
















































































































































































































































Table 11. Area spawned between passage reaches within Slough 11 for 1982, 1983 and 
1984. The ratio of the composite to the total area spawned for all 
years and percent distribution of spawning fish in 1984 are also shown. 

. 2 
Composite 1 Percent 

Passage Area S:Eawned (ft2 ) Distribution Area Composite/ 
Reaches 1982 1983 1984 1984 1982-1984 Total 

Mouth - I 23,500 43,600 33,300 10 76,900 o. 77 
I-II 12,400 18,300 22,200 15 30,400 0.57 
II-III 24,000 7,700 37,600 40 54,100 0.78 
III-IV 5,900 8,000 5,200 5 77,000 0.69 
IV.;..V 5,800 8,000 10;400 25 12,000 0.50 
V-head 24,000 4,700 14,100 5 33,400 0.78 

1 
As designated in Sautner et al. 1984 

2 1984--,- memo · · ·· · ·· 
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Table 12. Area spawned between passage reaches within Upper Side Channel 11 for 
1982, 1983 and 1984. The ratio of. the composite to the total area 
spawned for all years and percent distribution of spawning fish in 1984 
are also shown. 

2 Composite 1 Percent 
Passage Area s:eawned (ft 2 ) Distribution Area Composite/ 
Reaches 1982 1983 1984 1984 1982-1984 Total 

Mouth - I 12,100 40,600 24,500 60 48,200 0.62 
I-II 12,300 21,800 8,200 l 25 '700- 0.61 
II-III 12,300 11 '300 23,400 40 35,700 0.76 
III-IV 0 5,500 6,100 6,100 0.53 

1 
As designated in Sautner et al. 1984 

2 Seagren 1984, memo 



Table 13. Area spawned between passage reaches within Slough 21 Complex for 
1982, 1983 and 1984. The ratio of the composite to the total area 

·spawned for all years and percent distribution of spawning fish in 1984 
are also shown. 

1 Passage 
Reaches 

Side Channel 21 
Mouth - I 
I-II 
!!..;III 
III-IV 
IV-V 
V-VI 
VI-VII 
VII-VIII 
VIII-IX 

. .. . -:rx---x- - -
X-SL21/PRI 

I - IIC & IIR 
Slough 21 
IIL 
IIR 

Area Spawned (ft 2 ) · 

1982 1983 1984 

0 0 0 
0 0 0 
0 5,900 2,800 
0 4,100 2,700 

20,000 27,400 67,800 
1,000 11,300 6,300 
4,000 0 0 

0 0 300 
12,000 0 1,400 

-··· -3-5,-700· 9-,600·-·-81,400· 
20,700 27,500 42,600 

6,100 32,000 26,600 
0 1,700 0 

7,700 15,600 7,300 

As designated in Sautner et al. 1984 

2 Seagren 1984, memo 

2 Percent 
Distribution 

1984 

20 
15. 

---- -~~- ---- - l 
40 

25 

Compos it~ 
Area 

1982-1984 

0 
0 

8,700 
4,800 

75,000 
12,600 
4,000 

300 
13,300 

.. 95,-600 
49,800 

36,900 
1,700 

21,300 

Composite/ 
Total 

0 
0 

t.O 
0.71 
0.65 
0.67 

1.0 
1.0 

0.99 
. 0. 75 

0.55 

0.57 
1.0 

0.70 
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Table 14. Mean monthly discharges at Gold Creek for natural 
conditions and Case P-1. 

Natural 
Month (cfs) 

January 1,440 
February 1,210 
March 1,090 
April 1,340 
May 13,400 
June 28,150 
July 23,990 
August 21,950 
September 13 '770 
October 5,580 
November 2,430 
December 1,750 

Case P-1 
(cfs) 

10,900 
9,200 
7,900 
7,300 
8,800 

10,500 
8,900 
9,800 

10,900 
10,200 
10,600 
12,100 



Table 15. Relationship between mitigation alternatives and the impacts 
for which they are applicable. 

Winter 
Loss of overtopping 

Mitigation alter- Inadequate physical Loss of of slough 
natives/impact issue passage habitat upwelling berm 

channel width 
modification p 

chanrieT bar:rier 
construction p 

Flow augmentation p p s 

Upwelling augmentation s s p 

. -s-rough ~xcavatron- .. -p ----p . -p- .. 

creating spawning 
habitat in pools p s 

Increase berm height p 

l 
I 

. ! 

. ~·--··~------.........,------=-c~-
p = primary effect 

........ ---------~····-···-··--···· ···-··----------·--·--··-·-·· .. -· . ----~------··-·-·--------" ·--·---.. ···· -- -.1 

S = secondary effect l ·.' 
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Table 16. Condition which provides successful passage most frequently and approximate percent of time that 
passage is successful during the period 20 August - 20 September at Slough SA. 

Passage Natural Project 12 2000 cfs Project ,9 2000 cfs Project 82000 cfs 
Reach Cond. Occurrence Cond. Occurrence Cond. Occurrence Cond. Occurrence 

(%) (%) (%) (%) 

BW 100 BW 100 SW/CW 34 SW/CW 32 

II BW 48 SW/CW 22 SW/CW 20 SW/CW 20 

Ill SW/CW 25 SW/CW 22 SW/CW 20 SW/CW 20 

IV SW/CW 14 SW/CW 12 SW/CW 10 SW/CW 10 

v SW/CW 13 SW/CW 11 SW/CW 9 SW/CW 9 

VI SW/CW 14 SW/CW 13 SW/CW 12 SW/CW 12 

VII SW/CW 13 SW/CW 13 SW/CW 11 SW/CW 11 

VIII SW/CW 6 SW/CW 6 SW/CW 5 SW/CW 4 

IX BR 2 0 0 0 

BW is backwater condition which neglects the· effect of local flow 

BR is breaching condition which represents controlling discharge through the slough 

SW/CW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events. 

Appendix B contains an explanation of the derivation of the percent exceedance·values 

All Project Flows 
With Miti£!ation 

Cond. Occurrence 
(%) 

SW/CW 100 

SW/CW 100 

SW/CW 100 

SW/CW 100 

SW/CW 100 

SW/CW 100 

SW/CW 100 

SW/CW 100 

SW/CW 0 



Table 17. Condition which provides successful passage most frequently and 
approximate percent of time that passage is successful during the period 
20 August - 20 September at Slough 9. 

Passage 
Reach 

II 

Ill 

IV 

v 

Natural 
Cond. Occurrence 

(%) 

SW/GW 100 

SW/GW 100 

SW/GW 18 

SW/GW 17 

BR 29 

Project 12,000 cfs Project 9,000 cfs 
Cond. Occurrence Cond. Occurrence 

(%) (%) 

swiGW 100 SW/GW 47 

SW/GW 100 SW/GW 100 

SW/GW 16 SW/GW 15 

SW/GW 16 SW/GW 14 

0 0 

Project 8,000 cfs 
Cond. Occurrence 

( %) 

SW/GW 44 

SW/GW 100 

SW/GW 14 

SW/GW 14 

0 

BR is breaching condition which represents controlling discharge through the slough 

SW/GW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events • 

.. . Appendix -B contai.ns. an expl anation .. of ... the .. de r.ivati.on .... o.f .. the .. pe rcent ... ex.ceedance ... ..vaJues._ 

All Project Flows 
With Mitigation 

Cond. Occurrence 
(%) 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 
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Table 18. Condition which provides successful passage most frequently and approximate 
percent of time that passage is successful during the period 20 August -
20 September at Slough 9A. 

Passage Natural Project 12 2000 cfs Project 92000 cfs Project 82000 cfs 
Reach Cond. Occurrence Con d. Occurrence Cond. Occurrence Con d. Occurrence 

( %) (%) (%) ( CJo) 

SW/GW 100 SW/GW 100 SW/GW 100 SW/GW 100 

II SW/GW 100 SW/GW 100 SW/GW 100 SW/GW 41 

Ill SW/GW 100 SW/GW 100 SW/GW 32 SW/GW 14 

IV SW/GW 100 SW/GW 100 SW/GW 100 SW/GW 100 

v SW/GW 100 SW/GW 100 SW/GW 100 SW/GW 20 

VI SW/GW 100 BR 100 SW/GW 24 SW/GW 14 

VII SW/GW 100 BR 100 SW/GW 10 SW/GW 7 

VIII SW/GW 100 BR 100 SW/GW 6 SW/GW 3 

IX SW/GW 100 SW/GW 100 SW/GW 3 SW/GW 2 

X 0 0 0 0 

BW is backwater condition which neglects the effect of local flow 

BR is breaching condition which represents controlling discharge through the slough 

SW/GW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events. 

Appendix B contains an explanation of the derivation of the percent exceedance·values 

All Project Flows 
With Mitigation 

Cond. Occurrence 
(%) 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 0 

SW/GW 0 



Table 19. Condition which provides successful passage most frequently and approximate 
percent of time that passage is successful during the period 20 August -
20 September at Slough 11. 

Passage Natural Project 122000 cfs Project 92000 cfs Project 82000 cfs 
Reach Cond. Occurrence Cond. Occurrence Cond. Occurrence Cond. Occurrence 

(%) (%) (%) (%) 

SW/GW 70 SW/GW 60 0 

II SW/GW 43 20 0 

Ill SW/GW 12 5 0 

IV BR ~-~ 0 0 ---
v BR 1 0 0 

BW is backwater condition which neglects the effect of local flow 

BR is breaching condition which represents controlling discharge through the slough 

SW/GW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events. 

0 

0 

0 

0 

0 

Appendix B contains an explanation of the derivation of the percent exceedance values 

l 

All Project Flows 
·With Miti2ation 
Cond. Occurrence 

(%) 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 J 
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Table 20. Condition which provides successful passage most frequently and approximate 
percent of time that passage is successful during the period 20 August -
20 September at Upper Side Channel 11. 

Passage Natural Project 12 2000 cfs Project 92000 cfs Project 82000 cfs 
Re·ach Cond. Occurrence Cond. Occurrence Cond. Occurrence Cond. Occurrence 

(%) (%) (%) (%) 

SW/GW 100 0 0 

II BR 45 0 0 

Ill BR 45 0 0 

BW is backwater condition which neglects the effect of local flow 

BR is breaching condition which represents controlling discharge through the slough 

SW/GW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events. 

0 

0 

0 

Appendix B contains an explanation of the derivation of the percent exceedance values 

All Project Flows 
With Miti2ation 

Con d. Occurrence 
(%) 

SW/GW 100 

SW/GW 100 

SW/GW 100 



Table 21. Condition which provides successful passage most frequently and approximate 
percent of time that passage is successful during the period 20 August -
20 September at Slough 21. 

Passage Natural Project 12 2000 cfs Project 92000 cfs Project 82000 cfs 
Reach Cond. Occurrence Cond. Occurrence Cond. Occurrence Cond. Occurrence 

(%) (%) (%) (%) 

SW/GW 100 SW/GW 100 SW/GW 6 SW/GW 

IlL SW/GW 10 0 0 

IIR SW/GW 4 SW/GW 2 SW/GW SW/GW 

BR is breaching condition which represents controlling discharge through the slough 

SW/GW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events. 

