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&ÏÒÅ×ÏÒÄ 

Report Purpose and Budget Impacts 

The actions listed in the Whipple Creek Watershed-Scale Stormwater Plan Report (Report) 

implementation plan are not part of the Clark County Stormwater Program Plan submitted under Permit 

condition S5.A., which is supported by the current County budget. The Report is created solely to meet 

Permit requirement S5.C.5.c.  

No new actions in the Report are supported by the current County budget approved by the Clark County 

Board of County Councilors (BOCC). Implementation of any new action in this plan, not currently 

supported by the County budget, is subject to future budget approval by the BOCC. The Report may only 

be used to guide county planning for future actions to improve Whipple Creek stream health. 

Submittal of this plan to Washington Department of Ecology has no budget impacts. 

  



[ii] 

  



[iii] 

3ÕÂÍÉÔÔÁÌ ÆÏÒ 3υȢ#ȢυȢÃȡ 
7ÈÉÐÐÌÅ #ÒÅÅË 7ÁÔÅÒÓÈÅÄ-3ÃÁÌÅ 
3ÔÏÒÍ×ÁÔÅÒ 0ÌÁÎ 2ÅÐÏÒÔ 

Table of Contents 
Introduction .................................................................................................................................................. 1 

A. Summary ........................................................................................................................................... 1 

B. Purpose and Background .................................................................................................................. 1 

C. Regulation ......................................................................................................................................... 2 

D. Water Quality Goals .......................................................................................................................... 3 

E. In-Stream Hydrology Goals ............................................................................................................... 3 

I. Existing Conditions ................................................................................................................................... 8 

A. Watershed Setting ............................................................................................................................ 8 

B. Hydrology ........................................................................................................................................ 12 

C. Water Quality .................................................................................................................................. 15 

D. Temperature ................................................................................................................................... 17 

E. Benthic Macroinvertebrates - Biologic Health ................................................................................ 17 

F. Fish Distribution and Habitat .......................................................................................................... 18 

G. Areas of Special Attention .............................................................................................................. 20 

II. Creating Models of Whipple Creek ........................................................................................................ 21 

A. Purpose of Models .......................................................................................................................... 21 

B. Calibration Period and Data ............................................................................................................ 21 

C. Hydrology Model Creation and Calibration .................................................................................... 23 

D. Water Quality Model Creation and Calibration .............................................................................. 24 

E. Reporting Model Results ................................................................................................................. 26 

III. Predicting the Future in Whipple Creek ................................................................................................. 28 

A. Future Development in Whipple Creek .......................................................................................... 28 

B. Baseline Scenarios ........................................................................................................................... 30 

C. Strategies to Meet Water Quality Goals ......................................................................................... 35 

D. Future Scenario Models .................................................................................................................. 39 

E. Future Scenario Supplemental Strategies (Not Modeled) .............................................................. 49 

F. Goal Attainment .............................................................................................................................. 50 

IV. Implementation Plan.............................................................................................................................. 53 

A. Scope and Limitations ..................................................................................................................... 53 

B. Responsible Parties ......................................................................................................................... 53 

C. Estimated Costs ............................................................................................................................... 54 

D. Financial Analysis ............................................................................................................................ 58 

E. Adaptive Management ................................................................................................................... 60 



[iv] 

F. Schedule .......................................................................................................................................... 64 

V. Public Review Process ............................................................................................................................ 66 

VI. Works Cited ............................................................................................................................................ 67 

 

Table of Figures 
Figure 1: Whipple Creek Study Area ............................................................................................................. 9 

Figure 2: Whipple Creek Observed Stream Flow at WPL050 Gage (in cubic feet per second (cfs)) ........... 13 

Figure 3: Monitoring Stations and Contributing Basins to Each Station ..................................................... 15 

Figure 4: Lower Whipple Creek WPL050 Main Stem Exceedances of Temperature Criterion ................... 17 

Figure 5: WDFW Fish Distribution Maps ..................................................................................................... 19 

