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FRONTISPIECE 

High elevation photo of 

Hell 's Canyon from Wild Sheep Rapids 

look ing downstream. 

(Photograph by Charles Koski) 

Raging cataract, mighty and arrogant, 
You crash through steep canyon walls, 

Then suddenly rest, in deep quiet pools, 
To capture the sunlight and reflections from your shores. 

Life-blood to the thirsty land, 
I trespass to court the pleasures of your many moods 

And seek respite for my weary soul. 

Pal Lynch, 7973 





ABSTRACT 

Recognition of the lack of knowledge relating to the instream fl ow requirements of the Middle 
Snake River as a major constraint to water p lanning resu l ted in a precedent-setting effort in lat e March 
1973, involving more than 30 State and Federal agencies and private enti t ies. Seventy-n ine specialists, 
distributed in nine camps loca ted at specific sites along the 107-mile reach of t he Snake Rive r from 
Hel l 's Canyon Dam to Lewiston, Idaho, mon itored the effects of five controlled flows on the biolog
ical community and man's non-consumptive uses of the river. 

The Lo lal program involved studies of the time o f travel of the stage wave and water mass, 
water quali ty, general recreation, white water boating, navigati on and biological resources. Biological 
studies involved aquatic vegetation, benth ic inver tebrates and insect dri ft, strand ing of insecLs, f ish 
and other aquatic organisms, f ish food habits and fishabili ty, salmon id reproduction requ iremen ts, 
warm-water f ish habitat, white sturgeon population, and wil dlife. 

New methodologies were applied in some of the above studies, notably a mod ifica tion of Lhe 
" Oregon Method" for evaluating salmonid reproduction requirements (described in detail in Appendix 
7. 7) and a modificati on of the Kanawha River Method for evaluating general recreation. 

A lso included are a review of the prestudy organization activity required for t h is unique study 
and a summary of t he hyd ro logica l and hyd ropower· operational factors now determin ing the river's 
character . 

The lower level stream resource maintenance flow identified as desirable for sa lmonid fishes 
in the study reach was 12,000 cfs to 15,050 cfs, released from Hell 's Canyon Dam. I t is believed 
that other functiona l f low requirements, excep t hydro-power, in the study reach cou ld also be met 
by t his level of fl ow, provid ing rapid and severe fluctuations do not occur . The econom ic, environ
mental, and social impacts, both upstream and downstream from the stu dy reach, were no t assessed. 
I t is recommended that this variable flow be evaluated as part of the Commission 's Comprehensive 
Coord inated Jo int Plan study to determine the beneficia l and adverse affec ts of adop tin g such f lows. 
T he maintenance flow identified for th is study reach, t herefore, should not be construed as being 
recommended for implementation since studies are not complete. 



PREFA CE 

The Pacific Northwest River Basins Commission, act ing under the 1965 Water Resources 
Planni ng Act (PL 89-80), is preparing a 1'comprchensive, coordinated join t plan for waler and re lated 
land resources. " Plan formulation is a coord inated, cooperative ven ture involving the five Pacific 
North west States and 10 Federal Departments, each a fu ll partner in rhc Commission . The stud y 
leading to selcc l ion o f a p lan will consider 10 or more bene fic ial uses o f water and land , some o f 
which arc confli cting or even mu tall y exclusive under certain circumstances. The object ive of the 
study is to se lect a plan which would be a guide to future stewardship and use of water, land, and 
related resources at Federal , State, and local levels . Thus, the plan and i ts imp lementalion wou ld 
have an impact upon the future qual ity o f t he overal l environment and of human life in the Pacific 
North west . 

Am ong major planning efforts currenrly underway are the In terior Department 's Western U.S. 
Water Plan Study, 1 Lhe Corps o f Engineers' Colu mbia River and Tribu taries Study , Dcpa rtmenl of 
Agricultu1°e's T ype I V Study o f the Snake Rive r Basin , Burea u o f Reclama tion 's t o tal water manage
ment studies of th e Upper Snake and Boise-Payette River Basins and the State Water Plan studies o f 
Idaho. Oregon, and Washington. These stu dies w ill have a significant impac t on water manage-
men t and use of the Snake River. 

The lac k of adcqur1rc inst ream-fl ow dat a was idcnli ried as a major constraint to effective 
water planning during the plan formulation phase o f the recently completed Columbia-North Pacific 
Region Comprehensive Framework Study . Lack of informd Li on so basic as requi rements for aquatic 
life, water quality, and navigati on , as well as those for recreation and es the tic environment in the 
rem ote and undeveloped reach or Middle Snake River downst ream from Hel l's Canyon Dam , was 
one o f the most criti cal data gaps. The Idaho and Oregon State Study T eams identified the reach 
of Snake River from Hell's Canyo11 Dam to Lewiston (referred to as the stud y area or Hell's Canyon 
reach ) as one of the top priority areas t o be stu died. 

Many decisions ex l ending to areas far beyond Hell 's Canyon hinged on, or would be related 
to, decisions t o be made abou t flows and rates of fl ow change in the Canyon . Examples i nclude 
decisions about consumptive and non-consumpt ive uses o f wa ter, from Jackson Lake in Wyoming 
across the ferti le, bu t natural ly arid , sou th of Idaho to the head of the Canyon; abou t power gener11-
tion at privat e utility p lants in the Canyon , and at Federal plants from Lower Grani te Darn near 
Lewiston t o Bonneville Dam at head of ti dewater on the Colum bia River ; and about Lhe possible 
dedica tion o f Hell 's Canyon in Idaho and Oregon, under S.2233 or a comp«rable legislative proposal, 
wh ich would have na t ionwide significance. 

Under those conditions, plan formulati on is a chal lenge lo the expertise and abi l iti es of th e 
Commission and o f the particip11 ting Federa l and State water and related land resource agenc ies. T o 
mee t that chal lenge, much work must be accomplished. 

A considerable mass o r in formation must be obtained, compiled, and analyLed in the ligh t of 
publ ic awareness and expressed public preferences. Some o f the requ ired information was available, 
or read ily obtainable by standard , t ime-tested meth ods. Some was not avai lable, and the data gap 
could not be fi lled wit·hin the limits of tin1e and standard operating procedure. 

1 
Al though w lglnall y scheduled for comple tion in 1977, the "WcHwide Study '' was rcscoped in early 1973 and is now in final 
report preparation s tage. 
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This report describes a pioneering and precedent-setting effort in the f ield of data col lec tion; 
a coordinated, cooperative study made by a multi -discipl ine, mu lti -agency team under the Commis
sion's Idaho State Study T eam and led by the Bureau of Sport Fisheries and Wild li fe and the National 
Mar ine Fisheries Service. It outlines the planning which was required and the logistics involved as a 
guide to future planners of simi lar efforts. 

I t shows the constraints and limitations placed on the study by conditions beyond th e control 
of the team, and how those constraints and l imitations were managed so th e study cou ld be made. I t 
emphasizes the cooperative approach to the study, in which the whole of the effort was greater than 
the sum of the individual parts. It sets forth the work which was planned, that wh ich was accomplish
ed, and by whom. I t shows the costs involved, and how those costs were borne . I r summarizes the 
findings of the study. 

Final ly, it sets forth, for use in formu lation of the comprehensive jo int plan and by all con
ce rned, the conclusions reached by the Hell's Canyon Controlled Flow T ask Force based on resul ts 
of the study. T hose conclusions about instream flow needs, the benefits from such f lo ws, and the 
consequences of adopting other flows, wi ll enable instream flo ws to be given proper consideration 
in planning for fu ture water allocation and use in the Snake River Basin . 

The control led flow study was an essential step in the planning process in that it has provided 
natural resource planners with instream fl ow data for the Hell 's Canyon reach of the Snake River. The 
study will make it possible to better re late the needs of the lower Snake with the water and re lated 
land problems of the upper Snake River Basin. 

It is the hope of the Paci f ic N orthwest River Basins Commission, the contro l led f low study 
participants and t he State study teams, that this report wil l be read and used by those with simi lar 
in terests, needs, and responsibilities in other river basins. We hope it wi ll provide the challenge, 
inspiration, and encou ragement needed t o resolve the problems encountered in collecting much
needed data on 11011-comsumptive uses o f water . 

Done l J. Lane, Chairman 
Paci f ic Northwest River Basins Commission 

3 



TABLE OF CONTENTS 

Abstract 

Preface 

.. ... ... . ... . ....... . ....... . ...... . .. '' ...... . ...... . .. . .. ;, .. .. .. . 1 

2 

5 

8 

9 

0 0 0 0 o O o o o o o o o O o o o o o O O O O O IO o o o o o o O o o o o o t O O I O O O O O O O o o O o • o O • o o o o o o o o o o 

. . . .................... . ' ... . ........ . ... . .. . . .. . ..... . ... . Table of Contents 

Introduction ..... . ................. .. .. . .. . ... . ................ ' .. ... ..... . 

Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Chapter 6 

Chapter 7 

Chapter 8 

Chapter 9 

Chapter 10 

Chapter 11 

Chapter 12 

Chapter 13 

Chapter 14 

Chapter 15 

Chapter 16 

Appendix A 

Appendix B 

Table I . I 

Tdblc 1.2 

Tab le2.1 

Table 2.2 

Table 3.1 

Table 3.2 

Table 3.3 

Table 3.4 

Tab le 3.S 

T ab le 3.6 

(Study Ini tiation) ... . ... ... . . .. ..... . .. . . .......... .. .......... . . . 

(T ime of Travel) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

(Water Quality). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

(Aquatic Vegetation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

(Benth ic Insects) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

(Catchability and Feed ing Habits of Fish). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

(Salmonids) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

(Appendix 7 .1 ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

(Warm Water Fishes) ... . ........ . .... .. . ... .... . .......... . .... .. .. 105 

(Sturgeon Fishing) ... . ........ .. . . ....... .. . . .......... .. . .... .. .. 107 

(F ish Stranding Surveys) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 

(Wil dl ife) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 

(Recreation) .... ... . . ................. .... .. .. . .. ... . .... . ....... 123 

(Whitewater Boating) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 

(N avigation). . ........ . ..... .. .... . .. . . ... . ... . . . . .. .. .. . . . .. .... 155 

(Power and Water Supply) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 

(Discussion, Conclusions and Recomm endations). .. . . . . . . . . . . . . . . . . . . . . . . 173 

(Photo Append ix).... ... . .... .. . ... . .. . ........ .... ....... ... .. ... 186 

(Agency Comments)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 

List of Tables 

Final Schedul e for Controlled Releases ...... .. .... . .... •. , . .. . . ..... . . . ...... . . . ......... , . . 

Estlrnatccl Costs o f Hell's Canyo n Controlled Flow Study . . . .. . . . ........... . ...... . . . . . . . .... .. . 

Stage Wave Data, Snake River, Idaho, at 7,700 cfs, March 24-25, 197 3, aL 5,000 cfs, March 24-26 , 1973 .. . . . . 

Wa tcr Mass Travel Data, Snake River, Idaho, al 7,700 cfs, March 2 4,25, 197 3, a I 5,000 cfs, Ma rch 24-26 , ·197 3 

Daily Water Quality Data, Snake River Be low Hell's Canyon Dam . . , ..... . . . . ... . .. . . . .. .. . ....... . 

Daily Water Quality Data, Snake River at Pittsburg Landi ng .......... , . , . . . . . .. .. • .•. , . .• ..... . . . 

Daily Water Qua lity Data, Snake River at Joseph Gage _. __ . _ .. _ 

Daily Water Quality Data, Snake River Above Grande Ronde River ...... . ......... . .•. ... • . • . . .. . • 

Dai ly Water Quality Data, Snake River Below Grande Ronde River . . . . .......... , , , .. ..... , . , . .. . . 

Results of Laboratory Analys is, SndkC Rive r Below Hell's Canyon Darn .. , ..... . . .. .. • . •. . . . . . . . • ... 

5 

12 

19 

36 

38 
49 
49 
50 

50 

50 

51 



Table 3.7 
T~blc 3.8 

Table 3,9 

Table 3.IO 

Table 3.1 1 

Table 3.12 

Tab le 3. I 3 

Table 3. 1 '1 

Tdblc 3.15 

Table 4.1 

Table 4.2 

Tab le 4.3 

TablcS.1 

Table 5.2 

Table 5 .3 

Table 6. 1 

Tai>le 6.2 

Table 6.3 

Table 7. 1 

Table 7 .2 

Ap. Table 7,1 

Ap. Table 7 .2 
Ap. Table 7 .3 

Ap. Table 7.4 
Ap. Tdblc 7.5 

Ap. Table 7 .6 

T,tb lc 9.1 

Table 9.2 

Table 9.3 

Table JO. I 

Table 1 I .I 

Table 12. 1 

Tab le 12.2 

Table 12.3 

Table 12.4 

Tdble12.5 

Tab le 12.6 

Tab le 12.7 
Tab le 14.1 

Table 15. 1 

Table 16.1 

Table 16.2 

Table 16.3 

List of Tables (cont.) 

Ro~u lts or Labora tory Analysis, Sn,1ke Rivet di PiLLsburg Landing 

Re su lts of Laboratory Analysis, Snake River at Joseph Gage .•...............•.•................•. 
Results of Laboratory Andlysls, Snake River Abol'e Grande Ronde River 

Resu lts of Laboratory Andlysls, Snake River Below Grande Ronde River 

Resu lt s ol Laboraiory Analysis, Major Tributaries 10 Snake Rivor Below Hell's Canyon Dam, Marcil 21, 1973 .. 

Results of Laboratory Analysis, Snake River Above and Below Brownlee Dam, March 20, 1973 ..•.•.... .. . 
Results of Labora tory Analysis, Sn,tke Rlv e1 Above .ind B~low Oxbow Dam, March 20, 1973 ......... , . • ... 

Rcsul ts o f Laboratory Andlysls, Snake River Abov~ and Below Hell 's C,1nyon D,1111, March 20, 1973 

51 
52 
52 

53 

53 

5•1 

S4 
55 

Dissolved Gas D<1l<1, l(falto Pow~rCon,pany • Hell'sCanyon,Snakc River, M<trclt IS Through Ma rch 25, 1973 56 

Plank tonic Algae Cou nts of the Snake River (Wilson's Bar - River Mile 214.8) during Hell's Canyon 
Controlled Flow Study (March 2 1-26). . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

Pcrlphyton Coun ts of Samples Collected at Wilson's Bar (R iver Mile 214.7) Du ring Hell 's Canyon 
Conirollcd Flow S1ucl y (March 2 1-26).. .. .............. ... ....... . ......................... 62 

Oiffcrentldl Countis and Dry Weight or Periphylon Collected <1l Wil son's Bar (Rivet Mile 214.7) 
During Hell 's Canyon Con trolled Flow Stu dy (M,lrch 2 1-26)........... .. .. ..... ...... . . . . . . . . . • . 63 

Number, Volume (m 1 )/ft2 and Rela tive Composition ol BciHhis I nsccts a t 5 Flow Stages at Siles I & II 
in the I-loll'~ Canyon Reach of the Snake River, lddhO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 70 

Number of Insects Per Square Foot Dead and Alive After 2 4, 48 , 72. 96 and 120 Ii ou rs ol Exposure 
r rum F'our Fluctua ti on Lones at Wilson Ranch Sire (Si te 11) , Hell's Canyon . . . . . . . . . . . . . . . . . . . . . . . . . 76 

High and Low Air Tempera tures (°F), Wilson Ranch Si te (Study Site II ). Hell's Canyon, March '19·25, 1973... 76 

Catcl1 per Hour dlld Composition of Fishes Cap tured by Angling During F ive 2'1-Hour Periods uf 
Sequentia ll y Reduced Dischari:es or Ille St1dkc River, at tho Wilson Ranch (March 20-26, 1973) . . . . . . . . . 83 

Stomach Con ten ts and Sample Sizes of Seven Species of Fish Captured at the Wilson Ranch . . . . . . . . . . . . . . 83 

Moan Nu mber of Insects In Rainbow Trout at the Wilson Ranch, Snake River . . • . • . . . . . . . . . . . . . . . . . . . . 84 

Recommended Flows for Salnionid Spawnfni:, Released Froni Mell 's Canyon Dam .... ... ... , ..... ...... 88 

Flows Required to Main tain Su itable Intra-gravel Dissolved Oxygen Levels for Salmon id Egg~ and Fry, 
I I ell's Canyon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

Transect Measurements f"or Evaluating Spawning Flow Requirements (Hypothetica l Datd)........ . . .. . .. .. 92 

Equ lpn1c11t Used to Evalua te Spawning Flow Requ irements of Salmonlds In Snake River......... ... ..... 92 

Procedure for EvalUdting fqlrd-gravcl Dissolved Oxy)Jen, Hell 's Canyon Con11ollcd Flow Study ..... , .• , . . . 97 

lntragravcl Dissolved Oxygen Ana lysis (Hypo thetical Data) •.••....... . , ......... . .......... , . . . . 98 
lnlra,gravel Dissolved Oxygen Analysis, Standpipe Loca tion Key (Hypo lhclical Dat,1)...... . . . . • . . . . . . . . 98 

Transccl Measurements for Evaluating Passage Flow Requirements (Hypothetical Data) .. . . ... , . . . . . . . . . 98 

Set Linc Sturgeon Fishing Effort and Rcsuli-s During lnmcam Flow Study . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 

Rod and Reel Sturgeon Fishing Efforts and Resul ts During lnstrcam Flow St.udy . . .. ... ......... , . . . • 109 
Ages, Lengths and Weights ol 39 Stu rgeon (A ll Fin Rays Not Ycl Proccs~e0) 

Discharge in Cubic Feel Per Second of Snake River a l Mell 's C<1nyon Dam ... . . • . • ........... ... ..... 

Goose Ob,crvalluns During the Hell's Canyon Controlled Flow S llldy . . ... . . .... .. ... . .. •.. . .... ... 

River Rating Chart (Modified Kanawha Method) for the Snake River Segment rrom River Mile 168.4 10 160.3 

River Ratin~ Chart (Modified Kanawha Method) for the Snake River immedia tely below tile confluence 
with the Salmon River ...... . .. . . ................ . ..•. .....•.•. ... .......... , ......... . 

River Rating Chari (Modified Kanawha Method) for the China Bar Site .... •.... , . , . .........•.• • •... 

River Ra ling Char t (Mod ificd Kanawha Method) fo r th e Dug BM Site . ....... ........... .... .. . .•.. 

River Ra ting Chart (Modified Kanawha Method) fo r the Pittsburg Landini,; Si te, ...•......... ...... • . ... 
Riv er Rating Chart (Modified Kanawha Method) for the Sand Creek Si te 

River Rating Ch,1rt (Modifi(:d Kanawha Method) for the Steep Creek Site 

Response to Navigation Evaluation Forms .... .... . . .... . .. .. .... . .. , ... •......•.. ... .... ..... 

Columbia River Water Management Grollp ................................. . . ................ . 

Some Evaluations of I 'I-Aspects of Water Uses Rolated to the Five Controlled Flow Releases from Hell's Canyon 

Identified Stream Resource Maintenance Flow Regimen for Salmonid Fishes to be Released from I I ell's Canyon 

Recommended lower Leve l ul Accep table Flows, Released from Hell's Canyon Ddm •................... 

6 

110 

11 9 

121 

128 

130 

132 

135 
140 

14 1 

142 

156 

166 
175 

176 

183 



Figure 1.1 

Figure 2.1 

Figure 2.2 

Figure 2 .3 

Figure 3.1 

Figure 4.1 

Figure 4.2 

Figure 5 .1 

Figure 5.2 

Figure 5.3 

Figuro7.1 

F"igu re 7 .2 

Figure 7.3 

List of Figures 

Periodicity Chart Used in Se lecting Time of Controlled Flow Study 

Relative Stages of Snake River , M arch 2 1 to 27, 197 3, Idaho, Oregon, Washington 

Discharge at Gaging Stat io ns on M ain Fork and Principal Tributaries in Hel l 's Canyon Reach of Sn<1ke River . .. 

Water Mass and Stage Wave Time of Travel, Snake River, Idaho, Hel l's Canyon Dam to Lewiston , Idaho, 
March 24, 25, 26, 197 3 . ........ ... .... , . , .......... . ..... . , . , . , , , , , , , , , , - , . - - , ......... . 

Schematic Map of Seattle Mar ine Laboratory's Sampling Locations for NiHogen Satura tion on Snake River ... . 

Pcriphyton Transect on Wilson's Bar, Snake River (R iver Mile 214.7).,, . .... , . .. .. . ... . ... . . . .. . . . . .. . 

Zones of Periphyton Growth Found at Wilson's Bar (River Mile 2 ·14.7) D uring Hell's Canyon Controlled 
Flow Study (March 21·26, 1973) .. ..... . ....... . .... . ........ . .... . .. . . .... , , . , . , ....... , . 

T otal I nsect Drift (all species) at Station I and II , Values Expressed In Nurnbers/ft
3 

of Water Through 

10 

35 

37 

41 

48 

60 

6 1 

Drift Nets in Hell's Canyon, 1973 ... , ... , .... . .......... . . .. , . , .. , . , .. , . . . . . . . . . . . . . . . . . . . . 71 

Number of Insects Srrandcd/ft2Along a Belt Transec t During Flow Reductions at Station 11, Hell's Canyon, 1973 73 

Schematic View of Shoreline ConflguraUon and Al gal Zon3lion of Station 11 , Near Pittsburg Landing, 
Hell 's Canyon, 1973 ................. ......... .. . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 

Biological Activities of Salmonids by Species and Period of the Year and Recommended Op1 Im urn Flows. . . . . 89 

Biological Activi ties of Salmonids by Species and Period of the Year and Recommended M inimum Flows, .. ,. 89 

Recommended Minimum and Optimum Flows for Salmonids, and Water Supp ly Records for Snake River 
at Hell's Canyon ....... . .............•............. . ..... .. , .... , . . . . . . . . . . . . . . . . . . . . . . 89 

Ap. Figure 7.1 Location of T ransec ts on Gravel Bar , Spawning Flow Requirement Evaluation .. ,.................... . . 93 

A p. F igure 7.2 Loca tion of T ransect on Gravel Bar, Spawning Flow Rcquircmcm Evaluation . . . . . . . . . . . . . . . . • . • . • . . . . . 93 
A p. Figure 7 .3a Spawning Flow Requirement Ev,du atlon, Measurement of Toial T ransec t Wid th Usable 

Ap. Figure 7 .3b Spawning Flow Requirement Evaluation, Measurement of Total Transect Width Usable 

A p. F igure 7.3c Spawn ing Flow Requirement Evalu ation, Measurement of Total T ransect Wid th Usab le .... .. ..•.•....... 

Ap. Figure 7 .4 $pawning Flow Requirement Evaluation, Measurement of Total Transect Width .. . ................... . 

Ap. Figure 7.5 Graph of Transect, Data for Determ ining Recommended Spawning F low (Hypothetical Data) .... . .. . ... , . . 

Ap. Figure 7.6 Location of Stand pipe T ransec ts on Gravel Bars, lnlra-Gravcl Dissolved Oxygen Analysis . . .. ... .. . . . .... . 

94 

94 

95 
95 

96 
99 

Ap. Figure 7.7 Location of Transect, Passage Flow Requirement Eva luation . . ............. .. ............. . . . .. . . , 100 

Ap. Figure 7.8a. Graph of Transect Data for Determ ining Recommended Passage Flow (HypothotiCdl Dc1ta) . • . . . . . . • . • . . . 100 

Ap. Figure 7.8b Graph of Transect Data for Determ ining Recommended Passage Flow (Hypothetical Data) . ...... . ... . ..•. 100 

Figure 9. I Lengths and Weights of All F ish Caugh t to Date. Data Under 27 Inches Pooled ........... . ........ .... . 110 

F igure 10.1 

F igure I 0.2 

Figure I 0.3 

F igure 12.1 

Figure 12.2 

Figure 12 .3 

Figure 12.4 

Figure 12.5 

F igure 12.6 

Figure 12 .7 

Figure 12.8 

Figure 12.9 

Figure 12. I 0 

Figure 12. 11 

Figure 12.12 

Figure 13.1 

Figure 1 S .1 

F igure 15.2 

Figure 15.3 
Figure 16. 1 

F igure 16.2 

Figurc1 6.3 

Snake River F low Transi tions Saddle Creek ... , .. , ............ . . . .................. , . . . . . . . . . . . 11 6 

Snake River Flow Trdnsi t ions, Johnson Bar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 

Fish Strand ing .. ,,., .... , .. , .. , ......... ... . ........ ........ • .. . .... .... .... . • . ...... . . 118 

Shorel ine Profile• Grande Ronde Boat Launch (River Mile 168.4) . ... , . , ....... . .. . ..•...• . ....... . 127 

Shorel ine Profile• Beach Above Buffalo Eddy (R iver Mile 160.6) . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 

Shorel ine Profile • Indian Pctroglyphs Site (River Mile 160.3) ... . ................ .. . . .. , . . . . .... . . . . 128 

Shorel ine Profile• Idaho Beach Below Salmon River (R iver Mile 188) 

Shoreline Pro f il c · China Bar ( River Mi le 192 .3) ............ . ..... . ......... .. .. , •.... • .......... 

Shorel ine Profile• Dug-Bar-Nc7 Perce Crossing Site ( River Mile 196.7) .... . ... .. .............. .. .... . 

I l lustra t ions of Changing Cond i Lions d i Lower Pittsburg Ldnd Ing tor the F ivc Flows Observed ( RM 2 14,9) ... . 

I llustrat ions of Changing Condi tions a l Upper Pittsburg Landing for the Five Flows Observed (RM 2 16.2) .. . . 

Shorel ine Profile• Lower Pittsburg Landing (River Mile 214 .9) .... . . . . .. ........ . . ... ............ . 

Plan View and Shoreline Profile of Upper Pittsburg Landing (R iver Mile 2 16.2) . .. . .............•.... . .. 

Shorel ine Profile• Sand Creek ( River Mlle 228) ...... . . . . . .. ............... .. • ......... ... .... • . 

Shorel ine Profi le• Steep Creek (River Mile 229) . .. . . ................ , .... , .... , .... •... ......• . . 

White W<1ter Reach of Snake River Evaluated, R iver Mi le 229 to 247 .... • .... , . ... ..........•... , . . . . 

Brownlee Reservoir Ruic Curve Med ian Water Condition .. . . .. . . ........... •......... • .... . ....... 

Brownlee Reservoir Rule Curve Critical Wawr Condition .... . .. ,., ........................... .... . 

Mean Dai ly Discharge from Hell 's Canyon Dam for Twelve Month Period Prior to Controlled Flow Study ... . 

Brown lee l nl"low Duration Curve Based on Median Monthly Inflow for the Period 1928-68 .......... , .. . 

Years of Avdllabllity ( 1928-68) .....•.....•.. . ....... . . . . ... .. .......................... , . 

Mean M o nthly I nflows to Brownlee Reservoir ( 1928-68) ... • .... . . , ........ ... .. .. , .. ..... ...... . • 

7 

130 

132 
135 

137 

138 

139 
"140 

Hl 
1~2 
150 
167 

168 

169 
180 

180 
'I 8 1 



INTRODUCTION 

Keith Ba.yha 
Bureau of Sport Fisheries and Wi ldlife 

The history o f water use in the ,vest and indeed the basic theory of western water law is "first 
in time- first in right." This concept served man well unt il recen t years when population growth and 
the resulting increased demands on our water resources have produced conflicts in water al location 
for beneficia l uses of water . 

Several attempts to develop a sound wa ter plan for the future have been made or are current
ly underway. Each such effort quickly identified the need to quantify the water required Lo remain 
in the stream chan nel to support the values and uses we make of a r iver. We term this water the "in
st ream flow require ment." 

Lack o f knowledge of the instream fl ow requ irements is recognized as the major constraint 
to effective water planning. In other words, decisions about the amount of land which can be safely 
irriga ted in sou thern Idaho in future years wil I be significantly impacted by the amount of water allow• 
cd to fl ow th rough the Hell 's Canyon reach or the Snake River. 

The f low which passes through Hell's Canyon is dependent ini tially upon the precipi LaLion 
which falls on the upstream watershed thus annual variati ons in runoff are to be expected. Addi ti on
ally, the rate at which the snowpack melts affects t he magnitude and character or the spri ng runoff. 
Man 's storage and diversion structures enable signi ficant manipulation of the natural fl ow pattern . 
A nd lastly, Idaho Power Company's Brownlee-Oxbow-Hel l 's Canyon power dam complex provides 
the fina l control. Operati on of these pro jec ts is infl uenced by power demand, upstream and down
stream water requirements, and water supply. The Frequency and magnitude or fl uctuation in rl ow 
is primari ly determin ded by the ex tent of the hydro-peaking operation for these projects. 

As stated earlier, water planners need to define the f low regime required for the beneficial, 
non-consumptive instream uses through this reach of the Snake River in order to deve lop sou nd plans 
for the ruwre use or water and related land resources. 

The purpose of this study was to establish the lower leve l instream flow requirements (and 
where possible the optimum fl ow) for f ish and wildlife, water quality, navigation, and recreation in 
the Hell 's Canyon reach o r the Snake River. More specifica lly, the goa l was to develop an enve lope 
cu rve (summary curve) expressing the flow rec{)mmendat ions for all fun cti ons collec tively for each 
half-month peri od of the year. Secondary objectives were the developmen t and testing of methodol
ogies on a large river. 

Chap ter 1 of this report outlines the plann ing and logistics involved in the study fo r the pur
pose of aid ing those who may consider conqucting a similar stu dy . 

Chapters 2 th rough 14 present the objectives, methods, results, and conclusions for each of 
the functional studies which relate to the ph ysica l environment, the series o f trophic leve ls compris
ing the biologica l communit y, and man's uses of the ri ve r. Limi ta tions and necessary qualifications 
of data interpretation are covered in the fun ctional chap ters. 

Chapter 15 covers hy dropower , an inst 1·cam use which was no t evaluated as part of the f ield 
studies since the relationship of f low t o power generation was known. Included is inrormation on 
the constraints and reservoir operations presentl y shaping the flow pattern do wnstream. 