4 

0 

Appendix B contains an explanation of the derivation of the percent exceedance values 
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All Project Flows 
With Miti2ation 

Cond. Occurrence 
(%) 

SW/GW 100 

SW/GW 0 
_J 

SW/GW 100 
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Table 22. Condition which provides successful passage most frequently and approximate 
percent of time that passage is successful during the period 20 August -
20 September at Side Channel 21. 

Passage Natural Project 12 2000 cfs Project 9 2000 cfs Project 82000 cfs 
Reach Cond. Occurrence ·cond. Occurrence Cond. Occurrence Cond. Occurrence 

(%) (%) (%) (%) 

SW/GW 100 BR 100 SW/GW 28 SW/GW 24 

II SW/GW 100 BR 100 SW/GW 28 SW/GW 24 

Ill SW/GW 100 BR 100 SW/GW 31 SW/GW 26 

IV SW/GW 100 BR 100 SW/GW 31 SW/GW 26 

v BR 71 BR 100 SW/GW SW/GW 0.5 

VI BR 71 BR 100 SW/GW 0.5 0 

VII BR 71 BR 100 SW/GW 0.5 0 

VIII BR 71 BR 100 SW/GW 0.5 0 

IX BR 71 BR 100 SW/GW 0.5 0 

X SW/GW 100 SW/GW 100 SW/GW 9 SW/GW 5 

BW is backwater condition which neglects the effect of local flow 

BR is breaching condition which represents controlling discharge through the slough 

SW/GW is surface water and groundwater condition with a median natural flow or 
minimum project flow controlling groundwater levels and surface water related 
to precipitation events. 

1 l Appendix B contains an explanation of the derivation of the percent exceedance values 

All Project Flows 
With Miti2ation 

Cond. Occurrence 
(%) 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 

SW/GW 100 



Table 23. Candidate sites for development of replacement spawning 
habitat. 

* RM Site Location 

110.1 L Mouth of Oxbow I 

115.0 R Mainstem 2, right channel 

117.9 L Channel outside of Bushrod 

118.9 L Downstream of Oxbow II mouth 

127.1 L or C Complex Downstream of mouth SL 9 

129.8 R Right side of side channel at head 
of SL 9 

131.3 L Upstream of 4th of July Creek 

132.9 R Downstream of mouth of SL 9A 

137.5 L Downstream of mouth of SL 16 
.. 

139.0 L Between mouth of SL 17 and 18 

143.2 L Upstream of intertie 

C Center of channel 

R Right side of channel looking upstream 

Historical 
Spawning Use 

chum 

chum 

chum 

chum 

chum 

chum 

chum, sockeye 

chum 

1 

I } 
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IDENTIFICATION OF 
IMPACTS AND GOALS OF PLAN 

OPTION .ANALYSIS 

1 
NEGOTIATION OF ACCEPTABLE PLAN 

IMPLEMENTATION OF PLAN 

MONITORING OF PLAN 

PLAN MODIFICATIONS 

COMPLETION OF MITIGATION 

TERMINATION OF MONITORING 

. FIGURE 1. MITIGATION PLAN DEVELOPMENT AND IMPLEMENTATION 

ALASKA POWER AUTHORITY 

SUSITNA HYDROELECTRIC PROJECT 

HARZA-EBASCO 

SUSITNA JOINT VENTURE 



--

PARTIAL AVOIDANCE +-----1 AVOIDANCE TOTAL AVOIDANCE 

MINIMIZATION 1---~ SOME MINIMIZATION 

I 
NO MINIMIZATION 

l 
PARTIAL RECTIFICATION~ RECTIFICATION 1---~ TOTAL RECTIFICATION 

NO RECT~FICATION 

l 
REDUCTION 1----~ SOME REDUCTION 

__ , ____ --------

NO REDUCTION 

.l 
PARTIAL COMPENSATION ~ COMPENSATION t------:l 'TOTAL COMPENSATION 

+ --- - ----- -- --NO COMPENSATION 

UNMITIGATED/LOSS 
· RESIDUAL IMP ACT 

FIGURE 2 OPTION ANALYSIS 

ALASKA POWER AUTHORITY 

SUSITNA HYDROELECTRIC PROJECT 
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COMPOSITE AREA SPAWNED 18 THE TOTAL 

SURFACE AREA USED IFOR· SPAWNING 

(AREA WITHIN DARKENED PERIMETER) 

+ 

TOTAL AlUlA SFAW.IID 48 TNII 8UM OF THI! AREA SftAWNE.D 
POll BACH 01' TNIII TNIIIIIf YEARS. 

-= AREA SPAWNI!D IN 1882. -· 
~~ AREA SPAWNED IN 1883 .. 

l\.\\ AREA 8PAWMED IN 1884.., 

PIGURII3 SCHEMATIC DIAGIIAII ILLUSTRATING DIFFERENCE BETWEEN 
COMPOSITE AREA .AND TOTAL AREA SPAWNED. 

ALASKA POWER AuTHORITY 

SUSITNA HYDROELECTRIC PROJECT 

~ HARZA-EBASCO 
'lllu d'Mis d- r;;;::;:;J ca,de~ SUSITNA JOINT VENTURE 
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FIGURE :Ja LOCATIONS OF MITIGATION MEASURES AND PERCENT DISTRIBUTION 
OF SPAWNING CHUM SALMON DURING 1984 IN SLOUGH SA. 
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FIGURE 31 LOCATIONS OF MITIGATION MEASURES AND PERCENT DISTRIBUTION 
OF SPAWNING CHUM SALMON DURING 1984 IN SLOUGH 9. 
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FIGURE ~ LOCATIONS OF MITIGATION MEASURES 
AND PERCENT DISTRIBUTION OF SPAWNING CHUM 
SALMON DURING 1984 IN SLOUGH 9A. 
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FIGURE 3. LOCATIONS OF MITIGATION MEASURES AND PERCENT DISTRIBUTION 
OF SPAWNING CHUM SALMON DURING 1984 IN SLOUGH 21 AND LOWER SIDE CHANNEL 21. ,/ 
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3& LOCATIONS OF MITIGATION MEASURES AND. PERCENT 
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APPENDIX A 

Passage Reach Flow Evaluation 

A previous analysis estimated the required local flow for successful 

fish passage through the passage reaches of the sloughs along the 

middle section of the Susitna River (Sautner et al. 1984c). In order to 

evaluate the available local flow in Sloughs 8A, 9, 9A, 11 and 21 in 

comparison to the required local flows, an analysis of the local flow 

sources for each slough was conducted. Local flow is composed of 

groundwater upwelling and surface inflow. A primary component of 

grou~dwater upwelling is related to the mainstem discharge (APA 1984). 

The relationships developed for the apparent groundwater upwelling 

component of slough flow at the R&M gage site within the slough versus 

mainstem discharge measured at Gold Creek are listed below (APA 1984 

and pers. comm. B. Bates?). 

Slou~h Re~ression Eg,uation r2 

8A s = -.10 + .00017G .53 

9 s = -.62 + .00039G .82 

11 s = 1.43 + .000087G .63 

21 s = -7.55 + .00105G .542 

S = slough flow (cfs) 

G = mainstem discharge at Gold Creek (cfs) 

The limitations and applications of these equations are discussed in 

the following paragraphs. 

Use of the regression equation developed for Slough 8A appears to be a 

relatively accurate method of determining slough flows for given 

mainstem flows. The equation was developed for the period from 3 July 

to 30 October 1984 excluding the 23 August to 28 August period of high 

runoff. Passage is critical in August and September; the data used to 

calculate the regression equation represents these mouths. However, 



the equation does not separate slough flow into tributary inflow and 

groundwater inflow; the tributary inflow component is assumed to be 

small at low mainstem discharges. 

For Slough 9, the regression equation was developed for the period 

from 8 September to 30 October 1984 corresponding to the period of 

non-overtopped flows. The slough flow estimated using the equation 

includes tributary inflow and groundwater inflow. In order to be able 

to predict the groundwater slough flow, an alternate equation was 

developed. Slough flow versus mainstem discharge data for 1982, 1983, 

and 1984 were plotted (Figure A1). Using a slope for the regression 

line approximating the slope developed for Slough SA which was assumed 

to be the slough most similar to Slough 9, a line was drawn through 

the values corresponding to the lowest slough flows. A minimum 

groundwater component for the slough was chosen to be 1 cfs, which is 

about 75 percent of the minimum recorded flow. Using these lines as 

shown in Figure A1, the groundwater flow at the gage was obtained for 

various mainstem discharges. 

The regression equation for Slough 11 flow appeared to be a fairly 

accurate means of predicting slough flows corresponding to mainstem 

discharges. It was based on data collected from 25 May to 27 October 

1983 and from 1 June to 30 October 1984. 

At Slough 21, the. correlation yalp,e of 0.542 for the sJough flo~ 

-------versus mainstem -f1:ow re1:ationship is · cons±stent w±th the--peer sleugh 

discharge predictions at low mainstem discharges. Data from 10 August 

to 22 October 1982 was used to develop the equation. A minimum base 

flow was estimated to be 75 percent of the minimum slough discharge 

recorded; at low mainstem discharges,· i.e. <8,300. cfs, the base flow 

component of the local flow is assumed to be constant at 1~2 cfs. 

With these limitations in mind, the regression equations were used to 

estimate the apparent groundwater upwelling component of local flow at 

the R&M gage site in a slough given a mainstem discharge. In order to 
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obtain the upwelling component of local flow at other points within 

the slough, the amounts of upwelling throughout the slough were 

estimated in terms of percent of the gage flow using aerial 

photographs, observations by R&M personnel (R&M Consultants, Inc. 

1982), and measured upwelling values (APA 1984 and Moulton & Rundquist 1984). The 

percentage values (Tables A1-A4) were applied to the calculated flow 

at the gage resulting in estimates of the upwelling component of local 

flow at points corresponding to passage reaches in the slough 

(Figures A2-A5). For Slough 9A, measured upwelling values were 

correlated witp mainstem discharge to yield the upwelling component of 

local flow at the passage reaches. For Upper Side Chc;tnnel 11, the 

base flows corresponding to selected mainstem discharges were 

estimated at each passage reach (Sautner et al. 1984c and ADF&G 1984). Side 

Channel 21 was assumed to be a hydraulic extension of Slough 21. 

A comparison between required local flow and estimated available 

upwelling component of local flow was made at each passage reach 

(Tables A5 to A50). An evaluation was conducted of how much of the 

time the local flow requirements could be satisfied by groundwater 

·flow alone. The required local flow was input to the relationship 

between slough flow and mainstem discharge to obtain the required 

mainstem discharge. The flow duration curve developed for the period 

20 August to 20 September (Sautner et al. 1984c) for the mainstem discharge was 

used to evaluate the percent occurrence of these flows under natural 

conditions. 