CƛƎǳǊŜ сΥ tǳǊǇƻǎŜ ƻŦ /ƻƳǇǳǘŜǊ aƻŘŜƭǎ ƻŦ ²ƘƛǇǇƭŜ /ǊŜŜƪΩǎ IȅŘǊƻƭƻƎȅ ŀƴŘ ²ŀǘŜǊ vǳŀƭƛǘȅ ...................... 21 

Figure 7: Whipple Creek Soil Groups .......................................................................................................... 22 

Figure 8: Modeled Sub-basin Boundaries ................................................................................................... 23 

Figure 9: Model Results Reporting Reaches (Shown as Sub-basins) and Contributing Sub-basins ............ 27 

Figure 10: Map of Predicted B-IBI Scores and Adjusted Salmonid Uses - Full Build-out (FS1) ................... 34 

Figure 11: Sequential Scenario Modeling and Strategy Application Concept ............................................ 40 

Figure 12: Map of Predicted B-IBI Scores and Adjusted Salmonid Uses  - Urban Structural Retrofits 

(FS2) ............................................................................................................................................ 42 

Figure 13: Map of Predicted B-IBI Scores and Adjusted Salmonid Uses  - Rural Retrofits (FS4) ................ 47 

Figure 14: Screenshot of Whipple Creek Watershed Assessment Web Page ............................................ 66 

 

Table of Tables 
Table 1: Designated Uses and Water Quality Standards for Whipple Creek Discussed in this Report ........ 3 

Table 2: Hydrologic Metric Definitions and Selection Status........................................................................ 4 

Table 3: Correlation of B-L.L ǘƻ {ŀƭƳƻƴƛŘ ¦ǎŜ !ǘǘŀƛƴƳŜƴǘ ŦƻǊ 9ŎƻƭƻƎȅΩǎ олоόŘύ [ƛǎǘƛƴg ............................... 5 

Table 4: Correlation of HPC to Salmonid Use Attainment ............................................................................ 6 

Table 5: Correlation of TQmean to Salmonid Use Attainment ..................................................................... 6 

Table 6: Whipple Creek Main Stem Channel Slopes ................................................................................... 13 

Table 7: Packard Creek Main Stem Channel Bottom Slopes ....................................................................... 14 

Table 8: Summary Comparison of Whipple Creek Water Quality to State Standards ................................ 16 

Table 9: 2014 and 2015 Salmonid Use Attainment Based on B-IBI (Based on Observed Conditions) ....... 18 

Table 10: Hydrology Model Performance ................................................................................................... 24 

Table 11: Water Quality Model Performance ............................................................................................. 25 

Table 12: Future Land Cover in Whipple Creek .......................................................................................... 28 

Table 13: Predicted B-IBI Under Simulated Forested Land Cover .............................................................. 30 

Table 14: Simulated Flow Metrics and Salmonid Use Attainment Under Simulated Forest Land Cover ... 31 

Table 15: Adjusted Salmonid Fully Supporting Use Range (B-IBI) by Reporting Sub-basin ........................ 31 

Table 16: Pollutant Removal Rates ............................................................................................................. 33 

Table 17: Predicted B-IBI, Flow Metrics, and Salmonid Use Ranges for Full Build-out Baseline (FS1) ....... 33 

Table 18: Predicted Water Quality Violations, Full Build-out Baseline (FS1) .............................................. 35 

Table 19: Optional Management Strategies Considered ............................................................................ 37 



[v] 

Table 20: Predicted B-IBI, Flow Metrics, and Salmonid Use Ranges - Urban Structural Retrofits (FS2) ..... 41 

Table 21: Water Quality Violations, Urban Structural Retrofits (FS2) ........................................................ 43 

Table 22: Comparative Benefits of FS2 ....................................................................................................... 44 

Table 23: Existing and Future Shade (in % of Stream Reach Where Base Model was not Fully Shaded) .. 44 

Table 24: Comparison of Water Temperature Violations, FS1 and FS3...................................................... 45 

Table 25: Comparative Benefits of FS3 ....................................................................................................... 45 

Table 26: Predicted B-IBI, Flow Metrics, and Salmonid Use Ranges - Adding Rural Structural Retrofits 