Chap ter 16 summarizes the findings or the previous chapters and discusses the limitations o f 
the functional studies. The interrelationships of the vari ous uses are discussed, leading to a final 
recommendation embracing the instream flow requirements of all uses and resources considered. A 
short discussion on water supply examines the recommended flo ws in relati on to the historic flows 
of record. Needs for fu r ther study are ident ified. 
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C H APTER 1 

STUDY INI T I AT IO N 

Keith Bayha 

Bureau of Sport Fisheries and Wildlife 

HOW T HE STUDY WAS CONCE IVED AND PLANNED 

The Bureau of Sport Fisheries and Wildlife was charged with leadership responsibility for 
federal agencies for instrea.m flow studies for the Western U.S. Water Plan Study. The Pacific North
west River Basins Commission's Comprehensive Coordinated Joint Plan Study for the Pacific 
North west placed the lead role with Bureau of Sport Fisheries and Wild life in Idaho, the National 
Marine Fisheries Services in Oregon, and the Washington Department of Ecology in Washington . 

Initiation of plann ing for this study began September 14, 1972, when Keith Bayha, head of 
the Bureau of Sport Fisheries and Wi ldl if e planning effort in Idaho; Charles Koski, National Marine 
Fisheries Service, and Ken Thompson, Oregon Game Commission (who had substan tial experience 
in studying instream flow requiremen ts for salmonid f ishes), met to discuss approaches to studying 
instream water requirements in the Hell 's Canyon Reach. They recognized that stabilized flows 
wou ld be required because of the daily f luctuations resulting from operati on for power generation 
at Idaho Power Company's Brown lee-Oxbow-Hell's Canyon Dam complex. A periodicity chart was 
prepared showing the cri t ical time for the many fac tors to be considered in selecti ng dates for a 
controlled flow study (Figure 7.1), Th is chart and a proposed flow release schedule were distributed 
t o " all interested parties" on November 6, 1972, attached to a memorandum requesting comment. 
Response to that memorandum indicated agreement on the late March period for conducting the 
study because of minimum impact on resources and uses at that time. Interest from many agencies 
and d isciplines was evident. 

Initia l efforts to develop a study plan indicated that substantial difficu l t ies in arranging for 
the controlled releases would requi re multi-agency support. Foremost among the difficul t ies was 
the urgency of conducting the study during the spring of 1973 because projected power demands 
in relation to generating capacity would limit Idaho Power Company's flex ibi lity in providing the 
flows in 1974 and thereafter. Therefore, scheduling of the study was accelerated. Scope of the study 
was expanded t o include al l interested agencies in an effort to mobil ize the manpower required to 
examine all discipl ines involved in man's instream use of the river and the aquatic ecosystem. 

A draft plan of study was prepared and distr ibuted on December 29, 1972. It called for· a 
7-day schedule of flows stepped down at 24-hour intervals from 18,000 to 1,000 cubic feet per 
second . 

On January 9, 1973, more than 40 people from 24 Federa l and State agenc ies met to discuss 
the plan of study and identify problems such a study faced. T hese included: 

1. The proposed 7-day, 7-flow study would cost too much in lost power generation. 
2. Drawing the flow down below 5,000 cfs probably would resul t in loss of suppor t by 

state fishery agencies because of anticipated damage to f ish popu lat ions. 
3. Development of an electric power exchange agreement between Bonneville Power 

Administrat ion and Idaho Power Company would be requ ired to assure service to 
Idaho Power Company customers. 

4 . Federal Power Com mission would requi re 30 to 45 days lead time for approval of 
a request to deviate from the l icense requirements regarding minimum flow and rate 
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Figure 1.1 Periodic ity Chart Used in Selecting T ime o f Controlled Flow Study 
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of flow change. 
5. Remoteness of the Canyon and length of the reach would necessitate helicopter support 

for successfu l comp let ion of all investigat ions contemplated. 
6. The public wou ld have to be properly informed to gai n local support and avoid damage 

to or loss of property, and possible loss o f l ife during rapid fl ow changes, particu larl y 
flow increases at the end of the study . 

Based on discussions at th is January meeting, a second draft plan of study was prepared and 
distributed January 20 to an even larger group of agencies, includ ing partic ipants from the Idaho and 
Oregon State Study Teams. This draft called for a 5-day, 5-flow schedu le with releases stepped down 
from 27,000 to 5,000 cfs . At the same time, negotiations were initiated between Idaho Power Com
pany and Bonnevil le Power Administrat ion t o arrange for the exchange of electric power necessary 
t o permit modi fication of the operation of t he Brownlee-Oxbow-Hell 's Canyon projects, to provide 
the programmed flows. Also, efforts to arrange for helicopter support from the U.S. Army at Fort 
Lewis, Washington, were begun, using the reasoning that while assist ing the study, tra ining in moun• 
tainous terrain cou ld be accomplished. 

The Idaho State Study Team reviewed the second draft plan of study and approved a resolu
tion of study endorsement on January 31, 1973. February 1 a second planning meeting was held to 
reconci le comments on the January 20 draft plan of study and review progress in efforts to overcome 
the several major hurdles. At that t ime substantial problems remained, but consensus held the study 
was important and that we had no choice but to proceed with p lann ing on the assumption everything 
would fall into place. 

On February 5, a third draft of the plan of study was distributed. I t included an appendix 
which addressed the requ irements of the National Environmental Policy Act, and letters from agen• 
cies endorsing the study. 

February 16, the Idaho Power Company sen t i ts official request to the Federal Power Com
mission for perm ission to deviate from li cense stipulations to accommodate the proposed study. The 
Federa l Power Commission publ ished announcement of the request in the Federal Register on Feb
ruary 16. The Bonnevil le Power Administration-Idaho Power Company electric power exchange 
agreement was completed and sent to the Federal Power Commission on February 22 (Exhibit A). 

The pre-study public in formation effort included: 

1. Review of study plans with professional fishery biologists attending the annual meeting 
of the Idaho Chapter of the American Fishery Society in McCall, Idaho, on January 26, 
1973. 

2. Three short television interviews in Lewiston, Idaho, between February 20 and March 1. 
3. Direct contact with resident ranchers along the river on February 21 and 22. 
4. Review of study plan stating purpose of study with Lewiston Chamber of Commerce's 

Fish and Wi ldl ife Committee on February 23. 
5. Similar review with Sierra Club leaders in Moscow, Idaho, on February 25. 
6. Corps of Engineers' public notices of study schedule dated February 26 and March 15. 
7. A half-hour T.V. interview aired in Boise on March 15. 
8. Numerous news releases appearing in newspapers throughout the region during late 

February and early March. 

On February 28, and March 1, a reconnaissance trip into the Canyon was made by boat by 
14 people, including most who were to serve as functional team leaders. That trip was usefu l in 
select ing data collection sites and campsites. On March 3, arrangements were made with the manager 
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of the Circle C Ranch to locate the main camp and heliport at Pittsburg Landing. 

The period from March 5 to 16 was rather hectic. Status of helicopter support was indefinite 
and changed almost daily, which requi red additional changes in logistic preparation to accommodate 
a boat-supported alternative effort. On March 10 packets of memoranda wh ich consitituted a supp le
ment to the February 5 Plan of Study were distributed to participants, which included latest personnel 
assignments, arri val schedules of participants, and the study safety plan. 

On March 16, the day prior t o establ ish ing f ield camps, word was rece ived that the Federal 
Power Comm ission had approved temporary deviation from the license stipulations needed to permit 
the study. That same day, the Secretary of Defense approved the use of U.S. Army heli copters. 

The latter decision resulted after t wo weeks of in tensive effort, initiated by the Pacific North
west River Basins Commission which saw the Pacif ic Northwest Congressional delega tion urge a 
favorable decision from the Department of Defense. Solid expressions of support from the five 
Northwest Governors and the many agencies involved in water planning in the North west we re of 
equal help. Costs of helicop ter support were defrayed by reimbursement to the Army by Bureau of 
Sport Fisheries and Wildlife ($151000) , Corps of Engineers ($9,500) , and Pacific Northwes t River 
Basins Commission ($5,000). The remainder was absorbed by the military as training costs. 

STUDY FORMAT 

The study involved the reach of Snake River from Hell's Canyon Dam downstream to Lewiston, 
ldahoJ a total of 107.7 river miles. Format of the study involved f ive controlled flows, each held st able 
for 24 hours. Table 7.1 shows the fl ow leve ls and the programmed time or change for releases at Hell 's 
Canyon Dam. 

3/ 19 
3/20 
3/2 L 
3/22 
3/23 
3/24 
3/25 

Table L. J Final Schedule for Controlled Releases 

Noon Mt. Std. T ime 
Noon ML Std. T ime 
Noon ML Std. Time 
Noon .Mt. Std. T ime 
Noon Mt. Std. Time 
Noon Mt. Std. Time 

Flow 

Stabilize near 27,000 cfs 
27,000 cf s 
Abrnp t reduction to 18,000 cfs 
Abrupt reduction to 12,000 cfs 
Abrup t reduc tion to 7,700 cfs 
Abrupt reduction to 5,000 cl's 
R e turn rapidly to 27 ,000 cfs 

For mo re detailed record of the actual flows observed, see ChapLcr 2. 

A f uncti onal team approach was selected because instream flow requirements involve severa l 
uses and complex relationships of various ecosystem components. Complete study of those require
ments demands expertise in a number of differen t disciplines. Since interested agency personnel had 
varying degrees of experience in the ful l range of those disciplines, their participation was welcomed 
and utilized in making up the functional teams. 
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The functional teams were led by individuals chosen by the study coord inator because of 
experience and indicati on of agency interest and support. Other team members were recru ited by 
the team leader or , in some cases, assigned by the coordinator when the many agencies involved 
requested an opportunity to participate. 

Selection of data-collection meth ods and compilation of da ta were responsibli l ities or th e 
study team leaders. Later writing assignmen ts were delegated to the study team leaders. 

LOG ISTI CS 

Preparation for f ield activi ties presented as many problems as the planning for approval of 
the study. Placing 79 people in the remo te Hell 's Canyon in nine camps spread over 107.7 miles, 
wi th the necessary data collect ion, commun ica tion, transportation, food service equipment, and 
personal gear, was a major under tak ing. The mechanics had to be put together in a shor t time, with-
0L1t firm knowledge the test could proceed, bu t on the assumption approva l wou ld be for th coming. 
T he mu ltitude of agencies and their personnel worked together, each contribu ting what it had to 
offer: manpower, equipmen t , money . or expertise. 

Personnel Distribution 

Personnel distri bu tion was a mat ter of identify ing individuals wi th the proper professional 
expertise who had funding support from their agency and assigning them t o the camps from which 
they could best accompli sh the ir assign ments. For the most part, funct ional team leaders carried 
that burden. The indeterminate t ransportation picture and individual schedu le conflicts were the 
greatest problem. Personnel who participated in the f ield work are listed in Exhibit 8. 

Camp Locations 

Camp locations were dictated by the needs of t he functional teams and by the existence 
of availab le cabins. Plate 7. 7 shows the loca tion of the nine fiel d camps. One individual in each 
camp was assigned the task of solving logistical problems for the members of his camp. Exhibit 
C gives a description of each camp and a brief narrative on the manner in which it operated. 

- --s;;:-
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Plate 1.2 Trnnsporwtiori requirements or study 

personnel were met by a unique blend 

of JO boa1s and 4 helicopte rs 

Photo bY Tony Whyte, Vancouver Columbian 



Transportation 

T ransportation was a multi-agency 
effor t also. Ten boats furn ished by five 
agencies were employed at eigh t camps. 

Air support was provided by the 9 th 
lnran t ry Division of the U.S. Arm y at Fort 
Lewis, Washingt on . Four heli copters-three 
UH-IH (Huey) (Plate /.3) andaCH-47 (Chin 
ook) (Plate 7. 4) -wcre employed in data 
co llection, personnel and equipment shuttle, 
and com mand and coord ination missions. 
Missions were planned each evening by the 
f light commander and the study coordinator, 
on the basis of feedback on air-support needs 
from the respective func ti onal team leaders 
(Plate 7. 5). Refueling logisti cs were handled 
by the Army through a private contractor 
who deployed a tanker truck at Slate Creek 
on the Salmon River, or at the Lewiston 
ai rport. Refueling at Slate Creek was limited 
on th e second day of the study by low cloud 
cover which obscured the pass between 
Pittsburg Landing and Slate Creek (Plate 7.6). 
The pi lo ts f lew their missions under the low 
clouds, but ended the day low on fuel. I f 
the clouds hadn 't lifted during the night, the 
hel icop ters would have been grounded. The 
only other refuel ing problem was a ruel truck 
breakdown which resul ted in t he loss of 
three hours o r critical ai r time. 

Photo bY eon Pulli~m. National Mar ino F i&herios Service 

PIHte 1.3 The " Huey" was the workhorse of the study. 

Photo by Char les Kosk i , National Marine Fisheries Service 

T he U.S. Army aviators prnvided Plate 1.4 CJ-1-47 (Chinook) assisted white water boaters. 

outstanding service th rough their flyi ng sk ill 
and interest in the successful completion of the study 
objec t ives (Plate 7. 7). T hey did this while givi ng the 
highest priority to sa fety considera ti ons and thorough 
maintenance of their aircraft (Plate 7.8). Additional 
information on the helicopter support is contained in 
Capt. Pul lum's after-action report (Exhibit D}. 

Communication 

Communications between the groups was 
essential. The Wallowa-Whi tman National Fo rest pro
vided rad io equ ipment for each camp and personnel to 
man the relay fac i l ities necessary to complete the net
work. The Forest Service gained significan t knowledge 
of radio communication within the canyon during the Photo by Jim Graban, Idaho Fish & Game Oepertmonl 

course o f the study. l'latc 1.5 Ncxtday'smission bcingplanncd. 
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Photo bV Keith Bavha. Bur. Sporu Fisheries & VVlldllfo 

Plate 1.6 Low hanging clouds, preven t ing refueling, c reated anxiety in scheduling. 

The Idaho F ish and 
Game Department's radio net
work was useful as a backup 
system, bu t was limited to 
certain locations where recep
t ion was possible. 

The U.S. Army's radio 
equipment within t he heli 
copters allowed com m un ica
t ions between aircraft with in 
the range of their equipment. 

A thorough safety 
plan was prepared and sent 
to all study participants pri or 
to the fie ld effort . Safety 

coord inat ion was especiall y difficult because so many different agencies were involved in the study. 
The p lan included instruc tions on emergency evacuation, the use o f water craft, behavior of ground
based personnel around helicopters, and other ac tivit ies. A medical doctor was part of the fie ld crew 
and each camp had one person responsible for the safety of camp residents. 

Press Relations 

News med ia represen tatives were brie fed and accommodated by an information officer and 
the resultant coverage was more than sat isfactory. Monitored coverage of the study resulted in to tal 
l ineage equivalent Lo a ·12-page special section of a newspaper. Because of transportation l imitati ons 
both to the study si re and on si t.e, more press representatives would have defeated the positive coverage 

achieved. 

Public Involvement 

The field study includ
ed three citizen kayakers 
who participated on the white 
water boating team using 
their own equipmen t. One 
of these men was Dr. Dec 
Crouch, an M.D. who acted 
as "physician in residence " 
(Plate 7.9). A nother was a 
professiona l wh i te wate r out
fitter and guide. The naviga
tion team also had part icipa
ti on by professionaloutfitters. 
T hree of th e camps were 

Photo by Cher ie• K osk i N otional M arino Fisheries Service loca ted on private land 
l'latc 1.7 Aviator skill in trcachcro~•s terrain was dcmo11stratecl daily . through the cooperation of 

the ranche rs. A nd, last ly, 
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Plate l.9 Or Oee Crouch Plate J. 8 Tho rough maintcnaucc of the ai rcraft 
was given h igh priority 

Phot os this page by J . Graban, I F&G 

Plate J. 16 The main cam p at Pi!Lshurg Landing was composed o f U S Forest Scrvic~ tents, Idaho National Guard mobile mess 
unit manned by two majors (inset at righ t) in food serv ice from Boise Stale College 
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public involve ment in analysis of results and formul ation of recommendations was provided through 
appointment to the task force of f ive citizens representing the resident ranchers,outfitters, the Idaho 
Waler Users Association, Hell 's Canyon Preservation Council, and Lewiston Chamber of Commerce 
(see Exhibit £). 

STUDY COSTS 

The controlled flow study had no specifi c funding source or budge t. Some agencies were 
funded for instream flow studies in general th rough the Western U.S. Water Plan Study (Interior agen· 
cies), Comprehensive Coordinated Joint Plan Stud y (Federal agencies other than Interior), Colum bia 
Rive r and Tributaries Study (Corps o f Engineers), U.S. Department of Agricul tu re Type IV Snake 
Rive r Study (Soi l Conservati on Service), and State Water Plan Studies (some State agencies). Other 
participating agencies had to utilize on·going program funds. 

Because o f the urgency for doing the study in 1973 and the importance of filling the data gap, 
more than 24 agencies found justi fi cation to support thei r participa tion and, in some cases, certain 
activities of others. 

The exten t of invo lvemen t is shown in Table 1.2, which shows the actual cost and real costs. 
Actual costs are defined as those expenditures which would not have been made if the study had no t 
been conducted. Real costs arc actual costs plus the manpo wer , equipment, overhead, etc., which 
should properly be at tribu ted to the study effort . 

HOW TH E STUDY RESULTS WERE COMPILED 

Following the field activity, a report preparat ion task force (known as the Hell's Canyon Con
trolled Flow T ask Force) was assembled by the study coordina tor with approva l o f the Idaho Stale 
Study Team. Membership on that task force is shown in Exhibi t E. 

Writing assignments were rnade Lo the functi onal team leaders who analyzed the data and pre
pared drafts of their respective chap ters. 

The task force met on May 23 , August 8 and 9, and a subcommittee met November ·1, ·1973. 
The team leaders presented their findings to the task force for discussion and analysis, with ultimate 
approva l given lo the chapter drafts. 

Chapter 16, ' 'Discussion, Conclusions, and Recommendati ons, " was written by a task force 
subcommittee in accordance with the consensus of the full task force. 
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T able 1.2 Estim,1tcd Costs o f llell 's Canyon Controlled Flow S tudy 

A.gen e 

Bureau or Sp(.)rt Fisheries & Wildlife 3 ·4 

Bureau of Outdoor Rccrcat ion 
Bo nneville Power Admin istrat io n 
Bureau of R ecla m a tion 
Federal Power Commissio n 
Natio na l Marine F isheries Service5•6• 7 

U .S . Fo rest Service8 

So il Conservatio n Service8 

Agricul tural Rcsearc h Servit:e 
Corps o f Engineers319 

Washing to n Dept. of Ecology 
Idaho Water Resource Board 
Idaho F ish & Game Depart ment 
Idaho D ept . of Wa ter Adm inistra tion 
Idaho Dept. of Environ m enta l & Communi ty Services 
Idaho Dep t. or Parks & Recreation 
Oregon Wat e r Resources Board 
Orego n Game C ommissio n 
F ish Com m ission of Oregon 
Oregon Highway Dep t. 
Ida ho Power Compa ny l O 

U.S. Arm y 
Pac ifi c Northwest River Basins Com m ission3 

l da_h o C_oop. _Fishery Research Un it 
University of Idaho 3 

Wash ing ton S ta te Univcrs ity14 

$ 19,240.45 
425.00 

0 
630.00 
303.00 

19,48 1.00 
4,097 .20 
1,000.00 

0 
21,692.00 

2,001.00 
440.00 
986.04 
118.00 

3,700.00 
L82.68 
207. 73 

1,91 7.73 
325.00 
125.00 

0 
( 13,149.00)12 

6,749.42 
0 
0 
0 

$ 83,621.25 

$33,424.90 
3,200.00 

900.00 
3, 79 l.OO 
1,4-28.00 

25,88 1.00 
5,9 11.67 
l ,000.00 

150.00 
27,71 0.00 

4,7 L0. 70 
J ,500.00 
3,164.76 

504.44 
4,100.00 

755.98 
6 11.32 

7,218.48 
800.00 
425.00 

8,200.00 
7,446.0011 

8,043.5 1 
1,331. LO 
2,968.00 
1,072.00 

$ 156,242.86 

1 Actual Costs lr1cludc expend itures which would not have accrued had the study not been made. 
2 

Real Costs represen t gross costs, and include actual costs plus salaries, overhead and expenses underwritten as tr·alnini;, or 
contributing to ongoing programs. 

3 Includes ponlon of $29,500 reimbursed 10 U.S. Army for helicopter support (BSF& W - $15,000, CE• $9,500, and PNRBC • 
$5,000). 

4 Includes $350 reimbursed to USCS for technical advice in planning and analysis In connection with time or t ravel study. 

5 Includes $7,000 contract for University of l clal10 bcnthos study. 

6 I ncludes $1 ,000 transferred to CE to underwri te printing of enlarged aerial photos for use In fishery habi tat analysis. 

7 l r1clu dcs $10,000 trdnsfcrrcd to PNRBC for coordination, special assistance and report preparation and publica tion. 

8 I ncludes contribu tion to special account set up by BSF&W to cover miscellaneous mul ti -agency expenses (USFS • $3,000, 
scs · $1,000). 

9 tncluclcs $928 transferred to BSF&W, who in lurn underwrote par t ic ipation by Wash ington Slate Un iversi t y in the aquatic 
vege tation study. 

lO Includes $6,000 contract wi th Sea ttle Marine Laborator ies. 

11 Represents U.S. Army contribution over and above the $29,320 reimbursement iden ti fied in Footno te 3, and reported 
elscwllerc. 

12 
Total real cost for helicop ter support of $36,946 minus $23,797 underwr itten by the Army and just ified as tra ining, leaves 

$13,149. Army actually received $29,320 in re imbursemen t. Thus a surplus of $16,1 71 to be available Lo sat isfy tort claim. Tort 
claim is not yet settl ed, so amount does not appear in cost totals. 

13 Rcprescnls cos ts or bcnthos study above the $7,000 contract with NMFS. 

14 
Represents costs of aqua t ic vege tation study above the $928 contract with the Corps of Engineers. 

19 



Contract No. 14-03-37023 

United Stat.es Oepart1ncnt of the Interior 
IION Nl·'.VH .LE POWE il /\DMINI ST IU\'l 'IO N 

llll A [ JMlfl l~i l • /l IC)n 

111 "pl,, ... , , f 11,: PCH 

Mr. Glenn J. Hall 

I',() , lh" lld l . 1' 111( 11.J\N I >. 111\1-<,UN 1>7 ~0~ 

Exhibit A Power Exchange Agreement 

Vice President, POl'-ler Operations & Engineering 
Idaho Power Company 
P. 0. 13ox 770 
Boise , [daho 83701 

Dear Mr. II a ll : 

In onlcr to fac:i.li tatc the controlled flow study by the Dep::rrt111cnt. of the 
I nterior (Westwi<le Study) in the [[ells Canyon Roach of the Snake River 
proposed for March 20-25, 1973, Bonnevill e is willing to exchange energy 
with the Company under the following tenns and provisions : 

1. Prior to March 20, 1973, the Comp,my may deliver to Bonneville s uch 
amounts of energy as t he Company detern,incs arc surplus to its needs 
and it desires to deliver. Sud1 delivery will be scheduled at mutually 
agreeable times and rates. 

2. During the period of the study, March 20-25, 1973 , the Company may 
request from Bonneville t he amounts of energy which the Company 
detennines it needs on account of the controlled flmv stuJy to meet 
its sys tem firm and interruptible loads plus its fin11 obligations to 
deliver power to other utilities . Bonneville shall sci1e<lule :md 
deliver to the Company the reqllcstcd amounts up to the otherwise unused 
capacity of Bonneville ' s generation and transmiss ion facilities . 

3. Bonneville will keep an accotm.t of any deliveries under 1 and 2 above . 

4. Between March 25, 1973 and April 30 , 1973, any balance of energy 
delivered tn1der this letter agreement s hall be returned to the party 
in whose favor the balance exists. Such return will be scheduled at 
times and in amounts which are mutually agreeable to the parties. 

5. No charge wi 11 be applied to the deli very or return of energy under 
this letter agreement. 
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6. Provisions Required by Statute or Executive Order attad1cd hereto as 
Exhibi t A are hereby incorporated herein . 

(S8\L) 

Sincerely, 

~· Jr 8 '-iv..( 
1-'\CrlN~ /\<lminis trator 

ACCCPTIJD: 

IDAIIO POWr R COMPANY 
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Exhibit B 

Partic ipants m F ie ld A c t ivity o f Hell's Ca nyo n Co ntro lled Flo w Study 

HELL'S CANYON DAM CAMP 

Ben PuUiam, National Marin<: F isheries Services, Bo ise 
J irn Winner, Idaho Department of Water Administratio n, Bo ise 
Ro bert S teel, Seattle Marine Laboratory, Seattle 
Don Wei tk,LJnp, Seattle Marin<: Labo ratory, Seattle 
M.ichael Colley, Seattle Marine Laborato ry, Seattle 
David Lorange r, Sea ttle Marine L.ibo ratory, Seattle 
Ma..x Katz, SentLlc Marine Laboratory, Sea ttle 

OREGON HOLE CAMP 

Gco rf ll ogandcr, University o f Idaho, Moscow 
To m Hallbac k, University o f Idaho, Moscow 

SADDLE CREEK CAMP 

Ken Thompson, Oregon Game Commission, Salem 
Mike Golden, Oregon Game Commission, LaGrande 

SAND CREEK CAMI' 

J ohn Coon, University of Idaho, Moscow 
Dave Hanson, Unive rsi ty o f Idah o, Moscow 
Jim A thearn, Un iversity o f Idah o, Moscow 
J akc Szramck, Orego n Water Resources Board, Sal em 
Tom Welsh, Idaho Fish and C ame, McCall 
Doug Erdman, Idaho Parks and Recreatio n Oepanmc:nt, Boise 
Al Beam, c itizen outfit ter, Sun Valley 
Jim Lcouard, citizen, Salmon 
Dec Crouch, M.D., ci tizen, Yakima 

WILSON RANCH CAMP 

Russell Biggam, Univ ersity of Idaho, Moscow 
Marvin Hanks, Unive rsi ty o f Idaho , Moscow 
J ack OaLismar1, University o f Idaho, Moscow 
William Fortis, University o f Idal10, Moscow 
Jim Stanto n, University o f Idaho, Moscow 

PITTSBURG LANDING CAMP 

Keith Bayha, Bureau o f Sport Fisheries & Wildlife, Bo ise 
Chuck Koski, National Marine Fisheries Services, Portl,ind 
Dick Nade.iu, Bureau of Sport Fisheries & Wildlife, flo ise 
Ed Ho lland, U.S . f o rest Service, U nion, Oregon 
Kerry Cripe, Boise State College, Bo ise 
Ke11t Barnett, Bo ise S ta te College, Bo ise 
Mike Cleveland, Idah o National Guard, Boise 
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FUNCTIONAL RESPONSIBILlTY 

Photographer, d ye study 
Water quality, time o f travel 
Water q uality, ben(hos, fish population 
Water quality, bcnthos, fish populaiion 
Wa te r quality 
Bcnthos 
Fish popu lation 

Sturgeon 
Sturgeon 

Salmonids, photographer 
Salmonids 

Stu rgeon 
Sturgeon 
Sturgeon 
Recrea t ion , time of t ravel, pho tographer 
Pho tographer, white water rafting 
Recreatio n, white wate r rafting 
Whi te wa ler kayaking 
White wa ter kayaking 
Medic, white water kayaking 

Benthos, catchability 
Bcnth os, catchability 
Bcnthos, catchability 
BcnLhos, catchability 
Benthos, calchability 

Study Coordina to r 
Assis tant Coordina to r, time of travel 
Camp leader 
Communicat ions 
Cook. 
Cook 
Cook's Assistant 



PITTSBURG LANDING CAMP (cont.) 