For project conditions, the minimum instream flow requirement for each 

project flow case was compared to the mainstem discharge estimated to 

be necessary to produce upwelling flows sufficient for passage. If 

the minimum instream flow requirement was greater than the estimated 

mainstem discharge, a value of 100 percent was assigned to the percent 

occurrence of successful passage with groundwater alone. 

Alternatively, a value of 0 percent occurrence was assigned if the 

minimum instream flow requirement was less than the estimated mainstem 

discharge. Use of minimum instream flow requirements in the analysis 



addresses potential impacts during low to average flow years compared 

with median natural flows. Project effects during high flow years 

would be less. 

A combination of surface water and groundwater sources was analyzed. 

The groundwater component of the local flow was determined from the 

regression equation based on selected mainstem discharges. For 

natural slough flows, the mainstem discharge of 50 percent occurrence 

equalling 15,000 cfs was chosen as the basis for groundwater flows. 

Project flows were assumed constant at the minimum required flows of 

8,000 cfs or 9,000 cfs for Case EVI and 12,000 cfs for Cases C and EV. 

Also, for Case EV, the effect of a spike of mainstem discharge of 

18,000 cfs during spawning was evaluated. If the higher mainstem 

discharge increased the frequency of passage over that available for 

the minimum requirements of 12,000 cfs, this was indicated in 

Tables A5 to A50. Project effects during high flow years wou,ld be 

less. The percent of time that tributary inflow was sufficient to 

supplement· groundwater in order to provide the required flow for 

passage was based on an estimate of the contributing basin area, an 

assumedrm:loff -percentage ~o·f--40-percent' -and pred.pitatio-n duration­

curves for ·Talkeetna for the period of 1972 to 1981 (Tables A5 to 

A50). The percent occurrence of successful passage for passage 

reaches affected by backwater and breaching was previously analyzed 

(Sautner et al. 1984c). 

-The- -f-ina:l--va±ue se±ectred-- -fo'I'- ·each- ~passage -·- l:'each~ -was- -the--la:r;gest . -. - -~--~-­

percent successful passage occurrence value of those calculated 

(Tables A5 to A50). Passage reaches impacted by a decrease in 

mainstem flow are identified by significant decreases in percents 

occurrence between natural and project flows. Any additive effects of 

accumulation of percent occurrences were assumed negligible. 
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Table A1. Percent groundwater relative to gage flow at 
passage reaches in Slough 8A. 

Percent of Groundwater 
Passage Reach Relative to Gage Flow 

I 103 

II 101 

III 101 

IV 60 

v 52 

VI 43 

VII 35 

VIII 25 

IX 15 



Table A2. Percent groundwater relative to gage flow at 
passage reaches in Slough 9. 

Percent of Groundwater 
Passage Reach Relative to Gage Flow 

I 124 

II 117 

III 100 

IV 95 

v 77 
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Table A3. Percent groundwater relative to gage flow at 
passage reaches in Slough 11. 

Passage Reach 

I 

II 

III 

IV 

v 

Percent of Groundwater 
Relative to Gage Flow 

145 

127 

102 

97 

65 



Table A4. Percent groundwater relative to gage flow at 
passage reaches in Slough 21 and Side Channel 21. 

Passage Reach 

Slough 21 

I 

IIL 

IIR 

Side Channel 21 

I 

II 

III 

IV 

v 

VI 

VII 

VIII 

IX 

X 

Percent of Groundwater 
Relative to Gage Flow 

122 

35 

39 

221 

219 

214 

214 

212 

210 

205 

~ 201 

153 
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Table AS. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to· specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

2 

2.6 

o.o 

area of 1.36 mile2 (in) 0.0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
27,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
<10 ~600 cfs 

Maximum % exceeded 

7 

79 

100 

2 

2.0 

o.o 

0.0 

100 

0 

100 

100b 

2 

1.4 

0.6 

.or 

34 

0 

0 

34 

2 

1.3 

0.7 

.01 

32 

0 

0 

32 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

I b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
J through PR I by backwater effects 
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Table A6. Required flow, passage.reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach II. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.5 

Surface water necessary for 
passa~i (cfs) 1.5 

Amount of ppt needed for basin 
area of 1.36 mile2 (in)· .03 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
27,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
15,600 cfs 

... Maximum~%-exceeded---------

25 

7 

48 

1.9 

2.1 

.04 

22 

0 

0 

4 4 

1.4 1.3 

2.6 2.7 

.04 .OS 

20 20 

0 0 

0· 0 

.20 ______________ _ 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist pas~age 
through PR II by backwater effects 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 
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Table A7. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach III. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 4 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.5 

Surface water necessary for 
passage (cfs) 1.5 

Amount of ppt needed for basin 
area of 1.36 mile2 (in) .03 

% Exceeded based on total 
daily ppt and groundwater 25 

Breaching % exceeded for 
controlling discharge. of 
27,000 cfs 7 

Backwater % exceeded for 
mainstem discharge of 
d cfs d 

Maximum % exceeded 25 

4 4 4 

1.9 1.4 1.3 

2.1 2.6 2.7 

.04 .04 .05 

22 20 20 

0 0 0 

d d d 

22 20 20 

I a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
I cfs (Sautner et al. 1984c) 

. I 
I I 
I , 
l ..... l 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR III 

d Breaching occurs prior to backwater effects 



Table A8. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach IV. 

Mainstem flow at Gold Creek (cfs) 
Natural8 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) Sc 

Groundwater baseflow (cfs). 
corresponding to specified 
mainstem flow 1.5 

Surface water necessary for 
passage (cfs) 3.5 

Amount of ppt needed for basin 
area of 1.09 mile2 (in) .07 

% Exceeded based on total 
daily ppt and groundwater 14 

Breaching % exceeded for 
controlling discharge of 
33,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

2 

d 

5 

1.1 

3.9 

.08 

12 

0 

5 5 

.8 .8 

4.2 4.2 

.09 .09 

10 10 

0 0 

d d 

10 10 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18,000 cfs will not assist 
passage through PR IV 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 
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Table A9. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach V. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 

5 

1.3 

passage (cfs) 3.7 

Amount of ppt needed for basin 
area of 1.09 mile2 (in) .08 

% Exceeded based on total 
daily ppt and groundwater 13 

Breaching % exceeded for 
controlling discharge of 
33,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

2 

d 

13 

5 5 5 

1.0 .7 .7 

4.0 4.3 4.3 

.08 .09 .09 

11 9 9 

0 0 0 

d d d 

11 9 9 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period o~ 18,000 cfs will not assist 
passage through PR V 

d Breaching occurs prior to backwater effects 



Table AlO. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach VI. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

4 

1.1 

2.9 

area of 0.96 mile2 (in) .07 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
33,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

14 

2 

d 

4 4 4 

.8 .6 .6 

3.2 3.4 3.4 

.08 .08 .• 08 

13 12 12 

0 0 0 

d d d 

12 2 ~~~ ___ _!~ 
~ - --~--~--~~-- ~~ ~- - ~ ~~--- -----~--'~~ - ~ ~-~~ ----------~--~ ---

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR VI 

c Required flow estimated assuming that required :fiow~at upstream PR is 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 
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Table All. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach VII. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 

.9 

passage (cfs) 3.1 

Amount of ppt needed for basin 
area of .96 mile2 (in) .08 

% Exceeded based on total 
daily ppt and groundwater 13 

Breaching % exceeded for 
controlling discharge of 
33,000 cfs 2 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

d 

13 

4 4 4 

.7 .5 .5 

3.3 3.5 3.5 

.08 .08 .08 

13 11 11 

0 0 0 

d d d 

13 11 11 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR VII 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 



Table A12. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach VIII. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 

4 

mainstem flow .6 

Surface water necessary for 
passage (cfs) 3.4 

Amount of ppt needed for basin 
area of .55 mile2 (in) .14 

% Exceeded based on total 
daily ppt and groundwater 6 

Breaching % exceeded for 
controlling discharge of 
33,000 cfs 2 

Backwater % exceeded for 
mainstem discharge of 
d cfs d 

... Maximum % exceeded . ________ ----··· 6 

4 4 4 

.5 .4 .3 

3.5 3.6 

.15 .15 .16 

6 5 4 

0 0 0 

d d 

5 4 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR VIII 

d Breaching occurs prior to backwater effects 
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Table A13. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 8A for Passage Reach IX. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

4 

.4 

3.6 

area of 0 mile2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
33,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

0 

2 

d 

2 

4 4 4 

.3 .2 .2 

3.7 3.8 3.8 

e e e 

0 0 0 

0 0 0 

d d 

0 0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1~84c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR IX 

d Breaching occurs prior to backwater effects 

e Not possible, basin area is insufficient to provide surface runoff 



Table A14. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to,20 September 
at Slough 9 for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

2 

2.6 

0 

Amount of ppt needed for basin 
area of 2.99 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
19,000 cfs 29 

Backwater % exceeded for 
mainstem discharge of 
<12,200 cfs 

•· 

Maximum % exceeded 

70 

100 
·-- ---·~--·-----

2 2 2 

2.1 1.6 1.5 

0 .4 .5 

0 .003 .004 

100 47 44 

0 0 0 

0 0 0 

10-ob- 47 44 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR I by backwater effects 
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Table A15. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 

I .li at Slough 9 for Passage Reach II. 
I 
' I 

I . 
I I 
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Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amoun·t of ppt needed for basin 

1 

2.5 

0 

area of 1.73 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
19,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

100 

29 

d 

100 

1 1 1 

2.0 1.5 1.4 

0 0 0 

0 0 0 

100 100 100 

0 0 0 

d d d 

100 100 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al.. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR II 

d Breaching occurs prior to backwater effects 



Table A16. Required flow, passage.reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9 for Passage Reach III. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 6 6 6 6 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.1 1.7 1.3 1.2 

Surface water necessary for 
passage (cfs) 3.9 4.3 4.7 4.8 

Amount of ppt needed for basin 
area of 1. 73 mile2 (in) .05 .06 ~06 .06 

% Exceeded based on total 
daily ppt and groundwater 18 16 15 14 

Breachin~ % exceeded for 
controlling discharge of 
19,000 cfs' 29 0 0 () 

Backwater % exceeded for 
mainstem discharge of 
d cfs d d d d 

Maximum % exceeded 29 16b Ts 14 
-~~~---- --- ---~--- ----- -~~------- . ----·----~---·~-·------ -·· --------·-~~-~~-------~ -----·---~---~---

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR III 

d Breaching occurs prior to backwater effects 
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Table A17. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9 for Passage Reach IV. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 

2.0 

passage (cfs) 4.0 

Amount of ppt needed for basin 
area of 1.73 mile 2 (in) .05 

% Exceeded based on total 
daily ppt .and groundwater 17 

Breaching % exceeded for 
controlling discharge of 
19,000 cfs 29 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

d 

29 

6 6 6 

1.6 1.2 1.1 

4.4 4.8 4.9 

.06 .06 .07 

16 14 14 

0 0 0 

d d 

14 14 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR IV 

c Required flow estimated assuming that required flow at downstream PR is 
sufficient for passage at upstream PR 

d Breaching occurs prior to backwater effects 



Table A18. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9 for Passage Reach V. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

1.6 

4.4 

area of 0 mile2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
19,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

. __ Maximum /L~xc_e_e_d~~d 

0 

29 

d 

6 6 6 

1.3 1.0 0.9 

4.7 5 5.1 

e e e 

0 0 0 

0 0 0 

d d 

Q 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs.will not assist passage 
through PR V 

c Required flow estimated assuming that required flow at downstream PR is 
sufficient for passage at upstream PR 

d Breaching occurs prior to backwater effects 

e Not possible; basin area is insufficient to provide surface runoff 
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Table A19. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

1 

4 

0 

area of 2.27 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
f cfs 

Backwater % exceeded for 
mainstem discharge of 
f cfs 

Maximum % exceeded 

100 

f 

f 

100 

1 1 1 

3.5 3.1 3.0 

0 0 0 

0 0 0 

100 100 100 

f f f 

f f f 

100 100 100 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR I according to existing data 

f No data available 



Table A20. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach II. 

