard, front yard, back yard, foundation, driveway, property, parking lot 

STR (old street stonn drainage systems) 

Street, curb and gutter, inlet, bar ditch, barrow ditch 

STN (standing; poor drainage) 

Standing water, stagnant, not draining, pooling (but not if a designated pond) 

OTH (other with flood/drainage complaints associated; drainage complaint 

without specific key words fitting in above categories.) 

DEL (delete; not applicable) 

Dead animal, snakes, erosion, vegetation, rats, weeds, trash debris without any 

indication of a flood complaint 

The flood codes are listed in hierarchical order, BLD (building) being of the highest 

concern. Any notes that had multiple keywords were categorized using the highest­

ranking flood code. Table 5 - 2 illustrates the new codes with the respective complaint 

totals per each type. 
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Hood Code 

BLD 

YRD 

STR 

STN 

OTH 

DEL 

Table 5-2 

Drainage Complaint Database 

Hood Com12laint Twe 

Building Hooding 

Yard Hooding 

Street Hooding 

Standing water 

Other Hooding 

Deleted 

Numberl 

551 

1,459 

687 

851 

1,762 

1,005 

Total 6,315 

Note: (1) Database Results through March 2000 

As mentioned earlier, this localized drainage study must rely largely on customer 

complaint data to identify study areas in the absence of detailed models. Therefore, it is 

important to capture as many drainage complaints as possible, as reported by WPD 

customers, to get the clearest view of the big picture. 

5.3.2 1996 Flood Survey 

In addition to the complaint database, WPD conducted a public flood survey mail-out in 

1996 to gather additional information related to customer drainage concerns. While the 

survey was intended to survey all drainage utility customers (approximately 250,000), the 

survey effort was curtailed after 180,000 mail-outs due to the response level and the 

resulting phone bank workload. Approximately 1,600 responses acknowledged some 

degree of structure, yard or street flooding. Table 5 - 3 summarizes the results of the 

1996 flood survey. 
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Table 5-3 

Flood Survey (1996) 

Flood Complaint T)lJe 

Building Flooding 

Yard Flooding 

Street Flooding 

Other Flooding 

Total Complaints 

*Flooding reported for neighbors or neighborhoods 

5.3.3 Comparative Review of Data Sources 

Section 5 
Localized Flooding Assessment 

Number 

524 

723 

221 

169* 

1,627 

The drainage complaint database and the 1996 flood survey were compared to identify 

any overlaps. As of March 2000, there were only five addresses that appeared in both 

data sources. The results of this comparison infer several things. First, the two data 

sources are distinct and valuable information pools. Second, a significant number of 

customers do not know where to call to report a drainage concern. Third, the incomplete 

flood survey may have garnered additional addresses had it been carried to fruition. 

The combination of the Flood Survey (1996) and the drainage complaint database (1991-

2000) yields the following results: 

Table 5-4 

Combined Results of 1996 Flood Survey and 1991 - 2000 Complaints 

Flood Complaint T)lJe Number 

Building Flooding >1,000 

Yard Flooding >2,000 

Street Flooding > 900 

Standing Water > 800 

Other Flooding >1.700 

>6,400 
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5.4 Localized Flood Study 

Characterizing and prioritizing localized flooding is a monumental task. In the past, 

WPD has relied on outdated maps and complaints to help focus storm drain 

improvements. Without intensive system investigations to determine the location of 

collapsed or clogged pipes, the true cause of reported complaints is not readily apparent. 

Because comprehensive data on the location, size and condition of the storm drain system 

does not currently exist, incorporating the same methods used for the primary drainage 

system is not possible at this time. 

Although the methods used to identify flooding concerns along major creeks could not be 

applied to stonn drains, WPD recognized that flooding caused by damaged, clogged, or 

outdated storm drains is a significant issue in Austin. In an attempt to better define the 

extent of localized flooding, WPD conducted additional analysis of the available 

information. 

With the advent and growing availability of geographical information system (GIS) 

technology, the task of studying localized flooding over a large area has become much 

more manageable. WPD staff, working with local consultants, has utilized GIS to 

develop a much better understanding of the secondary drainage system and localized 

flood areas. 

5.4.1 Flood Complaints Mapping 

Using the analysis results described above, the locations of customer reported flood 

complaints were mapped on a GIS computer system. The drainage complaint database 

and flood survey results were geocoded (mapped) using the street address provided by 

each utility customer that contacted the City's complaint hotline or responded to the 1996 

flood survey. The results are shown in Figure 5 - 2. The concentrations of flood 

complaints in various watersheds are possibly reflective of old storm drain systems in 

those areas. During the course of the master plan, WPD has completed preliminary study 

of several local storm drainpipe networks (see Figure 5 - 2) to determine if current 

system capacity and pipe sizes are up to current criteria. 
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Figure 5 - 2 
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Drainage Complaints - Citywide 

Source: City of Austin, 2000. 

As part of the mapping effort, the 100-year floodplain boundaries were geographically 

mapped in relation to the customer complaint data. Figure 5 - 3 shows an example taken 

from upper middle Shoal Creek watershed where the locations of the 100-year flood plain 

and customer complaints have been mapped. By mapping the creek floodplain 

boundaries, certain observations can be made regarding creek flooding, localized 

flooding and the customer reported complaint areas. First, most flood complaints that 

WPD has received through the 1996 Flood Survey and Drainage Complaint Database 

(1990 to 1999) occur outside of the 100-year flood plain. From Section 4.2 of this Master 

Plan, it is estimated that roughly 8,000 structures are located in the 100-year flood plain. 

When compared to the 6,400 total local flood complaints received between 1988 to 2000, 

it is apparent that customers in the 100-year flood plain don't necessarily utilize the 

drainage complaint hotline. Second, the distribution of local flood complaints provides 

some insight into the possible location of outdated storm drains. The concentrated 
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patterning of complaints over time further verifies the outdated nature of the local storm 

drainage system in certain areas. Third, some dots are located on the borderline of the 

flood plain. In these areas, it is likely that old storm drains still require upgrading to 

accommodate smaller storm events other than the 100-year. This fringe area is a mix 

between structures that may experience both localized flooding and large scale flooding . 

Due to the probability of storm events, the occurrence of localized flooding is likely to be 

more frequent. 

Figure 5 - 3 

Drainage Complaints - Localized vs. Flood Plain 

• Customer 
Reported 
Drainage 
Problems 

D IOO-yr 
Floodplain 

Source: City of Austin, 2000. 

5.4.2 Identification of Flat Slopes and Possible Depressions 

Another valuable GIS application involved the analysis of elevation and contour data to 

determine areas that may be prone to localized flooding due to relatively flat topography. 

Using GIS, local consultants Baker AickIen, Inc. performed a three-dimensional 

assessment of a City of Austin elevation model to identify areas with relatively flat slopes 

«2%) or depressions. The results are based on a 100' by 100' grid map system- an 

example of which is illustrated in Figure 5 - 4. Depressional areas were identified where 
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a grid cell had an elevation lower than each of its neighboring grid cells - analogous to 

the bottom of a bowl. Also, the grid cells with 2% slope or less were also highlighted. 

III Depressional 
Area 

<2% Slope 

5.4.3 Storm Drain Study 

Figure 5 - 4 

2 % Slope and Depressions 

Source: Baker-AickLen & Associates, Inc., 1999 

In order to tie the drainage complaints to the localized storm drainage system, WPD 

began an intensi ve preliminary engineering study of all the storm drains in the urban 

core. The limits of this Storm Drain Study includes the entirety of 15 watersheds and 

portions of 5 others. These correlate to watersheds with the highest density of flood 

complaints during the lO-year complaint record. The 15 completed watersheds are: 

Boggy, Blunn, Buttermilk, Carson, Country Club, East Bouldin, Fort Branch, Harpers 

Branch, Johnson, Little Walnut, Shoal, Tannehill, Town Lake, Waller and West Bouldin. 

The 5 partial watersheds include Barton, Bull, Eanes, Walnut and Williamson. Each 

watershed was broken down into sub-basin drainage areas. Each sub-basin area was 

analyzed using the Rational Method to compute excess runoff and preliminarily size the 

main storm drain system. When the required pipe sizes were determined, in many cases, 

the storm drains were found to be either non-existent or outdated. An inventory of the 

actual condition of the existing storm drains is necessary to identify infrastructure with 

reduced service. A prospective field inventory should also include the location and 
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condition of existing open channels and culverts, to allow for the modeling of the 

complete secondary drainage system. 

WPD also prepared preliminary cost estimates for each storm drain system in order to 

obtain an estimate of the magnitude of required infrastructure needs. Table 5 - 5 

summarizes the estimated project costs for each watershed in December 1999 dollars 

(ENR Construction cost index = 6127). The actual costs will vary depending on further 

engineering study and length of time to implement based on fund availability. 