(FS4) ............................................................................................................................................ 46 

Table 27: Comparison of Water Quality Violations in Different Scenarios ................................................. 48 

Table 28: Comparative Benefits of FS4 ....................................................................................................... 49 

Table 29: Summary of Goal Attainment Under All Strategies .................................................................... 51 

Table 30: Best B-IBI-Correlated Salmonid Use Ranges Achieved Under Modeled Scenarios ..................... 52 

Table 31: Conceptual Cost Estimate of Urban Structural Retrofits ............................................................ 55 

Table 32: Conceptual Cost Estimate for Full Shade Strategy ...................................................................... 55 

Table 33: Conceptual Cost Estimate for Adding Rural Structural Retrofits Strategy .................................. 55 

Table 34: Conceptual Cost Estimate for the Channel Restoration Strategy ............................................... 56 

Table 35: Total Conceptual Capital Costs by Sub-basin .............................................................................. 57 

Table 36: Total Conceptual Annual O&M by Sub-basin at Full Implementation ........................................ 58 

Table 37: Cost Summary ............................................................................................................................. 59 

Table 38: Annual Stormwater Fee Increase per ERU .................................................................................. 60 

Table 39: Prioritization Categories .............................................................................................................. 63 

Table 40: Conceptual Schedule ................................................................................................................... 65 

 

Appendices 
A. Water Quality and Land Cover Relationship  

B. Assessment of Existing Water Quality Conditions  

C. Benthic Macroinvertebrate Summary 

D. Status of Whipple Creek Watershed Aquatic Community 

E. Whipple Creek Watershed Areas Appropriate for Special Attention  

F. Whipple Creek Watershed Hydrology Model Calibration Report 

G. Whipple Creek Watershed Water Quality Model Calibration Report  

H. Clark County Hydrologic Metrics Correlation to B-IBI  

I. Clark County Hydrologic Metrics as Designated Use Targets  

J. Whipple Creek Watershed Existing and Future Land Cover Data  

K. Using WWHM to Model Strategies for Full Build-Out Scenario Inside Whipple Creek UGA  

L. Channel Restoration Analysis  

M. Whipple Creek Use Attainability Initial Discussion 

N. Clark County Stormwater Regulatory Background 

O. Whipple Creek Watershed-Scale Stormwater Plan Report Cost Estimates 

P. Whipple Creek Watershed-Scale Stormwater Plan Report Financial Analysis Technical Memo 

Q. Analysis of Watershed Prioritization for Stormwater Retrofits 

R. Whipple Creek Watershed-scale Stormwater Planning Scope of Work 



[vi] 

 

 

This page intentionally left blank. 

 

 

 



Introduction  
 

[1] 

Introduction   

A. Summary  
The Whipple Creek Watershed-Scale Stormwater Plan Report (Report) is presented to fulfill condition 

{рΦ/ΦрΦŎ ƻŦ /ƭŀǊƪ /ƻǳƴǘȅΩǎ National Pollutant Discharge Elimination System (NPDES) Phase I Municipal 

Stormwater Permit (Permit), issued by the Washington Department of Ecology (Ecology). 

The Report documents the results of a high-level conceptual exercise to estimate the magnitude of 

effort needed to meet state-established water quality standards and in-stream flow conditions for the 

Whipple Creek watershed. The watershed spans about 12 square miles in southwest Clark County, 

Washington. It is situated north of Salmon Creek and south of Gee and Flume Creeks. Nearly five square 

miles of the upper watershed is inside the Vancouver urban growth area (UGA). 

The analyses in this Report relied on water quality and hydrology data in the watershed collected by 

Clark County over the past ten or more years. Observed conditions in the streams were used to calibrate 

computer models of the watershed, which allowed the County to estimate the effects of future planned 

ƭŀƴŘ ǳǎŜǎ ƻƴ ²ƘƛǇǇƭŜ /ǊŜŜƪΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŀƴŘ ƛƴ-stream conditions. Results generated by simulated 

future land use conditions did not meet some state water quality standards and did not result in in-

stream flow conditions that would allow salmon and other aquatic life to thrive. 