Mainstem flow at Gold Creek (cfs) 
Natural8 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

3 

3.9 

0 

area of 2.27 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
f cfs 

Backwater % exceeded for 
mainstem discharge of 
f cfs 

f 

f 

100 

3 3 3 

3.4 3.0 2.5 

0 0 

0 0 .005 

100 100 41 

f f f 

f f 

100 41 

a Natural flows ident'ified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR. II according to existing data 

f No data available 
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Table A21. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach III. 

Mainstem flow at Gold Creek (cfs) 
Natural8 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 3 3 3 3 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 3.7 3.2· 2.8 2.0 

Surface water necessary for 
passage (cfs) 0 0 .2 1.0 

Amount of ppt needed for basin 
area of .35 mile2 (in) 0 0 .01 .07 

% Exceeded based on total 
daily ppt and groundwater 100 100 32 14 

Breachin~ % exceeded for 
controlling discharge of 
f cfs f f f f 

Backwater % exceeded for 
mainstem discharge of 
f cfs f f f f 

Maximum % exceeded 100 100b 32 14 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b. For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR III according to existing data 

f No data available 



Table A22. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach IV. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface wate~ 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 

1' 

mainstem flow 3.4 

Surface water necessary for 
passage (cfs) 0 

Amount of ppt needed for basin 
area of .35 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
f cfs 

Backwater % exceeded for 
mainstem discharge of 
f cfs 

f 

f 

1 1 1 

2.9 2.5 1.9 

0 0 0 

0 0 0 

100 100 100 

f f f 

f f f 

------Maximum--%-- exceeded------------- __ __ ---~--100 ____ . _______ __100~ =~-=-------LO_Q ___ ~--~-~-10_0 --- ~=----

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstemdischarge period of 18000 cfs will not ass;13_t :pas!:l~~e 

through PR IV according to existing data 

f No data available 
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Table A23. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach V. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 2c 2 2 2 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.9 2.4 2.0 L6 

Surface water necessary for 
passage (cfs) 0 0 0 .4 

Amount of ppt needed for basin 
area of .21 mile 2 (in) 

% Exceeded based on total 
daily ppt and groundwater 

BreachinB % exceeded for 
controlling discharge of 
f cfs 

Backwater % exceeded for 
mainstem discharge of 
f cfs 

Maximum % exceeded 

0 0 0 .04 

100 100 100 20 

f f f f 

f f f 

100 100 20 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

I
, [ b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
__ J through PR V according to existing data 

, I 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

f No data available 



Table·A24. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach VI. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 2c 2 2 2 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.7 2.2 1.8 1.5 

Surface water necessary for 
passage (cfs) 0 0 .2 .s 

Amount of ppt needed for basin 
area of .17 mile·2 (in) 0 0 .03 .06 

% Exceeded based on total 
daily ppt and groundwate·r 100 100 24 14 

. -~-~- ---· 

Breachin~ % exceeded for 
controlling discharge of 
f cfs f f f f 

Backwater % exceeded for 
mainstem discharge of 
f cfs f f f f 

__ Maxi1!l1.!'11L. % exceeded . . __ ].00 
----·~~~~ --~ 

100°~~-~ . 24 -~-14_ 
·---~-~-----

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR VI according to existiiig d·atci ---- --

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

f No data available 
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Table A25. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach VII. 

Mainstem flow at Gold Creek (Cfs) 
Natural a 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 2c 2 2 2 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.4 1.9 1.5 1.3 

Surface water necessary for 
passage (cfs) 0 .1 .5 .7 

Amount of ppt needed for basin 
area of .13 mile 2 (in) 0 .02 .09 .13 

% Exceeded based on total 
daily ppt and groundwater 100 40 10 7 

Breachin~ % exceeded for 
controlling discharge of 
f cfs f f f f 

Backwater % exceeded for 
mainstem discharge of 
f cfs f f f f 

Maximum % exceeded 100 40b 10 7 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR VII according to existing data 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

f No data available 



Table A26. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach VIII. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Requi~ed flow (cfs) 2c 2 2 2 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.3 1.8 1.4 1.2 

Surface water necessary for 
passage (cfs) 0 .2 .6 .8 

Amount of ppt needed for basin 
area of .10 mile2 (in) 0 .05 14 .19 

% Exceeded based on total 
<!c:t:ily ppJ: ap.cl g-roundwater 100 31 6 3 

--

Breaching % exceeded for 
controlling discharge of 
f cfs f f f f 

Backwater % exceeded for 
mainstem discharge of 
f cfs f f f f 

- - - ~ ------------~--·--~--

- ---Maximum--%--exceeded -------- -1-00-- b ----------3-1~-- ---6---- ------3 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR VIII according to existing data 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at.downstream PR 

f No data available 
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Table A27. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach IX. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 2 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.1 

Surface water necessary for 
passage (cfs) 0 

Amount of ppt needed for basin 
area of .08 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
f cfs f 

Backwater % exceeded for 
mlinstem discharge of 
f cfs 

Maximum % exceeded 

f 

100 

2 2 2 

1.6 1.3 1.1 

~4 .7 .9 

.12 .20 .25 

24 3 2 

f f f 

f f 

3 2 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR IX according to existing data 

f No data available 



Table A28. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 9A for Passage Reach X. 