Table 5-5 

Localized Drainage System Suggested Upgrades 

Completed Watershed studies!: 

Watershed 
Boggy 
Blunn 
Buttennilk 
Carson 
Country Club 
East Bouldin 
Fort Branch 
Harper's Branch 
Johnson 
Little Walnut 
Shoal 
Tannehill 
Town Lake 1 
Town Lake 2 
Town Lake 3 
Waller 
West Bouldin 

Incomplete Watershed studies: 
Barton 
Bull 
Eanes 
Walnut 
Williamson 

Prelim. Project Cost 
(Millions) 

$ 17.5 
$ 5.2 
$ 0 
$ 0 
$13.3 
$12.6 
$19.3 
$ 2.6 
$15 .2 
$10.4 
$43.3 
$ 8.4 
$ 2.1 
$ 6.2 
$19.4 
$39.4 
$23.0 

$ 0 
$ 0.8 
$ 0.04 
$ 0.35 
$18.4 

Total: $257.5 Million 

Suggested # of 
System Upgrades 

36 
24 
o 
o 
21 
30 
48 
5 
34 
27 
47 
24 
4 
4 
3 

24 
50 

o 
2 
1 
2 

---.Jl 
423 

Notes: (1) Based on previous complaints received through December 1998 
Source: City of Austin. March 2000 

Figure 5 - 5 shows both existing and proposed storm drains . Shown in red are the 

suggested storm drain upgrades. Existing storm drains are shown in magenta. The dots 
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represent curb inlets. The area shown is located in the Fort Branch watershed. This is a 

good illustration of an outdated localized drainage system under current City standards . 

WPD records indicate a combination of building, yard and street flooding in this area. 

Figure 5-5 

Suggested Localized Drainage System Upgrades 

Source: City of Austin, 2000. 

5.5 Localized Flooding Results 

There will be a greater demand for improved drainage as in-fill and redevelopment 

occurs in the urban core. As of spring 2000, WPD identified more than 420 areas in the 

inner city needing upgrades due to existing capacity. Each area requires further study to 

determine possible solutions and costs. The implementation of solutions to the areas is 

directly dependent on funding availability. As funding becomes available, 

implementation of the solutions will proceed in priority order. 
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5.5.1 System Upgrades: Where to Start? 

Finding a starting point to initialize improvements requires prioritization. Prioritization 

involves considering a combination of levels of service (see Goals, Section 2), critical 

localized flood area classification (Very High to Very Low), and studying case by case 

single complaints. Further engineering study will help determine the more detailed 

solutions and priorities, and identify storm drains needing replacement due to age or 

condition. This process will help move WPD away from totally reactive and toward 

proactive results in meeting customer needs. 

Using a combination of several layers of information, it is possible to identify the most 

critical areas of need to address localized flooding. Buildings with reported flooding 

receive the highest priority. Plotting building and yard flooding locations reveal that 

there is not a uniform area distribution, but a coincidental patterning. By zeroing in the 

tightest densities of the building and yard flooding, and utilizing the GIS spatial analyst, 

the critical localized flood areas were identified. Figure 5 - 6 illustrates the results of this 

process of identifying critical localized flood areas from very high to very low. The very 

high critical flood areas are shown in dark red. In addition, a multiplicity of other flood 

types can be included in a solution to thwart future complaints. Concurrent with 

buildings and yards, reports of street, standing and/or other flood types may be addressed 

as well. Where possible, it makes sense to fix as many drainage issues as feasible at one 

time. 
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Critical Localized Flood Areas 

CRITICAL 
LOCALIZED 

FLOOD AREAS 

June 2001 

lOW 

D VeryLow 

• city of austin 
5-17 

WatBrshed Protection 
~----------------



Section 5 
Localized Flooding Assessment 

As is apparent in Figure 5 - 6, there are several areas that seem to indicate the need for 

system upgrades. The "Very High" and "High" critical areas occur in portions of Boggy, 

Fort Branch, Johnson Creek, Little Walnut, Tannehill, Walnut, and Williamson Creek 

watersheds. This is an improved understanding of the localize~ flooding beyond the 

drainage complaint densities (Figure 5 - 1) because it considers the spatial distribution of 

localized flood complaints across watershed boundaries. There are widespread areas of 

localized flooding concerns throughout all urban watersheds except Buttermilk Creek. 

Figure 5 - 6 is anticipated to be a dynamic graphic for two reasons. First, as more storm 

events are encountered and more complaints received, the densities will probably shift. 

Second, as problem areas are improved, the density areas will most certainly change. 

The goal of localized flooding should be to normalize the city to "low" and "very low" 

critical areas. 

5.5.2 Single Address Complaints 

Figure 5 - 6 will be valuable for zeroing in on detailed study areas and developing future 

Capital hnprovement Projects, but there still exists the necessity to look at each 

complaint on a case by case basis. Two main considerations for prioritizing 

improvements are inundation depths and frequency of flooding. A comprehensive 

hydraulic computer model requires a thorough inventory and physical survey of the entire 

drainage system. Such a model would provide analysis of the entire list of complaints to 

the level of knowing how deep and how often a structure or property is flooded. It is 

anticipated that this kind of model will not be available for several years. For now, 

customer reports are the best source of available information. 

5.5.3 Anticipated Effects to Watersheds 

The overall effect of selectively adding storm drains to a watershed or even to a sub-basin 

area is anticipated to be negligible, particularly in highly urbanized areas. The timing of 

peak flows and the connectivity of impervious cover should not change significantly. 

First, the suggested system upgrades are site specific and not considered large enough to 

dramatically affect hydrologic change on the macro-scale. The existing stream reaches in 
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many urban watersheds have already enlarged significantly due to near maximum 

development build-out. The primary goal of a localized storm drainage system upgrade 

is to more efficiently move the storm water from point A to point B. It is important to 

achieve this goal while reducing the threat of localized flooding without adverse drainage 

impact to upstream or downstream properties. 

Second, the storm water volume remains constant for a given intensity-duration­

frequency storm even with system upsizing. Whether or not the storm water runoff is 

being carried by pipes, streets, or concentrated overland flow, it is still primarily open 

channel hydraulics with negligible changes in storage or detention. The key then is to 

capture and convey excess runoff in a manner which minimizes the threat of localized 

flooding. Again, each system upgrade should be studied to ensure no adverse affects to 

surrounding properties. 

5.6 Localized Flooding Future Efforts 

WPD has initiated a pilot program to inventory and analyze the existing drainage system 

in Waller Creek. This is being referred to as the Drainage Infrastructure GIS (DIG) 

effort. It is anticipated that once complete, WPD will know the location, elevation, 

dimensions, age and condition of the existing drainage infrastructure in portions of the 

Waller Creek watershed. In addition, the Waller Creek drainage system will analyze the 

existing storm drains, channels, and culverts. After expansion to its full potential, 

inventory and modeling of existing drainage infrastructure will become the next 

generation of information in concert with the previous Storm Drain Study toward 

understanding the localized flooding. 

More study and analysis will be necessary for several departmental functions to be 

realized. These include modeling, marking, maintaining, and improving the existing 

drainage infrastructure system. As the system operator, WPD needs to know where and 

how the Municipal drainage system functions. This will provide the Field Operation staff 

with information, which fosters systematic inspection and maintenance. Some portions 

of the drainage system are subject to structural failure or chronic clogging. A plan needs 

to be established to systematically inspect and routinely replace deteriorated pipe when it 
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exceeds the service life or does not meet operating tolerances. fu addition, WPD is 

responsible for providing utility locations ahead of new construction to avoid conflicts 

and prevent possible damage. With a better understanding of the existing system, WPD 

can better predict needs for improvements and the priority order for implementation. 

Coordination with other departments is ongoing to align construction of multi­

departmental projects and to effectively reduce public inconvenience. 
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Section 6 

Erosion Assessment 

6.1 Background 

Most of Austin's watersheds (including both urban and suburban watersheds) are drained 

by streams that exhibit stream erosion problems. Erosion problems primarily stem from 

changing land use conditions (i.e., urbanization) that modify watershed hydrology -

significantly increasing stormflows in creeks for even small rainfall events . These 

changes in streamflow have 

resulted in changes in local 

creek characteristics. For 

example, past survey data 

shows that a typical section 

of Little Walnut Creek has 

expanded by 65 feet over the 

last 35 years. A 20-foot wide 

section of creek in 1962 is 

now 85 feet wide today. As 

Channel Enlargement 
1962 vs.1997 

Channel Width (ft.) 

stream channels react to changes in watershed hydrology, several concerns arise 

regarding future creek bank failures, long-term channel degradation, and the resulting 

impacts to creekside residents, their property, and water quality. To address these 

concerns, detailed erosion assessments were conducted for each ofthe major creeks in the 

Phase I watersheds. 

6.2 Study Methods 

The study methods used to conduct the erosion assessments for the Phase I watersheds 

are described in a report entitled Technical Procedures for the Watershed Erosion 

Assessments (Raymond Chan and Associates, 1997). This report was developed by 

Raymond Chan and Associates (RCA) to serve as a guide for the performance of 

June 2001 ~ city of austin 
6-1 

Watarshad Protactlon 
~-----------------



Section 6 
Erosion Assessment 

individual watershed studies. The report helped document and standardize the 

procedures to be used to assess and describe watershed conditions, the types of data to be 

collected and the subsequent evaluations to be performed 

The goal of each watershed erosion assessment was to characterize general creek 

conditions, identify current erosion problems along the major creek system and to gamer 

a better understanding of where future problems may occur. An inventory of problem 

sites was produced identifying 

locations along the creeks where 

erosion posed an existing or future 

threat to property, stream stability, 

water quality, utilities and 

drainage infrastructure. The field 

investigations addressed main 

branches of creeks and tributaries 

up to a contributing drainage area 

of 640 acres (one square mile). This resulted in an inventory of over 170 miles of stream 

channels. Numerous photographs and stream cross-section measurements were taken, 

generating a photographic log that will serve as a stream benchmark - allowing future 

comparisons to be made with 1997 stream conditions. To facilitate the master planning 

process, the RCA project team also prioritized problem areas using the problem score 

concept (see Section 3) and offered erosion management recommendations. The 

following text provides more detail on key components of the erosion assessment studies. 