Numerous watershed-scale management strategies directly supportive of aquatic life were considered 

and some were simulated in the models. With full implementation throughout the watershed of 

strategies described in this plan, Whipple Creek would be predicted to meet state water quality 

standards for dissolved metals and temperature and to have improved (reduced) levels of fecal coliform 

bacteria. Modeled strategies did not appear capable of providing stream flow similar to a forested 

watershed that would fully support salmon and other aquatic life; although some improvements 

compared to current degraded conditions would be expected. 

Full implementation could incur capital expenditures of $346 million and ongoing operational costs of $4 

million annually.  

B. Purpose and Background  
Knowledge about the adverse impacts of stormwater runoff on water bodies is changing rapidly. Most 

stormwater mitigation is applied site-by-site as land is converted from forest or fields to roads, parking 

lots, buildings, and lawns.  

To analyze approaches to protecting streams and lakes, King County studied the predicted effects of 

alternative strategies in a single watershed. Juanita Creek is an urbanized 6.8 square mile watershed in 

King County and the City of Kirkland which was developed before current water quality treatment and 

flow control standards were required in western Washington. 

In 2012, King County and partners published the Stormwater Retrofit Analysis and Recommendations for 

Juanita Creek Basin in the Lake Washington Watershed under a grant from Ecology. The retrofit analysis 

studied numerous stormwater management scenarios in an attempt to find a strategy or combination of 
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strategies that would improve flow and water quality conditions to support fish use and other aquatic 

ƭƛŦŜ ƛƴ ǘƘŜ ǿŀǘŜǊǎƘŜŘΩǎ ǎǘǊŜŀƳǎ όYƛƴƎ /ƻǳƴǘȅΣ нлмнύΦ 

The Juanita Creek study found that if small distributed on-site stormwater management facilities (called 

low impact development (LID)) were applied to nearly all impervious surfaces and if larger traditional 

end-of-pipe treatment and detention facilities were constructed to retrofit most impervious surfaces up 

ǘƻ ŎƻƴǘŜƳǇƻǊŀǊȅ ǘǊŜŀǘƳŜƴǘ ŀƴŘ Ŧƭƻǿ ŎƻƴǘǊƻƭ ǎǘŀƴŘŀǊŘǎΣ Wǳŀƴƛǘŀ /ǊŜŜƪΩǎ ǎǘǊŜŀƳǎ would achieve the goals 

at an estimated cost of $1.4 billion (King County, 2012). 

On the heels of the Juanita Creek plan, Ecology began requiring each of the four Phase I western 

Washington counties ς King, Snohomish, Pierce, and Clark ς to conduct a similar study on an urban or 

urbanizing watershed. In its 2013-2018 Permit, Ecology required Clark County to select a watershed and 

perform watershed-scale stormwater planning as outlined in Permit section S5.C.5.c. The Permit-stated 

objective was ǘƻ άƛŘŜƴǘƛŦȅ ŀ ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ƻǊ ǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ ǿƻǳƭŘ ǊŜǎǳƭǘ ƛƴ 

ƘȅŘǊƻƭƻƎƛŎ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŎƻƴŘƛǘƛƻƴǎ ǘƘŀǘ Ŧǳƭƭȅ ǎǳǇǇƻǊǘ ΨŜȄƛǎǘƛƴƎ ǳǎŜǎΩ ŀƴŘ ΨŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎΣΩ ŀǎ ǘƘƻǎŜ 

terms are defined in WAC 173-201A-020, throughout the stream system.1έ  

In June 2014, Clark County submitted a scope of work and schedule outlining its plan to complete the 

watershed-scale stormwater planning requirement in the Whipple Creek watershed. Ecology approved 

ǘƘŜ /ƻǳƴǘȅΩǎ ǎŎƻǇŜ ƛƴ {ŜǇǘŜƳōŜǊ нлмп ŀƴŘ ǎŜǘ ŀ ŘŜŀŘƭƛƴŜ ƻŦ {ŜǇǘŜƳōŜǊ сΣ нлмт ŦƻǊ ǎǳōƳƛǘǘŀƭ ƻŦ ŀ Ŧƛƴŀƭ 

report. Appendix R includes the approved scope of work. 