Amount of ppt needed for basin 
area of .02 mile 2 (in) e 

% Exceeded based on total 
~~~ily_j~_Pl: and~~:t"OU!l<!w~ter_ 0 

Breaching % exceeded for 
controlling discharge of 
f cfs f 

Backwater % exceeded for 
mainstem discharge of 
f cfs f 

-- Maximum %---exceeded- --- -

e e e 

0 0 0 

f f f. 

f f f 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will 1101.: as;s:L~t Ea::;::;~ge 

through PR X according to existing data 

e Not possible, basin area is insufficient to provide surface runoff 

f No data available 
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Table A29. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 11 for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Natural 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 4 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 4.0 

Surface water necessary for 
passage (cfs) 0 

Amount of ppt needed for basin 
area of 0 mile2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 70 

Breaching % exceeded for 
controlling discharge of 
42,000 cfs 1 

Backwater % exceeded for 
mainstem discharge of 
16,200 cfs 

Maximum % exceeded 

44 

50 

4 4 4 

3.6 3.2 3.0 

.4 .8 1.0 

e e e 

50 0 0 

0 0 0 

0 0 

0 0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR I by backwater effects 

e Not possible, basin area is insufficient to provide surface runoff 



Table A30. Required flow, passage reach flows and percent exceedanc.e of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 11 for Passage Reach II. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 

4 

mainstem flow 3.5 

Surface water necessary for 
passage (cfs) .5 

Amount of ppt needed for basin 
area of 0 mile2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge.of 
42,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
33,100 cfs 

Maximum %-exceeded~- .- -···-·---····· 

'30 

1 

2 

... 30 

4 4 4 

3.2 2.8 2.7 

.8 1.2 1.3 

e e e 

18 0 0 

0 0 0 

0 0 0 

=~~-~8~.·-··· .0 .... 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs 'to.T~J:~ .. n;ot a~sist ... I>.Cl.S~Cl.ge 
through PR II 

e Not possible, basin area is insufficient to provide surface runoff 
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Table A31. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 11 for Passage Reach III. 

Mainstem flow 
Natural a 12000 

Groundwater & Surface water 

Required flow (cfs) 4 4 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.8 2.5 

Surface water necessary for 
passage (cfs) 1.2 1.5 

Amount of ppt needed for basin 
area of 0 mile2 (in) 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
42,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
39,600 cfs 

Maximum % exceeded 

e e 

10 5 

1 0 

1 

10 

at Gold Creek (cfs) 
9000 8000 

4 4 

2.2 2.1 

1.8 1.9 

e e 

0 0 

0 0 

0 0 

0 0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR III 

e Not possible, basin area is insufficient to provide surface runoff 



Table A32. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 11 for Passage Reach IV. 

Mainstem flow at Gold Creek (cfs) 
a 12000 9000 8000 Natural 

Groundwater & Surface water 

Required flow (cfs) 8 8 8 8 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 2.6 2.4 2.1 2.0 

Surface water necessary for 
passage (cfs) 5.4 5.6 5.9 6.0 

Amount of ppt needed for basin 
area of 0 mile2 (in) e e e e 

% Exceeded based on total 
daily ppt and groundwater 0 0 0 0 

Breaching % exceeded for 
controlling discharge of 
42,000 cfs 1 0 0 0 

Backwater % exceeded for 
mainstem discharge of 
d cfs d d d d 

:MaX:Inium %-exceeded 1 0 0 0 
- -~~---·--~------ ----·~--~~~----·--~--·--~- . -- ·--·-·----·-----

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist pass~ge 
through PR IV 

d Breaching occurs prior to blrckwa.ter effects 

e Not possible, basin area is insufficient to provide surface runoff 
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Table A33. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 11 for Passage Reach V. 

Mainstem flow at Gold Creek (cfs) 
Natural a: 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 4 4 4 4 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 1.7 1.6 1.4 1.4 

Surface water necessary for 
passage (cfs) 2.3 2.4 2.6 2.6 

Amount of ppt needed for basin 
area of 0 mile2 (in) e e e e 

% Exceeded based on total 
daily ppt and groundwater 0 0 0 0 

Breaching % exceeded for 
controlling discharge of 
42,000 cfs 1 0 0 0 

Backwater % exceeded for 
mainstem discharge of 
d cfs d d d d 

Maximum % exceeded 1 ob 0 0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR V 

d Breaching occurs prior to backwater effects 

e Not possible, basin area is insufficient to provide surface runoff 



Table A34. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Upper Side Channel 11 for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 6 6 6 6 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 6 5 5 5 

Surface water necessary for 
passage (cfs) 0 1 1 1 

Amount of ppt needed for basin 
area of 0 mile2 (in) e e e e 

% Exceeded based on total 
daily ppt and groundwater 50 0 0 0 

Breachin~ % exceeded for 
controlling discharge_ of 
16,000 cfs 45 0 0 0 

Backwater % exceeded for 
mainstem discharge of 
12,400 cfs 68 0 0 0 

Maximum % exceeded 68 0 b 0 0 
- ·-~---~--------·--- ---··--~------~-~~~-·--~----~----·-·-~---·-·-- --·------- --- . ---··-·- -~-·-·--~---·-

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR I by breaching effects 

d Breaching occurs prior to backwater effects -
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Table A35. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Upper Side Channel 11 for Passage Reach II. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

12 

6 

6 

area of 0 mile 2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 0 

Breaching % exceeded for 
controlling discharge of 
16,000 cfs 45 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

d 

45 

12 12 12 

5 5 5 

7 7 7 

e e e 

0 0 0 

0 0 0 

d d 

0 0 

a Natural flows identified by 5D percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR II by breaching effects 

d Breaching occurs prior to backwater effects 

e Not possible; basin area is insufficient to provide surface runoff 



Table A36. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Upper Side Channel 11 for Passage Reach III. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 3 

Surface water necessary for 
passage (cfs) 9 

Amount of ppt needed for basin 
area of 0 mile 2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
16,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

··:Max:lmum % exceeaed 

0 

45 

d 

45 

12 12 12 

2 2 2 

10 10 10 

e e e 

0 0 0 

0 0 0 

d d d 

.. -- ob 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage. 
through PR III by breaching effects 

c Required flow estimated assuming that required···fiuw at ·downstream·PR is·-· 
sufficient for passage at upstream PR 

d Breaching occurs prior to backwater effects 

e Not possible; basin area is insufficient to provide surface runoff 
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Table A37. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 21 for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

. Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

5 

10 

0 

area of .52 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
25,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

100 

10 

d 

100 

5 5 5 

6.2 2.3 1.1 

0 2.7 4.9 

0 .12 .22 

100 6 4 

0 0 0 

d d 

6 4 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, .the mainstem discharge period of 18000 cfs will not assist passage 
through PR I 

d Breaching occurs prior to backwater effects · 



Table A38. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 21 for Passage Reach IIL. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) · 

Groundwater baseflow (cfs) 
corresponding to specified 

5 

mainstem flow 2.9 

Surface water necessary for 
passage (cfs) 2.1 

Amount of ppt needed for basin 
area of 0 mile2 (in) e 

% Exceeded based on total 
daily ppt and groundwater 0 

Breaching % exceeded for 
controlling discharge of 
25,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

10 

d 

10 

5 

1.8 

3.2 

e 

0 

0 

d 

ob 

5 

0.7 

4.3 

e 

0 

0 

d 

5 

0.3 

4.7 

e 

0 

a· 

d 

0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR IIL 

d Breaching occurs prior to backwater effects 

e Not possible; basin area is insufficient to provide surface runoff 

l 
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Table A39. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Slough 21 for Passage Reach IIR. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 .8000 

Groundwater & Surface water 

Required flow (cfs) 5 5 5 5 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 3.2 2.0 0.7 0.4 

Surface water necessary for 
passage (cfs) 1.8 3.0 4.3 4.6 

Amount of ppt needed for basin 
area of .26 mile 2 (in) .16 .27 .39 .41 

% Exceeded based on total 
daily ppt and groundwater 4 2 1 1 

Breachin~ % exceeded for 
controlling discharge of 
f cfs f f f f 

Backwater % exceeded for 
mainstem discharge of 
f cfs f f f f 

Maximum % exceeded 4 2b 1 1 

a Natural flows identified by SO percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR IIR 

jl f No data available 
.. I 



Table A40. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach I. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 90QO 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

18.1 

0 

Amount of ppt needed for basin 
area of 5.03 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
12,000 cfs 

Maximum __ % exceeded ____ _ 

100 

71 

71 

______ 100 -- -~ 

8 

11.3 

0 

0 

100 

100 

100 

10ob 
·---· 

8 8 

4.2 2.0 

3.8 6.0 

.02 .03 

.28 24 

0 0 

0 0 

28 24 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, themainstem discharge period of 18000 cfs will assist passage 
through PR I by breaching effects 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

l 
l 

1 
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Table A41. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach II. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 

8 

18.0 

passage (cfs) 0 

Amount of ppt needed for basin 
area of 5.03 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

100 

71 

d 

100 

8 8 8 

11.2 4.2 2.0 

0 3.8 6.0 

0 .02 .03 

100 28 24 

100 0 0 

d d 

28 24 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR II by breaching effects 

d Breaching occurs prior to backwater effects 



Table A42. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach III. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 7c 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 17.5 

Surface water necessary for 
passage (cfs) 0 

Amount of ppt needed for basin 
area of 5.03 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 71 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

·---- -~------- -~-- ------ -

Maximum % exceeded 

d 

100-

7 

10.9 

0 

0 

100 

100 

d 

---Toob 

7 

4.1 

2.9 

.01 

31 

0 

d 

31 

7 

1.9 

5.1 

.02 

26 

0 

d 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR III by breaching effects 

c Required flow estimated assuming that required flow at upf.3tream PR 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 

is 
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Table A43. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach IV. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 7 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 17.5 

Surface water necessary for 
passage (cfs) 0 

Amount of ppt needed for basin 
area of 5.03 mile2 (in) 0 

% Exceeded based on total 
daily ppt an~ groundwater 100 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 71 

Backwater % exceeded for 
mainstem discharge of 
d cfs d 

Maximum % exceeded 100 

7 7 7 

10.9 4.1 1.9 

0 2.9 5.1 

0 .01 .02 

100 31 26 

100 0 0 

d d 

31 26 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR IV by breaching effects 

d Breaching occurs prior to backwater effects 



Table A44. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach V. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 18 18 18 18 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 17.4 10.8 4.0 1.9 

Surface water necessary for 
passage (cfs) 0.6 7.2 14.0 16.1 

Amount of ppt needed for basin 
area of .52 mile2 (in) .03 .32 .63 .73 

% Exceeded based on total 
c!~i~y PP!_~C3.!1_<! ~l:"oundwater 24 2 1 .5 

Breachin!j1! % exceeded for 
controlling discharge of 
12,000 cfs 71 100 0 0 

Backwater % exceeded for 
mainstem discharge of 
d cfs d d d d 

-----~Max-imum~ % exceeded - -7~1-
b 

--1-··· --· 5----~---- ~~100-

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period o:f H~OO() C!:fs w:i,:Ll as~:;±st p1:J.S§~ge 

through PR V by breaching effects 

d Breaching occurs prior to backwater effects 
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Table A45. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach VI. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 20c 20 20 20 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 17.2 10.7 4.0 1.9 