6.2.1 Erosion Problem Identification 

During the field surveys, existing erosion problems were noted where physical structures 

or other community resources were threatened or had the potential to be threatened in the 

future. Structures of interest included houses, buildings, parking lots, bridges, retaining 

walls, trees, utility poles and utilities crossing the creek, and fences . Field teams also 

noted areas where a significant loss of land may occur as a result of a bank failure or 

where steep creek banks within park areas posed a safety threat to the pUblic. 
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When an erosion problem was encountered, a priority was assigned to each site as shown 

in Table 6 - 1: 

Priority 

Type 1 

Type 2 

Type 3 

Type 1 Erosion Example 

Table 6 - 1 
Erosion Problem Priority 

Description 

House, building, or road 
currently threatened by channel 
bank erosion 

Other resources (walls, fences, 
trees, trails, utility lines, yards, 
recreational amenities) currently 
threatened by channel bank 
erosion. 

Resources not currently 
threatened by may be threatened 
in the future. 

Source: Raymond Chan & Associates, 1997. 

In the Phase I watersheds, approximately 975 erosion problems were identified. Thirteen 

(less than 2% ofthe problems) were Type 1 problems. The remaining problem sites were 

split almost evenly between Type 2 and Type 3 problems. Walnut Creek had the most 

erosion problems identified of all the studied watersheds. Table 6 - 2 shows the 

distribution of the identified erosion problems. Note that this table does not reflect 

erosion problems that have been corrected by ongoing City work completed since the 

original study. 

The resulting inventory of the number and types of erosion problems identified during 

each stream investigation is used later to help prioritize erosion problem areas (see 

Section 6.5, Calculating Problem Scores) . 
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Table 6 - 2 

Erosion Problem Site Summary 

Number of Sites Identified 

Watershed Type 1 Type 2 Type 3 Total # of Problem 
Sites/ Mile of 

Reach 

Barton 0 18 6 24 1 
Blwm 0 11 8 19 8 
Boggy 1 24 30 55 8 

Bull 1 15 36 52 3 
Buttermilk 0 22 16 38 16 

Country Club 1 17 16 34 7 
East Bouldin 1 27 27 55 17 

Fort 1 27 26 54 9 
Harper's Branch 0 8 5 13 15 

Johnson 0 18 11 29 9 
Little Walnut 1 23 21 45 4 

Shoal 1 29 59 89 8 
Tannehill 2 23 20 45 8 

Waller 0 33 10 43 6 
Walnut 2 125 98 225 5 

West Bouldin 2 7 18 27 9 
Williamson 0 62 66 128 5 

Total 13 489 473 975 6 
Source: Raymond Chan & Associates, 1997. 

6.2.2 Stream Reach Classification System 

A stream reach classification system was developed and applied to classify 

"geomorphic ally similar" or "like" reaches. In simple terms, field investigation c ~ews 

detennined where continuous lengths of creeks demonstrated similar channel 

characteristics based on channel type. Channel types are categorized in Table 6 - 3. 
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Channel Type 

Alluvial 

Rock Bed 

Rock Controlled 

Structurally 
Controlled 

Table 6-3 

Stream Reach Classifications 

Typical Channel Description 

Formed in alluvium (loose gravel, sand or silt) or 
unconsolidated overburden deposits - susceptible to scour. 
Channel is worn into massive bedrock materials or well 
annored with scour resistant materials. One or both banks 
are formed in alluvial or unconsolidated soils - susceptible 
to erosion. 
Channels are commonly fonned in bedrock materials with 
the banks being relatively resistant to erosion scour. 

Channel has been modified and annored with concrete rip 
rap, rock gabions, stone, etc. 

Section 6 
Erosion Assessment 

Relative 
Susceptibility to 

Erosion 

High 

Moderate 

Low 

Varies 

Source: Raymond Chan & ASSOCiates, 1997. 

6.2.3 Stream Stability Ratings 

After the identification of "like" reaches based on the channel types listed above, field 

teams completed a rapid geomorphic assessment (RGA) of each reach to determine the 

relative stability of the creek channel system. By observing the presence of various 

physical features within a reach, field crews characterized channel stability based on 

visual evidence of ongoing erosional processes (widening, downcutting, degradation, 

aggradation). Reaches were then categorized into one of three stability classes: 

Stability Class 

Stable 

In-Transition 

In-Adjustment 

June 2001 

Description 

Little to no evidence of channel instability or enlargement. 
The stream channel is conveying water and sediment loads 
without substantial erosion or deposition. 

Frequent evidence of instability leading to channel 
enlargement. Increased runoff is exceeding the ability of 
the natural channel to maintain its form. 

Widespread evidence of channel instability and channel 
enlargement. Channel has been significantly destabilized 
and is attempting to adapt to large, rapid changes in the 
water and sediment loads delivered to the stream system . 
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Figure 6 - I shows an example of a channel stability map for Bull Creek watershed. 

Channel stability rating results for each of the Phase I watersheds are shown in Table 6-

4. The majority of the stable channels are located in rock controlled or structurally 

controlled reaches. Barton Creek has the highest percentage of its like reaches (90%) in 

"staBle" condition. Just over half of the reaches are considered to be "in transition", 

demonstrating the effects of urbanization on stream channels. Little Walnut Creek has 

the highest percentage of its like reaches (nearly 94%) "in transition". 

Nearly one-fourth of the identified creek reaches were determined to be in adjustment, 

demonstrating significant evidence of channel instability and enlargement. It is not 

surprising that many of the reaches that are in adjustment are located in alluvial channels 

where the upstream contributing drainage area has experienced significant urbanization. 

The stability rating summarizes channel stability features to indicate the current condition 

of the channel and the past erosion features observed in the field. The stability rating is 

also used to determine the expected processes that may cause or accelerate channel 

enlargement in the future. 

6.2.4 Channel Enlargement Estimates 

A major accomplishment of the RCA project team was the development and application 

of a procedure to estimate historic and predicted future channel enlargement in Austin 

creeks as a function of watershed impervious cover. Determining the enlargement 

potential for each like reach provides an estimate of the expected channel enlargement, 

corresponding sediment load to the creek and the identification of erosion hazard areas. 

Channel enlargement occurs primarily through down cutting (the channel bottom is 

progressively washed away) and widening (the channel side slopes are progressively 

washed away). The primary cause of stream channel erosion is increased storm water 

runoff. Simply stated, as runoff volumes increase due to urbanization, the channel's 

resistance to erosion is surpassed. The rate at which erosion is accelerated is dependent 

on the channel type (e.g., alluvial channels tend to erode faster than rock channels). 
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D Watershed Boundary 

erosion Conditions for Stream Segments 

o Stable - Rate of geomorphic aclillity and channel form 
are within the expected range of varience for a stable 
stream of this type. 

D Transition - Showing 9IIidence of entering into the Initial 
__ stages of sdjustment toward a new equalibrium form. 

_ In Adjustment - High rate of geomorphic aclillity leading 
toward new equalibrium form. 

Channel Type 

AL - Alluvial 
RB - Rock Bed 
RC - Rock Controlled 
SC - Structural Channel 

erosion Rating for Property Protection Sites 

S Immediete threat to structure or roadway. 

Source; Raymald Chan & Assodat •• 
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Table 6-4 

Channel Stability Ratings by Watershed 

Watershed 
Channel Stability Rating Free uency 

Stable Transition In Adjustment 

Barton 9 1 0 

Blunn 0 2 3 

Booo_ 1 ... 3 j 

Bull 2 14 5 

Buttennilk 0 4 1 

Countn' Club 1 1 6 

E Bouldin 1 3 0 

Fort 1 4 5 

H~!]?_er's 4 2 0 

Johnson 6 4 1 

Little Walnut 0 15 1 

Shoal 3 10 5 

Tannehill 2 5 1 

Waller 4 6 2 

Walnut 6 21 7 

W Bouldin 1 2 2 

Williamson 4 8 7 

Total 45 105 49 
*Figures represent number of creek segments 
in each stability class by watershed. 

Source: Raymond Chan & Associates. May - Oct. 1997. 

To predict channel enlargement, "channel enlargement curves" were developed that 

relate increases in channel size (as a ratio of future size to existing size) to increases in 

impervious cover for three channel types - alluvial, rock bed, and rock-controlled. An 

empirical approach was applied based on the development and calibration of channel 

enlargement curves using local creek data. These methods are patterned after similar 

studies across the United States (Morisawa and Laflure, 1979, Allen and Narramore, 

1985, MacRae et aI., 1994) that use changes in impervious cover within a watershed as an 

indicator to reflect changes in stream erosion potential. The mechanics of the approach 

are described in detail in Technical Procedures for the Watershed Erosion Assessments 

(RCA, 1997). 
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A detailed study of 60 sites was used to develop the enlargement curves. Estimates of 

current and future (year 2040) impervious cover used in this analysis were developed on 

a watershed basis (CRWR, 1997). Based on a follow-up analysis on the Walnut Creek 

Watershed (RCA, January 1999), initial estimates of predicted future channel 

enlargement were modified to reflect the beneficial effect of sedimentation-filtration 

ponds anticipated to be constructed for new development. The City's Land Development 

Code requires structural water quality controls of all new development. The runoff 

volumes detained in these structures help reduce instream stormflow volumes, thereby 

reducing future enlargement potentials. Sedimentation-filtration ponds projected for 

constructed in the Walnut Creek watershed are predicted to reduce future enlargement 

potentials by 40 - 60% of the original estimates. 