Bill Catlin, Pacific Northwest River Basins Commission, Vancouver 
Jim Graban, Idaho Fish and Game, Boise 
Franklin J ones, Idaho Water Resource Board, Boise 
Ge ne Ralston, Idaho Dept. of F.nvironmental and Community Scrviccs,Boise 
Dean Loomis, Idaho Water Resources Board, Boise 
Me rlyn Brusvcn, University of Idaho, Moscow 
Craig MacPhce, University of Idaho, Moscow 
Gary llailcy, Washi ngton State University, Pullman 
Pat Syms, Washington State University, Pullman 
Herb Pollard, Idaho Fish and Game, Boise 
Will Recd, Idaho Fish and Game, Boise 
Ken Witty, Orego n Game Commission, enterprise 
Paul Burnett, U.S. Forest Service, Grangeville 
Terry llo lubetz, Idaho Fish and Game, Bo ise 
Ernie Hesser, Corps of Engineers, Walla Wal la 
Capl. Don Pullum, 9th Av. llln., 9th tnf. D iv. , U.S. Army, fort Lewis 
Capt Marc Snook, 
1st Lt. Anthony Olcnciuk 
I st Lt. Bruce Chase 
CWO Robert Woodard 
WO Ro nald McIntosh 
WO Bart McGhcc 
TI SPG J e rry Mo ugr;iin 
Sp. 5 Dennis I la:r.a 
Sp. 5 Sonny Westmore 
Sp. 4 Ralph Bcck,vith 
Capt. E. Poole, 10th Av. lhn., 9th Inf. Div., U.S. Army, Fort Lewis 
CWO R. Nelson 
Sp. 5 S. Decker 
Sp. 5 R. Higdo n 

DUG BAR CAMP 

Merle Mews, Idaho Parks and Recreation Depatment, Boise 
Wayne Burck, Fish Commission of Oregon, Elgin 
Duane West, Oregon Game Commission, LaGrande 

SALMON RIVER CAMP 

Dwight Kilgore, Idaho Fish and Gurne, Lewiston 
Jim Morris, Bureau of Outdoor Recreation, Seattle 
Rudy Ringc, University of Idaho, Moscow 
Rick Stowell, University of Idaho, Moscow 
J ohn Dooley, Bureau of Reclamation, Boise 

ANATONE CAMP 

Al Smith, Oregon Game Commission, Salem 
Ron Lindland, Idaho Fish and Came, Lewiston 
Dick Scully, Idah o Fish and Game, Lewiston 
Bob Bishop, Washington Department of Ecology, 
J im Scott, Washington Department of Ecology, Oly mpia 
Don MaLJ1ews, Corps of En1,rinccrs, Walla Walla 
Dean Hilliard, Corps of Engineers, Walla Walla 
Percy Karr, Missoula, contrac t pilot 
Lefty Swartz, Missoula, cameraman 
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FUNCTIONAL RESPONSIBILITY 

Press O fficcr 
Movie and still photographer 
Photographer 
Water quality 
Water quality, time of travel 
Bcnthos 
Catchability and bcnthos 
Vegetation 
Vegetation 
Salmonid 
Salmonid 
Boat operator, catchability, stranding 
Recreation 
Spiny-ray fishery 
Navigation 
Flight Commander 
Huey pilot 

Technical Inspecto r 
Crew Chie f (Huey) 

Chinook pilot 

Crew chief (Chinook) 

Recreation, photographer 
S,thnonid 
Salmonid 

Boat operator. catchability 
Recreation, pho to!,'Taphcr 
Sturgeon 
Sturgeon 
Water quality, time of t rcwel 

Salmon id 
Salmonid 
Salmonid 
Salmonid , water quality 
Pho tographer, recreation, t ime of travel 
Navigation 
Navigation 
Aerial photography 
Aerial pho tography 



E xhibit C 

Description of Field Camps 

Pho to b y B. Pulliam, NMFS 

Photo b y Geoff H ogandor, Univ. of Idaho 

Photo by K Bayha BSF&W 
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Hell 's Canyon Dam Camp (Rm 247.7) • Ben 
Pulliam , Natio nal Marine F isheries Service , 
Camp Lead er 

This camp consisted of a 7-man gro up o f inves
tiga tors who wo rked in the first quarter mile 
below the dam and u t ilized commercial facilities 
a t Oxb ow, Oregon , for mea ls and lodging. 

Oregon Ho le Camp (Rm 2 3 7 .8) • Geoff Hogan
de r, University o f Idaho , Camp Leader 

This camp consisted o f a 2-man crew, a part o f 
the st urgeon fi shery team. They u tilized a tent 
and boat and were self-sufficient, excep t for 
minor boat support fro m Ken Witty . 

Saddle Creek Camp (Rm 236.2) - Ken Thomp
so11, Oregon Game Commission , Camµ Leader 

This 2-man crew, a part o f the salmo n id fishery 
team, utilized an existing U.S. Forest Service 
tent and boat and helicopter suppo rt. 



Phot o b y C. Koski, NMFS 

Photo by K . Bayha, BSF&W 

Sand Creek Camp (Rm 228) • Tom ·w elsh , 
Idaho Fish and Game Department and John 
Coon , Universi ty o f Idaho , Camp Leaders 

This camp consis ted o f ten men and utilized the 
Oregon Game Commission cabin and boat sup· 
port. The white water boating crew originally 
assigned to Steep Creek campsite j o ined the 
Sand Creek Camp because of their dependence 
on support from the CH-47 helicopter, which 
could not land at nearby Steep Creek (Rm 229.0). 

Wilson Ranch Camp (Rm 214.7) • Russell Biggam, 
Camp Leader 

This camp was loca ted on the Lem Wilson prop• 
erty and consisted of tents used for lodging by 
five men of the bcnthos team w ho were rcqu ir
cd to collect samples around the clock. They 
crossc<l the river by boat for meals a l Pittsburg 
Landing. 

Pit tsburg Landing Camp (Rm 2 13.8) • Dick 
Nadeau, Bureau o f Sport Fishe ries and Wildlife, 
Camp Leader 

This was headquarters camp serving from 42 to 
52 men during the course o f' th e study and the 
base for the 15-man Army avia t ion team and 
the ir helicopters. The camp was localed o n 
Circle C Ranch propcrty, through the courtesy 
of Dave Campbell , Manager. 

Lodging in the form of 12 tents was provided 
by the Nez Perce 1a tional Forest. The Icbho 
National Guard was co ntrac ted to supply the 

Photo by c. Kosk i NMFS required mess equipmen t, wh ich consis ted o f a 
mobile mess unit, watcr 1railer, and mess tent. 

Two students from Bo ise State College majoring in Food Services, conlractcd to h ,111dlc 1he fo od 
supply and cooking chores. Two bo ats and the helicopters suppor ted Ilic clitla cu llcc tion pnso1111cl. 
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Photo by D on Mathews. Corps of Engin eers 

Pho to by K . Bayha, BSF&W 

Photo by C Koski NMFS 
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Dug Bar Camp {Rm 196.7) - Wayne Burck, 
Fish Commission of Oregon , Camp Leader 

This 3-man camp utiliz:ecl commercial food and 
lodging facil ities o f Doug Tippctt's Dug Bar 
Guest Ranch and depended upon boat and heli
copter support. 

Salmon River Camp (Rm 188.2) • Dwight 
Kilgore , Idaho Fish and Game, Camp Leader 

The cabin located a t the mouth o f the Salmon 
River served a 5-man crew. Camp pe rsonnel 
depended largely upo n boat transpor tation. The 
cabin was made avai lable by Ray Kernan of 
Lewisto n . T he crew based at this ca mp a lso 
collected data at China Bar (Rm 192.3). 

Ana tone Camp (Rm 168 .7-140.0) - Al Smith, 
O regon Game Commission, Camp Leader 

This camp consisted of seven men who u tilized 
commercia l food and lodging l'acili tics in Lewis
ton and au to mo biles and boats for transporta
t ion. This crew worked on the Snake Ri ver 
between Lewiston and the mouth of t he Grande 
Rond e River. 



Exhibit D Army's After Action Report 

DEPARTMENT OF THE ARMY 
Company B, 9th Aviation Battalion, 9th Infantry Division 

Fort Lewis , Washington 98433 

AMNLE-9-9AVN-CO B 16 April 1973 

SUBJECT: After Action Report Hells Canyon Project 

TO : Commanding Officer 
9th Aviation Battalion 
ATTN: S-3 
For t Lewis, Washington 98433 

1. Purpose: to provide after action information concerning aviation 
s upport to the U. S . Department of Interior (DOI) in conduct of a 
major stream f l ow study on the Snake River from Hells Canyon Dam to 
the mouth of the Salmon River during period 19-27 March 1973 . 

2. General: 

a . Company B, 9th Aviation Battalion received Hells Canyon 
mission, for planning, Friday , 9 March 1973 at approximately 1630 
hrs (PST). The initial aircraft requirements was for five (5) 
UH-lH Helicopters with provisions for one (1) CH-47 to be attached 
fro m the 10th Avi ation Battalion . 

b. Immediate ly, flight crews were identified and special 
classes co nducted on mountain flying techniques . Required support 
equipment was itemized and loading plans developed . 

c . The approved mission (for three UH-l ' s and one CH-47 heli 
copters) was received approximate l y 1500 hours (PST) Friday , 16 
March 1973 . Departure from Fort Lewi~ was scheduled for 19 Mar ch 
1973 . Upon receipt of the warning order an apparent problem area 
was avi ation fuel in the area of operation (AO) . Because of the 
distance fro m Boise , and Lewiston , Idaho to the center of the AO 
it was not considered feasible to drive unit POL trucks from Fort 
Lewis to suppor t the nine day exercise . The command decision was 
to purchase fuel from the civilian economy and, thus, utilization 
of the Government cr edit card was approved. After extensive coord
ination an agreement was reached with Boise Air Service (Mr . Jo hn 
Goodman) in the PM on 17 March 1973. Mr . Goodman agreed to pre
position a f uel tanker at Slater Creek (Center of AO) on continuing 
basis @.58 per gallon plus . 07 excise tax . Thi s price was com
parable to a quote from a Lewiston dealer who would not consider 
positioning in Sl ater Creek area ; (indicated they could extend 
approximately thirty (30) miles sou th of Lewiston, ID). 

d . The operat ion order was issued at 1500 hrs (PST) 17 March 
1973 . Loading plans were activated on _19 March 1973. Three (3) 
UH-lH helicopters and one (1) CH- 47 helicopter departed Fort 
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Lewis, approximate ly 0900 h rs (PST) enroute to Lewiston, Idaho. 
The flight commander departed Lewiston t o conduct a route re
connaissance of the Snake River to Pitt sburg Landing , (propose d 
si t e of the base camp ) while the r ema ind er of the c rew remaine d 
a t Lewiston awaiting ins tructions from the r econnaissance par t y. 

e . Dur i n g the r e con numerous power l i nes were spotted cross
ing the river at the canyon f loor . An a ltitude of 2500 MSL was 
determined to be the safest altitude to avoid wires and a fford a 
s u i t ab l e alt i tude to make the limited forced l and i ng areas in 
case of an emergenc y landing . Al so , during the i n i tial r econ, 
it was determined that low l evel navigat ion along the winding 
Snake Rive r was vir tual ly imposs ible . You coul d not pinpoint the 
a i rcraft ' s exact l ocation while using an aeronautical chart, 
scal e 1: 500,000 . 

f . Upon arriving at Pittsb urg Landing , the fli ght commander 
met Mr . Ke ith Bayha, the s tudy g roup coordinator (Fish & Wildl ife 
Servi ce , DOI ) . Mr . Bayha was advi sed tha t the hel icopter support 
had arr i ved and was await ing furt her instructions . The proposed 
parking areas were dete rm ined to be s uitable . 

g . The fli ght commander r e turned to Lewis ton where curre nt 
weathe r chec ks we r e made. The forecast wa s for high winds (40-
50 knot s with po ss i ble gus t s to 60 knot s) . A decision was made 
to .RON a t Lew i ston to secure the aircraft for the night. Mr. 
Bayha was provided a TWX, SUBJECT : Department of Inter ior Re
ques t for Army I[elicopt er Support fo r Stream Fl ow Study of Snake 
Ri ver which outline d t he gene ral parame t e r s of our s uppor t t o 
inc lude Pub lic Affai r s Guidance. (Incl . 2) . 

h. At 0700 hr s (PST ) 20 March 1973, the fligh t departed Lewis
t on for Pittsbur g Landing and arrived a t approxima te l y 073 0 hrs 
(PST) . The days missions were disc ussed wi th Mr . Bayha . Ile was 
briefed on safe ty awar eness for all members of h is group who 
would be working near or around t he ai r c r af~ . CPT Snook and LT 
Olenczuk were des i gnated t o plan a safety br iefing for all the 
s tudy gro up per s onne l and p assengers . 

i . Eme r gency evacua t ion by air in case of ser ious l y in jured 
personne l was dis cussed. Mr . Bayha advi sed that the Lewiston 
Hosp ital had been a l e rted and a he l iport was l oca t ed on the 
south side of tl1e c itJ . All pilots were informe d or the location. 

j. Communica t ions was es t abli shed at base camp with a PRC 25 
(F.M.) radio. Thi s set was fo und inadequate over 2 mi les Cro m 
base canp due to the limi ted l i ne-of-sight range interference 
caused by winding canyon wall s . 
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k . Subsequent daily missions were planned at the end of each 
days flying, usually after the study group coordinator received 
feed-back information from each river camp in order to place 
priorities on tasks to be accomplished. Due to the complexity of 
coordinating the entire 50 miles of river with several different 
aspects of the river study, missions were often altered or changed 
up to the last minute . These changes were essential in order to 
fully support the DOI project and remain on schedule, (see Incl 
3 Daily Mission Synopsis). 

1 . Flying hours varied based on type missions , weather, and 
minor problems with refueling at Slater Creek. For detail break 
down of flight time per - day , per-type aircraft see Incl 4 (Daily 
Flying Hours and Sorties). Total actua l mission time in direct 
support of River Study was 81 . 9 flying hours for three (3) UII-lH's 
and 11.0 flying hours for the CH-47. Mission time does not re
flect enroute time to Pittsburg Landing and returning to Fort 
Lewis. 

3 . Problems Areas : 

a. Air to ground communication was recurring because of terrain . 
A remote relaying transmitter could have improved communications . 

b . Refueling was a minor problem when two contract tankers broke 
down . As a result , mission flight time was lost du ring refuelin g 
operations at Lewiston, which required additional flying hours 
the fol l owing day in order to meet desired mission schedule . 

c . Navigation was virtually impossible when utilizing aero
nautical charts, scale : 1 : 500,000. Pilots could not pinpoint 
exact l ocations on larger scale maps. Large scale maps, scale 
1 :50 , 000 or 1:250 , 000 were needed . 

4 . Conc l usion: 

a . Aviation support of the Jlells Canyon Project was accompl
ished in a successful manner. 

b . The training benefits received during this mission far 
exceeded the t raining aviators normally receive in a peace-time 
envirornnent . Fl ight crews were able to put to practical use all 
aspects of moun t ain flying tec hniques and related aspects rel
ative to operating on the floor of Hells Canyon. A mission of 
this nature builds confidence in the young aviators ' ability 
and instills respect in his crew members and equipment . 

c . The team work and cooperation demonstrated by the many 
different agencies taking part in this project contributed di
rectly towards the safe accomplishment of DA support rendered to 
the DOI . 
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d. Subj ect mis sion had been in Army Channels since January 
1973. The Aviation support had only minimum planning time prior 
to displacement . Conf irmation for mission approval was received 
by supporting units approximat ely three (3) days prior to de
parture . 

5 . Recommendations: 

a . Aviation units participating in mi ssions of this nature 
be afforded maximum planning time when possible. This would en 
able support ing units to better coordinate with supported units . 

b. Remote relay radio transmitter s be es t ablis hed for con
tinues air - ground communications when operating in areas such as 
Hell s Canyon. 

c . Large scale maps (1: 250 , 000 or larger) be furnished all 
crew members when navigation in terrain such as Hells Canyon 
is anticipated . 

JfL~--MiZ=-. 
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DAILY MISSION SYNOPSIS WITH NUMBER OF FLY ING HOURS AND SORTIES 

UH-1 
HOURS SORTIES 

19 March 
Ft . Lewis to Lewiston 12 . 8 

20 March 
CH-47 Logistical Support 13 . 1 
UH-1 - CMD & Control Group - LOG MISSION 
UH-1 - Photo Mission 

21 March 
CH-47 - No fly WX 
UH-1 - CMD & Control Group 
UH-1 - Photo Mission 

22 March 
CH-47 - Logistical Support 
UH-1 - CMD & Control Group 
UH- 1 - Photo Mission 
UH-1 - Logistical Support 

23 March 
CH-47 - Logistical Support 
UH- 1 - CMD & Control Group 
UH-1 - Photo Mission - Log Mission 

24 March 

6 . 2 

15 . 8 

11.6 

CH- 47 - Logist ical Support 15 . 6 
UH- 1 - CMD & Control Group - Photo Mission 
UH-1 - Photo Mission 
UH-1 - Logistical Support 

25 March 
CH-47 - Logistical Support 
UH-1 - CMD & Control Group 
UH-1 - Photo Mission 
UH-1 - Logistical Support 

18 . 2 

9 

30 

16 

42 

28 

32 

54 

26 March - Pittsburg Landing to Lewiston 3. 2 5 
CH-47 - Logistical Support - Lewiston to Fort Lewis 

27 March - Lewiston to Fort Lewis 

TOTAL 

ENROUTE 

MISSION TIME 

31 

12.3 

108. 8 

26.9 

81.9 

9 

225 

CH-47 
HOURS SORTIES 

2 . 6 2 

1.6 4 

No Fly WX 

1.6 

2. 3 

3 . 7 

1.0 

4. 1 

NONE 

16 . 9 

5.9 

11 . 0 

7 

8 

8 

3 

4 
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Exhibit E 

Hell's Canyon Controlled Flow Task Force i\ lembers 

Ke ilh Bay ha , Bureau o f' Sport F isheries and Wildlire, Boise 
Charles Koski, Na Lional Marine Fisheries Services, Po rtland 
Ken Willy, Oregon Game Commissio n, Enterprise 
Jim Morris, Bureau u!' Outdoor Recreat ion, Seattle 
Cecil Thomas, U.S. Geological S urvey, Boise 
Dr. Craig T\facPhec, Univcrsi1y of Idaho, Moscow 
J ack McLeod , Bureau or Recla mation, Boise 
Larry Dean, Bo nneville Power Adminis tration, Portland 
Wade B. llall , Co llabora tor, Wallowa-Whitman National Fores t , Baker 
Bi ll Reese, Washing ton Depar tment or Fisheries, Tumwater 
Floyd Harvey, Ou l ri Ltt:r, Lewiston 
J ack Barnet t, Idaho Wa ter Users Association, Boise 
Bruce Mitchell , Idaho Power Company, Boise 
Terry 1Ioll1bc tz, Idaho fish and Game, Boise 
Jim Scott, Washington Dcpartm.en t of Ecology, Olympia 
Gene Ralston, Idaho Dep t. of Environmental and Com munity Services, Boise 
Merlyn Brusvcn , Univers ity o f Idaho, Moscow 
Dick llcnry, Bureau of Reclama tion, Bo ise 
G il 11.tycock, Idaho Wa ter Resource Board, Bo ise (laLer replaced by Dean Loomis) 
Do ug Crclman, Idaho Departmen t of Parks, Bois<.: 
Bill Pla tts, U.S. Fores t Service, Boise 
Wayne Burck, Fish Commission of Oregon, Elgin 
Do ug Tippell , Resident Rancher, J oseµh , Orego n 
Ken Thompson, Oregon Game Commissio n, Sakm 
Tom Welsh, l daho F ish and Ga me, McCall 
Don M,nhews, Corps of Enginee rs, Walla Walla 
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CHAPTE R 2 

T I ME OF TRAVEL 

C.H. Koski 

National Marine Fisheries Service 

Informati on abou t the time it takes the water leve l at downstream poin ts to drop after a 
reduction in discharge at Hell's Canyon Dam was required in order to prepare study designs for the 
va rious functional study teams. The ex tent and t im ing of planned stu dies were dependent upon th e 
rate shoreli nes became exposed and the durati on of stable flows. 

T he controlled fl ow study also provided a good opportunity to study water mass1 movement 
at the lower flows wh ich differs considerably from the stage wave t ravel time.2 

Data on wa ter mass time of travel are important when considering aquatic l ife and water 
quality . For example, air temperatures in Hell 's Canyon often range near 100° F. for long periods of 
time during the summer month s. Possible releases of low qual ity water (i.e., h igh nutrient, algae 
blooms, low dissolved 0 2 , high N2 ) from upstream impoundments during th ose periods, in combina
tion with high air-water temperatures, could adverse ly affect aquatic l ife . The abi li ty to predict the 
im pact of such occurrences is in part dependen t upon knowledge of the stage wave and water mass 
travel time. The objective o f the time of trave l study was twofold . 

1. T o determi ne the stage wave trave l t ime and the rate of water leve l reduct ion at the various 
study si tes and to compare these wi th the ca lculated predict ions. 

2. To determine the water mass time of travel and compare it t o the stage wave time of travel. 
In addition, data col lected on the water mass can be used t o develop new project ion fac to rs 
for computing water mass travel time based on stage wave travel time. 

METHODS 

The stage wave travel time was est i
mated by three methods: 

1. Calculated predictions by the USGS 
based on USGS stage gage measuremen ts. 

2. Actual stage gage tracings during 
the study . (Figure 2. 7) 

3. Individual observations at each of 
the study sites (Plate 2. 7 ). 

The water mass time of trave l was 
estimated by three methods: 

~ 
Pho to by K . Bayha, BSF&W 

Plate 2. 1 Observa tions of stage wave reduction was recorded al each site 
using improvised gages. 

1. Calculated pred ictions by the USGS method based on stage gage readings multipl ied by a 

1 Water mass lime of travel: The lime it takes a particu lar segment or volume of water to move a given distance. 
2 Stage wave: A phenomenon of pressure changes rcsulllng from an increase or decrease in discharge which results in a translatory 

wave which moves through water al a greate r veloc ity th an that of the water partidcs. 
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1.2 factor.3 Th is factor is comm only used by USGS when estimating water mass travel 
time in r ivers of uniform shape and slope. 

2. Rhodamine B dye was used to tag the water mass at the 7J00 cfs flow and the 5,000 cfs 
flow. A fluorometer and visual observations were used to track the dye (Plate 2.2). 

3. Oranges were used as a supplemen t to the other methods of estimating water mass t ime 
of travel. Oranges were selec ted as a f loating indicator because they float low in the water 
and offer virtuall y no wind resist ance, are easily seen and are bio-degradable. One gross of 
oranges was released at 0600 hours on the assumption that they would travel at approx
mately the same rate as the water mass and that an ea rly morning release would provide 
maximum dayligh t time for recording movement. Releases were made at the 27,000 and 
12,000 cfs fl ows. 

RESULTS AND DISCUSSION 

The stage wave form is shown in Figure 
2. 7 which shows the actual trace made from gages 
located at Hell 's Canyon Dam (RM 24 7.7),Johnson 
Bar (RM 230), Anatone gage (RM 167.2), and a 
temporary gage located at DeChennes Marine 
( RM 141.9). Table 2. 7 shows stage wave data 
collected at the various study sites. 

Figure 2. 2 shows the discharge at gaging 
stations on the main stem of the Snake River and 
compares them with the discharge of the principal 
tributaries during the period of this study . 

Generall y, the stage wave reac ted in 
accordance wi th the calculated predictions. The 
studies which were dependent upon knowing the 
time of water level reduc t ions were performed Photo by J . Graben, IF&G 

successfully based on the calcu lated t ime. The Platc2.2 Bio logisLcalibratcs fluoromc lcr whichmcasurcs lhc 
difference between the observed and the calcu lated conccnlrntio n o f flu orescent dye. 

stage wave travel time was wi thin the suggested ±. 2.0 hours margin of error. 

Some anomal ies did occur, however, which could be a result of a number of factors. For 
instance, the hydrau l ic character of the river channel is probably emphasized at the reduced flo ws. 
Boulders and rubble which arc deeply submerged at normal flows wou ld be nearer to th e surface 
as flows are reduced. This increase d channel roughness, coupled with wide pool and eddy areas, 
would resul t in a slowing of the stage wave ve locity . This would be particularly true upstream 
from Pittsburg Landing where the channel appears to be sl ightly wider . Downstream from Pitts
burg Landing the channel appears to be generally narrower . A s a result, the funneling effect would 
produce the increase in ve locity wh ich is indicated by the t iming of the observed wave t ravel at China 
Bar (RM 192.3). 

The calculated stage wave time is an average of the total reach, based on historical measure
ment at three gages, whereas observations were made at shorter intervals. There may be sufficient 

3 USGS Water Supp ly Paper 888, p, 156. 
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Table 2.1 S tage Wave Da ta, Snake River, Idaho , at 7,700 cfs, l\1larch 24-25, 1973 

D istance Lapsed lime to Estima ted velocity 
from HCQ T ime o f s tabilization o f stage wave 

R .M. Miles arr ival Hrs. Min. mph fps ---
247 0 1200 3 

235 12 13 L5 28 9.6 14.4 

230 17 1400 3 8.5 12.4 

228 19 1410 8.7 13.G 

215 32 1606 3 6 7.8 11.4 

192 55 1730 5 30 10.0 14.6 

I 64 83 2300 8 7.6 11.0 

at 5,000 cl's, March 24-26, 1973 

Distance Lapsed time to Esti mated velocity 
fro m HCD Time o f - ~tab ilizatiutL _ of stage wave 

R.M. Miles a rrival Hrs. Min. mph fp1 

247 0 1200 l 

235 12 1345 3 40 G.8 IO- ~ 

230 17 l400 2 8.5 12.4 

228 19 1415 1 15 8.4 12.4 

?. 15 32 1700 3 6.4 9.4 

192 55 1730 5 30 10.0 14.6 

164 83 0100 9 6.3 9.4 

change in gradient between Pi ttsbu rg Landing and C hina Bar to account for an increased ve locity 
through that reach. On the basis of this assumption , the stage wave ve locity below China Bar might 
be expec ted to decrease and more nearly approach the calcu lated time at Anatone gage. 

Another reason for the differences may be human error in establishing the exact timing o f 
th e receding water. Obviously, i t is d ifficul t, w i thout continuous record ing inst ruments, to deter
m ine the exact timing of a stage change that may take five hours to recede one foot. However, i t 
appears that the met hod for calculating stage wave t rave l time used by USGS is relati vely accurate 
as compared to v isual observations. 

The use o f oranges as indicators of water mass movemen t was a failure. Th e oranges were 
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trapped in the rough shoreline and eddies and provided no significant data . The use of floats for 
determining water mass movement in any thing bu t relatively straight, smooth channels woul d seem 
to be a futil e procedure. 

Although the water mass study using Rhodamine B dye was not a complete success, it has 
provi ded a valuable insight as to the nature of the Snake River at these low fl ows as well as back
ground infor mation for future studies of this type. Water mass travel data are shown in Table 2.2. 

T able 2.2 Water Mass T ravel Data, Sna ke River, Idaho, at 7,700 cfs, March 24-25, 1973 

Dist ance T ime of Lapsed Day of Velocity o f 

from HCD arrival time arrival wa ler mass cl e) 

R.M. Miles d e I lours (dye m :>h r s 

247 0 0600 24 

228 19 1500 9 24 2.1 3.1 

215 32 0200 20 25 1.6 2.3 

209 38 0900 27 25 1.4 2.0 

205 42 1110 29 25 l.4 2.l 

195 52 1615 34 25 l.5 2.2 

at 5,000 cfs, March 24-26, 1973 

Dista nce Time o f Lapsed Day of Velocity of 
from llCD arrival t im e arrival water mass ~YS.l 

R.M. l\ililes cl C Mours d C m h ~ 

247 0 21 '.30 24 

229.5 17.5 1000 12.5 25 l.4 2. 1 

222 25 1645 19 25 1.3 1.9 

188 59 1030 37 26 1.2 1.8 

The predicted time of arrival of the dye mass at each of the sampling sites was calculated by 
increasing the stage wave time of travel by a multiplier factor of ·1.2. The dye was released about 
¼-mi le below Hell 's Canyon Dam at 0600 MST, about 17 hours after the 7,700 cfs fl ow had stabli zed. 
Calculated predictions of 7,700 cfs water mass time of trave l ind icated that the dye mass wou ld arrive 
at each of the sampling stations during daylight hours without being overrun by the 5,000 cfs stage 
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wave. However, this was not the case . It took about 9 hours for the leading edge of the dye to reach 
RM 228, 19 miles below the release point and only about 4 hours for the 5,000 cfs st age wave to 
reach the same station. In effect, only one hour was avai lable for sampling the dye at the f irst station, 
RM 228, at the 7,700 cfs flow before the 5,000 cfs stage wave arr ived. 

On the basis of th is data, the dye release time for the 5,000 cf s flow was adjusted from 0600 
on March 25 to 2130 on March 24, 8½ hours after the 5,000 cfs stabilizati on of flow. This would 
then give more time to monitor the dye mass during day light hours at the lower stations before the 
next stage wave. Figure 2.3 shows the relationshi p of the water mass time o f travel for the 7,700 cfs 
and 5 ,000 cfs flows. 

The leading edge of the dye injec ted into the 7,700 cfs control led fl ow trave led 52 miles in 
34 hours, wh ich is an average velocity (V dl) of about 1.5 mi les per hour or 2.2 fps. Assuming the 
centroid of the dye lagged four m iles behind the leading edge, the average veloci ty (V d2 ) of the water 
mass was about 1.4 miles per hour or 2.1 fps. This compares favorably with Vm, the average of cross• 
sectional veloci ties of past record t aken at Hell 's Canyon Dam (RM 247 .7), China Bar (RM 192.3) and 
near Anatone (RM 167) of 3 .8 fps. Thus, the rat io of Vm to Vd2 is 3.8/2.1 or 1.8:1. 

The veloci ty of a stage wave (U) can be estimated from the relation U=l .3 Vm, where Vm is a 
representative mean velocity in a nawral channel. The data shows that the stage wave at 7,700 c fs 
traveled 82 miles in abou t 11 hours which gives a stage wave veloci ty (Um) of 7.6 miles per hour or 
11 f ps. From the formula Um= l .3 V111 , Vm then wou ld equal 8.5 f ps. The ratio of 8 .5 fps to 2.1 f ps, 
t he measured rate of movement of the dye mass, is 4.0 :1. The inference based on Water Supp ly 
Paper 888 is eviden tly a poor one and is grossly over simplif ied for conditions in the Snake River 
below Hell 's Canyon Dam. 

Accord ing to the dye study, there is a wide discrepancy be t ween the calculated pred iction 
and actual wa ter mass time of trave l. In future studies of rivers of sim ilar configuration, a different 
prediction factor wil l be required if fl ow predictions are based on stage wave travel time. 

An important factor which was no t taken into consi deration in predicti ng the water mass 
movemen t in Hell 's Canyon was the variable slope and roughness of the channel. There was no ready 
basis for making this estimate, however, the following formulas, wh ich include " c" (Ce leri ty), should 
account in part for channel configuration . 

The stage wave veloc ity is given as U =c + Vm, " c", the ce lerity = v'°gi:), where g = acceleration 
of gravity (constant · 32.2 fps/ps) and D = the hydraulic depth. D is the area of a represen tative cross· 
section divided by the top wid lh. Using this approximation for the flood wave and the cross•sections 
of past records at the gaging stations in the study reach gives a stage wave velocity of 19 fps. The 
rat io of 19 fps to 11 fps, the measured wave velocity is 1.7:1. This appears reasonable and is prac· 
tica lly the same as 1.8: 1, the ratio of Vm to Vd2 .