Surface water necessary for 
passage (cfs) 2.8 9.3 16.0 18.1 

Amount of ppt needed for basin 
area of .52 mile2 (in) .13 .42 .72 .81 

% Exceeded based on total 
daily ppt and groundwater 7 1 .5 0 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 71 100 0 0 

Backwater % exceeded for 
mainstem discharge of 
d cfs d d d d 

Maximum % exceeded 71 100b .5 0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR VI by breaching effects 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 



Table A46. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Pas~age Reach VII. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 16.8 

Surface water necessary for 
passage (cfs) 3.2 

Amount of ppt needed for basin 
area of .52 mile2 (in) .14 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

6 

71 

d 

71 

20 

10.4 

9.6 

.43 

1 

100 

d 

·~roob~ 

20 20 

3.9 1.8 

16.1 18.2 .. 

.73 .82 

.5 0 

0 0 

d d 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
· through PR VII by breaching effects 

c Required flow·estima.tedassumingthat required flow at~ upstream PR ·is 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 
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Table A47. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach VIII. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required.flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 

16.5 

passage (cfs) 3.5 

Amount of ppt needed for basin 
area of .52 mile2 (in) .16 

% Exceeded based on total 
daily ppt and groundwater 

Breaching % exceeded for 
controlling discharge of 
16,000 cfs 

Backwater % exceeded for 
mainstem discharge of 
d cfs 

Maximum % exceeded 

4 

71 

d 

71 

20 

10.2 

9.8 

.44 

1 

100 

20 20 

3.8 1.8 

16.2 18.2 

.73 .82 

.5 0 

0 0 

d d 

.5 0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR VIII by breaching effects 

c Required flow estimated assuming that required flow at upstream PR is 
sufficient for passage at downstream PR 

d Breaching occurs prior to backwater effects 



Table A48. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach IX. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 20 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 16.4 

Surface water necess~ry for 
passage (cfs) 3.6 

Amount of ppt needed for basin 
area of .52 mile2 (in) .16 

% Exceeded based on total 
daily ppt and groundwater 4 

Breaching % exceeded for 
controlling discharge of 
12,000 cfs 71 

Backwater % exceeded for 
mainstem discharge of 
d cfs d 

Maximum % exceeded 71 
-~-·--------·-·· --- -------~----·- ·- ----~--------· - - -----~-~------

20 

10.2 

9.8 

.44 

1 

100 

d 

ioob 

20 

3.8 

16.2 

.73 

.5 

0 

d 

.5 

20 

1.8 

18.2 

.82 

0 

0 

d 

0 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will assist passage 
through PR IX by breaching effects 

d Breaching occurs prior to backwater -enects 
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Table A49. Required flow, passage reach flows and percent exceedance of successful 
passage due to groundwater and surface water discharges, breaching 
flows and backwater effects for the period of 20 August to 20 September 
at Side Channel 21 for Passage Reach X. 

Mainstem flow at Gold Creek (cfs) 
Naturala 12000 9000 8000 

Groundwater & Surface water 

Required flow (cfs) 

Groundwater baseflow (cfs) 
corresponding to specified 
mainstem flow 

Surface water necessary for 
passage (cfs) 

Amount of ppt needed for basin 

12.5 

0 

area of .52 mile2 (in) 0 

% Exceeded based on total 
daily ppt and groundwater 100 

Breaching % exceeded for 
controlling discharge of 
24,000 cfs 12 

Backwater % exceeded for 
mainstem discharge of 
d cfs d 

Maximum % exceeded 100 

5 5 5 

7.8 2.9 1.4 

0 2.1 3.6 

0 .09 .16 

100 9 5 

0 0 0 

d d 

9 5 

a Natural flows identified by 50 percent exceedance mainstem discharge of 15,000 
cfs (Sautner et al. 1984c) 

b For Case EV, the mainstem discharge period of 18000 cfs will not assist passage 
through PR X 

I
IJ1 c Required flow estimated assuming that required flow at upstream PR is 

sufficient for passage at downstream PR 

Ll 
d Breaching occurs prior to backwater effects 
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Subp.;:rt H-NED Benefit Evaluation Procedure&: Power 
(Hyc· ropowsr) 

v i13 ~1 Introduction. 

(e) ·; nis chap!er describes procedures for the evaluation of 
na~icnal economic development (NED) benefits of 
1-.ydr ·rower features of water resources projects and plans. 
Thea~ featureB ;,elude single-purpose hydropower, the 
:'lc!U<'1nn of hyc.; :~power as a function in new multipurpose 
p:-c:, ~'.s. addition of power-generating facilities to existing 
water rer10urce projects. end expansion of existing 
hydr•~power plants. 

(b I 1- or the purpose of ensuring efficiency in the use of 
planning resourc('a, simplifications of the procedures set 
!'0r•)· .n ~his subpart are permitted in the cases of single 
purpose small acaie hydropower projects (25 MW or less) 
propo~cd at existing dams and other facilities (e.g., irrigation 
r.Hna ': or at undeveloped sites. if no significant adverse 
r:r.v1r:.,:1;:nenta! :mpacta would result from the installation 
and operation of power ger-erating facilities, if these 
simpi:~1cations lead to ad~Jquate approximations of NED 
benefits and costs. For example, an analysis of marketability 
me? h': substituted for determination of need for future 
genera\1on. In addition, an alternative that is primarily 
nonst!'Uctural is not required for the small scale hydropower 
proje-::ts described above. 

§ 713.603 Co~r.,· ;::.ve~l bmela. 

(t~) ·;·;le conceptual basis for evaluating the benefit from 
e~~~gy produced by hydroelectric powerplants is society's 
w•.lmgness to pay for theee outputs. Where energy from 
eler;tr. ;:-owerplants is priced at its marginal cost, this price 
shall he used to calculate willingness to pay. In the absence 
of such direct measures of marginal willingness to pay, the 

benefit from energy produced by hydroelectric powerplants 
will be measured instead by the resource cost of the most 
likely alternative to be implemented kl the absence of the 
hydroelectric powerplant. 

(b) The benefits from nonstructural measures are also 
computed using the cost of the most likely alternative. 
However, the net benefits of certain nonstructural measures 
that alter the electric power load cannot be measure_d 
effectively by the alternative cost procedures for the 
following reasons: (1) Structural measures and many 
nonstructural measures (except those that alter the load) 
result in similar plan outputs, whereas load-altering 
measures (e.g., revised rate structures) may change levels of 
output; and (Z) load-altering measures may ha\·e fewer direct 
resource costs than measures based on higher levels of 
output. Recognizing this lack of comparability, the benefits 
from such load-altering nonstructural measures shall not be 
based on the cost of the most likely alternative. Attempts to 
measure the benefits of load-altering nonstructural measures 
on the basis of direct willingness to pay are encouraged, 
although the display of such benefits is not required. 

§ 713.605 Planning Htt:Jng. 
(a) Without-project condition. The without-project 

condition is the most likely condition expected to exist in the 
future in the absence of a project, including any known 
changes in law or public policy. The following specific 
assumptions shall be included: 

(1) Existing resources. Existing generating resources are 
part of the without-project condition. Adjustments shall b-e 
made to account for anticipated plant retirements and 
changes in plant output due to age or environmental 
restrictions assoCiated with existing policy and regulations. 

(2) Existing institutional arrangements. Existing and 
reasonably expected future power system and water 
management contracts, treaties, and nonpower river 
operating criteria are part of the without-project condition 
unless revision of these arrangements is one of the 
alternative plans being studied. In that case, the new 
arrangement (revised contract, criteria, etc.) would be one of 
the alternatives considered in the with-project condition. 

(3) Alternative actions anticipated or underway. The 
without-project condition includes those generating 
resources that can reasonably be expected to be available in 
the forecast period. 

(4) Nonstructurol measures and conservation. The 
without-project condition shall include the effects of 
implementing all reasonably expected nonstructural and 
conservation measures, including those required or 
encouraged by Federal. State, and local policies. 

(b) With-project condition. (1) The with-project condition 
is the most likely condition expected _to exist in the future 
with the plan under consideration. Examples of alternative 
plans include: Alternative combinations of projects in a 
basin study; alternative sites in a reach study: alternative .· 
plant sizes at a specific site: alternative reservoir sizes at a 
reservoir site; use of reregulation and/or pumpback to 
increase firm capacity; and reallocation of storage to 
increase firm energy output. 
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(2} Nonstructural alternatives to hydropower may be used 
alone or in combination with structural measures. If the 
proposed nonstructural measures are already in the process 
of implementation, they shall be considered part of the 
without-project condition. Nonstructural measures to be 
considered include but are not limited to reducing the level 
and/or time pattern of demand by time-of-day pricing; 
utility-sponsored loans for insulation; appliance efficiency 
standards; education programs; inter-regional power 
transfers; and increased transmission efficiency. 

§ 713.607 Evaluetlon procedure: General. 

Given one or more alternative plans for hydropower 
projects, the following steps are necessary to estimate NED 
benefits that would accrue to these projects. (See Figure 
713.607-1.} The level of effort expended on each step . 
depends upon the nature of the proposed development, the 
state of the art for accurately refining the estimate, and the 
likely effect of further refinement on project formulation and 
justification. 

§ 713.609. Evaluation procedure: Identify system for analysis. 

Because of the trend toward interconnection and 
coordination among utilities and power systems, it is most 
appropriate to evaluate NED benefits for hydropower on a 
system basis, rather than on the needs of an individual 
utility or local area. The size of the system would depend on 
the situation but could consist of a power pool, a National 
Electric Reliability Council (NERC} regional area, the 
marketing area of a Federal power marketing administration, 
or other geographic region. 

r-igure 71].607-1·-FllJvchart o[ Hydropo1.ter (v,tluatlon PrllCt:llun·:. 
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In some cases, physical or institutional constraints may li'mi 
the analysis to a smaller area, but care must he taken to 
ensure that benefits are not misstated hy such anulysis. 

§ 713.611 Evaluation procedure: Determine need for future 
generation. 

(a) Estimate future demand for dectric: tmWt.'l'. Forecasts 
of fdectric power loads ahHII he made in t~!rmll of annual unc 
monthly energy (including peak) demands. Weekly loud 
shapes shall also be forecast to represent a minimum of 
three periods in the year (e.g.~ typical summer, winter, Hnd 
spring/fall days) to assist in determining the type of loud 
that a hydropower project could carry. Load forecasts shoul• 
reflect the effects of all load management and conserva lion 
measures that, on the basis .of present and future public and 
private programs. can reasonably be expected to be 
implemented during the forecast period. Load forecasts 
should be made and analyzed by sectoral use (residential, 
industrial, governmental, institutional. etc.) Han adequate 
forecasting model exists and is in use in the potenlial projec· 
market area. Load estimates shall be made, at increments of 
no more than 10 years, from the present to a time when the 
proposed plant will-be operating in a state representative of 
the majority of its project life. In the case of staged 
hydropower development, or where generation system 
resource mixes may change markedly, load forecasts may !J, 
required for 20 years or more beyond the initial operation 
date. Estimates shall account for system exports and reserv• 
requirements. 

lb} Define base system generating resources. Project futur 
generating resources and imports at various points in time 
without the proposed plan or any alternative plan. Resource 
estimates shall be made for the time periods stated in 
§ 713.611(a). Information shall be provided both on the 
average annual energy production and on peaking capabilit; 
Data are readily available on projected system resources f01 