/ƭŀǊƪ /ƻǳƴǘȅΩǎ ǎŎƻǇŜ ƻŦ ǿƻǊƪ ƛŘŜƴǘƛŦƛŜŘ ǘŀǎƪǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƳŜŜǘ ǎǇŜŎƛŦƛc sub-requirements of the 

watershed-scale stormwater planning requirement and to gather sufficient data to simulate Whipple 

/ǊŜŜƪΩǎ ƘȅŘǊƻƭƻƎȅ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƛƴ ŀ ŎƻƳǇǳǘŜǊ ƳƻŘŜƭΦ ¢ƘŜ ƳƻŘŜƭΣ ŎŀƭƛōǊŀǘŜŘ ǘƻ ²ƘƛǇǇƭŜ /ǊŜŜƪΩǎ 

observed current conditions, would then be used to simulate future development and stormwater 

management strategies in an attempt to find strategies that would attain designated uses. 

Clark County, together with Otak, Inc., implemented the scope of work from 2014 to 2017. 

The result is a conceptual watershed-scale stormwater plan report for Whipple Creek presented here to 

satisfy Permit requirement S5.C.5.c. 

C. Regulation  
The Clean Water Act (CWA) of 1972 is the principal federal law regulating discharge of pollutants into 

streams, rivers, and lakes. It controls discharges of pollutants by regulating both industries and 

government entities, such as cities and counties, which operate storm sewer systems that collect and 

discharge polluted stormwater runoff from urban and suburban areas. The National Pollutant Discharge 

9ƭƛƳƛƴŀǘƛƻƴ {ȅǎǘŜƳ όbt59{ύ ƛǎ ǘƘŜ /²!Ωǎ ǇŜǊƳƛǘǘƛƴƎ ǇǊƻƎǊŀƳΦ   

The CWA relies on the concept of designated uses to set goals for water quality. At a minimum, any 

existing use that the water body supported in 1974, such as fishing, swimming, or providing drinking 

water, must be maintained.  

                                                           
1
 WAC means Washington Administrative Code. 
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The Washington State Water Pollution Control Act (RCW 90.48) similarly protects surface waters of 

Washington State and ground water from discharge of contaminants, and it tasks Ecology with setting 

water quality standards.  

Lƴ ²ŀǎƘƛƴƎǘƻƴΣ ǘƘŜ /²!Ωǎ bt59{ permitting program is delegated by EPA and administered by Ecology. 

9ŎƻƭƻƎȅ ŜǎǘŀōƭƛǎƘŜǎ ŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎΣ ǿƘƛŎƘ Ƴŀȅ Ŝǉǳŀƭ ƻǊ ŜȄŎŜŜŘ ǘƘŜ /²!Ωǎ ŜȄƛǎǘƛƴƎ ǳǎŜǎΣ ŦƻǊ 

²ŀǎƘƛƴƎǘƻƴΩǎ ǎǳǊŦŀŎŜ ǿŀǘŜǊǎ. Ecology sets water quality standards that, if met, would theoretically 

sustain the designated uses. Ecology issues municipal stormwater permits and state waste discharge 

permits pursuant to the CWA and RCW 90.48. /ƭŀǊƪ /ƻǳƴǘȅΩǎ Permit is issued under this program. The 

Clark County Permit authorizes the discharge of stormwater from the county storm drainage system to 

waters of the state.  

D. Water Quality Goals  
Washington Administrative Code (WAC) Chapter 173-201A establishes water quality standards for 

Waters of the State. Standards are set for each water body based on its existing uses and designated 

uses.  

Ecology has not established individual designated uses for Whipple Creek, so default uses apply. The 

highest default uses are primary contact recreation and salmonid spawning, rearing, and migration.  