4 

Since these ratios are so near the same, it appears, on the basis of these limited data, that t he 
ratio of the wave ve locity to the measured wave velocity using the Chow method is a good indicator 
of the rati o of Vm to Vd2 . However, the wave velocity is a poor indication of the time of trave l of the 
water mass. The ratio of wave veloci ty as measured to the veloc ity of water mass movement is 11/2.1 
or 5.5: 1. 

Summarizing, on the basis of the data, an empirical method of estimating water mass t ime of 
travel in this reach of the Snake River appears to be as follows: 

4 
Open Channel llydraulics, by Von Te Chow, p. 556. 
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·1. Determine the stage wave velocity using the formula U =e c + Vm. Determine Ym by 
averaging the mean cross sectional velocities at the desired discharge at the three gaging 
stat ions or best combi nation available in the reach. 

2. Determine the measured rate of travel of a stage change (U111 } from the records of the 
gaging stations. 

3. Find the ratios of the velocity U, from step 1, to veloci ty, Um from step 2 above. 

4. V,n, as determined in step 1, divided by Lhe rati o from step 3 is a good estimate of the 
velocity of the centroid of the dye and thus the water rnass movement in the reach. 

DISCUSS ION 

The decision to do a water mass time of travel study was made late in planning. Flow sched
ules and volume had already been establ ished and it was t oo late to change them . Therefore, the 
planning for the water mass study had to be tai lored to the controlled fl ow schedule. I f the calculat
ed water mass time o r travel had been correc t , the entire tagged water mass could have been sampled 
during day light hours to the mouth of the Salmon River. However, as indicated on Figure 2.3, the 
water mass moved much slower than the calculated predictions and the nex t stage wave overtook the 
lead ing edge of the dye mass with in about 20 miles of th e dam. Even with the adjustment of the dye 
drop time for the 5 ,000 cfs flow (2130 instead of 0600 the next day), the subsequent reduction of 
water mass ve locity as a resul t of reduced water volun1e did l ittle to improve the sampling time. 

Samples and observations taken downstream from RM 228 have been affected by the follow
ing stage wave at each f low. These samples have been unadjusted and included even though they do 
not accurately represent the movement of the water mass sampled. 

By the time the dye mass reached the fi rst sampling stati on (RM 228), it was approx imately 
8 miles long. T his cou ld be because the r iver bed is composed of large boulders, slow moving poo ls 
and abrupt rapids, thus causi ng the dye mass to trail out over a long distance. The leading edge of 
the dye mass was used as the indica tor of the water mass because it was easily identified, both fro m 
aerial observati ons and fluorerneter moni toring. The centroid of the dye mass is commonly used in 
most studies, but because the dye mass was spread out so far, the peak was difficult to estimate. In 
add ition, timing became a critical factor since the next stage wave overtook each dye mass and trans
portation o f personnel and equipment by helicopter after dark was not practical. 

A night monitoring station was manned at the Pittsburg Landing base camp (RM 2 13.8) for 
the 7,700 cfs flow. The predicted t irne of arrival was about 1230 on the 24th, however, the leading 
edge did not arrive unti l 16 hours later at 0200 on the 25 th wi th the peak occurring about 0500. 
Monito ring was te rmi na ted at 0600 on the 25 th because t he 5,000 crs dye drop was due to arri ve at 
RM 228 and the equipment and personnel needed to be moved t o that station. 

Aerial observa ti ons and water samples were obtained throughou t the study. These prov ided 
data for th ose reaches where the fluorometer was not available. 

Observations below the Salmon River camp (RM 188.2) were not made because the study 
period did not last long enough. The river had returned to normal operat ions by Monday the 26th 
about the time the water mass would have been in this reach. 

Although there are many swift rapids in Hell's Canyon , the average velocity o f the water mass 
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is relatively slow. According to the measured data, the stage wave trave ls at an average of 12.9 fps 
at 7,700 cfs and 11.4 fps at 5,000 cfs compared to an average water mass velocity of 2.3 fps and 1 .7 
fps, respectively (Tables 2. 7 and 2.2). 

Using the four steps outlined earlier in this chapter, the water mass time of travel can be 
approx imated for higher fl ows at Hell 's Canyon Dam such as those ex pressed as minimum and opti
mL1m flows in Chapter 7 (Salmonids). 

DISCHARGE IN CFS 

10,000 14,200 23,400 

Vm 4.76 5.67 6.81 

Dm 8.4 9.7 12.4 

c=¥ gDm 16.4 17.6 20.0 

U = Vm + c 21.2 23.3 26.8 

Um 10.2 11 .1 14.7 

U/ Um 2.0 2.1 1.8 

Vm /Ratio (fps) 2.4 2.7 3.8 

These computati ons for the flow at Hell's Canyon Dam outline the data required for making 
predictions of fl ow velocities. As can be seen, these predictions close ly approximate th e measured 
readings during the study . Flow volume wou ld need to exceed 14,200 cfs before an appreciable 
increase in velocity occurs. 

A summary of similar computati ons for the same flows utilizing three USGS measuring sec
tions shows the following: 

~ ..... I __________________ _ Discharge - CFS 

U/Um/Ratio 

Hell's Canyon Dam gage 

China Bar 

Anatone gage 

Ym/Ratio 
Hell's Canyon Dam 

China Bar 

Anatone gage 

Average Water Mass 
Velocity (fps) 

10 000 

2.0 

2.0 

2.0 

2.4 

2.2 

1.9 

2.2 

42 

14 200 

2.1 

2.0 

2.0 

2.7 

2.4 

2.0 

2.4 

23 400 

1.8 

1. 7 

1.6 

3.8 

3.6 

3.2 

3.5 



The average veloc ity as computed for the 10,000 cfs flow as shown above is slightly less than 
the measured average of the 7,700 cfs flow. This may be because there were no actual measurements 
taken of the water mass movemen t between the Salmon River ( RM 188.2) and the lowermost gaging 
station which is located near Anatone (RM 167.2) from which the computations were made. 

These data indicate that the water mass time of travel varies within a relatively narrow range 
between 10,000 cfs and 14,200 cf s with an appreciable increase to 3.5 fps at 23,400 cfs. The data 
also show no significant increase in ve locity between the 5,000 cfs f low and the 14,200 cfs flow. 
Considering this slight increase in ve loc ity, the volume of water moving through Hell 's Canyon then 
becomes more important when consideri ng atmospheric heat accumulation and other potential pollu
tants. 

CONCLUSIONS 

It wou ld appear that the breaking point for increasing velocities of the water mass wou ld be 
somewhere between 14,200 and 23,400 cfs. Whether th is velocity and water volume would be suffi 
cient to maintain a reasonably cool and clean river is open to speculation and future study. 

Add itional stud ies are needed in Hell 's Canyon to verify the formul a expressed in this chapter 
and to establish the actual fl ow required to increase the veloci ty of the water mass through l he canyon. 
More measuring sections should be established within shorter reaches of the canyon so that accurate 
predictions at all f lows cou ld be made. Air and water temperature data should be collected in order 
to model future temperature regimes. 

Although the data presented in this chapter are not conclusive, they do form a basis for f utu re 
study and identify the types of data required for a complete analysis of the Snake River flows. 

ACKNOWLEDGMENTS 

All participants in the controlled flow study maintained vigilance for floating oranges, dye 
mass and receding water leve ls; however, specia l assistance was received from Dean Loomis, Idaho 
Water Resource Board ; Jake Szramek, Oregon Water Resources Board; Ben Pu lliam, National Marine 
Fisher ies Service; Jim Winner, Idaho Departmen t of Water Administration; John Dooley , Bureau of 
Reclamation and Ji m Scott, Wash ington Department of Ecology. Ceci l A. Thomas, U.S. Geological 
Survey, assisted in the analysis and discussion of resu lts. Also, apprec iation is extended to the Wash
ington Department of Ecology for the use of a f lourometer and also to the Northwest Watershed 
Research Center, U.S. Department of Agriculture, for the use of a flourometer and the donation of 
a quantity of Rhodamine B dye. 

43 



44 



CHAPTER 3 

WAT ER QUALITY 

Gene L. Ralston 

Idaho Department of Environmental & Community Services 

I NTRODUCTION 

Water quality is directly related to streamflow. I n flowing streams, natural constituents in 
water generall y increase in concentration with a decrease in flow, whereas the total load carried by 
the stream increases with grea ter flow. Water temperature responds more rap id ly to changes in ai r 
temperature at low flows. F low partly determines water-mass travel time, which also influences 
water quality. L ower flows increase travel time, which causes a given mass of water to be retained 
longer in a particular reach of the stream. 

The contro lled-flow period between March 20 and March 25, 1973, provided a good oppor
tunity to study the effect of flow on water quality in the Snake River from Hell 's Canyon Dam to 
the mouth of the Grande Ronde River. The data obtained during the study are not completely 
adequate on wh ich to base a minimum fl ow recommendation for maintenance of water quality; 
nevertheless, the information greatly supplements previously available water quality informat ion 
for that area. 

METHODS 

Five primary water quali ty monitoring stations were established at the following locations: 

1. 0.5 mile below Hell's Canyon Dam, RM 2.4 7. 2 

2. Pittsburg Landing Camp, RM 213.8 

3. Joseph Gage (Ch ina Bar) above the I mnaha River, RM 192.3 

4. 0.2 mi le above the Grande Ronde River, RM 168.9 

5. 7.5 miles below the Grande Ronde River, RM 161.2 

Field observati ons of dissolved oxygen, tem
perature, pH and specific conductance were made 
at the five primary stations every two hours or when
ever possible from early morn ing until late afternoon 
at each of the regu lated fl ows. Samples for labora
tory analysis were taken at al l primary stations at 
Hell's Canyon Darn discharges of 27,000 cfs, 12,000 
cfs, and 5,000 cfs. 

Samples for lab analysis were also collected 
from the following secondary stations one or two 
days before the controlled f low period: 

1. Brownlee Reservoir at the Darn, RM 285.0 

2. Hwy. 71 bridge below Brownlee Dam, 
RM 284.5 

3. Oxbow Reservoir at the Dam, RM 273.0 

4. Bridge below Oxbow Dam, RM 270.0 

5. Hel l's Canyon Reservoir at the Darn, 
RM 247.7 
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6. lmnaha River near mouth, RM 191.7, 0.1 above mouth 

7. Salmon River near mouth, RM 188.2, 0.1 above mouth 

3. Grande Ronde River near mouth, RM '168.7, 0.1 above mouth 

Al l water samples taken for laboratory analysis were frozen as soon as possible and later taken 
to the Idaho Department of Environmental and Community Services Central Laboratory in Boise for 
analysis. All fie ld and laboratory analyses were made in accordance wi th APHA-AWWA Standard 
Methods. 

Seattle Marine Laboratory's personnel made nitrogen saturation determinations in Brown lee, 
Oxbow, and Hell's Canyon Reservo irs and at several other locations (see Figure 3. J) during the study. 
A ll reservoirs and forcbays were sampled at horizontal and vertical intervals. A ll stat ions below Hell 's 
Canyon Dam were surface samples. At each stat ion dissolved nitrogen and oxygen concen trat ions 
were determined and the t ime, temperature, and depth recorded. At some stat ions pH and al ka linity 
were also measured. 

RES ULTS AND D ISCUSS ION 

The results of the daily water quality observations at the fi ve primary stations are shown in 
Tables 3. 7 through 3.5. 

The waters of the reservoi rs are homogeneous in March. Therefore no changes in the chem
istry of the water released from these reservoirs was expected during the week-long study. 

The weather con'ditions during the study varied from cool and rainy the first t wo days of the 
study to warm and clear during Lhe last three days. A ir temperature observations were made at the 
Hell 's Canyon Dam station. The air temperatures observed are sho wn in Table 3. 7. 

T he unstable wea ther and variation in daily air temperature makes interpretation of the daily 
water quali ty observati ons difficult. Water temperature and dissolved oxygen increased somewhat 
more on the days which were clear and warmer than on those which were cloudy and cool . None of 
the daily observat ions showed a change in water quality that could be attributed t o a change in flow. 

Care must be taken when comparing daily observations made at one station to those at an
other station. Unfortunately , equipment was not cross cal ibrated before the study and some discrep
ancies may have been caused by the use of differen t standards for instrument ca libration. 

T he laboratory analyses of water samples taken at the primary stations at discharges of 27,000 
cfs, and 5,000 cfs are shown in Tables 3.6 through 3. 70. A ll parameters analyzed were we ll with in 
the wat er qual i ty standards established for primary contact recreat ion water. There are no significant 
variations in the concentr·ations of consitLJen ts analyzed . 

The analytica l results of water samples rrom the l mnaha, Salmon, and Grande Ronde Rivers 
are shown in Tables 3. 7 7. The analyses indicate the water in t hese three major tri butaries to be of 
high quality. 

Tables 3. 7 2 through 3. 74 show the laboratory analyses of water samples from above and 
below Brown lee, Oxbow and Hell 's Canyon Dams, taken prior to the controlled flo w period. The 
water in that area is also of good quality. The data do not ind icate what condi t ions would be during 

46 



warm summer months, but earl ier papers describe summer reservoir conditions. 1 

Seattle Marine Lab data (Table 3. 7 5) show that nitrogen levels in the reservoirs and forebays 
stayed relatively consisten t from top to bottom. T here was a very slight increase in nitrogen levels 
from Brownlee to Hell's Canyon Dam, and a slightly larger increase below Hel l 's Canyon Dam, increas
ing downriver. Water was no t spi l led over the dams at any time during or immediately prior to t he 
study. 

CONCLUSIONS 

The field observations and laboratory analyses of Snake River water from Brownlee Dam to 
the mouth of the Grande Ronde River showed the water to be of high qual ity. 

The water quali ty data collected during the control led flow period indicate no significant 
change in water qual ity attri butable to a decrease in flow during the study. Water qual ity data need
ed t o supply a minimum flow recommendation should be collected at different seasons of the year 
at fa irly constant flows sustained for several days. Since the bio logical communi ty of a stream greatl y 
inf luences water quali ty, and sudden changes in f low disrupt the biological community, flows should 
be sustained long enough to produce a stable community before comparisons between flows are made. 
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I mnaha A Iver 

Figure 3.1 Sche malic Map o f Seattle Marine Laboratory 's Sampling 
Locations for Nitrogen Sa turatio n on Snake River 

X Indicates Sample Locat ions. 

Brownlee Dam 
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Table 3.1 Daily Waler Qualily OaLc.1 
Snake River Below Hell's Canyon Dam 

Date Flow (cts) Time (MST) Weather AirTomp.(C0 t WaterTemp.(C0 ) 0 .0 .(ppm) pH 

3/21/73 27,000 0600 Rain 7.0 6 .5 11.2 
08001 6 .5 11.2 
1000 6 .5 11 .2 

18,000 1210 7.4 6 .5 11.6 
1400 6.7 11.6 

3/22/73 0800 Cloudy 7.7 6.5 11 .2 
1000 6.5 11 .2 
11 50 6.6 11 .3 

12,000 1210 11 .5 6.7 11 .3 
1400 12 .0 6.7 11 .2 

3/23/73 08001 Clear 8 .1 6.7 11.1 
1000 9 .9 6.7 11 .1 
1150 13 .0 6 .9 11 .2 

7,700 1210 13.0 6.9 11 .2 
1400 7 .0 11.4 

3/24/73 0800 5.2 6.5 11.2 
1000 6.8 6.5 11.2 

7,700 1150 14.0 7 .0 11.4 
5,000 1210 14.0 7.0 11.4 

1400 14 .8 7.1 11 .8 
3/25/73 10001 12.2 6.9 11 .5 

11 50 7.2 11.8 
1215 16.5 7.2 12.0 

18,000 1400 7.5 11 .4 
3/26/73 24,000 1000 Partly Cloudy 7.0 6.7 11.2 

1 Water sample for routine chemical ana lysis was taken. 

Table 3.2 Daily Wate r Quality Oa la 
S11ake River at Pittsburg Landing 

Qate Flow 1 (cfs) Time (MSil_ 

3/21 27,000 0900 
3/21 27,000 11 154 
3/21 17 ,000 1315 
3/21 21,0002 1515 
3/21 18,000 1700 
3/22 18,000 0700 
3/22 18,000 1000 
3/22 18.000 1300 
3/22 18 .0002 1600 
3/23 12,000 0800 
3/23 12,000 1000 
3/23 12,000 12004 
3/23 12,000 1520 
3/23 12,0002 1700 
3/24 7,700 0700 
3/24 7,7002 1830 
3/25 5,000 0700 
3/25 5,000 13154 
3/25 5,ooo3 1820 

1 Estimated from release at Hell's Canyon Dam 

2water stage dropping 

3water stage rising 

4 water sample for routine chemical analysis was taken 

Water Temp. (_£0 ) 

7 
7 
7 
7 
7 
7 
7 
7 
7.2 
7 
7 
7 
7.2 
7 .1 
7 
8 
7 
7.5 
7 
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8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8 .3 
8.3 
8.3 
8 .3 
8 .3 
8 .3 
8 .3 
8.3 
8 .3 
8 .3 
8.3 
8.3 
8.3 
8.4 
8 .4 
8 .3 

D_,Q.(ppm)_ 

11 ,3 
11 .3 
11.6 
11 .6 
11.6 
11 .2 
11.9 
12.0 
12.0 
12.0 
12.0 
12.2 
12.4 
12.0 
12.0 
12.4 
11 .6 
12.2 
12.4 

Cond . (umhosl 

269 
269 
269 
271 
270 
269 
269 
269 
269 
270 
268 
268 
268 
268 
269 
265 
265 
265 
265 
265 
268 
270 
272 
271 
269 

pH (Fief~ 

8.6 
8 .6 
8.4 
8 .4 
8.4 
8 .4 
8 .5 
8.6 
8.4 
8.4 
8 .4 
8.4 
8.5 
8.5 
8.5 
8.3 
8 .3 
8.3 
8.3 



Table 3.3 Daily Water Quality Data 
Snake River at.Joseph Gage 

Date Flow1 (cfs) Time (MST) Water Temp.(C0 J D.O.(ppm) 

3/21 26,600 0930 7.8 11 .5 
3/21 26,300 1200 7,8 11.4 
3/21 26,500 1400 7.8 11 .7 
3/21 26,500 1600 7.8 11.9 
3/21 26,300 1745 7,8 11 .7 
3/22 18,600 09002 7,8 11.5 
3/22 18,500 1100 7.8 11. 7 
3/22 18,500 1720 7,8 11 .7 
3/23 12,900 09152 7.8 11 .7 
3/23 12,800 1200 72 11 ,8 
3/23 12,600 1600 8.3 12.7 
3/24 8,200 0930 71!, 11 .7 
3/24 8,200 11 30 7.8 11.6 
3/24 8,200 1345 8,3 12.0 
3/24 8,200 1530 8.3 12.1 
3/25 5,500 12302 8.3 11 .8 

- --------
1 Calculated by U.S.G.S. 
2 Water sample for routine chemical analysis was taken. 

Tablt: 3 .4 Daily Water Quality Data 
Snake River Above Grande Ronde River 

pH (Field) 

7.2 
7.2 
7.5 
7.2 
7.1 
7.2 
7.2 

7.4 
7.4 
7.6 
7.2 
7.2 
7.8 

7.3 

Date Flow1 (cfs) Time (MST) Water Temp.(C0 ) 

3/21 30,000 14002 7.5 
3/22 22,000 14002 7.9 
3/23 17,000 13302 7.9 
3/24 12,000 13002 8.2 
3/25 9,500 13152 8.7 

1 
Flow estima ted by subtracting discharge from Grande Ronde from gage reading near Anatono. 

2 
Water sample for routine chemical analysis was rnkcn, 

Date 

3/2 1 
3/22 
3/23 
3/24 
3/25 

Flow1 (cfs) 

32,000 
24,000 
18,800 
14,000 
11 ,500 

Tabk 3.5 Daily Wate r Quality Da ta 
Snake River Below Grande Ro nde River 

Time (MST) 

11 302 
11002 
11002 
10302 
10502 

Water Tomp.(C0 J 

7.8 
7,6 
7.7 
7.6 
8.2 

1 
At U .S.G .S. gage near Ana to no 1 .2 miles downstream from Grande Ronde River. 

2 
Water sample for routine chemical analysis was taken. 
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Sp. Cond. (Field I 

480 
440 
440 
440 
440 
440 
430 
440 
430 
430 
410 
430 
420 
420 
430 
430 

D.O.(ppm) 

11 .6 
11 .9 
11 .8 
11 .5 
11 .7 

D.O.(ppm) 

11.4 
11 .5 
11 .5 
11 .4 
11.1 



Flow (cfs) 
Temp. oc 
pH (Fie ld) 
pH (Lab) 
Sp. Cond. (Lab) 
D .O. 
BOD5 
COD 
Turbidity 
Solids, Sus. 
Solids, To t . 
A lkalinity (CaCO3l 
Hardness (CaCO31 
Calcium 
Carbon, Org. 
Chloride 
Iron 
Magnesium 
Manganese 
Nitrate 
Nitri te 
Ni trogon, Kjel . 
Ammonia 
Phosphate, lnorg. 
Phosphate, Ortho. 
Phosphorus, Tot. 
Potassium 
Sodium 
Sulphate 

Discharge at Dam (els) 
Temp. 0 c 
pH (Field) 
pH (Lab) 
Sp. Cond. (Lab) 
D.O. 
BOD5 
COD 
Turbidity 
Solids, Sus. 
Solids, Tot. 
Alkalinity (CoCO3) 
Hardness (CaCO31 
Calcium 
Carbon, Org. 
Ch loride 
Iron 
Magnesium 
Manganese 
Nitrate 
N itri te 
Nitrogen, Kjel. 
Ammonia 
Phosphate, lnorg. 
Phosphate, Ortho. 
Phosphorus, Tot. 
Potassium 
Sodium 
Sulphate 

Table 3.6 R csulLs of LaboraLory Analysis 
Snake River Below Hell's Canyon Dam 

March 21 
27,000 

6.5 
8.3 
7.8 

345 
11.2 

0.5 
2.8 

19 
28 

388 
144 
160 

37 
0.40 

20 
0 .06 

16 
0.01 
3.7 
0.050 
1.2 
0.2 
0.01 
0.01 
0.065 
2.8 

37 
30 

March 23 

12,000 
6.7 
8 .3 
7 .8 

335 
11 .1 

0 .1 
0 .8 

19 
20 

344 
148 
160 

34 
0.10 

16 
0 .07 

18 
0.01 
3.7 
0.050 
0.4 
0.1 
0.01 
0.0, 
0.062 
2.4 

32 
29 

Table 3 .7 Resulls o f Laboratory Analysis 
Snake River al Pillsburg Landing 

March 21 
27,000 

7.0 
8.6 
7.5 

325 
11 .3 
0 .5 
6.8 

20 
20 

340 
156 
160 

32 
0.55 

18 
0.03 

19 
0.0, 
3.2 
0.010 
2.8 
0.1 
0.01 
0 .01 
0 .056 
2.8 

38 
28 
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March 23 
12,000 

7.0 
8.4 
7.7 

300 
12.2 

0.4 
8.4 

22 
16 

340 
144 
144 

40 
0 .75 

18 
0.06 

11 
0 .01 
3.1 
0 .020 
4 .2 
0.1 
0.01 
0.01 
0 .075 
2.3 

32 
25 

~5 
5,000 
6.9 
8.3 
7.7 

305 
11 .5 

0 .1 
4.4 

20 
20 

324 
156 
156 

42 
0.30 

20 
0.04 

12 
0 .01 
3.5 
0.005 
1 .2 
0.2 
0.01 
0.01 
0.072 
2.5 

34 
29 

March~ 
5,000 
7.5 
8.3 
7.7 

340 
12.2 

2.7 
6.8 

13 
28 

372 
140 
152 

34 
0 .60 

16 
0.07 

16 
0.01 
3.5 
0.070 
5.2 
0 .4 
0.01 
0.01 
0 .147 
3.4 

39 
31 



Flow (cfs) 
Temp. 0 c 
pH (Field) 
pH (Lab) 
Sp. Cond. (Lab) 
D.O. 
80D5 
COD 
Turbiditv 
Solids, Sus. 
Solids, To t . 
AlkalinitY (CaC03) 
Hardness (CaC03) 
Calcium 
Carbon, Org. 
Chlor ide 
Iron 
Magnesium 
Manganese 
Nitrate 
Nitrite 
Ni trogen, Kjol. 
Ammonia 
Phosphate, I norg. 
Phosphate, Ortho. 
Phosphorus, Tot. 
Potassium 
Sodium 
Sulphate 

Flow (cfs) 
Temp. 0 c 
pH (Field) 
pH (Lab) 
Sp. Co11d. 
D.O. 
80D5 
COD 
Turbidity 
Sol ids, Sus. 
So lids, Tot. 
Alkalinity (CaC03) 
Hardness (CaC03l 
Calcium 
Carbon, Org. 
Chloride 
Iron 
Magnesium 
Manganese 
Nitrate 
Nitrite 
Nitrogen, Kiel. 
Ammonia 
Phosphate, lnorg. 
Phosphate. Ort ho. 
Phosphorus, Tot . 
Potassium 
Sodium 
Sulphate 

Table 3 .8 Rcsu!Ls of Labora lo ry Analysis 
Snake R ivcr al J oscph Gage 

Table 3 .9 

Marc~ 
18,600 

7.8 
7.2 
7.9 

275 
11 .5 
0.3 
3.6 

15 
20 

336 
140 
168 

40 
0.30 

20 
0.01 

16 
0,01 
3.0 
0.002 
2 
0.1 
0.01 
0.01 
0.098 
2.8 

34 
29 

March 23 
12,900 

7.8 
7.42 
7 .7 

300 
11 .7 
0.8 
5.2 

21 
32 

336 
136 
148 

34 
0.45 

20 
0.04 

15 
0.01 
3.1 
0.060 
2 
0.2 
0 .01 
0.01 
0.06 
1.7 

26 
26 

R esults or Laboratory Analysis 
Snake River Above Grande Ronde River 

March_21 !Jlarch 22 March 23 

30,000 22,000 17,000 
7,5 7.9 7.9 

8 .0 8.0 8.2 
260 245 205 

11 .6 11 .9 11 .8 
0.4 0 .3 0 .8 
8.6 7 .9 8 .6 

16 8 16 
20 24 20 

260 248 224 
128 11 6 116 
128 120 108 
27 26 22 

0.88 0 .70 0.95 
16 16 12 
0.01 0 ,01 0.01 

14 13 12 
0.01 0.01 0.01 
3.1 2.9 2.3 
0,011 0.008 0.006 
1,6 1.9 2.6 
0.3 0 .2 0.2 
0.06 0.01 0,01 
0.05 0.01 0.01 
0.036 O.D42 0.039 
1.7 1.8 1.6 

20 26 24 
23 18 14 
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!!!arch 24 

12,000 
8.2 

8 .2 
225 

11 .5 
0.3 
7.5 
9 

12 
228 
11 2 
108 

24 
0.66 

14 
0.0, 

12 
0.01 
2.3 
0 .006 
2.6 
0 .2 
0.01 
0.01 
0.036 
2.2 

30 
12 

March 25 
5,500 
8.2 
7.28 
7.9 

250 
11 .8 
0.8 
1 .6 

20 
44 

284 
108 
128 
32 
0.20 

14 
0.08 

12 
0.01 
2.5 
0.003 
1.2 
0.1 
0.01 
0.01 
0 .15 
2.3 

32 
18 

March 25 

9,500 
8.7 

8 .3 
235 

11 .7 
0.5 
8.2 
6 

12 
264 
120 
112 
26 

0.60 
14 
0.06 

12 
0.01 
2.1 
0 .005 
3.1 
0.3 
0.01 
O.Q1 
0,046 
1.6 

24 
11 



Table 3.10 Results of Laboratory Analysis 
Snake River Below Grande Ronde River 

Morch 21 March 22 March 23 March 2i March 25 

F low (els) 32,000 24,000 18,800 14,000 11,500 

Temp. 0 c 7.8 7.6 7.7 7.6 8 .2 
pH (Field) 
pH (Lob) 8.7 7.7 8 .7 9.0 7.9 
Sp. Cond. (Lab) 260 235 210 190 225 

0 .0. 11.4 11 .5 11.5 11.4 11 .1 

BOD5 0.4 0.4 0.3 0.5 0 .3 

COD 7.9 9.6 6.7 8.6 7.8 
Turbidity 8 8 12 9 6 
Solids, Sus. 24 24 28 20 8 
Solids, Tot. 276 244 232 212 244 
A lkaliniw (CaC03) 104 108 140 88 11 2 
Hardness (CaC03t 100 100 96 80 108 
Calcium 19 24 21 16 27 
Carbon, Org. 0.75 0.80 0 .78 0.70 0.63 
Chloride 16 16 16 14 10 
Iron 0.01 0.01 0 .01 0.06 0.03 
Magnesium 12 10 11 10 10 
Manganese 0.01 0 .01 0.01 0 .01 0 .01 
Nitrato 3.0 2.5 2.5 2.3 1.9 
Nitrite 0.001 0.009 0.007 0.006 0.005 
Nitrogen, Kjel. 2.1 2.6 1.2 2.6 3.1 
Ammonia 0.2 0.2 0.2 0.2 0.3 
Phosphate, lnorg. 0.01 0.01 0.01 0.01 0.01 
Phosphate, Ortho. 0.01 0.0, 0.01 0.01 0.01 
Phosphorus, Tot. 0 .039 0.039 0.042 0.007 0.049 
Potassium 1.6 2.0 1 .5 2.2 1.9 
Sodium 24 28 24 31 28 
Sulphate 22 15 14 12 10 