Estimates of past and predicted future channel enlargement for the Phase I watersheds are 

illustrated in Figures 6 - 2 and 6 - 3 respectively. From Figure 6 - 2, it is clearly evident 

that the most significant channel enlargements have occurred in the urban watersheds. 

Channel enlargements of over ten times historic conditions were documented for some 

Austin creeks. The majority of the creek reaches in the urban watersheds have more than 

doubled in channel size due to significantly higher storm flows generated by urban 

development practices. The Little Walnut Creek example given in Section 6.1 is 

representative of the past channel expansion experienced in the urban watersheds. 

Urban development increases the frequency of bankfull flows over the course of an 

average year. This effectively increases the erosion potential for the stream system. This 

phenomenon is reflected in the high number of Type 1 and 2 erosion problems identified 

in the most heavily urbanized watersheds as shown in Table 6 - 2. 
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One of the most significant fmdings of this Master Plan is shown in Figure 6 - 3. Based 

on predicted development levels and resulting increases in impervious cover, substantial 

increases in channel area are predicted for many of the suburban watersheds (especially 

Walnut Creek). The predicted channel enlargements take into account the benefits 

expected from sedimentation-filtration basins constructed for new development as 

discussed earlier for only the Nonurban watersheds (Barton, Bull, Country Club, Walnut 

and Williamson Creek watersheds). These benefits were not applied to the Urban 

watersheds due to the fact that the majority of the Urban watersheds are already 

developed. 

From the future channel enlargement data shown in Figure 6 - 3, the following creeks 

and tributaries are of most concern: 

CreeklTributary Predicted Channel Enlargement (rounded) 

Walnut Creek (all) 40 - 380% 

Lower Fort Branch 10 - 110% 

Country Club Creek (all) 40 - 130% 

Tributaries 2 and 4 of Bull Creek 30 - 60% 

St. Elmo Tributary of 
Williamson Creek 

230% 

Source: Chan, 1997 

In many cases, high levels of predicted channel enlargement are found in areas where: 

1) creeks and tributary channels are composed of alluvial materials, and 

2) their contributing watershed areas are expected to experience substantial increases 
urban development. 

It should be noted though that future predicted increases in channel area are not solely a 

response to future development in the watershed. Erosion occurs over a period of many 

years (over 50 years for example). Much of the predicted future channel erosion is a 

delayed response to increases in stormflows from existing development. 

As a result of this analysis, WPD is currently developing detailed erosion management 

strategies for the Walnut Creek watershed. Additional erosion studies are also planned 
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for the Bull Creek watershed as a supplement to the Water Supply Suburban Watersheds 

Report (WPD, 1999) presented to the Austin City Council in December 1999. 

6.3 Resource Values 

Stream Erosion affects several types of community resources. As discussed in Section 

3.2, the prioritization methods used for each WPD mission rely, in part, on the 

assignment of "values" to each community resource threatened by erosion, flooding and 

water quality degradation. During the stream field inventory, all existing and potential 

erosion threats to property were documented. With input from the Citizens Advisory 

Group, erosion control resource values were assigned to each identified resource as 

shown in Table 6 - 5, based on the following categories: 

Table 6-5 
Erosion Control Resource Values 

Resource Type Resource Value 
Major Road 100 

HouselBuilding 90 

Minor Road 75 

Priority Woodland (public) 60 

Public Recreational Amenity* 50 

Public Parkland> = 500 ft 50 

Fixed Storage Building 50 

Retaining Wall 45 

Protected Tree 45 

Pipeline 45 

Public Parkland < 500 ft 40 

Priority Woodland (private) 35 

Yard (major loss) 35 

Fence 30 
*Includes swunmmg pools, tenrus courts, playscapes, hike-n-bike trails, and other tangible assets 

Source: COA, 1997 

The resource values shown above are used in the development of problem area scores as 

discussed later in Section 6.5. 
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6.4 Problem Severity 

A problem severity scoring system was developed and applied for each threatened 

resource and stream reach. Erosion severity (ES) scores were calculated for each 

threatened resource site based on its priority rating - Type 1, 2 or 3. Type 2 and Type 3 

problem sites were further broken down by land use (park/woodland resource versus non­

park/woodland resource). A separate ES score was also calculated for each reach that 

reflects future reach stability (FRS) concerns. Scores were calculated for both current 

and future conditions. 

Erosion severity scores for each priority category are based on the factors shown in Table 

6 - 6. The scoring system incozporated much of the data collected during the creek field 

inventories that described watershed development conditions and the geomozphic 

characteristics of the stream. 

As shown in Table 6 - 6, Type 1 problem severity scores were based on geotechnical, 

imminent threat, site geomozphology, and reach stability factors. Geotechnical factors 

include vegetative coverage, bank soils strength, substrate type, bank height, and bank 

slope. Imminent threat factors consider the distance from the creekbank to the foundation 

of a threatened structure and indications of structure stability/foundation integrity. For 

the remaining problem sites (Type 2, 3, and FRS), erosion severity scores are reflective 

of channel characteristics and bank stability factors. 
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Category 

Type I 

Type 2 

Type 3 

Future 
Reach 

Stabilit}' 

Table 6-6 
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Erosion Problem Severity Factors 

Wei hts Scoring Factors (weights) 

Current Future Current Conditions Future Conditions 

Geotechnical (20%) 

75 25 
Imminent Threat (50%) Future Reach Stability 

Site Geomorphology (10%) (100%) 

Current Reach Stability_(20%) 

For Park and WOQdl§nd 
Resources: 

Magnitude of Loss (20%) 

Excessive Meanders (10%) 

Bend Location (20%) 
Future Reach Stability 75 25 Current Reach Stability (50%) (100010) 

FQ[ Non-Pi!!:k!Wood!ang 
Resources: Site 

Geomorphology (50%) 

Reach Stability (50%) 

For Park m!g Wood!smd 
Resources: 

Excessive Meanders (30%) 

Bend Location (15%) 

Future Reach Stability 
(55%) 

0 100 

FQr NQD-Pm:k!WQQglm!d 
ResQurces: 

Site Geomorphology 
(50%) 

Future Reach Stability 
(50%) 

Future Reach Stability 
0 100 

(100%) 

Source: Raymond Chan & Associates, 1997. 

Future problem severity scores were based primarily on the future reach stability 

analysis. This comprehensive analysis considered a variety of factors that could affect 

the potential for change in the shape and size of the reach channel. Future reach stability 

is important because it helps predict which structures on or near stream banks might be 

threatened by erosion. A critical component of this analysis is the prediction of channel 
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enlargement described in Section 6.2. Other factors considered in the future stability 

analysis include: current reach stability (whether it is stable, in-transition, or in­

adjustment), potential increases in small stonnflows from development, how much the 

creek meanders, how many "knickpoints" (abrupt changes in the creek's longitudinal 

profile) are present, and how much sediment is expected to be generated by stream bank 

erosion. 

6.S Calculating Problem Scores 

Following the problem score concept described in Section 3.2, an erosion problem score 

is calculated for each stream reach along the major drainage system of each watershed. 

Each reach score was calculated as a composite of: 1) the problem scores associated with 

each Type 1, 2 and 3 problem site located within the reach, and 2) the particular reach's 

future stability score. 

6.5.1 Type 1, 2, 3 and FRS Problem Scores 

As described in Section 3.2, the general concept for calculating problem scores is 

represented by: 

Problem Score = f (# of resources located in the creek reach, their resource value and the 

severity of the watershed problem at each resource) 

Before a composite reach score is calculated, an individual problem score is calculated 

for the Type 1,2,3 and FRS problem categories. A problem score for each Type 1,2 and 

3 site is computed using the resource value for the threatened structure from Table 6 - 5 

and the erosion problem severity (ES) score referenced in Section 6.4. For calculating 

erosion control problem scores, the function listed above is generally applied by the 

following equation: 

EC Type 1,2,3 

6-16 

n 

= ~ (RV*ES Type I, 2, 3)i 

i = 1 
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For Type 1 and 2 sites, erosion problem severity scores are calculated for both existing 

and future conditions. Therefore, a composite score is calculated by weighting the scores 

as shown in Table 6 - 6. By definition, Type 3 problems sites reflect those resources that 

may be threatened in the future. Therefore, Type 3 and future reach stability scores are 

characterized by a single score representative of future conditions. 

6.5.2 Reach Problem Scores 

Composite reach erosion scores were computed using the following formula: 

Where: 

EC 

W1,2,3,4 

ECType J 

ECType2 

ECType3 

= Erosion problem score 

= Weighting factors (from Table 6-6) 

= Erosion score for Type 1 problems 

= Erosion score for Type 2 problems 

= Erosion score for Type 3 problems 

ECFuture Stability = Erosion score for future reach stability 

6.6 Results 

An erosion problem score was calculated for each of the 199 like reaches identified in the 

stream assessments. The resulting scores (Table B-2, found in Appendix B) were used 

to identify relative erosion concerns along the primary drainage systems of the Phase I 

watersheds. Figure 6 - 4 presents the distribution of erosion control scores. 