This Report analyzes and models those water quality constituents required by the Permit, and provides a 

cursory analysis of parameters ǊŜƭŀǘƛƴƎ ǘƻ ²ƘƛǇǇƭŜ /ǊŜŜƪΩǎ ŘŜǎƛƎƴŀǘŜŘ ǳǎŜǎ that are not specifically 

required to be evaluated in this Report by the Permit. Water quality standards used as the basis for 

analysis are shown in Table 1. 

Table 1: Designated Uses and Water Quality Standards for Whipple Creek Discussed in this Report 

Parameter Applicable Designated Use State WQ Standard Criteria 

Temperature 
Aquatic Life: salmonid spawning, 

rearing, and migration 
7-Day Average Daily Maximum 

(7-DADMax) of 17.5°C 

Fecal Coliform Primary contact recreation 
< geometric mean of 100 colonies / 100 mL and 

<10% of samples: 200 colonies / 100 mL 

Dissolved 
Copper 

Aquatic Life ς most sensitive biota: 
Toxic substances 

Acute and chronic criteria math formulas 
incorporating water hardness 

Dissolved Zinc 
Aquatic Life ς most sensitive biota: 

Toxic substances 
Acute and chronic criteria math formulas 

incorporating water hardness 

 

E. In -Stream Hydrology  Goals 
The ultimate goal of the state is to restore designated uses, chiefly to provide adequate habitat and in-

stream flow conditions to ensure the survival and recovery of native salmon.  

Hydrology and water quality models, however, do not directly estimate the ability of a stream to 

support fish populations. To account for this, the Permit requires in-stream flow conditions (hydrology) 

to be used as a surrogate for stream biologic integrity - ŀ ǎǘǊŜŀƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƻǊǘ ŀǉǳŀǘƛŎ ƭƛŦŜ ŦǊƻƳ ǘƘŜ 

bottom of the food chain to the top. 
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This Report uses four different methods to correlate modeled hydrology to stream biologic integrity, as 

described below. 

i. Relationship of Flow Metrics to B -IBI  Score 
The Benthic Index of Biological Integrity (B-IBI) is a widely used indicator of stream biologic health in the 

Pacific Northwest. The index uses a multi-metric analysis of macroinvertebrate taxa (bugs) that are 

present in gravel riffles of wadeable streams. 

The Permit requires the County to use a statistically valid relationship between one or more stream flow 

metrics reported by the hydrology model and B-IBI score.  

The applicability to Whipple Creek of several hydrologic metrics that are commonly used in the Pacific 

Northwest were evaluated, emphasizing those from research done on Puget Sound lowland streams 

(DeGasperi et al. 2009). Metrics are calculated using daily average flows.  

¦ǎƛƴƎ /ƭŀǊƪ /ƻǳƴǘȅΩǎ ƭƻƴƎ-term local monitoring data and statistical regression, three hydrologic metrics 

were evaluated for use in a correlation to B-IBI score: 1) TQmean; 2) High Pulse Count (HPC); and 3) High 

Pulse Range (HPR). Table 2 provides a definition for each metric and for high flow pulse, which is the 

base observation for two of the calculated metrics. 

Table 2: Hydrologic Metric Definitions and Selection Status 

Hydrologic Metric Definition Selection Status 

TQmean * 
Fraction of a year that the daily mean discharge rate 

exceeds the annual mean discharge rate 
Selected for use in 

Report 

High Flow Pulse ~ 
Occurrence of daily average flows that are equal to or 
greater than a threshold set at twice (two times) the 

long-term daily average flow rate 

N/A ς this is a base 
metric used to 

calculate HPC and HPR 

High Pulse Count 
(HPC) ~ 

The number of days each water year that discrete high 
flow pulses occur 

Selected for use in this 
Report 

High Pulse Range 
(HPR) ~ 

The range in days between the start of the first high 
flow pulse and the end of the last high flow pulse 

during a water year 

Not selected for use in 
this Report 

Sources: Booth et al. (2001, pp. 19-20) * and DeGasperi et al. (2009, pp. 512 and 518) ~ 

Six Clark County watersheds were eligible for inclusion in the evaluation of a statistically valid 

relationship between flow metrics and B-IBI. The three criteria for inclusion in the study were similarity 

to Whipple Creek and presence of sufficient B-IBI and continuous flow monitoring data. Two metrics 

were selected for use in this Report ς TQmean and HPC, described below. A detailed discussion of the 

analysis can be found in Appendix H. 