Tab le 3.11 Results o f Laboratory Analysis 
Major Tributaries to Snake River Below Hell's Canyon Dam, March 21, 1973 

lmn~ River Salmon River Grande Ronde River 

Flow (cfst 285 4,500 1,850 
Tomp. 0 c 7.8 
pH (Fieldt 
pH (Lab) 7.9 8.9 9.0 
Sp.Cond . 125 315 70 
D.0 . 11 .9 
BOD5 0.5 0.7 0.4 
COD 12.0 7.6 4 .8 
Turbidity 3 16 3 
Solids, Sus. 4 36 4 
Solids, Tot. 140 340 72 
Alkalinity (CaC03t 72 140 60 
Hardness (CaC03) 82 152 44 
Calcium 19 34 11 
Carbon, Org. 1 0 .55 0.50 
Chloride 4 20 4 
Iron 0.11 0 .09 0.01 
Magnesium 8 16 4 
Manganese 0.01 0.01 0.01 
Nitrate 0.7 3.4 0.7 
Nitri te 0.001 0.010 0.002 
Ni trogen, Kjel. 4 .8 3.6 2.4 
Ammonia 0.1 0.1 0.1 
Phosphate, lnorg. 0.01 0.05 0.01 
Phosphate, Or tho. 0.01 0.04 0.01 
Phosphorus, Tot. 0.042 0.075 0.046 
Potassium 0.4 2.4 0.4 
Sodium 3 34 3 
Sulphate 4 29 1 
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Flow (cfs) 
Temp. Oc 
pH (F ield) 
pH (Lab) 
Sp. Cond. (Lab) 
D.O. 
BOD5 
COD 
Turbidity 
Solids, Sus. 
So lids, Tot. 
A lkalinity (CaCO3) 
Hardness (CaCO3) 
Calcium 
Carbon, Org. 
Chloride 
Iron 
Magnesium 
Manganese 
Nitrate 
Nitri te 
Nitrogen, Kjol. 
Ammonia 
Phosphate, l norg. 
Phosphate, Ort ho. 
Phosphorus, Tot . 
Potassium 
Sodium 
Sulphate 

Flow (cfs) 
Temp. 0 c 
pH (F ield) 
pH (Lab) 
Sp. Cond. 
D.O. 
BOD5 
COD 
Turbidity 
Solids, Sus. 
Solids, To t . 
A l kalinity (CaCO3I 
Hardness (CaCO3) 
Calcium 
Carbon, Org. 
Chloride 
Iron 
Magnesium 
Manganese 
Nitrate 
Nitrite 
Nitrogen, Kjel. 
Ammonia 
Phosphate, lno r9. 
Phosphate, Or tho . 
Phosphorus, Tot. 
Potassium 
Sodium 
Sulphate 

Table 3.12 Results of Laborato ry Analysis 
Snake Rive r Above and Below Brownlee Dam, March 20, 1973 

Brownlee Reservoir 

6.8 
8.5 
8.0 

346 
10.9 

0.4 
10 .8 
18 
24 

384 
156 
164 

37 
0 .90 

16 
0.13 

17 
0.02 
3.7 
0.030 
4.2 
0.5 
0.01 
0.01 
0.088 
2.6 

32 
26 

Table 3.13 Results o f Laborato ry Analysis 
Snake River Above and Below Oxbow Dam, March 20, J 97!1 

~ bow Reservo ir 

7.0 
8 .45 
7.6 

335 
11 .1 

0.3 
15.6 
22 
12 

360 
144 
156 
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37 
1 

20 
0.14 

15 
0 .01 
3.5 
0 .020 
4 .8 
0 .1 
O.Ql 
0.D1 
0 .134 
3.0 

36 
29 

Below Brownlee Dam 

19,900 
6.8 
8 .4 
7.9 

350 
11 .0 
0 .2 
1.6 

21 
8 

392 
148 
160 

38 
0 .22 

18 
0 .06 

15 
0.01 
3.7 
0.010 
1 .1 
0.3 
O.Q1 
0.01 
0 .124 
2.8 

35 
28 

Below Oxbow Dam 

20,100 
6.8 
8.33 
7.6 

330 
11 .1 

0.1 
1.2 

18 
8 

360 
152 
168 

37 
0.20 

20 
0.10 

18 
0 .01 
4 .0 
0 .04 
0 .8 
0.1 
0.01 
0.0, 
0 .091 
2.2 

30 
30 



Flow (cfs) 
Temp. Oc 
p H (Field) 
pH (Lab) 
Sp. Cond . (Lab) 
D .O. 
B0D5 
COD 
Turbidity 
Solids, Sus. 
Solids, Tot. 
Alkalinity (CaC03l 
Hardness (CaC03l 
Calcium 
Carbon, Org. 
Chloride 
Iron 
M ognesium 
Manganese 
Nitrate 
Ni trite 
Nitrogen, Kjel. 
Ammonia 
Phosphate, lnorg, 
Phosphate, Ortho. 
Phosphorus, Tot. 
Potassium 
Sodium 
Sulphate 

Table 3.14 Results of. Laboratory Analysis 
Snake River Above and Below Hell 's Canyon D am, March 20, 1973 

Hell 's Canyon Reservoir 
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7.0 
8.35 
8 .1 

350 
10.8 
0 .3 
1 .6 
8 

12 
380 
156 
172 

38 
0 .22 

20 
0.10 

18 
0 .01 
3.9 
0.010 
0.8 
0.1 
0.10 
0.06 
0.173 
2.5 

34 
29 

Below Hell's Can on Dam 

27,000 
6.6 
8.35 
7.9 

350 
11 .0 
0.1 
9 .2 

23 
28 

368 
160 
170 

37 
0.75 

20 
0 .02 

20 
0.01 
3.7 
0 .14 
4 .2 
0 .2 
0.01 
0 .01 
0 .065 
2.1 

30 
35 



DA TE 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/15/73 

3/17/73 

3/17/73 

3/17/73 

3/1 7/73 

3/17 /73 

3/17/73 

3/ 17/73 

3/17 /73 

3/17 /73 

3/17/73 

3/17/73 

3/17/73 

3/17/73 

3/17/73 

3/17 /73 

3/17 /73 

3/17/73 

3/17/73 

3/17/73 

Table 3.15 Disso lved Gas Data, Idaho Power Company· Hell 's Canyon, Snake River, March 15 
Through March 25, 1973 

N2 Analysis 02 Analysis 

STATION 
Van Slyke Winkler 

Ternp pH AlkalinitY REMARKS 
ppm % Sat ppm %Sat 

BROWNLEE DAM RESERVOIR 
Left quarter point 19.2 97 10.0 83 7.2 at boat ramp surface 

" .. 19.2 94 9.6 78 6.1 mid - 100' 

" .. 19.6 92 6.8 52 4.2 bottom not reached 195' 

Centerl ine: 20.3 103 10.0 83 7.3 8 .1 159.0 surface 

" " 18.5 92 9.7 79 6.6 mid -85' 

.. .. 19.6 93 7.9 61 4.4 bottom • 1 70' 

Right quarter pnt : 18.5 94 10.0 83 7.4 surface 

.. .. 18.4 92 9.9 82 6.9 mid ·55' 

.. .. 18 .5 93 10.0 83 7.2 bottom • 105' 

Lef t Quarter pnt : 17.7 90 10 .1 84 7.5 ncx t to d~ m surface 

" " 18 .6 92 9 .7 79 6.4 mid -85' 

.. " 19.5 92 7.6 59 4.4 bottom • 175' 

Centerline : 18.2 93 ,o.o 84 7.7 surface 

" .. 18.5 91 9 .7 79 6.2 mid - 100' 

" " 19.8 93 6.4 49 4.3 bottom not reached 195' 

BROWNLEE DAM RESERVOIR 
Right quarter pnt : 18 .4 93 10.0 83 7.4 surface 

" " 18.4 92 9.9 82 7.0 mid - 20' 

.. ,, 18.3 92 9.9 82 7.0 bottom - 40' 

WILD HORSE RIVER 19.8 93 11 .9 92 4.2 8.0 44.6 Just up from confluence • surface 

BROWNLEE DAM SPI LLWAY 19.9 99 10.2 84 6.9 no spill , surface 

BROWNLEE DAM POWERHOUSE 18.5 93 10 .1 83 6,9 surface 

3 Ml. DOWN RIVER 
Left side: 18.6 93 10.3 84 6.9 surface 

" " 18.8 94 10 .3 84 6.9 bottom • 1 o· 
Centerline: 18.3 92 10,2 84 6.9 8.3 157.5 surface 

" .. 18.5 93 10.2 84 6.9 bottom • 1 O' 

Right side : 18.7 94 10.4 85 6.9 surface 

" " 19.2 96 10.3 85 6 .9 bottom• 5' 

SULFUR SPRINGS 
Right quarter pnt : 20.4 104 11 .0 92 7.4 surface 

" " 19.8 99 11 .0 90 7.0 mid -20' 

" .. 19.7 99 10.8 90 7.2 bottom - 40' 

SULFUR SPRINGS 
Centerline: 19 .7 100 10.8 90 7.5 surface 

" .. 19 .5 98 10.7 88 6.9 mid - 45' 

.. " 19 .6 99 10.9 91 7.3 bottom - 90' 

Left quarter pnt : 19.2 98 10.9 91 7.4 surface 

.. " 19.2 97 10 .7 89 7.0 mid - 25' 

,, ., 19.1 96 10.8 89 7.0 bottom· 45' 

OXBOW DAM FOREBAY 
Right side: 19.3 97 10 .8 89 6.9 surface 
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Table 3.15 Continued 

N2 Analysis 02 Analysis 

DATE STATION Van Slyke Winkler REMARKS 

% Sat %Sat 
Temp pH Alkalinity 

ppm ppm 

3/17/73 Oxbow Dam Forebay,Rt . side: (cont.I 19.7 98 10.8 89 6.8 mid· 35' 

3/17/73 .. .. 20.2 101 10.7 88 6.9 bottom - 70' 

3/17/73 Center line right side: 19.8 99 10.9 90 6.8 surface 

3/17/73 
,. .. 19.7 99 10.9 89 6.8 mid - 45' 

3/17/73 .. " 19.9 100 .. ..... . .. 6.8 bottom .go• 

3/17/73 Center line. left side: 19.9 100 10.9 89 6.8 8.3 159.7 surface 

3/17/73 
., ,. 

19.6 98 10,8 89 6.8 mid - 45' 

3/17/73 
., ,, 

19.8 99 10.8 89 6.8 bottom -90' 

OXBOW DAM FOREBAY 
3/17/73 Left side: 20.6 103 10.9 90 6.8 surfoce 

3/17/73 .. ,. 
19.7 99 10.9 89 6.8 mid - 45' 

3/17/73 
., ., 

19.7 99 10.9 89 6.8 bottom• 90' 

OX BOW INTAKE POWERHOUSE 
3/18/73 Up r iver,¼ point: 18.7 96 10.7 90 7.7 surface 

3/18/73 .. .. 19.4 97 10.5 87 7.0 mid • 35' 

3/18/73 .. .. 19.7 99 10.7 88 6.9 bottom - 75' 

3/18/73 Centerline: 18.9 96 10.8 90 7.6 surface 

3/18/73 .. .. 
19.3 97 10.5 87 7.1 mid - 35' 

3/18/73 .. .. 19.2 96 10.6 88 7.0 bottom • 75' 

3/18/73 Down river, ¼ point : 19.2 97 10 .7 89 7.4 surface 

3/18/73 .. .. 19.4 97 10.6 88 7.1 mid - 10' 

3/18/73 .. .. 19.2 97 10.8 89 7.1 bot tom - 25' 

3/18/73 OXBOW SPILLWAY FOREBAY: 19.8 103 11 .0 94 8.4 surface 

3/18/73 OXBOW FOR EBAY, Righi side: 19.7 101 10.9 92 7 .9 surface 

HELL'S CANYON PARK 
3/20/73 Right side: 19.6 98 10.6 88 7.0 surface 

3/20/73 .. ., 
19.1 96 10.6 88 7.0 mid - 25' 

3/20/73 .. ., 
19.7 99 10.6 87 7.0 bottom - 55' 

3/20/73 Centerline: 19.2 96 10.6 87 7.0 7.6 153.3 surface 

3/20/73 .. .. 19.3 97 10.5 87 7.0 mid -25' 

3/20/73 ,, .. 19.1 96 10.6 87 7.0 bottom • 50' 

3/20/73 Left side: 19.4 97 10,7 88 7.0 surface 

3/20/.73 .. ., 
19.7 99 10.7 88 7.0 mid - 20' 

3/20/73 
,. ., 

20.1 101 10.6 88 7.0 bottom • 40' 

OXBOW DAM 
3/20/73 Powerhouse, below dam: 20.0 101 10.5 87 7.0 surface 

~J?n/7~ " ., 1R Q 95 10.3 85 7 .1 hMMm . ? O' 

3/20/73 
Spillway side, 
below dam 21.5 108 13.2 109 6.9 surface 

HELL'S CANYON DAM RESERVOIR 
3/20/73 BELOW HWY. BR IDGE 21.0 106 10.3 85 7,1 7 ,9 155,6 surface 

3/20/73 I ,. ,. 
19.4 98 10.3 85 7 .1 bottom - 10' 
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Table 3. 15 Co n tinued 

N2 Analysis 02 Analysis 

DATE STATION Van Slyke Winkler Temp pH Alkalinity REMARKS 
ppm % Sat ppm % Sat 

2 Ml . DOWN RIVER FROM 
3/22/73 HELL'S CANYON DAM 19.7 99 11.0 91 7 .2 8.2 155.0 surface 

3/22/73 5 M ILES DOWN RIVER 19.6 99 11 .4 95 7.3 surface 

3/22/73 16 M ILES DOWN RIV ER 20.6 104 11.5 96 7.5 surface 

3/22/73 PITTSBURG LANDING 19.7 100 11 ,7 98 7,5 surface 

100' BELOW IMNAHA RIVER 
3/22/73 CONFLUENCE 19.5 100 11 .6 98 7 ,9 7 .7 141 .6 surface 

SNAKE RIVER ¼ MILE ABOVE 
3/22/73 SALMON RIVER CONFLUENCE 20,8 108 11 .6 99 8 .6 surface 

SNAKE RIVER 2 MI LES BELOW 
3/22/73 SALMON RIVER CONFLU ENCE 19.3 101 11.5 100 8.9 surface 

SALMON RIVER 100' ABOVE 
3/2'2/73 CONFLUENCE SNAKE RIVER 19.6 99 11 .6 97 7 ,3 surface 

20 MILES UP RIVER 
3/22/73 SALMON RIVER 19.8 98 11 .7 95 6.4 7 .8 79,8 surface 

HELL'S CANYON DAM FOR EBAY 
3/23/73 Left side: 19.2 96 10.7 88 7.1 surface 

3/23/73 " " 19.3 97 10.5 87 7.0 mid · 50' 

3/23/73 " " 19.7 99 10.5 · 86 7.0 bottom • 100' 

3/23/73 Centerline, left : 19.3 97 10.5 87 7.1 surface 

3/ 23/73 " " 19.4 97 10.5 86 7.0 mid - 65' 

3/23/73 " " 19.4 97 10.5 86 7,0 bottom • 1 30' 

HELL'S CANYON DAM FOR EBAY 
3/ 23/73 Centerline, right: 19.2 97 10.6 88 7,3 8.2 155.7 surface 

3/23/73 " " 19.4 98 10.4 86 7.1 Mid - 85' 

3/23/73 
,, 

" 19.2 97 10.4 86 7 .0 bo ttom not reached • 170' 

3/ 23/73 Right side: 19.3 97 10.6 88 7 .3 surface 

3/23/73 " " 18.8 94 10.5 87 7 .1 mid · 85' 

3/23/73 " " 19.2 96 10.4 86 7 .1 bottom not reached • 170' 

HELL' S CANYON DAM 
3/23/73 POWERHOUSE 20.8 105 10.8 90 7,5 8 ,3 156.9 surface 

BEFORE RAISING RIVER LEVEL 
3/26/73 5,000 CFS 20.0 102 11 .0 92 7 .6 surface 

1 HOUR AFTER BEGINNING 
3/25/73 TO RAISE LEVEL 19.8 101 10.7 90 7,8 surface 
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CHAPTER 4 

AQUATIC VEGETATION 

Gary Bai ley 

Environmental Engineering - Washington State University 

INTRODUCTION 

An analysis of the plankton and periphyton of the Snake River was undertaken during the 
controlled flows of March 21 to March 26. T he objectives were: 1. to determine the effects of the 
different flo ws on the number and type of planktonic algae, 2. to identify the peri phy tic algae, and 
3. to estimate the biomass of the periphyton. 

Periphyton (algae growing on the river bed) is the base of the food chain in most rivers provid
ing a di rect food source for herbivorous fish, such as suckers and carp , and providing cover and food 
for aquatic insects. Aquatic insect s, in turn, are eaten by carnivorous fish such as trout and bass. 
Plankton (free floating algae) in a river or iginates as periphy tic algae which is de tached from the sub
strate and carried by the f low, or as true planktonic algae which grow and multiply in slow f lowing 
stretches of the river and lakes in the river drainage. Plankton contributes to the tu rbidity of a river 
and also provides a food sou rce for herbivorous organisms and detritus feeders when it settles on the 
river bed. 

This study was unique in that it was possible to sample t o a depth of 1.5m (5 ft.) without 
resorting t o under water sampling techniques and the zones of growth were evident as the water receded. 

MATERI ALS AND METHODS 

Plankton 

One liter samples o f water for plankton analysis were collected at the study si te on the Oregon 
side of the Snake River across from Pittsburg Land ing - RM 214.7 {Plate 4. 7) The samples were col
lect ed during stable and changing fl ows and preserved with formalin . In the laboratory, the samples 
we re concentrated 5: 1 wi th a Foerst centrifuge . The algae in the concentrated samples were counted 
in a one millili ter Sedgewick-Rafter coun ting ce ll at 160 magnifications. 

Periphyton 

A t ransect method adapted from Blum 
(1957} was used to de termine the sampling 
po in ts at the stud y si te (RM 214.8). On March 
21, when the river f low was stabilized at 27,000 
cf s, a base stake was driven at the water margin 
and a sample was taken. Samples were taken 
thereafter as the water receded and the sub
strate became exposed. Samples were taken 
on a transect perpendicu lar to t he river f low 
at 3.05m (10 ft .) intervals to 27.4m (90 ft.} 
and at 1.Sm (5 ft.} intervals thereafter to a 
l inear distance of 32m (105 f t.}. A steel stake 
was driven into the bottom at each measured 
interval and one su bsample taken at the stake. 
Subsamples were also taken at 3.05m upstream 

, 

Photo by Corps of Engineers, Walla Wolla Dist. 

Plate 4. 1 Study area of Pi ttsburg La nding and Wilson Bar. The 
pcriphy ton transccl is within circle. 
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GRAVEL BAR 

3m (10 f t) 

• )c ,. 

Sample Po int_" 
X 

" )C 
X ,t 

)( )f )I 

X X >4' 32m 11 05 ft) 
3m (10 tt l 7 >< " x 

)< " X Wnter Flow---- ,._ >' )I 

"' )( Jo( 

~ ~ : 

atcr Margin 27,000 els 

---- X ~ M....L----,...---

Water Margin 5,000 cfs 

Figure 4.1 Pcriphy ton Transect on Wilson's Bm·, Snake River (River l'vijJe 214. 7) . 
The figure is not drawn to scale. 

and downstream from the stake (Figure 4. 7). The three subsamples were combined to ma ke the sam
ple for each interval. 

A plastic cyl inder simila r to the metal cy linder 
of Young (1945) was used to de lineate a sample area 
of 10 cm2 (Plate 4.2). The plastic cy li nder was 3.2 
cm (1.3 inches) high and 3.56 cm (1.4 inches) in diam
eter. One rim of the cylinder was ringed with a flex ible 
sil icone rub ber sea lan t 3 mm thick. In taking samples, 
the cylinder was pressed against the substrate and the 
su rface inside the cy linder brushed with a stiff nylon 
brush or scraped with a kni fe (Plate 4.3). The enclosed 
surface was flushed with distilled water and t he 
distilled water was then aspirated in to a plastic bottle. 
The samples were preserved with a formal in -alcohol
glycerin preservative. 

Sample depths were estimated by use of steel 
stakes marked with a base level at the 27,000 cfs fl ow. 
Samp le depths were measured from this base leve l as 
the fl ow was reduced and the water level dropped. 

In the laborato ry, the samples were blended for 
a few seconds to brea k up the clumps and fi laments of 
algae and attached diatoms. The samples were then 
brought up to a known vol ume. A one milliliter sub
sample was drawn off while the sample was being 
mixed with a magnetic sti rrer and placed in a one 
milliliter Sedgewick-Rafter counting cell. The algae 
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Photo by Gar v Bai ley , W.S.U . 
Plate 4.2 Mate rials used to collec t pcriphyton samples. 



were counted at 160 magni ficat ions. A 1:10 d ilution 
was made when the algae were extremely numerous. 

A separate differential count was made on 
each sample by coun ting 100 or 200 algae cells at 
360 magnifications. 

Dry weights were estimated by dryi ng l O to 
50 milliliter sample al iquots for 48 hours at 100 C 
in tared cruci bles . The cru cibles were cooled to 
room temperature in a desiccator and then we ighed. 

RESU LTS AND DISCUSS ION 

Plankton 

Plankton counts sho w on ly small variation 
between flows (Table 4. 7 ). There was an increase 
in the number of Diatoma vu/gore wh ile the fl ow 
was increasing from 5,000 to 27,000 cfs. Diatoma Photo by K. Beyhe, BSF & W 

Pla te 4.3 Pcrip hy ton samples were collected for la ter onalysis. vu /gore com Prised 1 8 to 61 % of th c attached algae 
(Table 4.3) and the increase in numbers during the 

increasing flow was probably due to the diatoms being detached during low fl ows. 

Asterionella, Cyclote/la, Fragilaria, Melosira, Ch/ore/la, Pandorina, Peridinium, and Scenedes
mus are planktonic genera (Prescott 1962, Hynes 1970)and the dominance of these organisms showed 
that most of the plankton was coming from the rese rvoi r rather than from the river substrate. 
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Figure 4 .2 Zones of Periphyton G rowth Found a l Wilson's Bar (River Mile 214.7) 
During Hell's Canyon Controlled Flow Study (March 21-26, 1973). 
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Table 4.1 Plank tonic a~ae counts of the Snake River (Wilson's Bar - River Mile 214.8) during H ell's Canyon controlled flow study 
(March 21 -2 . l\Ielosira sp., a filamentous alga, is counted with five cells equal to one unjt and Pandorina sp., a colonial 
alga, is counted with eight cells equal to o ne unit. 

ALGAE CELLS PER MILLILITER 

Stable Changing Stable Changing Stable Changing Stable Ctianging Stable Changing Stable 
Flow Regime (ds) 27000-18000 18000 18000-12000 12000 12000-7700 7700 7700-5000 5000 5000-27000 27000 

Chrysophyta (Diatoms) 
Asterionella sp. 1228 1214 981 1152 899 1255 1070 940 1338 1454 1447 
Cyclotella sp. 144 158 233 220 178 364 377 254 247 247 542 
Cymbella sp. 14 7 7 14 27 7 
Diatorna vulgare 7 7 7 27 14 7 21 7 357 41 
Fragilaria sp. 75 62 137 34 41 21 34 41 27 7 
Gomphonema sp. 8 1 4 22 1 11 10 2 6 5 6 
Melosira sp. 21 14 14 21 10 11 13 22 11 14 4 
Navicula sp. 69 82 103 110 110 69 96 117 89 130 240 
Rhoicosphenia curvata 33 6 17 5 6 44 38 19 28 22 28 
Suriella sp. 14 14 21 7 14 7 14 14 
Synedra sp. 14 7 7 14 27 34 41 21 14 55 27 

Chlorophyta (Green) 
Ch lorella sp. 41 34 34 69 69 14 7 41 55 7 14 
Pandorina sp. 7 7 7 7 
Peridinium sp. 7 
Srenedesmus sp. 7 14 7 7 14 

Protozoa 7 7 

°' Iv 

Table 4.2 Periphyton counts of samples collected at Wilson's Bar (River Mile 214.7) during Hell's Canyon controlled flow study 
(March 21-26). The depth was measured from water level a t 27000 cfs. 

ALGAE CELLS PER SQUARE CENT IM ETER 

Depth in Centimeters 0 7.6 38.1 48.3 68.6 74.9 76.2 91.4 105.4 130.8 147.3 151.9 154.9 
(Inches) (0) (31 (151 (19) (27) (29) (30) (36) (421 (52) (58) (60) (61) 

Chrysophyta (Diatoms) 
Asterionella sp. 0.02 57 57 28 124 17 23 2 8 3 9 
Cyclotella sp. 86 428 193 77 114 34 8 14 3 
Cymbella sp. 57 29 64 17 11 3 
Diatoma vulgare 0.43 457 543 543 772 451 663 189 114 106 150 137 100 
Fragilaria sp. 0.09 57 200 114 81 2 3 
Gomphonema sp. 0.14 1286 2086 86 68 60 45 7 2 103 7 2b 143 
Melosira sp. 1 68 17 5 2 23 3 
Navicula sp. 0.09 1057 114 6802 3983 1749 1509 205 549 216 111 363 183 
Rhoicosphenia curvata 0.11 257 57 314 343 523 480 79 228 91 62 236 120 
Suriella sp. 28 98 48 11 2 3 3 3 
Synedra sp. 57 31 23 34 11 2 3 

Chlorophyta (Green) 
Chlorella sp. 143 200 143 
Cladophora sp. 9 75 50 82 48 94 51 57 194 
Mougeotiopsis sp. 0 .14 29 57 33 
Protococcus sp. 71 3 6 

Cyanophyta ( Btue-Green) 

I Oscillatoria sp. 0.08 2612 829 171 292 338 675 120 6 16 7 
Lyngbya sp. 0.40 1037 2215 11 



Table 4.3 Differential counts and dry weight of periphyton collected at Wilson's Bar (River Mile 214.7) during Hell's Canyon 
controlled flow study (March 21-26) . The depth was measured from water level at 27000 cfs. 

PERCENTAGE ABUNDANCE 

Depth in Centimeters 0 7.6 38.1 48.3 68.6 74.9 76.2 91.4 105.4 130.8 147.3 151 .9 154.9 
(Inches) 101 131 (151 (191 1271 129) (301 1361 142) 1521 (581 (601 161 I 

Chrysoph:·ta (Diatoms) 
Asterionella sp. 5 1 2 1 2 0.5 1 1 1 6 
Cyclotella sp. 1 3 6 1 2 4 2 
Cy mbella sp. 3 1 2 1 3 
Diatoma vulgare 28 29 22 19 19 35 41 33 23 28 61 18 31 
Fragilaria sp. 4 5 3 4 1.5 1 1 2 1 
Gomphonema sp. 14 31 41 3 1 1.5 1 1 1 3 1 3 2 
Melo~ira sp. 0.5 4 2 4 
Navicula sp. 2 4 1 52 61 31.5 31 27 29 36 10 36 20 
Rhoicosphenia curvata 16 5 1 10 10 18.5 20 11 36 26 10 28 18 
Suriella sp . 1 1 2.5 3 1 3 3 2 
Synedra sp. 1 0.5 2 

Chlorophyta (Green) 

I Chtorella sp. 4 13 8 9 
Cladophora sp. 0.5 5 7 5 6 5 22 
Mougeotiopsis sp. 12 
Protococcus sp. 

Cyanophyta (Blue-Green) 

I 
Oscillatoria sp. 4 11 11 4 4.5 2 1 1 2 2 
Lyngbya sp. 8 1 9 

O'I 
w DRY WEIGHT (Grams Per Square Meter) 

16.7 146.7 138.3 160.0 705.0 1137 .5 1411.7 505.0 276.7 148.3 126.0 201.7 231 .7 



Periphyton 

Field observations as the water receded 
revealed a faint light green growth on the substrate 
beL ween 1.0 and 7 .6 cm (0.4 and 3 inches) depths. 
A grey-white colored zone was present Lo the 68 
cm (27 inch) depth and then a dark green zone to 
the 155 cm (61 inch) depth (Figure 4.2). 

The fi rst sample taken at the water margin 
during the 27,000 cfs f low showed very few 
o rganisms (Table 4.2). This indicates that this 
substrate was on ly recently submerged . 

The light green of the nex t zone was due 
to Mougeotiopsis sp.1 Protococcus SP-i and Ly ngbya 
sp. Flo ws prior to th e start of the study were less 
than 27,000 cfs and this l ight green zone was 

Photo by G . Balley, w.s.u. probably the water margin of the pr ior flow. 
Plate 4 .4 Cladopliora sp utilizing en tire rock surfac<' for allach• 

mcnt. The ash-grey co lor of the next zone was 
due to diatom frustules encased in a fi lamentous matri x. The matrix appeared to be bleached cell 
wa ll material, possibly from a heavy growth of Cladophora sp. wh ich was dried or frozen during 
exposure at low f low. The matrix and frustules fromed a crust-li ke substance on the surface o f the 
rocks in this zone. The crust -like materi al came off in flakes when sampled and the flakes were not 
completely broken down when. these samples were blended. The transition between this zone and 
the nex t occurred between 68 cm (27 inches) and 75 cm (30 inches) depth . 

Cladophora sp. (water blanket), a f ilamentous branching green alga was the dominant form 
o r the dark green zone. Diatoms in this zone were attached to the Cladophora sp. filaments. Dry 
weigh ts of this zone (Table 4.3) reflec t more accurately the dom inance of Cladophora sp. than do 
the algae counts or differen t ial counts. One C/adophora sp. cell measures 0.390 by 0.104 mm but 
Diatoma vu/gore, one of the dominant diatoms, measures on ly 0.052 by 0.015 mm . The numbers of 
Cladophora sp. counted do not show the 
h igh biomass due to t his alga. 