Problem Score 
0-10 
10-20 
20-30 
30-40 
40-100 

Narrative Rating 
Very Low 
Low 
Moderate 
High 
Very High 

Based on average erosion control scores for a given watershed, the Walnut Creek 

watershed demonstrates the highest erosion control problems. Figure 6 - 5 depicts the 
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Erosion Control Problem Score Distribution 
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results of the problem area prioritization for creek erosion. This watershed's average 

erosion score is 33.8, and it includes 6 of the top 10 highest erosion problem scores. All 

six of these reaches were rated Very High problem areas. Walnut Creek includes the four 

top erosion problem scores of 100, 78.8 65, and 65. These reaches in Walnut Creek are 

in the vicinity of Springdale Rd., Wells Branch upstream of Walnut Creek Park Rd., 

Walnut Creek from the confluence with Tributary 1 to the confluence with Little Walnut 

Creek, and Walnut Creek from the confluence with Little Walnut Creek to the confluence 

with Tributary 3, respectively. The two top problem score reaches include Type 1 

erosion problems. Walnut Creek near Springdale Rd. has a threatened minor road 

(resource value of 75) and the Wells Branch reach has a threatened house (resource value 

of 90). Walnut Creek near Springdale Rd. has 14 Type 2 problems (mostly trees with a 

resource value of 45) and 13 Type 3 problems (again, mostly trees). Wells Branch 

upstream of Walnut Creek Park Rd. has 4 Type 2 problems (trees and a wall, all with 

resource values of 45) and 3 Type 3 problems (two trees and a fence with a resource 

value of 30). The next two highest erosion problem scores of 65 (both in Walnut Creek) 

do not have any Type 1 erosion problems. The jump down in score emphasizes the 

priority in addressing Type 1 problems. Walnut Creek from the Confluence with 

Tributary 1 to the confluence with Little Walnut Creek has 19 Type 2 problems (all trees) 

and 2 Type 3 problems (one major road with a resource value of 100 and one minor road 

with a resource value of75). Walnut Creek from the confluence with Little Walnut Creek 

to the confluence with Tributary 3 has 11 Type 2 problems (trees, pipelines, and a utility 

all with resource values of 45) and 8 Type 3 problems (all trees). Erosion problem scores 

depicting current conditions only are shown in Appendix B. Watershed summaries for 

each of the Phase I watersheds are also provided in Appendix A. These summaries 

discuss both current and overall problem score results for each watershed. 

Country Club Creek is the next most vulnerable watershed with an average score of 

27.05. Country Club's top problem area, from Elmont Dr. to Oltorf St., has an erosion 

problem score of 51.4, one Type 1 problem (a threatened bridge with a resource value of 

100) and one Type 2 problem (a pipeline with a resource value of 45). Five of its eight 

reaches had scores above 20, indicating Moderate or more severe problem areas . 
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Section 6 
Erosion Assessment 

Other high scoring reaches are found in Tannehill Branch, from just north of MLK Blvd. 

to Old Manor Rd.; Fort Branch, between Webberville Rd. and the Austin-Northwestern 

railroad tracks; and the St. Elmo Branch of Williamson Creek. The Tannehill reach has 1 

Type 1 problem (a threatened bridge, resource value of 90); 7 type 2 problems (trees, a 

pipeline and a wall); and 8 Type 3 Problems (tree/wall/pipeline, a pedestrian bridge with 

a resource value of 50, and a building with a resource value of 90). The Fort Branch 

reach has no Type 1 problems; 9 Type 2 problems (trees, fences, and a yard with a 

resource value of35); and 9 type 3 problems (trees, houses, a building, and a minor road). 

The St. Elmo Branch has 4 Type 2 problems (trees and a yard); and 2 Type 3 problems 

(trees). 

Barton Creek appears to be the least troubled of the Phase I watersheds. This watershed 

has a very low average score of 2.9. The entire watershed has no Type 1 problems; 12 

Type 2 problems (trees, pipelines, and a wall); and 6 Type 3 problems (3 dams with a 

resource value of 50, one recreational amenity with a resource value of 50, a minor road, 

and a pipeline). Ofthe 199 erosion reaches, only 4 have an erosion control score of zero, 

indicating no erosion problem sites. Two of these reaches were located in the Harper's 

Branch watershed and two more are in the Johnson Creek watershed. The top ten erosion 

control problem reaches listed alphabetically are as follows: 

Reach Ratin2 Location 

CNTOOOOOOO07090 VeIYHigh Elmont Dr. to Oltorf St. 

FOROOOOOOOO 1100 VeIYHigh Between Webberville Rd. and MKT railroad tracks 

T~000000010775 VeIYHigh Martin Luther King Blvd. to Old Manor Rd. 

WLNOOOOOOOO4440 Very High Confluence with Tributary 1 (near the mouth) to 
confluence with Little Walnut Creek 

WLNOOOOOO025120 Very High Confluence with Little Walnut Creek to confluence 
with Tributary 3 (in Walnut Creek Nature Preserve) 

WLNOOOOOO035040 VeIYHigh Confluence with Tributary 3 to Springdale Rd. 

WLNOOOOOO049700 VeIYHigh From Springdale Rd. to Sprinkle Rd. 

WLN000000090720 VeIYHigh From Metric Blvd. to upstream of Hwy 183 

WLNVVELOOOO03240 VeIYHigh Well's Branch upstream of Walnut Creek Park Rd. 

~SSTEOOOOOOOOO Very High St. Elmo Branch of Williamson Creek 
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Section 7 

Water Quality Assessment 

To compare the relative magnitude of water quality problems in the Phase I watersheds, a 

problem area point scoring system was developed. The scoring system was developed by 

ERM staff, with significant guidance provided by two EPA documents, Urban Targeting 

and BMP Selection: An Information and Guidance Manual for State NPS Program Staff 

Engineers and Managers (US EPA, 1990) and Geognmhic Targeting: Selected State 

Examples (US EPA Office of Water, EPA-841-B-93-001, February, 1993). Like the 

point systems for flood control and erosion control, the scoring system ranges from 0 to 

100 (with higher scores indicating the more severe water quality problems) and is based 

on problem severity and the resource value of the receiving waters. Receiving waters 

include Lake Austin, upper and lower segments of Town Lake, Colorado River below 

Town Lake, Southern Edwards Aquifer, Barton Springs Pool, Barton Creek, Bull Creek 

above Loop 360, McKinney Falls, and individual creek segments within the watersheds. 

The individual creek segments are referred to as Environmental Integrity Index (Ell) 

reaches, which are discussed below. The other receiving waters were identified because 

they are either major water bodies or resources (i.e., Lake Austin, Colorado River, Town 

Lake, and Southern Edwards Aquifer) or because they support high quality designated 

uses, especially contact recreation (Le., Barton Springs Pool, Barton Creek, Bull Creek 

above Loop 360, and McKinney Falls). 

7.1 Environmental Integrity Index (Ell) and Ell Reaches 

To consider water quality problems at a local level as well as at a larger scale, the creeks 

within each watershed were broken up in to segments known as Environmental Integrity 

Index (Ell) reaches. This approach is similar to that used for the flood control and 

erosion control missions, where creeks were divided into segments. A total of 70 Ell 

reaches were identified in the 17 Phase I watersheds. 

The Ell is a tool developed by the City of Austin's Environmental Resource Management 

Division to monitor and assess the ecological integrity and the degree of impairment 0 . 
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Section 7 
Water Quality Assessment 

Austin creeks (Environmental Integrity Index Water Quality Technical Assessment 

Methodology, City of Austin, Watershed Protection Department, August 1997). A 

primary motivation for developing the Ell was to address the concern that water 

chemistry data alone does not adequately describe the health of water resources. By 

measuring a range of chemical, physical, and biological conditions, a more accurate 

assessment of stream health results. 

To formulate the Ell, the designated water uses specified in the Clean Water Act Section 

303 [c ] (2)(A) that are applicable to Austin area creeks were identified and condensed into 

six protection categories. These categories are aquatic life protection, non-contact 

recreation, contact recreation, habitat quality, water quality, and sediment quality. 