TQmean 
The TQmean metric has previously been used by Clark County and in the Puget Sound area (Booth et al., 

2001). All three metrics were used in a more recent Puget Sound lowland study (DeGasperi, et al., 2009). 
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Linear regression showed that only TQmean using the equation below had a significant relationship to B-IBI 

based on local data: 

Avg B-IBI = -16.7 + 154 Avg TQmean 

Further analysis during the effort to calibrate a hydrology model to observed conditions in Whipple 

/ǊŜŜƪ όǎŜŜ /ƘŀǇǘŜǊ LLύ ǊŜǎǳƭǘŜŘ ƛƴ ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ ǘƘŜ ŜǉǳŀǘƛƻƴΩǎ ŎƻŜŦŦƛŎƛŜƴǘǎΦ ¢Ƙƛǎ wŜǇƻǊǘ ǳǎŜǎ ŀ ƭƛƴŜŀǊ 

relationship between TQmean and B-IBI that best fits observed conditions to estimate future B-IBI scores 

under future planning scenarios in Whipple Creek.  

The equation used in this Report for calculating B-IBI from TQmean is: 

Avg B-IBI = -24.1 + 154 Avg TQmean 

High Pulse Count (HPC) 
Although it was not found to have a statistically significant relationship to B-IBI score in Whipple Creek 

based on local data, this Report also uses the relationship between HPC and B-IBI published by King 

County in its Juanita Creek basin plan.  

The equation used for calculating B-IBI from HPC is:  

Avg B-IBI = 53.05 + -30.106 log10 Avg HPC (King County, 2012) 

ii.  Using Flow Metrics to Estimate Salmonid Use Attainment  
As required by the Permit, B-IBI scores are used to estimate future aquatic biologic integrity as described 

above. This Report also uses two other indicators of whether a stream can support salmonid uses 

(salmonid use attainment): direct correlations between HPC and salmonid use attainment and between 

TQmean and salmonid use attainment. 

Context 
In 2014, Ecology used B-IBI scores to list streams that did not meet narrative standards for salmonid 

uses. The criteria ranges Ecology used were: greater than 37 for fully supporting beneficial uses, less 

than 28 for non-supporting , and 28 through 37 for waters of concern (Ecology, 2014).The B-IBI metric 

has a top score of 50.  Non-supporting streams were listed on the State 303(d) List, which officially 

records impaired waters under the CWA. 

Table 3: Correlation of B-IBI to Salmonid Use Attainment for 9ŎƻƭƻƎȅΩǎ 303(d) Listing 

 Salmonid Uses 

  Non-supporting Partially Supporting Fully Supporting 

    

B-IBI <28 28-37 >37 

 

Because sub-watershed-scale pool-riffle sites having both flow data and B-IBI scores are extremely rare 

in western Washington, statistical conclusions about relationships between flow and B-IBI as described 

above, are weak. There is scant data and a great deal of scatter in correlating flow metric to B-IBI scores.  
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B-L.L ƛǘǎŜƭŦ ƛǎ ŀƴ ƛƴŘƛǊŜŎǘ ƛƴŘƛŎŀǘƻǊ ƻŦ ŀ ǎǘǊŜŀƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǎupport salmonid uses. B-IBI is a measure of the 

health of aquatic macroinvertebrates, not fish. Many stream and watershed conditions other than 

hydrologic regime influence B-IBI scores. These include channel substrate quality, temperature, and the 

presence of pollutants from urban runoff and other sources.   

High Pulse Count (HPC) and TQmean  
To account for the difficulties with B-IBI, this Report also uses HPC and TQmean to evaluate whether 

Whipple Creek will meet standards for salmonid uses under future scenarios. 