about 10 years. Projected resource additions beyond that 
time shall be based on system studies. Retirement of older 
plants shall be accounted for, as well as the reduction of 
output of some plants due to age or environmental 
constraints. . 

(c) Evaluate need for additional generation. Compare the 
loads identified under§ 713.611(a} with the resources 
identified under§ 713.611(h) to determine: (1} When . 
generating resource deficits will occur, (2} the magnitude of 
these deficits, and (3} what portion of these deficits could b( 
met by the hydropower project. If nonstructural· measures 
are components of an alternative plan and these measures 
reduce system loads, the amount of such reduction shall be 
considered to contribute to meeting system deficits. Some 
hydropower sites can be developed to provide either a base 
load, mid-range. or peaking service. The system demand for 
each class of hydropower generation shall be evaluated. 
Simple tabulation of annual peak and energy loads and 
resources is generally adequate for preliminary st4dies, but 
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11yatem load-resource models that account for load 
char11cteristics and generating plant operating capabilities 
nhall be u.aed. if available, to evaluate accurately the 
&ability of specific projects. 

§ 713.813 EvaluaUon procedure: Dotermlne the most llkGify non­
Fod<mllllttornatM!. · 

. (a} General. The one aJternalivc most likely to be 
implemented in the absence of the proposed Federal project 
shall be selected. Consideration of the likely alternatives 
shall begin with the least costly. If an alternative with a 
lesser cost is passed over for a more expensive one, 
justification for not selecting the lower cost plan shall be 
presented. 

(b) &reen alternatives. The alternatives to a specific 
hydropower project must be viable in terms of engineering, 
environmental quality, and other national policy 
considerations. Engineering viability limits thermal 
alternatives to commercially available electric powerplants. 
Environmental viability implies that plant costs include all 
equipment required to m£;et environmental quality criteria. 
National policy considerations include factors such as legal 
limitations on the use of oil, 'natural gas, and.other "scarce" 
fuels for electric power generation. Each alternative need not 
in itself deliver service similar in kind to the hydropower 
project, but the total power system with the alternative must 
deliver service similar in kind to the system with the 
hydropower project. If nonstructural measures or 
conservation are components of an alternative plan and· 
these measures reduce the need for additional capacity or 
for additional power, the amount of such reduction shall be 
considered provision of service similar in kind; this is done 
so that evaluation procedures will not be biased against the 
selection of an alternative that utilizes nonstructural 
measures. 

(c) Identify the most likely alternative. (1) The system with 
hydropower must be compared with other alternatives 
capable of meeting system loads within established criteria 
of system reliability. The comparison shall be made on the 
basis of cost and other factors to determine the most likely 
alternative. i.e .. the structural or nonstructural alterna·uve 
that will be implemented if the project under consideration is 
not implemented. 

-(2) If political or institutional obstacles to implementation 
a.re noted, an alternative plan may still be considered the 
most likely if the barriers are substantially within the power 
of the affected users to correct. If an alternative is eliminated 
because of institutional or political obstacles, a sensitivity 
analysis shall be performed to determine whether the 
Federal project is economically justified when the rejected 
alternative is used as the basis 'of the benefit calculation. If 
this analysis indicates that the project would not remain 
justified, an explanation shrul be given for recommending a 
Federal project over the more economical rejected 
alternative. A detailed description of the political or 
institutional obstacles shall be included, with a discussion of 
the basis for the conclusion that the obstacles cannot be 
overcome. 

(3) If the most likely alternative is a thermal plant, that 
plant's capacity costs (including amortized investment costs, 
transmission costs, Interim replacement costs, and fixed 
operating and maintenance (S&M) costa) shall be used as 
tl'!e measure of the value of the hydropower project's 
generating capacity. and the thermal plant's energy costs 
(primarily variable O&M costs and fuel costs) shall be used 
as the measure of the value of the hydropower project's 
energy production. 
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§ 713.815 Evaluation proceduro: Compute b4moftta.. 
. {a) Compute hydropower plant annual benefits. 
Annualized benefits based on the costs of the moat likely 
alternative shall be computed for each hyfuopower 
development and installation component. . 

(1} Alternative costs. (i) The calculation of alternative 
costs to be used as a measure of NED benefits shall be on 
the following basis: (A) All interest and amortization coats 
charged to the alternative shall be calculated on the basis of 
the Federal discount rate; (B) no coats for taxes or Insurance 
shall be charged to the alternative; and (C) all other 
assumptions and procedures used in calculating the cosi.B of 
the alternatives, including external diseconomies, shall 
parallel those used in calculating the costa of the proposed 
project. · . 

. (ii) In many cases. benefits may vary over the life of a 
project. This may be due to such factors as staged 
development of the hydropower project, changes In 
operation of the hydropower project resultiilg from changes 
in the resource mix in the total generating system. and real 
escalation In fuel costa (if the moat likely alternative la a 
thermal plant). Project benefits shall be computed by time 
intervals and discounted to derive annualized power 
benefits. · 

(iii) When applicable, the evaluation shall reflect 
differences in the cost of transmission, dlstrlbution, and 
other facilities compared to the most likely alternative. 

(iv} OccasionaJly, the initial output of a hydropower 
project is large compared to annual growth In system load, 
and two or more years may be required· to fully absorb its 
output into the load. In these cases credit (benefit] shall be 
adjusted to reflect the generating capacity and energy 
actually uoed in the load in the early years qf project life. 

(2] Energy value adjustment. The effect on system 
production expenses shall be taken into account when 
computing the value of hydroelectric power. Adding the 
structural or nonstructural plan to a system instead of adding 
an alternative power source may result in greater or lesser 
system production expenses than If a particular thermal 
capacity were added; the effect on production expenses can 
be determined by performing a system analysis. If there Is a 
difference in system production expenses. an adjustment to 
the energy value shall be made In the economic analysis of 
the plan. If the alternative plan would lower, system 
production costs, the adjustment would be negative. If the 

· alternative plan would increase system production expenses, 
the adjustment would be positive. System production 
expenses shall be considered in determining the moat likely 
alternative. 

(3) Capacity value adjustment. The physical operating . 
characteristics of hydropower projects differ significantly 
from alternative thermal plants. Appropriate credit may be 
given to hydropower projects to reflect their greater 
reliability and operating flexibility. When the value of these 
characteristics cannot otherwise be quantified, an 
adjustment can be made to the alternative plant capacity 
costs. Typically. the adjustment per kilowatt of capacity 
ranges from 5 to 10 percent of the cost per kilowatt of · 
thermal capacity, depending on the operating characteristics 
of the hydropower project and alternatives that include 
thermal capacity. The adjustment may be applied by 
increasing the capacity cost of the most likely alternative by 
the appropriate percentage determined by the Federal 
Energy Regulatory Commission (FERC). 

(4) Intermittent capacity adjustment. The dependable 
capacity of a hydropower project is based on the lo.ad­
carrying capability of the project under the most adverse 
combination of system loads. hydrologic conditions, and 
plant capabilities. This very conservative approach is 
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unrel111ted to th" dependable capacity of a hydroPower 
project'& alternative if thermal capacity is included. and 
given no credit for the ll'alue of capacity that is available a 
aubat.antial amount of the time. When power system 
operation studies show that there is an tntennJttent capacity 
value to the system, a capacity adjustment shall be made. 

(5) Price relationships. Relative price relationships and the 
general level of prices prevailing during the planning study 
will be assumed to hold generally for the future, unless 
11pecified studies and considerations indicate otherwise. 
Examples of the latter include escalation of relative fuel cost 
(e.g., due to increasing scarcity), or increased capital costs 
expected to result from changed environmental or safety 
criteria. Fuel costs used in the analysis should reflect 
economic prices (ma:1mt clearing) rather than regulated 
prices .. 

(b) Compute benefits ofnonstructural measures. The 
average annual benefits of nonstructural alternatives shall 
be computed uai.n.B the cost of the most likely alternative 
I-dentified above, except as specified in § n3.003(b ). 

'I 713.617 Evdua.Uon ~ Otib1 eourcoa. 
nata on exiuting and planned resources, loads. 

marketability criteria, nnd e.ltemative costs are available 
£rom various agencies and groups, including the Department 
of Energy, NERC regional councils, FERC regional offices, 
Federal power marketing administrations, State energy 
agencies, utility companies, and regional planning groups. If 
specific operating characteristics of individual plants are not 
available, generalized data can be obtained from other 
mources. including the Electric Power Research Institute. 
Load-resources models based on simulated system operation 
may be used if available. Some of these models are available 
from various sources, including FERC. Federal power 
marketing administrations. and a number of consulting 
services. 

f 713..619 Report and~~ 
(a) Tables 713.619-1 through 713.619-3 are suggested for 

presentation for all reports that include hydropower 
measure&. Table n3.619-1 summarizes the output of all plans 

. ·:;• 

... 

by peaking capacity and system load factor, and present a the 
co.ata of each alternative plan. Tablea 713.619-.2 and 3 
summarb:.ea ihe output of the structural componeat of each 
alternative, the benefits of the structural components, and 
the resource coats of all structural and nonstructural · 

. ~mponenta of each alternative plan. The number of benefit 
categories included will vary from project to project. Not all 
projects will have intermittent capacity, for example, and in 
some casas it will be appropriate to account separately for 
firm and secondary energy. System energy Ct!BI impacts are 
sometimes included in the unit energy values and In those 
cases would not have to be accounted for separately. 

(b) Table 713.619-3 Is suggested if the nature or magnitude 
of hylfropower benefits changes substantially over time. 
Examples are: staged construction of the hydropower 
.project; change in the role of hydropower in the system over 
time; and situations in which several years are required to 
absorb a large project into the aystem. 
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TABLE 713.619-2 -- SUMMARY OF ANNUALIZED NED BENEFITS FOR STRUC!URAL MEASURES AND 
NED COSTS FOR STRUCTURAL AND NONSTRUCTURAL MEASURES~/ 

(Thousands of ~onth, year dollars) 
Applicable Discount Rate: 

Plant Data 

Installed capacity, MW 
Dependable capacity, MW 
Intermittent capacity, ~v 
Average· annual energy, gWh 
Average annual capacity factor (percent) 

Benefits 

Unit capacity value ($/kW-yr) 
Dependable capacity benefits 
Intermittent capacity benefits 
Unit energy value (mills/kml) 
Energy benefits 
Unit system energy cost adjustment 

(mills/kWh) 
System energy cost adjustment 
Real fuel cost escalation rate (percent) 
Period of real fuel cost adjustment 

(years) 
Real fuel cost adjustment 

TOTAL HYDRO BENEFITS 
Other purpose benefits (list) 

Annualized Cost 
Structural Measures 
Nonstructural Measures 

Net Annual Benefits 

( ) 

( ) 

( ) 

( ) 

(. ) 

Alternative 

( ) 

( ) 

( ) 

( ) 

( ) 

~/ Note that benefits from load-altering nonstructural measures are excluded. 

( 

( 

( 

( 

( 

) ( ______ ) 
) 

) { . ____ ) 
) ( . ___ ___,) 

) { . ____ ) 