Specific parameters under each of these categories were selected after careful review of 

other state and federal water quality monitoring and assessment protocols, and 

professional judgement. In particular, the US Environmental Protection Agency 

(USEPA) Rapid Bioassessment Protocols (plafkin, et al. 1989) and the Texas Natural 

Resource Conservation Commission, (TNRCC) Use Attainability Assessment and 

Physical Characteristic Assessment (TNRCC, 1988) were useful references. However, 

some of the Ell procedures are new or modified from existing state or federal protocols to 

better reflect Central Texas ecoregions and local conditions. The six major categories 

(sub-indices) are summarized in Table 7 - 1 and are as follows: 

1. Contact recreation swimming and wading 

2. Non-contact recreation and aesthetics 

3. Water quality 

4. Sediment quality 

5. Physical integrity and channel stability 

6. Aquatic life support 

The Ell score is calculated as the average of these six sub-indices, i.e., each sub-index is 

equally weighted. Typically sediment quality is sampled at only one site per watershed 

(the most downstream site) and the resulting score is assigned to all upstream reaches. 
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Table 7 - t 

Section 7 
Water Quality Assessment 

Summary of Ell Categorical Components 

Contact Recreation Non-Contact 
Water Quality Sediment Quality Physical Integrity & Channel 

Aquatic Life Support Swimmin£/Wadin2 Recreation/Aesthetics Stabilitv 
Fecal Coliform Surface Appearance Fecal Coliform Metals Channel Alteration Macroinvertebrate 

Litter Total Suspended PAHs Sediment Deposition Community Structure 

Odor Solids Organochlorides, Embeddedness Diatom Community Structure 

Clarity Total Dissolved Pesticides, & PCBs Channel Flow Status Algae Percent Cover 

Percent Algae Cover 
Solids Grain Size Condition of Banks Chlorophylla 

Greenbelt/Buffer Nitrate-Nitrogen Acid Volatile Sulfides Bank Vegetation Protection Fish (presence/absence) 

Trail/Access Orthophosphorus Total Hal'dlless Disruptive Pressure Instl'eam Covel' 
Ammonia-Nitrogen 

Riparian Zone Width Channel Flow Status 

Late,.al Stability Embeddedness 

Ve,.tical Stability Frequency of RifJles 

Bed Material Size Dist,.ibution Anaerobic Conditions 

Channel Stability Ripal'ian Zone Width 

Landform Slope RipOlian Vegetation Type 

Mass Wasting 
Debris Jam Potential 

Entrenchment Ratio 
Bank Rock Content 
Cutting & Deposition 

Scouring 

Rock Angularity 

Brightness(Clean Rock) 

Attached Aquatic Vegetation 

Obstructions 

Consolidation 

Bank Vegetation Protection 
Percent Stable Material 

Note: Italicized Parameters are Not Used in Scoring Ell 
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Section 7 
Water Quality Assessment 

The Ell reaches were delineated based on the locations of sampling sites for the water 

quality and aquatic life support sub-indices (see Figure 7 - 1). The location of these 

sampling sites were selected based primarily on (1) presence of riffles (necessary for 

aquatic life support sampling), (2) access to creek, and (3) approximately equal number 

of reaches per watershed. Some changes have been made to this criteria for future Master 

Plan assessments, primarily that the number or sites/reaches per watershed is now a 

function of watershed drainage area. 

7.2 Resource Values 

Resource values were determined for each receiving water, which are the Ell reaches and 

the nine major receiving waters mentioned previously. Resource values are based on a 0 

to 100 scale, with a score of 100 representing the highest possible resource value. 

The resource values for the nine major receiving waters reflect the number and quality of 

designated uses (e.g., contact recreation swimming and aquatic life support) supported by 

the receiving water as well as the relative importance placed on the receiving water by 

the Citizens Advisory Group. The resource values for the nine major receiving waters 

are listed in Table 7 - 2. 
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Table 7 -2 

Resource Values for Receiving Waters 

Receivin2 Water Resource Value 

Lake Austin 100 

Upper Town Lake 85/35* 

Lower Town Lake 35 

Colorado River below Longhorn Dam 30 

(to E edge of Austin ETJ) 

Southern Edwards Aquifer 95 

Barton Springs Pool 45 

Barton Creek (all) 35 

Bull Creek above Loo~ 360 (Ell 350) 30 

McKinney Falls (east of BSZ) 30 
* 85135 represents Current/Future Resource Values for Upper Town Lake; 

future condition assumes Green Water Treatment Plant no longer in service . 
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Section 7 
Water Quality Assessment 

Resource values for the Ell reaches were developed differently than those for the nine 

major receiving waters. For Ell reaches, each Ell score was categorized with a narrative 

rating based upon the ranges shown in Table 7 - 3. The current narrative rating 

determined the rating goal which in turn determined the resource value for the segment as 

described below and reflected in Table 7 - 3. 

Table 7-3 

Ell Narrative Rating Score Ranges 

Current Current Target 
Minimum 

Resource 
Narrative Numeric Ell Narrative 

Goal Score 
Value 

Score Score Score* Score 

Very Bad 0.0 - 12.5 Good 62.6 15 
Bad 12.6 - 25.0 Good 62.6 15 
Poor 25.1 - 37.5 Good 62.6 15 

Marginal 37.6 - 50.0 Good 62.6 15 
Fair 50.1 - 62.5 Good 62.6 15 

Good 62.6 -75.0 Very Good 75.1 20 
Very Good 75.1 - 87.5 Excellent 87.6 25 
Excellent 87.6 - 100 Excellent 87.6 25 

*One level above current score with a minimum goal of "Good." 

From these ratings, water quality objectives were established based on the following Ell 

goals: 

7-6 

• If the current Ell score is "Excellent", the goal is to maintain an "Excellent" 

score; 

• If the current Ell score is "Very Good", the minimum goal is to achieve a 

score of "Excellent"; 

• If the current Ell score is "Good", the minimum goal is to achieve a score of 

"Very Good"; and, 

• If the current Ell score is less than "Good", the minimum goal is to achieve a 

score of "Good". 

.. city of austin 
June 2001 

Watershad Protection 
~------------------

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

( 

l 

( 
( 



r 

r 

r 

c. 
( 
L~ 

l 

7.3 Problem Severity 

Section 7 
Water Quality Assessment 

Problem severity scores were developed for current and future conditions A "weighted 

factor" scoring system was used whereby either direct or surrogate measures of water 

quality conditions were assigned relative importance ("weights"), and the magnitude of 

problems calculated on a 0 to 100 point scale, with 100 being the most severe problem. 

The current problem severity score for each Ell reach is based on how far apart the 

current water quality condition (measured as an Ell score) is from the desired water 

quality condition (the lowest Ell score within the range for it's stated goal category; 

e.g.lowest numerical value that would achieve "Very Good"). The current problem 

severity score for each Ell reach was computed in several steps. First the ratio of Ell 

score to Ell goal was calculated, e.g., if the Ell Score = 52 (= "Fair") and the Ell Goal = 

62.6 (= "Good"), the ratio is 52/62.6 = 0.83. This value can be interpreted as the degree 

of Ell goal achievement, e.g., the reach is achieving 83% of its Ell goaL As it is 

necessary for problem severity scores to increase in ascending order, the Ell score:EII 

goal ratio is subtracted from 1, e.g., I - 0.83 = 0.17. The higher this value, the further the 

En reach is from achieving its Ell goal, and the worse the problem severity. Finally, the 

scores are converted to a 100 point scale by setting the worst individual reach to a score 

of 100, e.g., if the worst reach has a I-Ell score:EII goal value of 0.52, then a Problem 

Severity Score for the example reach would be 100 * (0.17/0.52) = 32.7. 

Current problem severity scores for each of the nine major receiving waters were 

developed based upon available information. The type of data information for each 

varied considerably, as did water quality goals, thus the data and procedures used to 

calculate problem severity scores varied with receiving water. As an example of the 

difference between goals, a "non-degradation" goal exists for the Southern Edwards 

Aquifer while the primary goal for the Colorado River below Longhorn Dam is the less 

restrictive "maintain existing designated uses." For Town Lake (upper and lower), 

Southern Edwards Aquifer, and Barton Springs Pool, recent studies and models from the 

City and CRWR were available for characterizing and predicting water quality and 

hydrologic conditions. For Lake Austin and the Colorado River below Longhorn Dam, 

assessment reports produced by TNRCC and monitoring data from the USGS were 
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Section 7 
Water Quality Assessment 

primary sources of infonnation. For the three "contact recreation" receiving waters, i.e., 

Barton Creek, Bull Creek, and McKinney Falls, the Ell data for creek reaches located 

within these was used to assess current conditions. Other factors selectively used 

included the City'S spills database, the Visual Index of Pollution (Town Lake only), and 

analysis of monitoring data by ERM staff. Table 7 - 4 summarizes the factors used to 

calculate current problem severity scores for the nine major receiving waters. For each 

factor, a weight was assigned to represent a relative importance, and a problem severity 

score calculated based on either a numerical goal (e.g., "maintain existing pollutant 

loads") or as a normalized value (e.g., worst Spills Risk score assigned value of 100, with 

all others nonnalized against that score). 

Table 7-4 

Problem Severity Scoring Factors for Current Conditions for tbe 

Nine Major Receiving Waters 

- - = ~ ~ -rI'l "C~ .c '" rI'l = = "C ~ 
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Lake Austin X X X X 
Town Lake (Upper and Lower) X X X 
Colorado River below Longhorn 

X X X X Dam 
Southern Edwards Aquifer X X X 
Barton Springs Pool X X X 
Barton Creek (all) X 
Bull Creek above Loop 360 X 
McKinney Falls X 

Future problem severity scores for the Ell reaches and nine major receiving waters were 

calculated using a combination of factors. some of which were based on the difference 

between the current and projected future conditions, and others on the projected future 

condition alone (where current conditions scores were limited or not available, e.g., 
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Section 7 
Water Quality Assessment 

current construction loads). As an example of the case where the score is based on the 

difference between current and future conditions, the water quality in an urban Ell reach 

may not be meeting the water quality goal (i.e., it has a low Ell score). However, the 

watershed may be almost fully developed, so future changes in the pollutant loads and 

baseflow quantity are projected to be small. In this case, the Ell reach would have a high 

current problem severity score and a low future problem severity score. Like the current 

problem severity scores, future problem severity scores are calculated differently for each 

of the nine major receiving waters and the Ell reaches due to differing water quality goals 

and availability of models, studies and data. 