! ǊŜǾƛŜǿ ƻŦ YƛƴƎ /ƻǳƴǘȅΩǎ ŀƴŀƭȅǎƛǎ ƻŦ Ŧƭƻǿ ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǘŀǊƎŜǘǎ ŦƻǊ a Water Resource Inventory Area 

9 planning project (Horner, 2013) reveals that flow metrics can be directly correlated to salmonid use 

attainment. A discussion of this analysis can be found in Appendix I. 

King County recognized HPC as one of the more useful metrics for calculating the B-IBI score. Horner 

found that sites having HPCs between 3 and 7 generally supported salmon use (using B-IBI score range 

greater than 35). The report also found that very low B-IBI scores (< 16 ) were associated with HPCs 

above 15. B-IBI scores above 25 were associated with HPCs less than 11.  

King County published a regression equation for HPC and B-IBI (King County, 2012). Clark County data 

also showed increasing B-IBI with lower HPC, making it a viable indicator based on local data and the 

Puget Sound results. 

Table 4: Correlation of HPC to Salmonid Use Attainment 

 Salmonid Uses 

  Non-supporting Partially Supporting Fully Supporting 

    

HPC Range >11 7-11 <7 

 

The King County analysis also identified TQmean as a useful metric for calculating the B-IBI score. 

Evaluation of Clark County data for basins similar to Whipple Creek found a strong correlation. King 

County published a regression equation for TQmean and B-IBI (King County, 2012). 

Clark County data suggest that a TQmean of about 25% to 27% is equivalent to the threshold for streams 

that do not support salmonid uses (non-supporting) and that about 37% is the lower threshold for 

streams that fully support salmonid uses (fully supporting).  

Table 5: Correlation of TQmean to Salmonid Use Attainment 

 Salmonid Uses 

  Non-supporting Partially supporting Fully Supporting 

    

TQmean 10-27 % 28-37 % >37 % 

 

High Pulse Range was not used because it was not appropriate for the short time period modeled in 

Whipple Creek. It would be more appropriate to model results for decades.  
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This Report describes the results of modeled future scenarios in terms of all three indicator metrics: B-

IBI, HPC, and TQmean and correlates each metric to salmonid use attainment as described above. 
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I. Existing Conditions   

A. Watershed Setting  
The Whipple Creek Watershed spans about 12 square miles in southwest Clark County, Washington. It is 

situated north of Salmon Creek and south of Gee and Flume Creeks. Nearly five square miles of the 

upper watershed is inside the Vancouver urban growth area (UGA). 

Whipple Creek flows generally west from headwaters east of Interstate-5 (I-5) between Vancouver and 

Ridgefield to Lake River. The confluence with Lake River is just six miles upstream of the Columbia River. 

The watershed includes an area draining directly to Green Lake on the Columbia River floodplain. 

Currently, the watershed is moderately developed with rural and agricultural areas in the western 

portion. The Vancouver UGA in the east is rapidly urbanizing. Suburban and large-lot rural residences 

are common in the lower watershed outside of the UGA. I-5, a major interstate transportation corridor, 

traverses nearly two miles of the upper watershed. 

The creek is thought to be degraded in terms of hydrology, water quality, and salmon habitat compared 

to its historic condition. 

 

Data about existing conditions in the watershed were collected and described 

following Tasks 1 and 2 of The Whipple Creek Watershed-Scale Stormwater 

Planning Scope of Work and Schedule, June 2014. 

 

i. Basins 
Whipple Creek has several important tributaries and about nine miles of main stem, divided into upper, 

middle, and lower. See Figure 1.  
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Figure 1: Whipple Creek Study Area 

 

 

Lower Whipple Creek 
Lower Whipple Creek begins where the creek meets Lake River a few miles upstream of the Columbia 

River. It includes Green Lake. The lowermost portion of this basin has a broad floodplain and is tidally 

influenced by the Columbia River. It also includes an area where small streams drain directly to Green 

Lake on the Columbia River Flood Plain. Further upstream, the creek also flows through a broad 

floodplain and contains potential salmon spawning habitat. Just below Packard Creek, large trees and 

good riparian corridors remain. The creek is nearly flat here. The area is characterized by agricultural 

uses. 

 






















































































