A t dep ths of _75 cm (30 inches) 
to 131 cm (52 inches) the appearance of 
the substrate was o f a sol id bldnket of 
Cladophora sp. ex tendin g downstream far 
pas t the point of attachment. Rock sur
faces in this zone were completely ut il ized 
by Cladophora sp. for attachment (Plate 
4.4). From 13 ·1 cmto1 55cm (6 1 inches) 
theCladophorasp. fi laments were shorter 
and on ly the upstream edge o f the rocks 
were uti lized for aLtachmcnt (Plate 4.5). 
This decrease in filament length and the 
attachment on the upstream edge may be 
due to light limitation or increased water 
velocity at the grea ter depths. Filamentous 
algae such as C/adophora sp. usual ly a Ltach 

Photo by G . Balley, W.S .U . 

PJ,,tc 4.~ Cladophora sp wi th shortened filtLm cn ls and upst ream allachmcn t. 
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first to the upstream edge of rocks, but the reason ror this is not known. One possibi l i ty is the re
duced current veloci ty on the upstream edge . Fi lamen tous algae attached to the upstream edge can 
grow in the boundary layer (area of reduced velocity on the rock surface) and in the relatively sti ll 
water behind the rock. Greater water velocities reduce the height of the surface boundary layer and 
the shorter fil aments found in thi s study may have been due to turbulence breaking off the longer 
filaments. 

CONCLUSION 

Riffle areas are typically the areas of highest productivity in rivers, and the study area of 
Wil son's Bar (RM 214.7) is probably an area of max imu m productivity and algae biomass in the Hell 's 
Canyon section of the Snake River. 

The algae biomass present at any one time (stand ing crop) may correlate closely with algae 
production, but biomass and production are not synonomous. In areas of heavy graz ing by fish or 
invertebrates the biomass present may be small but productivi ty high and, converse ly, in areas of low 
grazing biomass may be high but productivi ty low. 

The algae biomass and species present in rivers usually show seasonal variations and flow is 
on ly one of the many envi ronmental factors causing these variations. On the basis of this study, no 
predictions can be made as t o the effects of f low on kinds and number of algae in the river. 
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CHAPTER 5 

BENTHIC INS ECTS 

(Effects of Water Fluctuation on Benthic Insects) 

M.A. Brusven, Craig MacPhee, Russell Biggam 

University of Idaho, Moscow, Idaho 

INTRODUCTION 

Regu lated flow reductions i n the Snake River during March 20-25, 1973, provided an oppor
tunity for investigating their effects on benthic (bottom dwelling) insects in a large river system. As 
insects are sensi t ive to envi ronmental changes and represent intermediate lin ks in the food chain, the ir 
ro le is in tegral in t he support of a viable f ishery. Periodic and/or regular flow alterations wou ld be 
expected to have potentially detrimental effects to aquatic insects, altering natu ral community assem
blages and food chain rela tionsh ips. 

OBJECTIVES 

T his study was conducted to provide basic information on t he ecological effects of water 
fluctuations on river benthos. Three objectives were established: 

1. determine standing crop of benthic insects at different fl ow stages, 

2. determine drift rates of p rin cipal insect species at various flow stages and 

3. determ ine fate of bottom organisms stranded above the water line as a result of decreased 
flows. 

PROCEDURES 

Two stations were establ ished approximately 300 yards apart, on the Oregon side of the Snake 
River across from Pittsburg Land ing (RM 214.7). The shoreline at each station had a gentle slope (east 
exposure) with a rubble bottom (Plates 5. 7 and 5.2), and provided generally satisfactory sampling con
di t ions. T he study was conducted on consecutive days between March 19-26. Discharge at Hell's Canyon 

" Photo by Or. Merlyn Brusven, Univ. of Idaho Photo by Or. Brusven, U of I 

Plate 5.1 Cobble substrate of Site II near Pittsburg Landing. Plate 5.2 Shoreline zonation is shown at Site I. 

67 



Dam was approximately 27,000, 18,000, 7,700, 5,000 and 27,000 cf s for March 20-26 respectively. 
During March 1 9-20, flows were i rregu tar (2 ·1 ,400-27 ,000 cf s); base Ii ne data were taken at th is t i me prior 
to programmed flow reductions. 

Photo by Dr. Brusven, U of I Photo by D r. Brusven, U of I 

Plate 5.3 Bottom sampling dev ice used to measure standingcrop. Plate 5.4 Drift ne ts used to collect insects. 

Benthic Standing Crop Analysis 

Benth ic ir1sccts were sampled with a cy lindrical , square-foot bottom sampler (Plate 5.3). Three 
samples were taken transectionally at noon (1200 hour) at each station in water depths of 9-14 inches 
during each flow stage. A t depths greater than 14 inches, sampling was difficult and often prohibitive. 
Samples were ind ividually preserved in 70% ethanol and later analy2cd. 

Insect Dr ift Analysis 

Insect drift (i.e. number and kind of insects drifting/un i t width of stream/uni t time) was taken 
with two 1 X 2 foot drift nets (pore size 0.8 mm), p laced approx imately 2 feet apart in 1-1.5 fee t of 

Photo by Dr. Brusvon, U of I 

Plate 5.5 Belt transect used to measure insect migration and 
stranding. 
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Photo by Dr. Bru sven, U Of I 

Plate 5.6 Enclosure device used to sample insect mor~ility due 
to stranding. 



water , 15-25 feet from shore (Plate 5.4). The specific placement of the nets was determined by the 
nature of the substrate, depth of water and safety conditions for operating the nets. 

One-hour grab samples were taken and preserved in 70% ethano l every four hours during the 
seven-day study. The 24-hour sampling schedule permitted monitoring of indigenous diel cycles of 
insects and possible effects of f low changes on drift. 

Discharge through drift nets was determined for each flow stage. To permit more equ i table 
comparisons of flow-drift re lationships, drift was enumerated on the basis of number of insects/ft3 

of water passing through t he nets. During the 4-5 p.m. flow change it was occasionally necessary to 
reposition the nets after 30 minutes to avoid net dewatering. In the event of the latter, new discharges 
through the nets were determined and averaged for the 1-hour period. 

Shoreline Migration and Strand ing 

A gridded bel t transect was used to measure benthic migration and stranding during the de
wat ering period. The bel t was 12 inches wide, 20 feet long and made of ·1 /16 inch wire hardware 
cloth with 4-inch mesh (Plate 5.5) . I f dewatering caused shoreline exposure of greater than 20 feet, 
a second belt was attached to the fi rst to extend i ts length . Observa tions and record ing of stranded 
insects was in itiated at the onset of the unstable flow period which occurred at approx imately 4 p .m. 
at Pi ttsbu rg Landing. T his stage change represented a de lay of about 4 hours rrom Hell 's Canyon Dam, 
where the discharge was regu lated. Belt stud ies during each receding flow period were conducted 
for 1 1 /2 hours. This interval did not necessari ly encom pass the ent ire time between flo w stages. At 
discharges of 7,700 and 5,000 cfs, the "time of travel" of the stage wave was delayed and the rate 
of dewatering less extreme than ar higher f lows. 

Rate of dewatering was determined by measuring changes in exposed surface with time on 
the gridded bel t. Only insects noted above the waterl ine and effective ly dewatered were recorded. 
Add it ionally, general behavioral observations of insects in the shallow watered zone were noted. 

Fate of stranded insects af ter exposure periods o f 24, 48, 72 and 96 hours was determined 
with a 3 ft2 , 4-inch high metal ring placed approx imately in the middle of each dewatcrcd w ne (Plate 
5.6). The device formed an effec t ive enclosure permi tting quanti tative enumeration of dead and l iving 
insects. Only half of the enclosure area was sampled on a given day. The area was meti cu lously 
samp led to a depth of approximately 3 inches with the aid of a smal l scraper and forceps. Sieving 
was impractical because of potential destruction of dead, desicca ted insects. Not all zones received 
the same sampling intensity because of the lowest fl ow stage (5,000 cfs) was dewatered for only 24 
hours before the flow was restored to the river 's pre test discharge or approximately 27,000 cfs. 

Insects were counted and identi fied to species when possible. Questionable specimens were 
preserved and retu rned to t he laboratory for confirmation . 

RESU LTS AND DISCUSS ION 

Standing crop and insect drift results indicate that the Hell 's Canyon reach of the Snake 
River is rich in insect l ife (Table 5. 1; Figure 5. 7 ). The richness was fur ther evident by the abundance 
of algae which became exposed during dewatering (see Chapter 4 ). The algal zones in conjunction 
with substrate undoubtedly played important roles in the distribution and abundance of aquatic 
insects. 
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Tahlc 5.1 :'<umber. \ 'olumc (ml)/rt2 and rcl.11i,c Cr,mposition of Bemhis lusects al 5 Flow Stages at Sit~ I & II in the llcll's Canyon Read, of the Snake River, Idaho 

Morch 20 March 21 M..-ch 22 -ch23 f"3,ch 24 March 25 
27 .000 ds (vo,.ablel 27 .000 ci. '""'"blel 18.[IOO ds 12,000 ds 7,700ds 5,000cts 

Site I II ml/ J.comp ' 1: ml/ ll, oomp" II ml/ %comp• ,, ml/ " comp" II ml/ Scomp• ,, ml/ $comp• 
112 lt2 I vol ft2 ft2 , ...,1. lt2 t,2 , vol. h2 lt2 , 

""' ft2 lt2 I ""· 1,2 ft2 I "°'· 
EPHEMEROPTicRA RJ<7 .or.1 7.26 20.49 3.33 _007 1.88 5.96 8 .05 4 .43 11.18 14 .1Jfi7 11.16 1£n2 26.D .11 12.n 1!>.68 

8atl1S parvvs 7.33 6.14 .33 .19 6.67 3.69 21 ,3 9.91 24 11.06 
EfH-0w~ o/butM 
EphenH~ll'1 het~roc.ouda:o .33 .18 .33 .15 .67 .Jt 
EJ)Mmutlla ln"1Tlfl. 1.67 .94 .67 .JI 33 .15 
RicJu~na hog,tnl 33 .15 I .46 
Srt~.mow. 1.33 1. 12 1 .58 .33 .18 
Trlcorvlhodes minutu!. .33 .19 .67 .37 1.33 .62 .3J . 15 

OIPTERA 105.67 .193 88.55 59.02 64 .1 99.5 97 1!'>4.67 .193 87.J8 42.6i 138.67 . 167 76.91 32.36 122 .163 56.74 21.94 149.67 .283 68.97 40.33 
A tllU(lla $?. .33 .19 
Chironomid!N 1a.rvae 87.67 73.47 59 91J5 146.67 82.86 135.33 75.06 111 51.63 125 57.6 
Chrwnomidac pupae 17.67 14.81 5 7.75 7.67 4.33 2.67 1.48 5 2 .32 8.67 4.0 
ErnpKbdae .33 16 .33 . 15 
Simlllitim 1...-vae .33 .27 .67 .37 .67 .31 1.33 .til 
Slmulium pup:,e 5 2.32 14.33 6.6 

TRICHOPTERA 5 .067 4. 19 20.49 .33 .003 s 3 13 .173 7..35 38.19 21 .67 .153 12.01 34.23 47.3 .373 Z) 50.2 32.3 .257 14..89 36.62 

Glouosomo sp. .33 .18 I .46 2.33 1.07 
Hydropryct,~ sp_ s 4. 19 .33 s 13 7..35 19.67 10.91 44.67 20.77 28.67 13.21 
I..A'Ut.OITkJINJ 51). 1.67 .92 1.67 .77 1.33 .61 

LEPIDOf'TEAA 6 .06 3.39 13 .24 12 .077 6Jl5 17.23 21.67 ,14 10.08 18Jl4 8.33 .OS 3.84 7.13 

Parorgyroctus sp . 6 3.39 12 6.65 :n.67 10.08 8.33 3.84 

COLEOPTERA .. .0017 .15 .24 
Cltpl~lmi's omatu .33 . 15 
HtttrU,rmiu1, totpt1/entus 
Z Puevffl prxnJlu 

TQTA L 119_34 327 64.33 _,oo 177 453 180 34 447 21497 743 216-96 .7017 

Mareh 20 Milrch 21 Ma,cn22 """"'23 IM<ch24 Mo,ch25 
27 ,000ds Cvarlabfel 271JOO cf.. t'4riciblel 18,000 ds 12.000 d's 7,700 ch 5,000 d• 

Site II j/ ml/ 1'co""'3· " mil % comp• II ml / %mmp • II m l/ ,r. a,mp• N I ml/ ~ comp• fl ml/ "oornp• 
fc2: r,2 I vol . ft2 h2 ; vol. h'2 ft2 ' vol. h2 lt2 j ""'· h2 ft2 I "°'· ft.2 ft2 ' "°'· 

EPHEMEROPTERA 4 .013 3 5 1 .007 3 11 . li 63.33 @7 10 20 4 7.33 .163 16.36 10 37 .15 18 16 89.66 .403 39.4 40.3 
B~ti) parvu-, 3.67 3 .67 z ""·"' ,v,r- 4 Z.JJ 1•.w '" 16 84.66 37.2 
Epcorus aJbtrt« .33 .1 1 
Ephtrm~rrlla hrttrot.Dudala 167 00: 1.33 .46 3 .0 1.4 3.67 1.6 
Ephtmtr~lla tnermlr 1.33 .002 .67 23 .33 2 33 .1 
Ri1hrog,eno ~,,,; .33 2 67 .3 
51enonrma ,;>. .67 .001 .67 .23 .33 .2 .33 .1 
Tru:orytho<Hs mirrutus .33 .3 .33 1 2 .0 .00 

DIPTERA 109 .117 89 62 34 .053 96 84.13 380.67 .7 66 24 107.67 .167 37.22 10.2 116 .67 .26 56 27 103 .293 46.2 29.25 
Anuxlmw. 
o,;,,oncJ,r;;d.:x larvae 90.3 74 28.33 80 371.33 61.5 102.33 35.37 95.67 46 91.33 40.2 
Ch,"ronomldilr QUPA- 18.67 15 5 .67 16 17,67 2.9 3..33 1.15 6.67 3 2.33 1 
Emptdtdae .33 . 11 

.s;,,,utkm,tan.-ae. 1,33 .2 .51 23 13.67 6.7 11.67 5.1 
s;mulilJm ~ .33 .05 1.0 .34 fil .3 17.67 7.7 

TRICHOPTERA 8 .3 .D9 7 32 .33 .003 1 4.76 143.67 1.6 24 54 114.33 1.153 39.52 70 46.67 .477 22.:C 50 30 .293 13 2925 
GlvJ'JOsoma sp . 1.67 .6 1 5 
ll>1drop.sy·chr- sp. 8.3 7 .33 1 143.67 2• 111.33 38.48 45 21.6 30 13 
L~c.otrfchr., sp . 1.33 .5 .67 .3 

LEPIOOPTERA 67 .00:l .5 1 5.67 .047 1 2 19 .15 6.56 9 8 .063 3.8 7 .67 .007 .3 .7 
Po.rorgynrctJJS 51), .67 .5 5.67 I 19 6.56 8 3.8 .67 .3 

COLEOPTERA I .005 .34 .3 1 .005 .4 .5 
Oepte.lmis omtJta 
Hettrlimniu.s c01pule1Pt.UJ. .51 .23 .67 .3 
Zo.iun-WJ purvul.u .33 . 11 .33 .1 

TOTAL 121 .91 .283 ~.3 .063 603.34 2 .954 289.33 1.638 208.34 .95 224.33 1.001 

· Percent compos:mon bV volu:mt calculated only•• o ,di"al ihtl 
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through drift nets in Hell's Canyon, 1973. 
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Standing Crop 

The stand ing crop of insects was noticeably variable at the different f low stages (Table 5.1). 
Fifteen species (exclusive of the dipteran fam il y Chironomidae) were taken in bottom samples. Be
cause the taxonomy of ch ironorn ids (midges) is poorly known, a defini t ive appraisal of that group 
was not possible (cursory examination revealed at least 13 species). Next to Diptera, Ephemeroptera 
(mayflies) was the most diverse group, being represented by 7 species; however, it was the t hird most 
abundant order next to Diptera and Trichoptera (caddisfl ies) at most flow stages. 

During stable flow periods of March 20 and 21, a decrease in standing crop was noted on 
March 21 for both stations, decreasing nearl y 2 to 3.4 times for Stations I and 11 , respectively, for 
to tal num bers. We believe previous unstable flows disrupted the normal colonizati on cycle at that 
location and accounted for the decrease in benthos on March 21. A l though stable flows of 27,000 
cfs were programmed for a 24-hour period prior t o flow reductions, last-day adjustments (21,000-
27 ,000 cfs range) for power generation left the shorel ine conditions unstable prior to the taking of 
noon bottom samples. 

Highest standing crops (measured in volume and numbers) were obtained at stable flow peri
ods of 1810001 12,000, 7,700 and 5,000 cfs. Slight increases were noted at each successive flow stage 
at Station I, whi le a decrease was noted at site 2 following a high standing crop at the 18,000 cfs 
flow stage. Low values obta ined at flow stages of 7,700 an d 5,000 cfs probably represent sampling 
error. A t lower fl ow stages, the rubble at Station 11 graded to boulder, the size exceeding 10 inches 
in diameter. Rocks of this size cou ld restri ct abundance and also preclude effective sampling when 
they represen t the preponderant substrate. Stranding data (Figure 5.2) supports this assumption, 
part icularly during the unstable flow period of 12,000 and 7,700 cfs. During the 7,700 to 5,000 cfs 
reduc tion, re latively few stranded insects were recorded . This was believed due to the delayed and 
more subtle dewatering cycle. 

Notable d iffere nces in benthic composition were evident between the two si tes (Table 5. 7)1 

particularly at the 18,000 cfs stage and lower. Diptera, especially Chironomidae larvae, represented 
the highest compositon in numbers and in most cases volume (volume used here as a measure of bio• 
mass) fo r Station I , except during the 7,700 cfs flow stage where Trichoptera constituted the largest 
volume (50%) while only representing 22% of the total number of insects. A similar relationship was 
noted at the same ti me period at Station 11 ; however, mayfl ies, especially Bae tis parvus, became a 
signi fi cant component in the community . Mayflies ranked third behind Oiptera and Trichoptera in 
density and volume, wh ile becoming the dominant biomass group at the 5,000 cfs flow stage at Sta
tion II . A similar trend was not noted at Station I . 

The aquatic pyral id lepidopteran, Parargyractus sp., became prevalen t at intermedia te and 
lower flow stages. It was most abundant where fi lamentous algae carpeted the rocks, i.e . Oscillatoria 
in the ash-grey zone and C/adophora at the 12,000 to 5,000 cfs stages (Figure 5.3). 

The alga study conducted by Bailey (Chapter 4, Aquatic Vegetation) established distinct alga 
zonation. The zonation propounded by Bai ley is in general agreement with that of ours (Figure 5.3). 
The most conspicuous alga bel t was the C/adophora zone which appeared as a dark green carpet over 
the rocks. Numerous insect s were observed in th is fi lamentous mat . 

Most insect li fe, wit h the exception of ch ironomids, abounded in regions not expedencing 
daily water fluctuations. This generally encompassed the mid-region of the ash-gray zone (approx
imately "18 fee t ) to and inclu ding that port ion of the Cladophora zone (83 feet; 5,000 cfs) sampled 
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(Figure 5.3). The filamentous carpet of algae made available numerous niches, not present in the 
upper zone of fluctuation. It is anticipated that the zone would be higher or lower at different t imes 
of t he year depending upon hydroelectric power demands. Further, the zone may be wide or narrow 
depending on the slope of the shore. 

Insect Drift 

Drift serves as a potential means o f survival for insects experiencing shoreline dewatering of 
rivers and streams by permitting them to colonize more tenable habitats. Most stream insects have 
a diel cycle wi th nighttime drift far exceeding daytime drift (Anderson 1967, Brusven 1970, Waters 
1962 and others). A dditionally, drift has been shown to change as a resu lt of increases and decreases 
in d ischarge (Anderson and Lehmkuhl 1968). 

Drift resu lts from the two stations on the Snake River indicated an obvious d iel cycle (Figure 
5. 7) with nighttime peaking. The ampl itude of drif t peaks was low during the pre-flow alteration 
period of March 19 to 4 p.m. , March 21. 

Drift progressively increased during the nights fol lowing daytime flow alteration, cu lminat
ing in an abrupt increase during March 25-26 when the fl ow was restored to 27,000 cfs. The notice
able change in amplitude of drift is believed related to composition of drifting insects and zonational 
distributi on (Table 5. 7; Figure 5. 1). Du ring the pre-test period of March 19-21, standing crop and 
drift were largely composed of chironomids. Brusven (1970) and others have reported this dipteran 
group having rather uniform drift , i.e., not having a consp icuous diel cyc le. As new, lower-level shore
lines form ed, mayflies, caddisflies and a pyralid lepidopteran became more prevalen t in both drift and 
bottom samples. 

No abrupt increase in drift was noted during the unstable flow period of 4-5 p.m., March 21-
26 (no samples taken 4-5 p.m., March 26,during restorati on of flows to 27,000 cfs). This suggests 
that insects did no t actively drift during t his daylight period in order to avoid strand ing. It is believed 
that the rapidity at which the gentl y slop ing shoreline dewatered caused considerable stranding of 
insects due to the low veloci ty at or near the shore-water interface, thus, reducing the chance of 
drifting. 

Abrupt f low changes from 5,000 to 27,000 cfs on March 25 caused nearly a 10-fold increase 
in drift. A ll benthic species were affected. High drift increase is bel ieved to be the resul t of cat
astrophic flow increases. 

Shoreline Stranding 

Both the enclosure and belt transect techniques revealed appreciable stranding of aquatic 
insects as a result of reduced flows (Figure 5.2; Table 5.2). During the initial f low reduction from 
27,000 to 18,000 cfs, chironomids (Diptera) were the only insects recorded in significant numbers. 
This is closely correlated with the standing crop in that zone (Table 5. 7). The belt transect revealed 
greatest stranding during the fl ow change from 12,000 to 7,700 cfs; principally Ephemeroptera and 
Diptera were recorded. While caddisfli es (Trichoptera) were the dom inant standing crop form (Table 
5. 7), they were not read ily observed as stranded. Data ob tained from the enc losure technique, how
ever, revealed substantial numbers of Hydropsyche sp. (Trichoptera) stranded (Table 5.2). We believe 
t~~ ability of ~h is insect t o seek protective seclusion under rocks and in algal mats precluded super
f1c1al observation of them during the dewatering per iod. In similar manner, we bel ieve t he lepidop
teran, Parargyractus sp.,escaped visual observation during dewatering. 
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Table 5.2 Number of Insects Per Square Foot Dead (d) and Alive (a) After 24, 48, 72 , 96, and 120 Hours of Exposure 
From Four Fluctuation Zo nes at Wilson Ranch Site (Site ll), Hell's Canyon . 

INSECTS 

Ephemeroptera 
Boetis sp, 
Ephemerel/o spp. 
Rithrogeno sp. 

Diptera 
Chironomidae 
Simulium sp. 

Trichoptera 
Hydropsyche sp. 

Lepidoptera 
Porogyroctus sp. 

27 ,000 - 18,000 cfs 
72 hrs. 96 hrs. 120 hrs. 
d a d a d a 

4.0 16.0 1.3 8.6 6.7 8 .0 
4.0 14.7 1.3 5.3 6.7 8 .0 

1.3 3.3 

07 2.7 
n7 27 

48 hrs. 
d a 

R 7 4n 
8.7 3.3 

0.7 

3.3 112.7 
3.3 112.7 

24.0 
24:0 

?7 
2.7 

Zones 

18,000 - 12,000 cfs 

72 hrs. 96 hrs. 
d a d a 

?.= 16.0 . 
1.33 14 .7 . 
1.33 . 

1.3 

4.0 44.0 32.0 20.0 
4 .0 44.0 30.7 20.0 

1.3 

4.0 9.3 13.3 . 

4.0 9.3 13.3 . 

1 .,., 4.0 F'..7 4.0 
1.33 4.0 6.7 4.0 

12,000 - 7,700 cfs 7,700 - 5,000 cfs 
24 hrs. 48 hrs. 24 hrs. 

d a d a d a 

14.7 . 13.4 . 6.7 1.3 
12.0 10.7 - 6.7 1 .3 

2.7 . 

2.7 

17.3 212.0 16.0 50.7 61.4 162.7 
17.3 212.0 16.0 50 .7 30.7 162.7 

30.7 

2.7 360.0 6.7 128.0 6.7 221.3 
2.7 360.0 6 .7 1L~.0 6 .7 LLl.3 

1.3 32.0 1.3 22.7 2.7 44.0 
1.3 32.0 1.3 22.7 2.7 44.0 

Table 5.3 High and Low Air Temperalures (°F), Wilson Ranch Site (Study Site II) , Hell's Canyon, March 19-25, 1973. 

DATE 
3/19/73 
3/20/ 73 
3/21/73 
3/ 22/73 
3/23/73 
3/24/73 
3/25/73 

• Temperature recorder inoperative 

HIGH 
76 
76 
59 
70 
75 
85 

LOW 

56 
46 
35 
35 
44 
45 



Mayflies were most readily stranded. Numerous individuals were noted in smal l depressions 
of water behind rocks during dewatering. The depressions themselves soon became dewatered th rough 
percolation leaving the mayflies totally exposed. 

There are considerable di fferences among insect species in exposure to lerance (Table 5.2). As 
air t emperature is undoubtedly an important variable, high and lo w temperatures were recorded at 
the site of study (Table 5.3). Cool, spring temperatures provided favorable conditions for survival of 
many aquatic insects after dewatering. Mortali ty values in Table 5.3 would be expected to be much 
higher during mid- and late summer when temperatures in Hell 's Canyon often approach or exceed 
100° F. 

A ll dewatcred zones did not rece ive the same intensity of post-dewatering sampling because 
of the restoration of lows to 27,000 cfs on March 25. However, obvious mortality differences among 
the aquatic insects are evident from the data. The chironomid dip terans demonstrated remarkable 
survival after 96 and 120 hours under the temperature and humidity condi tions that prevai led; mortal
i ty after 24 hours was negligible. Trichoptera and Lepidoptera also showed high survival at 24 and 
48-hour exposures. The 96-hour exposure period of March 24 {air temperature 85° F) brought about 
noticeable increases in mortali ty, approaching or exceeding 50% for the aforementioned insect orders. 
Mayflies were most sensitive to exposure with high mortality after 24-48 hours of exposure. Apparent
ly, higher temperatures on March 24 contri buted to this condition. 

Observations indicated that the dense Cladophora mat se rved as both a survival and mortality 
fac tor to the insects resid ing in or on it. When the algal fi laments were dewatcred, insects resid ing 
near the mat-rock interface showed high survival because of prolonged moist conditions. Insects 
occurring at or near the outer sur face of the mat often became entangled in the filaments and des
iccated. The latter was particularly true for may flies. Ch ironomids (Diptera) on the other hand 
were generally able to penetrate the f ilaments and locate more moist conditions. The Hydropsyche 
sp. (Trichoptera) and Parargyractus sp. (Lepidoptera) were no ted in high numbers (often exceeding 
30) under rocks where moisture and temperature conditions permitted survival. 

In evaluating the above results, certain limitations must be recognized. The study was con
ducted over on ly a short interval of time with respect to the l ife cycle of the insects. Wh ile concerned 
principally with nymphs, larvae and pupae, i t is probable the egg stage might be the most sensitive 
stage to ou t-of-water exposure. F ield investigations involvil')g present technology do no t permit a 
critical analysis of this stage. Additionally, while mortality was less than expected during the initial 
ex posure periods of 24 and 48 hours, the time of the study (March ), by virtue of cool wea ther, was 
favorable for survival . A similar study during mid-summer wou ld l ikely show increased mortal ity. I t 
is presumed that stress placed on insec ts as a result of exposure wou ld have dirfcrent effects on di ffer
ent species as well as age groups. 

The ecologica l principles of succession and stability are also inherentl y involved when inter
preting water fluctuation phenomena in our waterways. It was evident from this study the alga l zones 
and the nature of the fl ora on the bottom sediments are important variables influencing insect distribu
t ion and abundance in the Snake River. Extreme reductions or fluctuations of f low cou ld have 
sLIppressing ef fec ts on algal development, thereby influencing insects, f ish and other organisms depend
ent on the former for food. 

SUMMARY AND CONCLUS IONS 

A quatic insects represent a large and important heterotrophic group of organ isms in the mid
dle reaches of the Snake River, far exceeding biomass values of smaller streams in northern Idaho 
containing less nutrients. 
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Drift by aquatic insects displayed a typical diel cycle wi th nightt ime drif t far exceeding day
time dr ift. Drif t did not substantiall y increase during the period (4-5 p.m.) of decreasing flow 
suggesting that insects did not actively avoid stranding. Drift propensity generall y increased during 
each reduced fl ow stage and substantial ly increased during the restoration of flows to 27,000 cfs. 
Numbers and biomass of drif t insects are believed to be related to standing crop in the vicini ty of the 
nets. The standing crop in turn is believed influenced by the stabili ty and development of the algal 
and shoreline zonation. 

Prolonged exposure of dcwatercd shorelines would probably cause a reduction in primary 
product ion and degradati on of a detrital base, thereby causing a delay in insect recolonizat ion of 
formerly inhabited areas, 

Rapid reductions in f low caused considerable stranding of insects on gently sloping shores. 
Under cool day time temperatu res, surv ival was re lat ively high for 1e Ledpidoptera, Trichop tera and 
Diptera stud ied during exposure periods of 24 and 48 hours; Epf meroptera were relatively intoler• 
ant to short term exposures out of wa ter. Warmer temperatures would undoubtedly increase mor
tali ty as has been demonstrated by current laboratory simulation studies. 

The present studies dealt with the nymph, larval and pupal stages. It is possible the egg stage 
is rnore seriously af fec ted by dewatering; further , that different age classes WiLh in each feeding stage 
may be diffe rentially af fected. 

Dense alga l mats and presence of cobble and boulders increased survival of most stranded 
insec ts by providing places for escape from exposure and desiccation. 

Because insect life is itimately associated wilh algal development in the Snake River, which 
in turn is related to numerous physical and chemical characteristics of the river, minimum f low 
recommendati ons wi th respect to a single organisimal group such as insects is necessari ly mu lti face ted. 
In our judgement the quest ion of minimum flow is of secondary importance to water f luctua tion 
which causes ecological instabil ity to the biota exposed during dew·atering as well as deeper zones 
through disruption of normal photosynthesis and decomposi tion processes. 