The future problem severity scores for Ell reaches were based on the change on seven 

scoring factors that may affect the six categories relating to water quality listed in Section 

7.1. The seven scoring factors are shown below. Each factor was assigned a "weight" by 

ERM staff to reflect an assumed relative importance; with the sum of all weights = 1. 

Table 7 - 5 summarizes this information. 

Table 7-5 

Future Problem Severity Scoring Factors 

and Weights for Ell Reaches 

Scorine: Factor 
Change in TSS Loads 
Change in Nutrient Loads (TN, TP, TOC) 
Change in Toxic Loads (Cu, Pb, An, TOC, COD) 
Construction Loads 
S~ills Risk 
Change in Baseflow quantity 
Reach stability/physical integrity 

Weie:ht 
0.10 
0.10 
0.20 
0.10 
0.10 
0.20 
0.20 

The use of these "surrogate" indicators was necessary because no numerical procedure 

was available for predicting Ell scores. Post-assessment investigations conducted by 

ERM indicate that the selected indicators are appropriate, as statistically significant 

correlations have been found to exist between them and the Ell sub-indices. The TSS 

load, nutrient load, toxic load, construction load, and baseflow quantity estimates were 

calculated using the GIS-based model developed jointly by ERM staff and the University 
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Section 7 
Water Quality Assessment 

of Texas Center for Research in Water Resources (CRWR). The reach stability/physical 

integrity score was estimated for the Ell reaches using the Future Reach Stability scores 

from the Watershed Erosion Assessments. 

The future problem severity scoring factors for the nine major receiving waters varied 

based on the goals of the receiving water and lor the availability of information. For all 

except the Colorado River below Longhorn Dam, the CRWR model was used to estimate 

future loads (including construction loads) and/or baseflow quantities. These estimates 

had to be extrapolated from the model for Lake Austin, and are only approximations. For 

the Colorado River below Longhorn Dam, future land and impervious cover could be 

estimated, and the latter was used as a surrogate indicator of future changes. Recognizing 

the limitations of modeled predictions for Lake Austin and the Colorado River below 

Longhorn Dam, trend analysis of monitoring data was added as a scoring factor. Spills 

risk scores were also projected, as a function of impervious cover, for all nine receiving 

waters. For the Southern Edwards Aquifer and Barton Springs Pool, the CRWR model 

was used in conjunction with the 1995 Santos and Loomis Barton Springs Zone Retrofit 

Master Plan Study and the CRWR "Parsimonious" model to predict future changes in 

pollutant loads and recharge volumes. Table 7 - 6 summarizes the factors used to 

calculate future problem severity scores for the nine major receiving waters. As with the 

current problem severity scoring system, a weight was assigned to each factor to 

represent its relative importance, and a problem severity score calculated based on either 

a numerical goal (e.g., "maintain existing pollutant loads" ) . or as a normalized value 

(e.g., worst Spills Risk score assigned value of 100, with all others normalized against 

that score). 
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Table 7-6 

Section 7 
Water Quality Assessment 

Problem Severity Scoring Factors for Future Conditions 
for the Nine Major Receiving Waters 
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Lake Austin X X X X 
Town Lake (Upper and Lower) X X X X 
Colorado river below 

X X X 
Longhorn Dam 
Southern Edwards Aquifer X X X X 
Barton Springs Pool X X X X 
Barton Creek (all) X X X X X 
Bull Creek above Loop 360 X X X X X 
McKinney Falls X X X X 

7.4 Water Quality Problem Area Scores 

The basic procedure for calculating water quality problem scores is to multiply resource 

value times problem severity. Results were compiled by Ell reach, incoIporating the 

problem scores for the nine other receiving waters into the reach scores as shown in the 

following equation: 

n 
Problem Score = L {Welll'*RV cur*CPS*) + (Wfut*RV fut*FPS*) 

i = 1 

where n = number of receiving waters 
WeIII' = Weight assigned to Current problems 
RVelll' = Resource Value for Current Conditions 
CPS = Current Problem Severity Score 
Wfut = Weight assigned to Future problems 
RV fut = Resource Value for Future Conditions 
FPS = Future Problem Severity Score 

The method for compiling problem scores by Ell reach was based simply on the ratio of 

Ell reach drainage area and receiving water drainage area. This procedure was adopted 
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Section 7 
Water Quality Assessment 

from the EPA document Urban Targeting and BMP Selection: An Information and 

Guidance Manual for State NPS Program Staff Engineers and Managers, and results in 

the resource value of each receiving water being "allocated" to each Ell reach. For 

example, for an Ell reach with a drainage area of 200 acres that discharges to a receiving 

water with a resource value of 50 and a drainage area of 5000 acres, the "allocated" 

resource value for the Ell reach would be 50* (200/5000) = 2.0. The drainage area used 

for Lake Austin was the area between Mansfield and Tom Miller Dams. For Town Lake 

it was the area between Tom Miller and Longhorn Dams. For the Colorado River below 

Longhorn Dam, the drainage area was based on the eastern edge of Austin's ETJ. 

It was decided that present and future problems would be equally weighted, (i.e., Wcur = 

Wfu! = 0.5). Once all of the total problem scores were calculated, they were scaled to a 0 

to 100 scale by dividing each problem score by the highest (worst) problem score and 

multiplying by 100. 

7.5 Results 

The water quality problem scores (Table B-3, found in Appendix B) were used to 

identify relative water quality concerns for creeks and their major tributaries in the Phase 

I watersheds. There were a total of 70 water quality monitoring points and associated 

reaches. Figure 7 - 2 presents the distribution of water quality problem scores. Figure 7-

3 depicts the results of the problem area prioritization for water quality problems. The 

average water quality problem score is 40.26 and the median water quality problem score 

is 34.85. A narrative rating of Very Low was assigned to a problem score of 0-20, a 

narrative rating of Low for 20-40, a narrative rating of Moderate for 40-60, a narrative 

rating of High for 60-80 and a narrative rating of Very High for 80-100. Overall, the 

results indicate that water quality problems are widely distributed, spatially and 

temporally. Not surprisingly, urban creeks are the most degraded currently while future 

threats are of most concern in the non-urban creeks. Rapidly developing watersheds, 

such as Walnut and Bull still retain good water quality conditions but are showing signs 

of degradation. Closer inspection of the results shown in Appendix B also indicates that 

while the current condition of the other nine receiving waters (e.g., Town Lake, Southern 

Edwards Aquifer) is quite good, significant degradation may occur in the future. 
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Figure 7 - 2 
Water Quality Problem Score Distribution 

BAR 000 000 112450 WQ -100 
Barton Creek @ Hwy 71 above Little Barton 

Current Rating is Excellent; Goal is Excellent 
Overall Problem Rating is High 

Highest degree of projected degradation 

FOR 000 000 028635 WQ - 50 r Fort .0,"'" " G'onae,' Dri" 
Current Rating is Marginal; Goal is Good 

Overall Problem Rating is Moderate 

/ Projected degree of water quality improvement 

~ 
.......... ----.... 

LWA 000 000 025680 WQ = 27.6 
Little Walnut Creek at Hermitage Drive 

Current Rating is Fair; Goal is Good 

Overall Problem Rating is Low 
Some projected water quality improvement 
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Section 7 
Water Quality Assessment 

Water Quality Problem scores depicting current conditions only are shown in Appendix 

B. Watershed Summaries for the Phase I watersheds are also provided in Appendix B. 

These summaries discuss both current and overall problem score results for each 

watershed. 

Bull Creek watershed has the highest average score (63.48) of all Phase I watersheds, 

followed by Country Club Creek (with an average score of 58.73) and Johnson Creek 

(with an average score of 57.10). All three of these watersheds each include two of the 

top ten problem reaches. 

While Barton Creek only ranks fourth based on average watershed score, it contains the 

reach with the worst water quality problem rating, as indicated by the score of 100. This 

reach is characterized by sampling taken at Hwy 71 above Little Barton (Ell Site 78). 

The current Ell rating for this site is "Excellent" and the Ell goal is "Excellent." This 

problem score of 1 00 is driven largely by two factors, one being the receiving waters 

which this reach contributes to (e.g., Town Lake, Southern Edwards Aquifer) and the 

other being the predicted future conditions. 

The top ten water quality problem areas listed alphabetically are as follows: 

Reach ID Ratine Location 
B~000000112450 Very High Barton Creek at Hwy 71 above Little Barton 

BULOOOOOOO 1321 0 Very High Bull Creek at Loop 360 First Crossing 

BULOOOOOO036500 Very High Bull Creek at St. Edwards Park above dam 

CNTOLDOOOOO0450 Very High Country Club Creek below Grove Drive 

CNTOLDOOOO08075 High Country Club Creek at Crossing Place Drive 

EBOOOOOOOO 12600 Very High East Bouldin Creek at South Austin Center 

JOHOOOOOOOO0350 Very High Johnson Creek at 1st Street 

JOHOOOOOOO05600 High Johnson Creek at 11 th Street 

WBOOOOOOOOO0800 High West Bouldin Creek at Riverside Drive 

WBOOOOOOOO07100 High West Bouldin Creek at Guerrero Park 

For an overview of water quality problem ratings for the Phase I watersheds as compared 

to erosion control, flood control, and integrated scores, please refer to Figures 8 - 6 

through 8 - 22 found in Section 8. For information on specific scores for each watershed, 

please refer to the Watershed Summary section (Volume II) of the Master Plan. 
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Section 8 

Integrated Assessment 

8.1 Study Methods 

After problem area scores were developed for the flood, erOSIOn and water quality 

missions, an "integrated" problem area score was developed. The integrated problem 

score provides additional insight into potential watershed management strategies by 

combining the results of the three individual mission studies to identify areas of 

concurrent flood, erosion, and water quality problems. While integrated solutions will be 

considered to the greatest extent possible for areas with single mission concerns, creek 

reaches with higher integrated problem scores demonstrate an increased need for multi­

purpose solutions. 