This table may be used for displaying the benefits of nonstructural measures that do not alter 
the load (See Section 713.603(b)). 
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TABLE 713.619-3 --TIME DISTRIBUTION OF NED ELECTRIC POWER 
BENEFITS FOR STRUCTURAL MEASURES OF ALTERNATIVE ~/ 

Applicable Discount Rate: 

Time Period J:!./ 

Plant Data 

Installed capacity, MW 
Dependable capacity, HW 
Intermittent capacity, HW 
Average annual energy, gWh 
Average annual capacity factor 

(percent) 

Benefits 

Unit capacity value ($/kW-yr) ( ) ( ( ) ( 
Dependable capacity benefits 
Intermittent capacity benefits 
Unit energy value. (mills/kWh) ( ) ) ) 
Energy benefit 
Unit system energy cost adjustment 

(mills/kWh) ( ) ( ) ) 
System energy cost adjustment 
Real fuel cost escalation rate 

(percent) ( ) ( ) 
··Period of real fuel cost adjustment 

(years) · ( ) ( 
Real fuel cost adjustment 

~~UALIZED BENEFITS 

~/ Note that benefits from load altering nonstructural measures are excluded. 
This ·ta~le may be used for displaying the benefits of nonstrucrural measures that do not 
alter the load (See Section 713.603(b)). 

b/ Time periods selected depend on nature of project and power systeQ. 
£.! Average annual equivalent. 
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DEPART~t:~T OF FISH :\NO G..\ .liE 

OFRCE OF THE COMMISSIONER 

August 6, 1982 

. ·:. ' ... \ . 
. ... ~f. FiLED 

Alaska Power Author ty 
334 W. 5th Avenue '------------., 
Anchorage, Alaska 99501 

Attention: Mr. Eric P. Yould, Executive Director 

Gentlemen: 

JAYS. HAMMOND, GOVERNOR 

P.O. BOX 3·2000 
JUNEAU, ALASKA 99802 

PHONE: 465-41 00 

Recetveo 

AUG 91982 

ALASKA POWER AUTHORITY 

Re: Grant Lake Hydroproject Letter of July 14, 1982 and Instream Flow 
Evaluation Letter Report. 

Thank you for your recent letter and the opportunity to comment. We 
understand, on the basis of the information you have provided us, that 
there is no practicable means of maintaining a fishery in Grant Creek if 
the proposed hydropower project is constructed. 

As you may already know, the Oepartment•s policy regarding mitigation of 
project impacts embodies a hierarchic approach and is described as 
follows in order of implementation: 

1. Avoiding the impact altogether by not taking a certain action 
or parts of an action. 

2. Minimize impacts by limiting the degree or magnitude of the 
action or its implementation. 

3. Rectify the impact by repairing, rehabilitating,.or restoring 
the affected environment. 

4. Reduce or eliminate the impact over time by preservation and 
maintenance operations during the life of the action. 

5. Compensate for the impact by replacing substitute resources or 
environments. · 

It appears that, at least during the real life of the project, the only 
suitable means of mitigation of fisheries losses is (5), compensating 
for the impact by replacing or providing substitute resources or 
environments. 

We understand that you are currently developing mitigation options along 
these lines and will be pleased to meet with you to discuss them. 
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Cat. 
No. 

100 

200 

100 

B~ 
_D f;?l(rfV 

PEJlSONAL SU.VICES. 

TRAVEL • 

CONTRACTUAL. 

Harza-Ebaaco 
(1) Project Hanaaement. 
(2) Project Support Servtcea. 
(l) Enatneerina Prograa 
(4) Evtron•ental Proar••· 
(5) Geotechnical Program. 
(6) t..tcenatna Support ' Permitting. 
(1) Electric Power Syatema Study. 
(14) Envtron•ental Proaram 
(15) Geotachntcal Inveattaatton• 
(21) Oeatan He•o No.1 -General •• 
(22) Daotan Hemo No.2 - HYdrology. 
(23) Deatan HeQo No.3 - Ceolo&Y• 
C24) Oeatan Memo No.4 - River 

Diveraton 
(25) Deatan Hemo No.5 - Dam 

!•bank•ant. 
(26) Deatan He•o No.6 - Geotechnical 

Conatruction Hatertala. 
(31) Deatsn He•o No.ll -Power 

Cenerattna Factltttea 
(ll) Oeatan He•o No.lJ - Co1d Creek 

Trana•taaton Line 
(34) Deatan He•o No.l4 - Facilitie• 

Oeatan Criteria 
(39) Loat•ttca 
(40) Need for Power Study. 
(41) Tran••iaaton Facilttie• 

Sitin& and Licenaing. 
(42) Hydraulic ' Hydrolo&ic Studie•. 
(85) Cold Creek Trana•t••ion Line. 
(91) Field Support Staff 
(92) Hanasement of Subcontract• for 

Enatneering Project• Support 
Fa.ctlitiea. 

(93) Loaiatic• 
(97) Project Management. 
(98) Project Support Servtcea and 

Relocation• 

ADA,DP 

Anr•c 
su-Hydro 
Terreatrtal. 
Habitat Divteion 
Ad•1niatratton Divieion. 

ADNR •• 

Department of Law. 

land Field Service•• 

Han•a•ment Servtcea International. 

Soil Conaervation Service •• 

uses • • • 

Other Contractual. 

TOTAL • CONTRACTUAL 

400 SUPPLIES • 

~00 EQUIPMENT. 

TOTAL • PROJECT 

~USITNA HYDROELECTRIC PROJECT 

FY86 CAPITAL BUDGET 
DOLLARS 

··•··•••····························· 
ENGINEERINC AND DESIGN 

BASE 
BUDGET 

123,1$4 

89,100 
6,491,500 

866.000 
lll,OOO 
194,000 

409,000 

216,000 

129,000 

0 

207.000 

91.000 

0 

3,244,100 
6,6;\4,460 

114.600 

20,365,560 

150.000 

500.000 
100,000 

0 
0 

600.000 

80,0DO 

144,000 

Jo.Doo 

0 

0 

0 

0 

0 

0 

21,369,560 

0 

0 

21 1 714 1 7 6 4 

SUP PL. 
BUDGET 

0 

0 

40,200 
I,H8,600 

0 
0 

331,;\00 

0 

0 

68~.600 

0 

18~,000 

281,000 

608,700 
110.000 

0 

50,000 

0 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

) 

TOTAL 
BUDGET 

323' l ~· 

0 
0 
0 
0 
0 

129,ll00 
8,080,100 

866,000 
212.000 
u~.soo 

216,000 

129.000 

207,000 

476,000 
0 
0 

0 
0 

281,000 
0 

3,852,800 
7,164,460 

D4,600 

I.OH,600 

lSO,OOO 

soo,ooo 
lOO,OOO 

0 
0 

600,000 

0 

80,000 

30,000 

0 

0 

0 

0 

0 

0 

0 

26,197,164 
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FIGURE A 1. IDENTIFICATION OF RELATIONSHIP 
BETWEEN SLOUGH DISCHARGE AND 
MAINSTEM DISCHARGE FOR SLOUGH 9. 

SOURCE R&M CONSULTANTS, 1982, 1983, 1984 
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FIGURE A2. PERCENT GROUNDWATER FLOW 
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FIGURE A3. PERCENT GROUNDWATER FLOW RELATIVE TO GAGE FLOW FOR SLOUGH 9 
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MAINSTEM 

FIGURE A4. PERCENT GROUNDWATER FLOW RELATIVE TO GAGE FLOW FOR SLOUGH 11 
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FIGURE AS. PERCENT GROUNDWATER FLOW RELATIVE TO GAGE FLOW FOR SLOUGH 21 AND SIDE CH.ANNEL 21 
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APPENDIX B 

Detailed Mitigation Costs 
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APPENDIX B 

Detailed Mitigation Costs 

This appendix presents the preliminary costs for the various 

mitigation measures presented in Chapter 3. A major cost is that for 

mobilizing equipment, materials and men to the sites. These costs are 

based on using the Alaska Railroad to transport much of the equipment 

and materials. Details regarding timing an·d cost associated with 

loading and unloading the railroad cars have not been evaluated. 

Side Channel 21 and Slough 21 do not have access to the railroad or 

other land transportation during the summer construction season. 

Three alternatives exist to mobilize equipment to this site. 

1) 

2) 

3) 

Helicopter: 

scheduling. 

Advantages 

Disadvantages 

equipment size. 

include timing, 

include high cost 

speed and 

and limited 

Barge: Advantages include lower costs, and ability to 

schedule and operate efficiently. Disadvantage of shallow 

draft in river that may limit equipment size. 

Mobilizing during winter: Advantage includes low cost of 

getting large equipment and supplies into work site by 

transport over river ice. Disadvantages are posed by long 

lead time to mobilize materials and tying· up equipment for 

one year before demobilization could be completed. 

Costs in this section for Slough and Side Channel 21 are based on the 

assumption that river conditions are such that parges may be operated 

to the site. 



Slough SA 

1 Slough Mouth Excavation 
Labor 
Equipment 
Mobilization/Demobilization 
Engineering/Management 

Total 

1 Wing Deflector. 300 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

Excavation of 6 Passage Reaches 1,400 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

Buildup of 2 Slough Berms 
Labor 
Equipment/Materials 

~Mo bi-lization/Demobi:-liz-a:ti-on --·-·~·· 
Engineering/Management 

Total 

6,000 
S,OOO 
7,000 
5,000 

5,000 
9,000 
5,000 
5,000 

2,000 
3,000 
2,000 
3,000 

37,000 
11,000 
s-;ooo----·-- ·· 
S,OOO 

TOTAL INITIAL COSTS OF MITIGATION MEASURES FOR SLOUGH SA 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COS.TS 

$ 26,000 

. $ 24,000 

$ 10,000 

$ 61,000 

$121,000 

$ 4,000 
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Slough 9 

1 Rock Weir 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

1 Buildup of Slough Berm 
Labor· 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

20 Log Barriers 1,000 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

Excavation of 2 Passage Reaches 300 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

1 Slough Mouth Excavation 
Labor 
Equipment 
Mobilization/Demobilization 
Engineering/Management 

Total 

9,000 
14,000 
8,000 
6,000 

36,000 
10,000 
5.,000 
8,000 

20,000 
2,000 
2,000 
6,000 

2,000 
1,000 
2,000 
2,000 

6,000 
8,000 
7,000 
5,000 

TOTAL INITIAL COSTS OF MITIGATION MEASURES FOR SL'OUGH 9 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

$37,000 

$59,000 

$30,000 

$7,000 

$26,000 

$159,000 

$ 4,000 



Slough 9A 

1 Buildup of Slough Berm 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

Excavation of Entire Slough 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Gravel Processing 
Engineering/Management 

Total · 

23,000 
7,000 
5,000 
7,000 

6,000 
7,000 
5,000 

55,000 
3,000 

TOTAL INITIAL COSTS OF MITIGATION MEASURES FOR SLOUGH 9A 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

$42,000 

$76,000 

$118' 000 

$ 4,000 
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Slough 11 

2 Weirs 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

Bank Stabilization 1,200 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 

·Engineering/Management 
Total 

Slough Excavation 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Gravel Processing 
Engineering/Management 

Total 

10 Log Barriers 500 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

1 Wing Deflector 300 ft 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

· 1 Buildup of Protective Berm 
Labor 
Equipment 
Mobilization/Demobilization 
Engineering/Management 

Total 

18,000 
28,000 
8,000 
7,000 

8,000 
7,000 
5,000 
5,000 

6,000 
7,000 
5,000 
5,000 
3,000 

15,000 
2,000 
2,090 
5,000 

5,000 
9,000 
5,000 
5,000 

10,000 
5,000 
5,000 
4,000 

TOTAL INITIAL COSTS OF MITIGATION FOR SLOUGH 11 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

$61,000 

$25,000 

$26,000 

$24,000 

$24,000 

$24,000 

$184,000 

$ 4,000 
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Upper Side Channel 11 

Excavation of Channel 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Gravel Processing 
Engineering/Management 

Total 

Buildup of Protective Berm 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Engineering/Management 

Total 

6,000 
7,000 
5,000 
5,000 
3,000 

100,000 
44,000 
5,000 

12,000 

TOTAL INITIAL COSTS OF MITIGATION FOR SIDE CHANNEL 11 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

·-· --·-- -·-·--·-·· . --·--- ---~----- --------·----~------------------

$26,000 

$161,000 

$187,000 

$ 4,000 
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Side Channel 21 

Excavation of Channel 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Gravel Processing 
Engineering/Management 

Total 

6 Wing Deflectors Bank. Stabilization 250 ft 
Labor 
Equipment/~aterials 

Mobilization/Demobilization 
Oversize Material Removal 
Engineering/Management 

Total 

8,000 
9,000 

11,000 
8,000 
9,000 

70,000 
65,000 
20,000 
35,000 
50,000 

TOTAL INITIAL COSTS OF MITIGATION MEASURES FOR 
SIDE CHANNEL 21 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

$45,000 

$240,000 

$285,000 

$ 5,000 

I 



Slough 21 

Excavation to Lower Slough Profile 
Labor 
Equipment/Materials 
Mobilization/Demobilization 
Oversize Substrate Removal 
Engineering/Management 

Total 

5,000 
6,000 
5,000 

10,000 
8,000 

TOTAL INITIAL COSTS OF MITIGATION MEASURES FOR SLOUGH 21 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

$34,00Q 

$34,000 

$ 5,000 
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Curry Slough 

Curry Slough Development 
Propagation System 

l,.abor 
Equipment/Materials 
Pipe 
Gravel Processing 
Mobilization/Demobilization 
Engineering/Management 

Total 

. 135,000 
80,000 

100,000 
30,000 
35,000 
70,000 

AVERAGE ANNUAL OPERAT+NG AND MAINTENANCE COSTS 

Curry Station Development 
Propagation System 

Labor 
Equipment Materials 
Gravel Processing 
MobilizationDemobilization 
Engineering/Management 

Total 

15,000 
35,000 

8,000 
10,000 
13,000 

AVERAGE ANNUAL OPERATING AND MAINTENANCE COSTS 

TOTAL INITIAL COSTS OF MITIGATION MEASUREp 

$450,000 

$ 50,000 

$ 81,000 

$ 35,000 

$531,000 




