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Definitions  

• Indicators:  Small set of stream hydrology and water quality 
variables with documented linkages to watershed conditions on 
the one hand and aquatic biological community integrity on the 
other 

• Targets:  Numerical values of habitat indicators to achieve 
specific biological goals, attained through appropriate 
stormwater management strategies 

• Goals:  Protection to sustain no further losses of biological 
integrity and selected enhancements to restore some lost 
resources, mainly based on benthic index of biotic integrity (B-
IBI) 

 



Project Modeling Framework 
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Selected Hydrologic Indicators 

Most complete basis: 

• High pulse count (HPC)— 
    number of days in each  
    water year that discrete 
    high flow pulses occur, 
    with twice the mean flow 
    rate taken as the threshold 
    to identify a high pulse 

• High pulse range (HPR)— 
    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 



Selected Hydrologic Indicators 

To add information: 

• Time above 2-year mean flow 

• 2-year peak:mean winter 

    base flow ratio—ratio of 

    peak flow rate with a 2- 

    year return frequency to 

    the mean base flow rate 

    during October 1-April 30 

 

 

• ?? Disturbance frequency of spawning gravels— 

frequency of flows capable of mobilizing spawning 

gravel as an average number of events per year ?? 

 

2- Year Peak:Winter Base Flow Ratio
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Des Moines Creek 

From Existing Data Report for the Development of a Stormwater Retrofit 

Plan for Water Resources Inventory Area (WRIA) 9:  Historical Flow, Total 

Suspended Solids, and Turbidity (“Existing Data Report”) 

 



“Range of Outcomes” Approach 

• Develop targeting mechanisms to investigate a 

spectrum of possible goals (e.g., maintain existing 

biological state, fractional B-IBI improvement, return 

B-IBI to equivalence with fully forested condition)  

• Evaluate BMP strategies with SUSTAIN to 

determine if targets met as necessary to achieve 

goals and associated costs 

• Incorporate uncertainty in terms of best estimate of 

target needed to achieve goal and probability or 

confidence interval associated with that estimate 

• Refine goals to those most expeditious and feasible 

for the WRIA 9 retrofit plan 
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High Pulse Count 

  

 
             

 
 

               HPC:   ≤7   ≤9     ≤11          >15  guarantees 

        for B-IBI:  >35  ≥30    ≥24        ≤16 
                   Necessary but not sufficient 
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Simple regression:  Ln (% Max. B-IBI Score) = A*HPC + B  R2 = 0.75                      
 

For example,  the best-fit estimates of A and B are -0.066 and 4.50; 
at 80% confidence, low estimates are -0.080 and 4.34, respectively  

 

100% Max. 

 

 

80% 

 

 

 

60% 

 

 

40% 

 

 

20% 

 

 

 

0% 

 



0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

0 50 100 150 200 250 300 350 

B
e

n
th

ic
 In

d
ex

 o
f 

B
io

ti
c 

In
te

gr
it

y 

High Pulse Range (days) 

 
100% max. 
 
 
80% 
 
 
 
60% 
 
 
 
40% 
 
 
 
20% 
 
 
 
0% 



Example 

Best-fit HPR = 160 for goal B-IBI = 50% of max., or HPR = 100 
to give 80% confidence of not falling below goal 

  B-IBI   B-IBI 

     Best-Fit Estimate   %   Low Estimate 

  HPR   (% Max.)   Confidence   (% Max.) 

 HIGH PULSE RANGE TARGET TABLE 
 

100 69.4 80 52.5 

110 66.0 80 49.4 

120 62.8 80 46.5 

130 59.7 80 43.8 

140 56.8 80 41.3 

150 54.1 80 38.9 

160 51.4 80 36.6 

170 48.9 80 34.5 



Logistic regression analysis gives a best estimate of the probability that B-IBI 
will fall in a certain group based on the hydrologic indicator, as well as the 
lowest probability at a selected confidence level. 
 
Equations meeting statistical quality criteria are able to forecast membership 
in or exclusion from two groups:  B-IBI ≤ versus > 56% of max. 
                                                              B-IBI ≤ versus > 42% of max. 
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2-Year Peak:Mean Winter Base Flow Ratio 
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Water Quality Targets 

• TSS designated as the primary water quality indicator 

for good environmental and operational reasons 

• However, a natural goal would be to achieve WDOE 

water quality criteria, which do not include TSS 

• Our answer: 

 Use a large Green River watershed database to 

investigate relationships linking TSS and quantities 

subject to criteria (turbidity, dissolved metals) 

 Employ relationships of acceptable quality to assess risk 

of not meeting criteria with modeled receiving water TSS 

concentrations 



From Existing Data Report 



What We Found 

• Excellent equations (high R2, narrow 

confidence bands): 

 TSS-turbidity     Dissolved zinc-Total zinc 

• Good equations 

 Total copper-TSS     Dissolved copper-Total     

                copper 

• Equation usable with  care: 

 Total zinc-TSS 

• Poor equations:  Dissolved metal-TSS 



Example:  Turbidity 

• WDOE turbidity criteria:  ≤ 5 NTU increase 

over background when background ≤ 50 

NTU, or ≤ 10% increase over background 

when background > 50 NTU 

• What is the TSS increase equivalent to the 

first criterion? 

 Best-fit estimate is 5.3 mg/L (round to 5)  

 95% confidence interval = 4.0-6.5 mg/L, 

meaning limiting TSS increase to 4 mg/L 

gives 95% confidence that the criterion will 

be met 



Example:  Copper 

• WDOE copper criteria are based on the 

dissolved metal and water hardness 

• What is the risk of exceeding the acute copper 

criterion with TSS = 30 mg/L? 
 Use upper 95 percent confidence limits to get 

conservative risk assessment 

 Total copper (TCu)-TSS equation:  TCu = 4.5 

µg/L 

 Dissolved copper (DCu)-TCu equation:  DCu = 

2.8 µg/L (best-fit estimate = 2.4—close!) 

 Would meet the WDOE criterion at a typical 

Puget Sound area stream water hardness 

 



Example:  Zinc 

• WDOE zinc criteria also based on the dissolved 

metal and water hardness 

• What is the risk of exceeding the acute zinc 

criterion with TSS = 200 mg/L? 
 Use upper 95 percent confidence limits to get 

conservative risk assessment 

 Total zinc (TZn)-TSS equation:  TZn = 95 µg/L 

 Dissolved zinc (DZn)-TCu equation:  DZn 

(µg/L) = 81 µg/L (best-fit estimate = 65—not so 

close!) 

 But, conservative approach gives convincing 

indication of low risk of not meeting criterion 

at typical water hardness 

 



 
What We Are (and Are Not) Doing 

with Water Quality Targets 

• Assessing risk of exceeding WDOE 

water quality criteria (but not 

attempting to predict absolute pollutant 

concentrations) 

• Making conservative assessments by 

incorporating uncertainty and “worst-

case” estimates (and not risking “over-

claiming” BMP benefits) 