Constrain t is recommended in l iberal Interpretation of resu lts reported herein, in that the study 
was conducted for only a short period of time which in no way encompassed the life cycle of insects 
involved nor answered quest ions relating to possible latent or si de effec ts to them. Whi le the resul ts 
were emperically derived and reflec tive of conditions at the time of the study, inference, specu lati on 
and application of f indings t o "seasonal" regulat ion of f lows in the Snake River and ot her major water
ways should be done wi th caution. 
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CHAPTER 6 

CATCHABILITY AND FEEDING HABITS OF F ISH 

Craig MacPhee and Merlyn A. Brusven 

University of Idaho, Moscow, Idaho 

INTRODUCTION 

The objective of this study was to determine the effects of large and rapid changes in discharge 
on the catchability and feeding habits of f ish at t he Wilson Ranch in the Hell's Canyon reach of the 
Snake River, Oregon. This study was part of a program implemented in late March 1973 and invo lving 
many environmentally related agencies in the northwestern states. T he study was developed to help 
establ ish criteria for instream fl ow requirements in ri vers and in particu lar in the Hell 's Canyon reach 
of the Snake River. 

The original in tent of t his study was to uti l ize all manpower resources on a volunteer basis as 
a means of assessing fish catchability in the Hell 's Canyon reach of the Snake River. Because of a gen
era l lack of fishing success perhaps re lated to the season of the year, and because of the t i me demands 
of numerous other duties of team members, li ttl e data from members other than the benthos team 
were taken . Therefore, with two exceptions which for consist ency arc not reported, all fish data were 
col lected by a seven-man team. 

PROCEDURES 

Fishing was done on a volun teer basis and as time permitted from March 20 to 25, 1973. The 
t o tal t ime fished was 54 man-hou rs. Fish were caught by angling with lures and bai t. 

The st omachs of most captu red f ish were preserved in formalin (Plate 6. 7 ). The contents of 

Photo by Fr~rikliri JOn9$, IWAB 

Plate 6. 1 Collection kits were prepared and 
used by study participants. 

the stomachs were iden
t ified and enumerated in a 
laboratory. As the basic 
control led-flow test proce
dure, discharge from Hell's 
Canyon Dam was al tered 
at the end of consecutive 
24-hour uniform flow peri
ods as rap idly and as safely 
as possible. The discharge 
schedule and approximate 
time of arrival of the alter
ed flow at the Wi lson 
Ranch is shown on the 
next page. 

Low water levels de
layed the impact of altered 
discharge at Hell's Canyon 
Dam on discharge at the 
Wilson Ranch about one 
and three hours on March 
24 and 25, respectively. 
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Plate 6.2 Rainbow trout were caugh t at all 
flows obscivcd. 



The weather was cloudy with intermittent rain at the beginning and warm and sunny at the 
end of the study. 

Time of altered 
Date Discharge, cfs2 flow arrival 

March 20 to 21 27,000 1600 

March 21 to 22 18,000 1600 

March 22 to 23 12,000 1600 

March 23 to 24 7,700 1600 

March 24 to 25 5,000 1700 

March 25 to 26 27,000 ·1900 

RESULTS 

Catchability of Fish 

During the 5-day study period anglers caught 12 rainbow trou t, 1 Dol ly Varden, 2 channel 
catfish, 6 northern squawfish, 2 carp, 12 largescale suckers, and 20 smallmouth bass. Carp, suckers 
and catfish bit earthworms whereas, trout, Do ll y Varden, squawf ish, and bass bit mainly lures and 
lures baited with earthworms. Rainbows, suckers, and bass were the most common ly caught fish. 
Except for three fish , suckers were obtained inciden tally to angling for trout. Throughout the study 
period in slackwater area of pools, carp were observed skimming various organisms including filamen
tous algae from the water surface. No directed effort was made to catch carp or suckers. 

There was no significant difference in number of trout (Plate 6.2) captured as water levels 
changed (Table 6. 1 ). More suckers and carp were captured at high flows and more squa wfish and bass 
were captured at low fl ows than other species of fish. Fish success for bass at low flows, however, is 
attributed to an increase in water temperature rather than to reduction in discharge. 

Fifty-four man-hours of fishing yielded 55 fish. The mean number of fish caught per hour 
was 1.0 and varied between 0.6 and 1.6 during the 5-day study period. Based on the number of man
hours of fishing pressure for all species, a chi -square analysis indicated that there was no significant 
difference in the daily number of captured fishes. 

Food Habits of Fish 

The stomach contents of 39 fish were analyzed (Table 6.2). Relatively small numbers of in
sects were found in catfish, squawfish, and suckers. Squawfish stomachs contained f ish and crayfish 
while sucker and catfish stomachs contained algae and insec ts . 

2 
At Hell 's Canyon Dam , nows at Wilson Ranch may have been modified slightly by intorvcning inflows and by the channel-storage 
aspec ts of water-mass time of travel, as discussed in Chap ter 2. 
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Table 6.1 Catch Per Hour and Composit ion of Fishes Captured by Angling During Five 24-IIo ur 
Periods of Sequentially Reduced Discharges of the Snake River, a t the Wilson Ranch, 
Oregon (March 20-26, 1973). 

Hell's Canyon Dam Range in total Man-ho urs Fish 

Disch arge , cfs Species captured Number length, inches o f fishing per hour 

Rainbow trout 3 10 to 12 
27 ,000 Do lly Varden 1 13 8 0.6 

Carp 1 20 

Rainbow trout 2 13 
18 ,000 Largescalc sucker 12 16 to 24 15 1.0 

Carp 1 

Rainbow trout 4 12 to 13 
12,000 Northern squawfish 4 14 to 15 5 1.6 

7,700 Channel catfish 2 20 t o 24 3 0.7 

Rainbow trout 3 13 to 17 
5,000 Northern squawfish 2 15 to 16 23 1.1 

Smallmouth bass 20 9 to 13 

One of four squawfish and five of 18 bass captured had empty stomachs. The other 13 bass 
stomachs conta ined 21 crayfish and 9 sculpins. 

Rainbow trout were the only fish captured that fed consistently on insects; most of the in
sects were immature. Arranged in order from the most to the least numerous, the four most common 
insects foun d in trout stomachs were Baet is sp. (mayfly), Hydropsyche sp. (caddis f ly) , Chi ronomidae 
(m idge) and Simulium sp. (black fly}, Table 6.3. 

Table 6.2 Stomach Contents and Sample Sizes of Seven S]Jecies of F ish Captured at the Wilson 
Ranch , Snake River, Oregon. 

Species Number S tomach Content 

Rainbow trou t 10 Insects 

Dolly Varden l Sculpin 

Channel catfish 2 Algae and insects 

Northern squawfish 4 Sculpins, crayfish, insects 

Carp l Algae 

Largescale sucker 3 Algae, clam shells, insccLs 

Smallmou th bass 18 Crayfish and sculpin s 
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Table 6.3 Mean Number o f Insects in Ra inbow Trout a t the Wilson Ranch, Snake R iver, 
Tabulated According to Discharge . 

Discharge at Hell's Can}:'.on Dam, cfs. 

lnscct,i 27,000 18,000 12,000 5,000 
(2 fi sh) (l fish) ( 4 fish) (3 fish) 

Emphcmeroptera (may flies) 8 50 293 39 
Baetis sp. 

Trichoptera (caddisflies) 4 42 22 82 
Hydropsyche sp. 

Lepidoptera (moths) l 4 2 6 
Pyralididac 

DipLera (flies) Blcpharocericlae 0 1 2 0 
Chironomidac 9 19 91 10 
Simulium sp. _ 3 .J..± ---1§_ _l§. 
Total 25 130 428 153 

On March 23 (12,000 cfs) one trout contained 1,097 Baetis sp.; another trout, 328 Chiron
omidae and on March 25 (5,000 cfs) two trout contained 92 and 11 2 Hydropsyche sp. Except for 
these four exceptions, less than 55 insects of any one species were found in any one stomach. 

Because of the limi ted amount of data, no conclusions are derived from this study. 
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CHAPTER 7 

SALMONIDS 

Ken Thompson 

Oregon State Game Commission 

INTRODUCTION 

Hell 's Canyon reach of Snake River is one of the world's trul y unique stretches of free-flowing 
rivers. No t only does the canyon possess unparal leled scen ic value, the river is equall y impressive for 
its size and rate of descent. Among its many resource values are the anadromous and resident salmon
ids. More than 25,000 salmon and steelhead once migrated in to and through Hell 's Canyon each year 
to complete thei r reproductive cycle. After harnessing the vast hydroelectric potential of the lower 
Snake and Colum bia Rivers, i t is significant to note that the environmentally sensitive salmon and 
stee lhead runs st il l ex ist in Hel l 's Canyon, although much reduced f rom former numbers. Their pres
ence is no accident. Perpetuation of anadromous fish in the Middle Snake River system is the product 
of an enormous effort on the part of many who recognized the value of and obligation to preserve the 
public's fishery resources . 

The Hell 's Canyon Contro lled Flow Study of instream fl ow requirements contained in part a 
continutation of this effort to manage wisely the salmon id resou rces of the Columbia River system. 
This chapter describes the procedures and find ings of the team of biologists who examined fl ow re
quirements of salmon and trout in Middle Snake River, March 20-26, 1973 . I t is hopefu l that this 
pioneering endeavor wi ll serve as a model for similar studies on rivers throughout the nation. 

Salmonid Resources 

Fall chinook salmon , summer stee lhead, ra inbow trout, and Dolly Varden are the species of 
salmon ids in Hell 's Canyon. Summer stee lhead, fall chinook salmon, and rainbow trout are the most 
important. Dol ly Varden are found on ly in limited numbers. Spring and summer chinook salmon 
migrate through the Snake River into the Salmon River to spawn. 

A signif icant sport fishery occurs on summer steelhead from Sep tember through April, with 
peak angling pressure occurring during October and November . Most steelhead are taken between 
Lewiston and the lmnaha River. A sign if icant rainbow t rout fishery has developed in Hell 's Canyon 
since 1968. The rainbow fishery is most productive from June through September, bL1t occurs to 
some degree year round . There is a minor fishery on fa ll chinook salmon in Hell 's Canyon, but these 
runs contribu te more to sport and commercial fisheries in the ocean and Columbia River. 

Salmon and steelhead runs above Salmon River are much reduced from former numbers. 
Columbia and Snake River dams are believed to be most responsible for their decline, al though other 
fac tors, such as watershed damage, are also responsible for the decline of Snake River anadromous 
fish. As many as 17,000 fall chinook salmon and 10,000 steelhead were recorded as once having 
migrated annually into and through the Hell 's Canyon reach of Snake River. Several promising meas
ures are be ing researched to re l ieve the stresses on anadromous fish caused by river development. 
Foremost are efforts to reduce embolisms caused by atmospheric gas supersaturations, and measures 
which protect fish from injury when passing dams. Success in these areas, combined with a strong 
hatchery program, cou ld significantly increase the ultimate number of anadromous fish returning to 
Hell 's Canyon. The hatchery program on su mmer steelhead returning to Hell's Canyon Dam has 
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been encouraging. Continued development and propagation of st ocks resistant to the stresses of 
Columbia and Snake River systems is a top-priority management objective. 

Because anadromous fish runs are blocked from areas former ly used above Hell 's Canyon 
Dam, more fish are forced to spawn in the Hell 's Canyon reach below the dams. The need to provide 
good fish habitat in that reach is becoming increasingly important. 

OBJECTIVES 

Th is phase of the study was conducted to evaluate the re lationship discharge has with avail
ability and quality of salmonid habitat in Hell's Canyon. Biologists also examined th e effects of 
discharge fluctuations on the aquatic envi ronment. 

The primary objective of this study was to determine the minimum and optimum flow re
quirements of salmonid fishes, consistent with established methodology used in Oregon. 

Ano ther objective of th is pioneering endeavor in river flow study was to develop improved 
techniques which cou ld be used to study instream fl ow requirements in other rivers throughout t he 
nation (Appendix 7. 7). A sum mary of the procedures used to define instream flow needs of salmon
ids in Hell 's Can yon fol lows. 

METHODS 

A detai led description of the methods employed by the salmonid t eam in the Hell's Canyon 
Con trolled Flow Study is presented in Appendix 7. 7. The salmon id team consisted of four crews 
wh ich collected si milar data at several sites located in four sections of the 107 .7 mile study area. 
These four sections are referred to in this chapter as study areas. 

Procedures used to evaluate flow requirements of salmon ids were rashioned after those em
ployed by the Oregon State Game Commission during the past decade. A l though some modifications 
were necessary for Snake River appl ication, the methods used were designed to evaluate environment
al changes in fluencing the various biological activities o f salmonids. Individual evaluations were 
conducted which related to flows needed for passage of adult fish, spawning, egg incubation, and 
rearing of juveni les. 

Two separate techniques were available to determine f lows required for passage of adu l t 
anadrornous fish. Although not applied, study crews were prepared to obt ain linear transect measure
ments of critical depths and velocities on shallow bars at Lhe lowermost controlled flows. Because 
fl ows during the study did no l crea te critical passage condi t ions, subjective observations were made 
at the varfous controlled fl ow levels to judge what f lows are required for fish passage. 

Methods employed t o determine fl ows required for spawning involved l inear transect meas
urements of water depths and veloci ties over gravel bars kn own to be used by salmon ids, visual 
interpreta tion of flows required to mee t minimum spawning flow criteria, re lat ing discharge to de
watering of fish redds, analyses o f intra-gravel disso lved oxygen at various surface fl ow depth 1 and 
relating discharge to the ava ilabi lity of spawning bars by uti l ii ing aerial pho tos taken during the study. 

The discharge requi red to successful ly incubate sa lmonid eggs and accommodate sac fry 
emerging from the gravel, likewise, was determined by a combinati on of several interrelated evalua
tions. Spawning transect data were exam ined, because stream habitat for spawning and incubation 
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are homologous. Locations of salmonid redds dewatered during the study were related to flow. 
Intra- gravel disso lved oxygen was evaluated by linear transect placement of plastic standpipes and 
use of the modified Winkler procedure for measuring dissolved oxygen. Eyed eggs of summer steel
head were buried in known spawning areas in small stainless steel baskets to evaluate egg survival 
after varying periods of dewatcring. Aerial photos were examined to relate discharge to spawning 
habitat throughout the canyon . 

The most complex relationsh ip stream flow has to salmon id production is for what is described 
as rearing. Rearing flows must accommodate the need for food production, l iving space, shelter, and 
water quality . Linear transect measurements of width, depth, and velocity were examined to relate 
flow conditions to discharge. Dewatered beaches were systematically surveyed to assess st randing 
mortality and determin e spatial d istribution of juvenile salmonids (Chapter 10). Evaluations of travel 
time of stage wave and water mass (Chapter 2) may enable projections of river temperatures under 
various flo w and atmospheric conditions. A team from the University of Idaho obtai ned extensive 
measurements on the effects of reduced flows on benthic organisms (Chapter 5), a basic food of sal• 
monids. Bailey's work on per iphy ton (Chapter 4) provided insight into another important dimension 
of the ecosystem. 

Recommendati ons concerning rate of flow change, particularly fluctuations caused by hydro
electric power peaking operat ions, are derived by egg dewatering and fish stranding mortality evalua
ti ons, fish redds and spawn ing gravel relationships with discharge, and monitoring rate of change of 
the ri ver stage during the study. The recommendations are presented in Chapter 10. 

RESU LTS 

Passage 

Because the lowes t contro lled flow studied (5,000 cfs) did not present cri tical fish passage con
ditions, measurements could not be taken to project minimum fl ows required for f ish passage. Observa
tions by the salmon id team summarily conclL1ded t hat sl ightly less than 5,000 cf s is the min imum 
req uired to safely pass migrating anadromous fish. Because the stimulating effect of high flows on 
anadromous fish migrati ons is not thoroughly understood, the need for larger attraction fl ows was not 
evaluated. Cross-sectional measurements of the river's veloc ity at 27,000 cfs did no t reveal excessive 
velocities for fish migration. From observations made at the various study stati ons and from examina
t ion of aerial photographs of the 108-m ile reach, all con trolled flows during the study provided an 
adequate amount of river channel with fl ow dep ths and veloci ties suitable for f ish migration. 

Spawning 

Some of the best data compi led in the salmon id phase of the Controlled Flow Study were 
those wh ich reflect flow requirements for spawning.1 Recommended spawning fl ows are presented 
in Table 7. 7. Spawn ing flow recommendati ons are derived from 16 linear t ransects of flow depths 
an d velocities over gravel bars. Supportive data were compiled from observations and estimates made 
of fl ows required to meet minimum spawning criteria, from the relationsh ip ex isting fish redds had 
with river discharge, from analysis of intra-gravel d issolved oxygen relationships, and from examina• 
tion of aerial photos taken during the study. 

1 
Editor's Note: Basic data from the salmon id fl ow requirement investigation is voluminous and therefore omitted from th is repor t. 

However, they will be publ ished separately and be available from the Oregon Game Commission or the Pacific Northwest River Basins 
Commission. 
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Table 7 .1 Recommended Flows for Salmonid Spawning, Released From Hell's Canyon Dam 

Stud Area O~timum (cfs) Minimum(cfs) 

Anato ne 18 ,700 13,400 

Dug Bar 27,000 16,000 

Pi ttsburg Landing 21,000 14,500 

Sadd le Creek 27 000 16,300 

Hell's Canyon Reach (means) 23,425 15,050 

Incubation 

Surface flow conditions required to maintain sui table intra-gravel envi ronment for i ncubati on 
of fish eggs were related to transect data t o determine discharge levels needed to cove r preferred 
spawning areas. River discharge levels requ ired to assure successful incubation o f salmon and trout 
eggs were identified primari ly at two study reaches in Hell's Canyon (Table 7.2) . The recommended 
fl ow for Hell's Canyon reach is the mean of fl ows determined at the two study sites. T he distribution 
of gravel used by spawning fish, more than any other fac tor , influenced the surface f low recommended 
for incubation. 

Table 7 .2 Flows Required to Maintain Suitable In tra-gravel Dissolved Oxygen Levels for 
Salm onid Eggs and Fry, Hell 's Canyon . 

Study Arca 

Anatone 

Saddle Creek 

Hell's Canyon Reach (means) 

Optimum 1 (cfs) 

18,000 

26,000 

22 ,000 

--- --------~--

Minimum 1 (cfs) 

13,000 

15,500 

14,250 

1 
Flows required to maintain at least 5.0 ppm intra-gravel dissolved oxygen in gravel made available to spawning salmonids a1 

23 ,425 cfs and 15,050 cfs, op I imurn and rn inimu m f lows for spawning. 

Flo w levels adequate for egg incubati on and fry emergence are primarily determined by the 
prevai ling flows during the spawning period. For example, if the prevai l ing f low during the spawning 
period is more than the recommended 15,050 cfs an adequate f low for incubation, likewise, wi ll be 
more than the recommended 14,250 cfs. If it were to become necessary to regulate t he river fl ow 
upwards from an agreed flow regime during the period of fish spawning, f ishery agencies should be 
consul ted to determine subsequent f lows adequate for incubation. 

Rearing 

Water requi red to successfu ll y rear salmonids must accommodate their need for food, shel ter, 
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Figure 7 .1 Biological Activities of Salmon ids by Species and Period of the Year, Hell 's Canyon , and Recommended Optimum Flows. 

Species Activity Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Fall Chinook Salmon Passage 4.000 4,000 4,000 
Spawning 23,425 
Incubation 22 ,000 22 ,000 22 ,000 22,000 22,000 22.000 
Rearing 12,000 12,000 12,000 12.000 12,000 

Summer Steel head Passage 3,000 3,000 3.000 3 ,000 3000 3 ,000 3 QQQ 3QQQ 3.000 
Spawning 23,425 23,425 
Incubation 22.000 22,000 22 000 22,000 
Rearing 12,000 12 ,000 12,000 12,000 12,000 12 .000 12,000 12.000 12.000 12.000 12.000 12 000 

Rainbow Trout Spawning 23,425 23,425 23,425 
Incubation 22 ,000 22,000 22,000 22.000 
Rearing 12,000 12,000 12,000 12,000 12,000 12,000 12.000 12.000 12.000 12,000 12,000 12,000 

Recommended Optimum Flows 22,000 22,000 22,000 23,425 23,425 23,425 22,000 12,000 12,000 12,000 23,425 22,000 

Figure 7.2 Biological Activities of Salmon ids by Species and Period of the Year, Hel l 's Canyon,and Recommended Minimum Flows. 

Species Activity Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Fall Chinook Salmon Passage 4 ,000 4000 4,000 
Spawning m@ Incubation 14,250 14,250 14,250 14,250 1 50 14,250 
Rearing 12 000 12 000 12 000 12 000 12 000 

Summer Steelhead Passage 3 ,000 3000 3 ,000 3 ,000 3000 3000 3000 3000_ 3 .000 
Spawning 15,050 15,050 
Incubation 14,250 14,250 14,250 14,250 
Rearing 12,000 12 ,000 12,000 12,000 12.000 12.000 12,000 12,000 12,000 12,000 12.000 12,000 

Rainbow Trout Spawning 15.050 15,050 15.050 
Incubation 14,250 14,250 14,250 14,250 
Rearing 12,000 12,000 12,000 12,000 12,000 12.000 12.000 12 ,000 12,000 12.000 12.000 12.000 

Recommended Minimum Flows 14,250 14,250 14,250 15,050 15.050 15,050 14,250 12,000 12,000 12,000 15,050 14,250 

Figure 7 .3 Recommended Minimum and Optimum Flows for Salmon ids, and Water Supply Records for Snake River at Hell's Canyon. 

Minimum 
Optimum 
Supplyl 
Supply2 

I Jan Feb Mar Apr May J une July Aug Sept Oct Nov Dec 

14,250 14,250 14,250 15,050 15,050 15,050 14,250 12,000 12,000 12,000 15,050 14,250 
22,000 22,000 22,000 23,425 23,425 23,425 22,000 12,000 12,000 12,000 23,425 22,000 
15,860 19,566 18,490 25,650 22,720 20,030 10,780 10,320 11,880 14,030 14,770 14,770 

53% 85% 73% 80% 73% 70% 8 % 8% 50% 72% 35% 55% 

1 USGS Water S upply Records for 1929-68. Mean monthly d ischarge at Hell's Canyon Dam. Flow regulated by extensive up• 
stream storage. Upriver diversions for irrigation of about 3 ,000,000 acres. 

2 Percent of years the recommended minimum flows could be equalled or exceeded, by month, under 1970 levels of develop
ment and management (Idaho Water Resource Board) . 



space, and water quali ty . 

Aquatic insects, the pr incipal food items of salmon ids, wou ld be most avai lable at flows wh ich 
cover the most substrate suitable for their production. Data suggests a Flow of 12,000 cfs would 
achieve the level of insect production required for salmon ids. 

Su i table rearing space and shelter, considering depths and velocit ies preferred by rearing salmon 
and trout, are most avai lable at 121000 cfs. Chapter 2 on Time of Travel and Chapter 10 on Fish 
Stranding provided data to support this conclusion. 

Salmonids requ ire water which does no t exceed 65° F. for extended periods. Because of the 
extreme ai r temperatures and heat re tention character of Hell 's Canyon, !;t ored water should be reg
ulated for i ts max imum effect to control r iver temperatures during the summer. Snake River above 
Clarkston has been in excess of 75°F. in August when f lows released from Hell 's Canyon Darn ranged 
between 6,500 and 10,600 cfs. River temperatures have reached 70° F. and over at Clarkston in July 
when flows at Hell 's Canyon Dam ranged between 10,000 and 16,000 cfs. Flow and temperature 
records for July, August, and September1 indicate a minimu m of 10,000 cfs may assure suitable water 
temperatures for salrnonids.2 

To make certain that the aquatic envi ronment is suitable for rearing of sal monids at all t imes 
in Hell's Canyon, a minimum flow of 12,000 cfs is needed. T he period of the year when rearing is the 
predominant biological activi ty of salmon ids is i llustrated in Figure 7. 7 and 7.2. 

CONCLUSIONS 

To effect better management of the salmon and trout in Hell's Canyon, conclusions from this 
phase of the study are presented as recommended perennial flows which wi l l accommodate al l bio log
ical activities of salmonids (Figure 7.3). Recommended minimum flows represent 9,713,298 acre-fee t 
of water annually. A recent six-year average discharge of Snake River below Hel l 's Canyon Dam was 
14,690,000 acre-feet per year (U.S.G.S., 1971 ). Recommended optimum f lows for salmon ids to tal 
14,059,890 acre-feet annually. 

ACKNOWLEDGMENTS 

The following biologists participated on the salmon id team and obtained most of the data from 
which recommendations relating to salmonids were developed. 

A llan Smith, Oregon State Game Commission 
Duane West , Oregon State Game Comm ission 
Mike Golden, Oregon State Game Commission 
Ken T hompson, Oregon State Game Commission 
Herb Pollard, Idaho Fish and Game Department 
Wil l Reed, Idaho Fish and Game Department 
Ron Lindland, Idaho Fish and Game Department 
Dick Scu lly, Idaho Fish and Game Department 
Wayne Burck, Fish Commission of Oregon 
Bob Bishop, Wash ington Department of Ecology 

Ken Witty, Oregon State Game Commission, and Terry Holubetz, Idaho Fish and Game Depar t
ment1 provided valuable boat and ae rial reconnaissance data wh ich document the effects of flow transi
tions on f ish stranding mortali ty. The results of work on benthos, aquatic vegetation, and river times 
of trave l conducted by o ther scientists were used in part to help define flow requ irements of salmonids 
in Hell's Canyon. 

2 National Mar ine F lsheries Service. 1971. Water Tempera tu re Stu dies, I anuary 1, 1960-Decembcr 31, 1970, Snake River System, 
Boise, Idaho, 155 pages. 

90 



APPENDIX 7.1 

M ETHODOLOGY FOR DET ERMINI NG INSTREAM F LOW 

REQUIREMENTS OF SALMON I DS IN HELL 'S CANYON , SNAKE RIVER 

The Hell 's Canyon Controlled Flow Stud y employed a standard technique of determ ining f low 
recommendations for salmon ids by evaluating flo w requi rements of their individual bio logical activities. 
Flow condit ions required for upstream migrat ion of adu lt fish , spawning,egg incubation , and rearing 
are act ivi t ies for which hydrological criteria have been descri bed through research . 

Spawning 

Spawning flows must provide adequate water for adult sa lmon ids t o spawn in their preferred 
stream areas. A ll important species of salmon ids inhabiting the study stream or stream section should 
be considered whi le formulating a recommended flo w. 

A l though several procedu res were employed to derive recommended spawning flows for salm
onids in Hell's Canyon, two basic procedures were used t o evaluate fl ow requi re ments. T hese two 
procedures are the linear transect technique and observation procedure. 

The transect technique involves the use of water depth and velocity measuremen ts along a 
line intersecting prime spawning area of sa lmon ids (Plate 7. 7). Transects normally are located at 
the head of r iffles on cross-secti onally symmetri cal gravel bars ei ther in the main channel or side 
channel of the river (Appendix Figures 7. 7 and 7.2). Gravel bars were selected which approx imated ,e 
the size of those t ypica lly found in the study reach of Snake River and which were known to be ,r 
use d by salmon ids for spawning. 

Depths and veloci t ies were measured at regular interva ls along the transects. Measurements 
were taken frequently enough to insure proper identification of fl ow condi t ions suitable for spawning 
(Appendix Figures 7.3 - 7.5). Average velocity measurements were taken at each station as described 
by USGS (Stream-Gaging Procedure, Geological Survey Water Supp ly Paper No. 888). Depth and 
velocity measurements were obtained at each of several flow stages (A ppendix Table 7. 7). Transect 
widths usable for spawning plotted aga inst discharge at several different fl ow stages provided curves 
from which recommended f lows were derived (Appendix Figure 7.5). 

Gravel between ¼ inch and 6 inches in diameter, surface flo w at least 0.8 foot deep, and ve loc
ities bet ween 1.0 and 3.0 fee t per second are standard criteria which were employed on Snake River 
to determine the suitability of a site and flow conditions ror spawning of salmon ids. 

Equipment used in the Hell's Canyon Controlled Flo w Study by the Salmonid Team is listed 
in A ppendix Table 7.2. 

A subjective observation technique was employed on gravel bars other than those used for 
transect analysis to more completely evaluate the flows required for spawning of salmonids in the 
st udy reach . At each of the control led fl ow levels, estimates were made of the approx imate flo w 
required t o accommodate spawning act ivi t ies of salmon ids. T he flo w which the vari ous observed 
estimates seemed to indicate was used to reinforce the f low recommended for salmonid spawning. 

Optimum spawning flo w is that which covers the maximum amount of gravel with sui table 
depths and velocities. Minimum spawning flow is that which covers 80 percent of the gravel available 
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Appendix Table 7 .l Transect Measurements for Evaluating Spawning F low Requirements 
(Hypothetical Data). 

Cross-Section Width (measure at lowest fl ow) 
(total width) 

Feet of Usable Gravel - 44 feet 

At Point Water Depth Velocity at .4' 

From right 
bank 0-20' 0 0 

24' 0.3 ' 0.7 
28' 0.8' 1.0 
32' 0.9' 1.0 
36' 0.9' 1.2 
40' 1.0 ' 1.3 
44' 1.3' 1.8 
48' 1.2' 1 .8 
52' 1 .3 ' 1.8 
56' 1.5 I 1.9 
60' 1.8' 2.1 
64' 2.0 ' 2.3 
68' 2.1 ' 2.6 
72' 2.3' 2.7 
76' 2.5' 2.8 
80 ' 2.9' 3.0 
84' 3.1' 3.3 
86' 3.2' . 3.5 

3.0 

Approximately 80' in cen ter of channel >3.0 fps and not wadablc. 