The process of combining the three individual mission scores, as shown in Figure 8 - 1, 

involved both: 

1. Converting the numeric mission scores to narrative scores, and 

2. Averaging the three narrative scores to create a single "integrated" narrative 
score. 

Public 
Input 

• 

June 2001 

EC 

Figure 8-1 

Integrating Mission Scores 

FC WQ Scale 

Problem Scores 0-100 

N arrati ve Ratings Very Low - Very High 

Integrated Rating Very Low - Very High 

• city of austin 

Watarshed Protection 
~-----------------
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Section 8 
Integrated Assessment 

8.1.1 Converting Mission Scores 

Because scoring systems and the resulting distribution of problem scores varied 

considerably between the flood, erosion, and water quality missions, an "integrated" 

score could not be generated by simply adding the results of each mission. For example, 

on a relative basis, a mission score of 35 would represent a High erosion problem rating, 

a Very High flood control rating and a Low water quality rating. Therefore, an average 

integrated score of 35 would provide little insight into the relative problems for each 

mission. In order to use the numeric mission scores to create a single integrated score, 

the numeric scores were standardized to a narrative rating range. Each mission identified 

the numeric scoring range that represented one of five narrative categories (Very Low, 

Low, Moderate, High and Very High). The numeric mission scores were then converted 

to a narrative score based on the range in which they fell. Table 8 - 1 summarizes the 

conversion basis for each of the three missions. Figures 8 - 2, 8 - 3, and 8 - 4 show 

graphic representation of these conversions applied to the histogram of each mission 

problem area score distribution (from Figures 4 - 3, 6 - 4, and 7 - 2). 

Table 8-1 

Problem Area Scores 

Narrative Mission Integrated Narrative 
Rating Flood Erosion Water Score Rating 

Control Control Quality Score 

Very Low 0-0 0-10 0-20 0-2 1 

Low 0-5 100 - 20 20-40 2-4 3 

Moderate 5 - 10 20- 300 40-60 4-6 5 

High 10- 20 30-40 60-80 6-8 7 

Very High 200 -100 40 - 100 80 - 100 8-10 9 

8-2 
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Section 8 
Integrated Assessment 

Flood Control Problem Score Distribution 
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Section 8 
Intearated Assessment 

Figure 8 - 4 
Water Quality Problem Score Distribution 
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8.1.2 Averaging Narrative Scores 

Once the mission scores were converted to a narrative rating, an integrated score for each 

creek reach was produced by taking the weighted average of the narrative rating scores 

(shown in Table 8 - 1). 

This calculation is described as follows: 

Where: 

8-4 

IS = Integrated Score for each Creek Reach 

WE,F,W = Weightings based on public input (see below) 

ECNR = Erosion Control Narrative Rating Score 

FCNR = Flood Control Narrative Rating Score 

WQm = Water Quality Narrative Rating Score 
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Section 8 
Integrated Assessment 

Weights used in the above equation to combine the scores from the three missions were 

based on results of the telephone public survey described in Section I of this Master Plan. 

The telephone survey gauged the public's relative concerns regarding each of the 

missions on both a watershed-segment and City-wide basis. Survey results for both the 

watershed-based and City-wide responses were used to combine the mission scores. The 

final weights (W) were based on 75 percent of the watershed-segment (S) weight and 25 

percent of the City-wide (C) weight. [Or W = (O.75*S)+(O.25*C) for each mission.] 

Therefore, the final integrated score incorporated the public's perspective on relative 

watershed concerns on both a local and City-wide basis. [Note: The watershed segment 

(S) survey results for flood control contained two factors - public safety and property 

protection. An average of these results was used to represent the flood control watershed 

segment (S) value.] 

Once the integrated score (IS) is calculated, a 

narrati ve score is assigned based on the ranges 

shown in Table 8 - 1. The process of 

calculating "integrated" scores was completed 

with the use of a GIS application. As discussed 

in Sec 3.3, each mission has a different method 

for defining the beginning and end of applicable 

reach segments. In order to integrate the three 

mission scores into a combined score, a reach 

segment network must be created that accounts 

for all break points across missions. The GIS 

application queries each mission for the 

associated mission scores for each integrated 

segment, applies the public input weighting 

factors, and calculates an integrated score . 

June 2001 
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Section 8 
Integrated Assessment 

8.2 Integrated Results 

As described in Section 8.1, averaging the flood, erosion and water quality problem 

scores for each segment or reach of a creek resulted in the assignment of integrated 

problem area ratings. These composite (integrated) scores help identify areas that are 

most appropriate for the implementation of an integrated solution - a solution that 

simultaneously addresses the flood, erosion and water quality needs of an area. 

Figure 8 - 5 shows the distribution of Integrated Problem Scores in the Phase I 

watersheds. 
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Figure 8 - 5 
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Section 8 
Integrated Assessment 

This distribution is broken out by watershed in Table 8 - 2. 

Table 8-2 

Integrated Score Distribution by Watershed 

# Integrated 
Narrative Rating 

Watershed Very Very Reaches Low Moderate High Low High 

BAR 17 2 14 1 0 0 
BLU 16 2 14 0 0 0 
BMK 13 2 10 1 0 0 
BOG 31 9 9 13 0 0 
BUL 91 4 10 64 12 1 
CNT 36 5 16 14 1 0 
EBO 18 0 4 12 2 0 
FOR 22 0 15 6 1 0 
HRP 11 1 10 0 0 0 
JOH 21 0 19 2 0 0 
LWA 65 21 37 5 2 0 
SHL 56 7 45 2 2 0 
TAN 36 18 11 7 0 0 
WBO 21 1 9 10 1 0 
WLN 181 3 94 67 16 1 
WLR 36 11 23 2 0 0 
WMS 111 4 46 57 4 0 
Total 782 90 386 263 41 2 

Of the 782 integrated problem reaches, nearly half of them have integrated score ratings 

of Low. Nearly a third of them are rated as Moderate problem areas and about a tenth of 

them are considered to be of Very Low problem concern. Less than ten percent of all 

Phase I integrated reaches are considered to be High or Very High problem concern 

areas. For a reach to receive an integrated rating of Very High, all three missions must 

have a High or Very High problem rating. Likewise, an integrated rating of Very Low 

requires that all three missions for that reach be rated Low or Very Low . 
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Section 8 
Integrated Assessment 

Figures 8 - 6 through 8 - 22 show the results of the integrated scoring process for each of 

the Phase I watersheds. Each figure shows the narrative ratings for flood, erosion, and 

water quality and the combined integrated score. Based on this integrated assessment, 

there are two reaches that have an integrated problem score rating of Very High as a 

result of the combined extent of erosion, flooding and water quality problems in the area. 

These two reaches are: 

• the Crystal Brook area of the Walnut Creek watershed - this reach was rated Very 
High for flood and erosion problems and High for water quality problems. 

• Bull Creek in the vicinity of the intersection of Spicewood Springs and Yucca 
Mountain Rd between the Bull Creek Greenbelt and St Edwards District Park -this 
reach was rated Very High for erosion and water quality problems and High for 
flood control problems. 

Both ofthese reaches would likely benefit the most from an integrated solution. 

Priority areas for potential integrated solution implementation are listed below: 

Reach Ratin2 Location 
BtnLOOOOOOO24880 High 

BtJ.LOOOOOOO26350 High Collectively from the confluence with Tributary 3 (near the 

BtJ.LOOOOOOO28500 High intersection of Spicewood Springs and Yaupon Dr.) to the 

BtJ.LOOOOOOO30300 Very High 
entrance of the main stem into St Edwards District Park 

BtnLOOOOOOO32050 High 

BtJ.LT02000010150 High The section of Tributary 2 that passes through Austin Hills 
Park (near Floral Park Dr.) 

VVLNOOOOOOO20380 High Just north of the intersection of Johnny Morris Rd and FM 
969 

VVLNOOOOOOO30000 High 

VVLNOOOOOOO30087 High Collectively from Loyola Ln to just upstream of the 

VVLNOOOOOOO32125 Very High confluence with Tributary 3 (near Crystalbrook Subdivision) 

VVLNOOOOOOO34245 High 

~OOOOOOO35040 High 

~SOOOOOOO49660 High Just upstream of Jones Rd. 

~SOOOOOOO52150 High Collectively from the confluence with Cherry Creek to the 

~SOOOOOOO52740 High entrance of the main stem into Valley Creek Park (Reese Dr.) 

8-8 
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Section 8 
Integrated Assessment 

The process of detennining integrated problem scores provides WPD with another means 

of prioritizing problem areas and developing management strategies. It should be noted 

that opportunities for developing integrated solutions were investigated for all problem 

areas and not just those with a relatively high integrated problem score. The initial 

feasibility of actually implementing a specific integrated or single mission solution for 

specific watershed problems throughout the Phase I watersheds is addressed in Section 

10. 
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