Usability 
Remarks (see criteria) 

4C0.8' 
Gravel<¼" 

IJ ,, 
IJ " 
" " 

ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 
ok 

Gravel >6" 

at an optimum spawning flow. This is approximately equ ivalent to the maximum efficient fl ow for 
prov iding suitable spawning area. 

Appendix Table 7.2 Equipment Used to Evaluate Spawning Flow Requirements or Salmonids 
in Snake River. 

Current Meter 
Velocity Conversion Tables 
Tape Measure 
Wooden Stakes 
Plastic Flagging 
Chest Waders 
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Life Jackets 
Data Forms 
Instruction Sheets 
Thermometers 
Cameras 
Previous Data 



Appendix F igure 7 .1 Location or Transccls On 
Gravel Bars, Spawning F low Requiremenl Evaluation 
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Appendix Figure 7 .3a Spawning Flow Requirement Evalua tio n , ~leasuremen l of Total Transect Width Usable 

End View 

Extent of Gravel -----------------• 

When excessive flow predudes a measurement of " Extent of Gravel ," total usable width 
for spawning must be a careful summation of that segment which can be reached. 

Appendix Figure 7 .3b Spawning Flo w Requirement Evaluation, l\Ieasurement of Total T ransect Width Usable 

I 
1-4 

Sand I~ 

End View 

~ 
Evaluate usable width only over suitab le spawning gravel (¼" • 6") 

~ I 
..i 

."'-A~ 

Gravel • 1--------- I 
Boulder-R ubble----------•••--• ----

I 
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Gravel ____ .., •- Silt - I 
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A2µendix Figure 7 .3c Spawning Flow Reyuiremen t Evaluation, l\'leasurement of Total Transect Width Usable 

Reasonable Discharge Level I · :C< ' 'S', L • _:.&:I 

~ I I I I I I ~ 
\-------- 21.ooo cfs I I ; : ~ ~ : 

1 1 1 , ~eb ~ ---------
• I I 

I 
I 
I ., 

End View 

I I I 
Oewatered gravel suitab le for spawn ing should be included in total ,.I 
width evaluation if normally available during spawning period. 

Appendix Figure 7 .4 Spawning Flow Requirement Evaluation, Measurement of Total Transect Width 

~---------------- 27,000 cfs-------------,----------r-----------------,,,.1 

• ~,~s~.o~oo~=================~==========±==============;:::::_..-_.. 12,000 - I 

7,700 : : --, 
I 5,000 I 

,.....•--------------------------------------Wadable at 12,000 cfs ., 1 

_.,_ ____________________________________________ ..JN,adable at 7,700 cfs------~---------
_._--11---------------------- Wadable at 5 ,000 cfs 

End View " Total Width" base measurement can be obtained at lowest flow by measuring 
from a common bankward point. (ie. " a") 



Appendix Figure 7.5 Graµh o f Transect Data for Dclcrmining Recommended Spawning Flow (llypothetical Data) 
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Photo by Dick Seu lly, I d eho Fish & G eme 

Pla te 7. I Transect evaluation of flows required for salmonid spawning . 



Incubation 

To assure successfu l egg incubation and fry emergence, 
adequate flows should be maintained over spawning areas for 
a period of 50 to 70 days fol lowing peak spawning activity. 
From the Hell 's Canyon Controlled Flow Study, flows were 
recommended wh ich wi ll accommodate summer steel head, fall 
chinook salmon, and rainbow trout. 

Intra-gravel dissolved oxygen analyses and spawning 
transect informat ion were the pr incipal data used to recom
mend flows for incubation. Other information was used to 
reinforce these recommendations. 

Intra-gravel dissolved oxygen was systematically sam
pled at each of the five control led fl ows during the study . 
Sampling was accomplished by use of plastic standpipes driven 
into the gravel (Appendix Plate 7.2). Standpipes were deployed 
along the same gravel transects used to evaluate spawning f low 
requirements (Appendix Figure 7.6). The procedure used to 
determ ine the effects of reduced flows on intra-gravel dissolved 
oxygen is described in Appendix Tables 7.3, 7.4 and 7.5. 

Data from other procedures were examined to provide 
additional insight into f lows requ ired for incubation, but are 
discussed in the sections of th is appendix to which they arc 
most appropriate. 

Photo by Al Smith, Oregon Gome Commission 

Pla te 7.2 Intra-gravel dissolved oxygen analysis. 

Appendix Table 7. 3 Procedure for Evaluating Intra-gravel Dissolved Oxygen, l-k ll' s Canyon 
Contro lled Flow Study 

L Try to establish standpipes in area so dissolved oxygen readings can be taken as late in the day as possible (to allow as much time 
as possible for intra-gravel environment to stabilii,e after each flow transition) , 

2. Drive standpipes into gravel just upstream from spawning transect. Add adaitional standpipes on each transect as soon as reduced 
n ow stages permit. Metal reinfo rc ing rods can se"'e to stabilize the standpipes in swift river currents. 

3. Blow on top of standpipe to clear it of sediments. (Watch for bubbles around base of standpipe. Relocate standpipe in vicinity if 
it canno t be cleared). 

4, Allow a l least 6 hours for substrate and DO around base of pipe to stabilize. (Wait as long as p ossible after a flow stage has stabil
ized before sampling 00. Preferably, sampling should be done just prior to the subsequent flow stage or just prior to darkness. 
Each daily sampling should be done at the same t ime o f day.) 

5. With hand thermometer and string, take temperature of water in bot tom of standpipe prio r to testing DO. 

6. Before ex trac ting water sam1>IC, clear rubber sampling tubes of all excess water (this can be accomplished by grasping the cork encl 
and twirling the rubber sampling tubes). 

7. To obtain wate r sample from standpipe, insert longest rubber tube well in to water column but do not a.llow it to touch bottom 
where it could pick up sediments. Place short rubber tube in mouth and carefully draw water sample, pinching tube with teeth 
or fingers be tween breaths to avoid letting water recede in sampling tube and air to become trapped in tube or sample bottle. 
Discard sample and repeat procedure if bubbles should appear. 

8. When filling sample bollle, tilt bottle slightly to side to allow sample water to run down inside of bottle, thus avoiding aeration. 

9. As soon as sample bottle is filled, gently remove stopper and raise ends of rubber tubing above bottle to allow excess water to over• 
flow. 
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Appendix Table 7 .4 lntragravel Dissolved Oxygen Analysis 
(Hypothetical Data) 

Stream 

R iver Mile - ----- ------
Discharge ----- - ------

10.5 ppm (surface 00) 
48 (surface temperature) 

Standpipe Water 
No . 00 Temp. ( F) 

a ,1 5.5 52 
a.2 8.0 49 
a,3 10.5 48 

b,1 3.0 54 
b,2 9.0 49 

Remarks: 

Date ________ _ 

Time 

Observers - ------

Surface F low 
Depth (ftl Velocity (fps) 

0 0 
0 .5' 0.8 
2.5' 3.6 

0 0 
2 .1· 3.2 

Appendix Table 7 .5 Intra-gravel Dissolved Oxygen Analysis, 
Standpipe Location Key (Hypothetical 
Data) 

Stream 
River Mile 

Observers ___________ _ 

Standpipe No. 

a, 1 
a,2 
a,3 
a,4 
a,5 
a,6 
a,7 

b,1 
b,2 
b ,3 
b,4 
b ,5 
b,6 

Location 

10' from left edge of spawning transect - "A" 
45• " " " " " 

25' from right bank of spawning transect • "B" 
52' ,, ,, ,, ,, ,, ., 

Appendix Table 7 .6 Transect Measurements for Evaluating Passage 
Flow Requirements (Hypothetical Da ta) 

0-oss-Sectio n Width 410' (wetted width I 
Percent Streambed Wened 70 percent 
Feet of Usable Gravel 240' 

Water 
At Point Depth 

From left bank 10 ' 0.1· 
20' 0.2' 
30' 0.2' 
40' 0.3' 
50' 0 .5' 
60' 0.7' 
70' 0.7' 
80' 0.6' 
90' 0 .8 ' 

100' 0.9' 
110' 0 .8 ' 
120' 0.7' 
130' 0.8' 
140' 1.0' 
150' 1 .4' 
160' 1 .3' 
170' 1.5' 
180' 1 .6' 
190' 1.8' 
200' 1.9' 
210' 1.8' 
220· 1.7' 
230' 1.8' 
2 40' 1.6' 
250' 1.6' 
260' 1.4' 
270' 1.6' 
280' 1.5' 
290' 1.3' 
300' 1.3' 
310 ' 1.3' 
320' 0.9' 
330' 0.9' 
340' 0.7' 
350' 0.6' 
360' 0.7' 
370 ' o .5' 
380' 0.4' 
390' 0.3' 
400' 0.2· 

Right bank 410' 0.1 ' 

Velocity 
at .4' 

B fps 

Usability 
(See Criteria) Remarks 

o.a· 

ok 

0.8' 
ok 

o.a· 



Appendix Figure 7 .6 Location of Standpipe Transects on Gravel Bars, Intra-Gravel Dissolved Oxygen Analysis 
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Appe ndix Figure 7. 7 LocaLion or T ransect , Passage Flow Require me nt Evalua tio n 
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10. Pour a small amount of water from sampling bo ttle lo allow enough space for adding reage nts. 

I I. Acid MnSO 
4 

to water sample. Tap neck of sampling bo ttle with glass s topper to se ttle rcai,:cnLs from su rface. 

12. Adel alkali,,e iodide-sodium azidc. Replace glass stopper in water sample bo ttle with a quick t" •ist. T ilt bottle slightly. 

13. Slntke somplc bottle 5- 10 seconds to dissolve chemicals. 

14. Set botllc down to allow noc to se ttle halfway (if floe docs not se t1le, allow 2 minutes to insure the process to reliably continue). 

15. Add H
2
so4 (al'tcr adding 11 2sO4, wutcr sample is considered "fixed" and can be allowed co stand as long as desirable before 

titrating). 

16. So that e ach drop PAO cQlHtls ½ part per million, place lwo cylinde rs fu ll of water sample into Litration container. 

17. /\dd two drops of starch indicator to titration container with sample and m ix. 

J 8. Withdraw eye dropper filled with PAO and disc11rd first drop. 

19. Commence titrating with PAO, add ing o ne drop at a time to w:itcr s~mplc in titratio n container. Be su re to swirl water sarnple 
after each drop o f PAO is added, especially near end point. End point is r,·ached when water color returns to that of the water 
sample before any reagents were added. 

20. Rinse all glassware in riv<'T Wt1lcr. 

21. A subsequent water sample may be drawn from swnclpipe within 10- 15 minutes. 

22. Monitor each standpipe daily (at same lime o f day) as long as water sample can be drawn from standpipe. When water sample 
c an no longer be drawn from standpipe, no te the day, and pull the standpipe for use elsewhe re to supplement subsequent measu re• 
rncnts. 

23. Reinforcing rods can be re moved from s ta ndpipe after surface depth drops below 1.0'. This will enable t ill' l•sc of the bracing for 
s tandpipes subsequently cstablishccl. 

Passage 

River flows to enable physical movement of adult salmonids through Hell 's Canyon reac h or 
Snake River arc recommended as conclusions in this report. T hese flows wi ll enable passage t hrough 
the most cri t ica l reaches of r iver when anadromous fish are ac tively migrating in Hell's Canyon . Be
cause the lowermost cont rol led fl ow of 5,000 cfs did not present criti cal passage flo w conditions in 
the river , the two techniques prepared fo r the study were not employed 

The transect technique involves the analysis of stream width suitable for passage on a l inear 
transect. Transect measurements of flow depth are taken along the shallowest course of a riffle 
extending from bank to bank (Appendix Figure 7. 7). From measu rements obtained at several di r
fcrent flow levels, data can be graphed to project passage conditions at a range of nows (Appendix 
Table 7.6, Appendix Figures 7.8a and 7.8b). A minimum flow recommended for passage has con 
ventionally been one which creates a continuous portion or the transect representing 10 percent o r 
its total width and which provides at least 25 percen t of the total transect wid th sui tab le for passage 
of adult sa lmon ids. To assure fish passage through all critical areas, the recommended passage f low 
is one wh ich wou ld provide passage through the most cri tical transects. The flow also is one which 
shou ld provide passage over such obstructions as fa lls an d cascades, which may require more water 
for fish to pass. 

Flow cri teria to have been emp loyed on the Snake River were a minimum depth of 0.8 foot 
and maximum sustained velocity through a riffle of 8 feet per second. 

A second technique readied for application during the Hell's Canyon Controlled Flow Study 
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was a more subjective evaluation based on observations at different flow leve ls. As time and condi· 
tions permitted, biologists were instructed t o no te and estimate flows which would have provided 
passage conditions necessary to meet minimum passage criteria. A series of such observat ions at 
different flow levels, both above and below an adequate passage f low can substantiall y reveal the flow 
requ ired to meet minimum fl ow conditions necessary for passage. By applying such observations at 
the lowermost controlled f low of 5,000 cfs, an appropriate passage flow was estimated. 

Rearing 

Several procedures were employed to evaluate f lows required for salmon id rearing in Snake 
River. Data obtained from depth and velocity transects, systematic sampling of stranding mortality, 
time of travel studies conducted with f luorescent dye, and data obtained from the study of benthic 
organisms and the effects of reduced flows were all used to help formulate recommended flows for 
rearing. Flows required t o provide adequate food, living space, shel ter, and water quality for fish life 
were determined from these several allied studies. Chapters 2, 4, 5, 6, and 10 describe the phases of 
the Middle Snake River stud y which provided insight in to fl ow requirements for sa lmonid rearing. 

Effects of River Fluctuations 

Hydroelectric power peaking in Hell 's Canyon has some adverse effects on salmon ids. Diurnal 
f luctuations of the river of one foot or more are not uncommon. Con tinued and increased f luctua
ti on of river flows consiti t ue a potential threat to aqua tic l i fe. Excessive fluctuations can dewater 
fish redds, strand fish, interrupt aquatic insect production on vast areas of the river bottom, displace 
rearing f ish and interfere with their rearing requirements as they rel ate t o territorialism, and promote 
irregu larities in water quality which may be detrimental to f ish li fe. 

Several investigati ons were reviewed to eval
uate the effects of flow fluctuations: egg dewatering 
and fish stranding mortali ty evaluations, fish redds 
(nests) and spawning gravel relationships with dis• 
charge, flow transi ti on monitoring, and the studies 
on benthic insec ts and aquatic vegetation . 

Salmonid egg mortality data collected during 
the study are substantially inconclusive. Other fish· 
cries research, however, has shown significant and 
immediate effects on salmonid egg viability when 
subjected to low dissolved oxygen levels. The pro
cedure used during the Hell 's Canyon Controlled 
Flow Study involved the use of eyed summer steel
head eggs acqu ired from a hatchery and stainless 
steel containers (Appendix Plate 7.3). Twenty con
tainers, each containing 100 steel head eggs and pea
sized gravel, were buried at 2 separate locations in 
the 107. 7 mile study reach. Five baskets each con- PhOIO by Tony Wlivto, Voncouvor Columbian 

taining 100 eggs were deployed in a li ke manner in l'latc7.3 Salmonidcggdcwatcringevaluation. 

Asotin Creek, a tributary of Snake River at Asotin, Washington, as controls for the evaluati on. Eggs 
were buried in the gravel at each study plot to simulate fish redd condit ions. The experimental redds 
were dewatered after the first day. Two baskets were recovered each day thereafter to determine the 
accumulative mortality over the study period. A lthough di fficulties were encountered in this partic
ular evaluation, it was obvious that after a relatively brief period of dewatering, the summer steelhead 
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eggs displayed significant mortality. 

The systematic sampling of stranded fish fo llowing each stage of de watering and th e evalua• 
tion of f low t ransitions are explained in more detail in Chapter 10. The effects of fl ow fluctuations 
on and relationship of discharge to benth ic insects and aquatic vegetation arc discussed in Chapters 
5 and 4 respectively. 
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CHAPTER 8 

WARM WATER F ISHES 

Terry Holubetz 

Idaho Fish and Game Department 

The objective of this portion of the study is to de termine the changes in the spiny-ray fish 
habitat of the Hell's Canyon contro lled f low study area as the f low was varied from 27,000 cfs to 
5,000 c fs. Because of the complexity of the habi tat parameter, f ini te measuremen ts were deemed 
infeasible. The findings of this chapter rely heavily on the abili t y of the author to in terpret obser
vations of the changing habitat. 

Unlike most of the chapters in the report , this chapter is solely based on observations and 
interpretation of the observations by the author . 

Methods 

At each flow stage, the author made low
level aerial observat ions of Snake River from Hell 's 
Canyon Dam to Asotin in a hel icopter . Photo
graphs of key spiny -ray fish habitat were obtained 
at all f low stages. Changes in the habi tat were 
no ted on a tape recorder at the end of each day. 

The Corps of Engineers obtained com plete 
sets of high-level aerial photographs of the Snake 
River at the 12,000 cf s, 7,700 cf s, and 5,000 cf s 
flow stages. Bo th high-level and low-level aerial 
pho tographs we re studied thoroughly and habitat 
changes were noted (Plate 8. 7 ). Photo by Mil l Williams, Idah o F lsh & Gemo Oopt, 

Plate 8.1 Experienced fishery biologisl exa mi nes aerial photos 
Stranding of spiny-ray fish was studied forchangcs in warm water fish h:.billlt. 

by landing the helicopter and close ly inspecting potential stranding sites. 

Results and Discussion 

The quality of spiny-ray fish habitat in the study reach general ly im proves as fl ows are 
reduced from 27,000 cf s to 5,000 cfs. A higher percentage of the river becomes suitable living 
space for spiny-ray fish as flows are reduced. This relat ionship is also true for undesi rable species 
such as carp, squawfish , and suckers. Food production areas for all species of fish are reduced as 
f lows decline from 27,000 cf s to 5,000 cfs. Competition for a l imi ted supply of food be tween spiny
ray fish and ocher fishes intensifies as fl ows are reduced. In the present range, increased solar heat ing 
of waters at the lower fl ows would enhance the spiny-ray fish habitat. 

The quantity of spiny-ray fish habi tat increased as flows are reduced from 27,000 cfs to 
12,000 cfs; as much of the river is changed from a high velocity area to a low velocity area . In this 
range of f lows, the major portion of the areas dewatered are high veloci ty areas that are important 
as food product ion areas but do not provide living space for spiny-ray fish. 
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As flows are reduced from 12,000 cfs to 7,700 cf s, a higher percentage of the de watered areas 
are spiny.ray habi tat (Plate 8.2 and 8.3). Considerable stranding of spiny-ray species wou ld occur 
with flow reductions in this range. The loss of habitat through dewatering appears to balance with 
the increase in habitat resulting from reduced ve loci t ies in the 7,700 cfs to 12,000 cfs range. The 
stream resource maintenance fl ow for spiny-ray fishes is believed to be in the 7,700 cfs to 12,000 cfs 
range. 

As flo ws are reduced below 
7,700 cf s, the amount of liv ing space 
and food producti on area is reduced for 
spiny-ray f ish. Stranding of these 
species wou ld be severe with sudden 
f low reductions in this range of f lo ws 
during the summer months. 

Competition for a lim ited food 
supply and living space wou ld tend to 
depress spiny-ray fisheries if f lows were 
sustained at a stage below 7,700 cf s for 
an extended period of t ime (more than 
30 days). A gradual reduction t o flows 
below 7,700 cfs for a short period of 
time (less than 30 days) probably would 
not affect spiny-ray fish producti on if 
the reducti on were not done during the 
spawning season. A ny flow reducti on 

Pho to by T orry Holubotz, Idaho Fish & Game 

Plate 8.2 Linle Bar Rapids (RM 225.0) at 12,000 cfs. 

during the spawning season of smal l mouth bass affects the product ion of juveniles of th is species. 
Angler success rates for spiny-ray f ish increase as flows decrease. 

The crappie fishery in the Snake River appears to be enti rely dependent upon the amount of 
spi ll at the upstream projects. Crappie are not believed to be self -sustaining in the study reach. 

Photo by T , Holubetz, IF & G 
Plate 8.3 Little Bar Rapids at 7,700 cfs. 
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Fluctuating river stages in the Snake 
Rive r benefit the spiny-ray fishery if 
the timing of the fluctuations arc nat
ural and not ex treme. Unnatural f luc
tuations caused by da ily and week ly 
peak ing are believed to be far more 
damaging to the spiny-ray fishery than 
the present pattern of seasonal peaking. 

Sp iny-ray f ish habitat does not 
appear to be the criti cal resou rce in the 
determ ination of a stream resource 
maintenance flow requi rement for the 
study reach during a major portion of 
the year . 



CHAPTER 9 

STURGEON FISHING 

Rudy R. Ringe and John Coon 

The University of Idaho is currently involved in a th ree year study (1972-1975) under the 
direction of Ted Bjornn , Cooperative Fishery Unit, Col lege of Forestry, to determine effects of water 
development schemes on white sturgeon (Acipenser transmontanus). 

The objectives of th is study are as fo llows: 

1. Estimate abundance and age structure. 
2. Assess mortality and growth rate. 
3. Determine food habi ts. 
4. Assess daily and seasonal movements. 
5. Determine spawning habits. 

Our objective for the Hell 's Canyon Controlled Flow Study was to continue capturing and 
tagging sturgeon and supp lying the information gained during th is week to the l nstream Flow Study. 
Thi s chapter repor ts the resu lts of our work with sturgeon dur ing the lnstream Flow Study. 

Methods 

A seven-man team, divided into 3 crews, 
fished three holes where sturgeon had previously 
been caught; the Oregon Hole (RM 238.1), Will ow 
Creek Hole (RM 227.5), and the H igh Mountain 
Sheep Dam Site Hole (RM 188.9) . 

Two men with a six-man rubber raft 
equipped with a 9h.p. outboard motor were trans
ported to the Oregon Hole by Oregon Game 
Commission jet boat. They camped in tents and 
f ished March 19-25 at this locati on . Three men 
with a 22 ft. jet boat fished the Wil low Creek Hole 
and surrounding vicinity March 20-25 while using 
Sand Creek Camp as a base. Due to boat motor 
trouble, we relied on Dwight Ki lgore w ith the 

Photo by T . Whyte, Columbian Idaho Fish and Game jet boat to supply transpor-
Platc 9.1 Largc hooksfor large sturgeon. tation from March 20till March 26from a camp 

at the mouth of the Salmon River . 

Sturgeon were captured by sport fishing by rod and reel (Plate 9. 7) and by the use of set l ines 
(Plate 9.2). The set lines were fished day and night and removed only long enough to record data on 
fish caught, rebait the line, and return i t to the water. In some cases when no f ish were caught in mar
ginal ho les some set lines were moved to another hole. The 5 set lines used were each approx imately 
100 feet in length (5/16-3/8 inch nylon rope ) with from 10 to 16 dropper lines (500 lb. test parachute 
cord) attached to the main line at 6 foot intervals. The main line was weighted with 3-5 ounces of 
pencil lead at each dropper. Single hooks were used (size 12/0, 13/0, or 14/0) at the en d of the drop
per lines. The set line was weighted at the distal end with a rock (approximately 8-10 pounds), then 
stretched across the hole and weighted at the nearshore dropper with a second rock and then an appro-
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priate length lead was tied from the set line to rocks or trees on shore. Rubber bumpers were placed 
on the main line at 3-hook intervals to absorb the shock and prevent damage to the fish. A n inner 
tube was used as a shock absorber at the shore lead. Set lines were baited with smelt, lamprey and 
parts o f dead fish caught during 
the study. Rod and reel bait in
cluded the same bait as set l ines, 
but worms were the predom inant 
bait. 

Cap tu red fish were tagged 
with a plast ic anchor tag (Plate 
9.4) in the dorsal fin, measured 
for girth behind pectoral fins and 
in front of pelvic fins, measured 
for to tal length , and weighed with 
spring scales (Plate 9. 2). A section 
was clipped from the lead ing ray Photo by T . Why to, Columbian 

o r the lcrt pectoral f in to be used Plate 9.2 Se t lines being checked by sturgeon crew. 

for growth and aging purposes. No 
attempt was made to ascertain food habi ts because no fish were k illed duri ng the study and a suitable 
method of stomach pumping has not yet been developed. 

Photo by John Coon , University of Idaho 
Plate 9.3 Sturg<·o11 crew wcighin~ giam white sturgeon cap· 

turcrl on set line at Willow Creek Hole (RM 227 .5 ). 

It was intended to place a radio tag in a stur
geon in the Will ow Creek area to monitor i ts move
ment during the flow reductions, but a suitable radio 
tag was not developed in time. 

Scuba dives were made in the Wi llow Creek 
Hole and near the mouth of th e Salmon River at 
51000 cfs, but visibility was so poor that no sturgeon 
were seen . The dye release contributed to excess 
turbidity at the Willow Creek Hole. 

A net, 30 feet deep by 60 fee t long, was 
pu lled through Wil low Creek Hole several times, but 
no sturgeon were captured . Lack of boat maneuver
ability wh ile dragging the se ine and insufficient 
length of net to give a good bag were believed to be 
the primary reasons why no fish were cap tured. 

Results 

The resu l ts of set line and rod and reel fi shing are shown in Tables 9. 7 and 9.2 respect ively. 
Age, length , and we ight data analyzed to date are shown in Table 9.3 and Figure 9.1. A total of 9 
fish were captured on se t lines, one o f which was previously tagged Sep tember 30, 1972. Sixty-eight 
f ish were caught by rod and ree l fishing wi th 3 recaptures. The size range from th e set line fi shing 
was from 24.2 inches to 98.1 inches. Onl y two of the 9 f ish caught on set lines were under 78 inches 
long, while the largest f ish caught by rod and reel was 34.8 inches (Plate 9.5). The Willow Creek Hole 
produced the most fish, which is consistent wi th past records (continued samplings of this hole through 
the summer of 1973 has y ielded a populatio n estimate of 275 sturgeon bet ween the lengths of20and 
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Table 9. 1 Set Linc Sturgeon Fishing Effort and Results During Instream F low Study 

Date Flow Time Total Location River Catch Length Range No. 
(March, 1973) ( cfs) (MST) Hours Mile (Inches) Recaptures 

20-22 27-18,000 1715-1015 40 Mou th of Salmon 188.2 0 
20-2 1 27,000 1620-0930 17.20 II.M.S. Dam site 188.9 1 88.2 
20-2 1 27,000 1900-1000 15 Willow Creek 227.5 0 
20-2 1 27,000 1916-1015 16 Willow Creek 227.5 0 
20-2 1 27,000 1800-0900 15 Oregon Hole 2!18. l 2 24.2 & 98 

21-22 27-18,000 1000-0915 23. 75 HM.$. Dam site 188.9 0 
21-22 27-18,000 1130-0930 22 Alum Range 226.5 0 
2 1-'22 18,000 1830- 1000 15.5 Willow Creek 227.5 0 
2 J-22 18,000 1800-0900 15 Oregon Hole 238.1 1 119.8 

22-23 18-J 2,000 1045- 1000 23.25 N .J>. Dam site 186.2 l 26.0 
22-23 18-12,000 1000-1000 24 H.M.S. Dam site 188.9 0 
22-23 12,000 1830-1030 16 Willow Creek 227.5 0 
22-23 12,000 1845-1100 16.25 Willow Creek 227.5 l 94.9 I t 

22-23 18-12,000 0900- 1000 26 Sand Creek* 228.0 0 
22-23 12,000 1800-0930 15.5 Oregon llole 238.1 0 

23-24 12- 7,000 1000-0930 23.5 N.1'. Dam site 186.2 0 
23-24 12- 7,000 10!10- JOOO 2!1.5 11.M.S. Dam site 188.0 1 88.2 
23-24 7,000 1930-09!10 14.5 Willow Creek 227.5 0 
23-24 7,000 1945-1000 14.25 Willo,v Creek 227.5 0 
23-25 7-5- 12,000 1830-1500 44.5 Oregon Hole 238.1 2 89.0 

24-25 7-5,000 10!10-1030 24.0 l-1.M.$. Dam site 188.9 0 
24-25 7-5,000 0930-1630 31 N.P. Dam site 186.2 0 

25 5,000 1100-1600 5 l-1.M.S. Dam Site 188.9 

* This was a 7-hook set line using 8/0 hooks. 
"t Recapture from September 30, 1972. 

Tab le 9.2 Rod and Reel S turgeon Fishing Efforts and Resulls D uring Inslream Flo w Stuc.l y 

Date Flow Time Total Number Location River Catch Length Range No. 
(March, 1973) (cfs) (MST) Hours Poles Mlle (Inches) Recaptures 

20 27,000 1220-1 240 0.3 2 J oseph Gage 192.3 0 
20 27,000 1300-1330 0.5 4 HMS Dam S 188.9 0 
20 27,000 1335-1350 .25 2 M of Salmon 188.2 0 
20 27,000 l 200-1845 6.75 3 Willow Cr. 227.5 12 21.3-28.1 

21 27,000 1330-1430 1.0 3 M of Salmon 188.2 0 
2 1 27,000 1445-1600 1.25 3 NP Dam$. 186.2 I 25 
21 27,000 1730-1900 1.5 2 M of Salmon 188.2 0 
2 1 27-18,000 1230-1900 6.5 3 Willow Cr. 227.5 16 21.5-34.3 

22 18,000 09 15- 1030 1.25 3 HMS Dam S 188.9 0 
22 18,000 1220- 13 10 0.8 4 Cottonwood 180.8 I 27.0 
22 18,000 1415-1600 1.75 5 NP Dam S. 186.2 0 
22 1. 8- 12,000 1800-0800 ) 4.0 2 M of Salmon 188.2 0 
22 18- 12,000 1030-1900 8.5 3 Willow Cr. 227,5 JG 22.0-28. 7 

23 12,000 1030-1230 2.0 4 NP DamS. 186.2 0 
23 12,000 l 035-1225 1.8 l M of Salmon 188.2 0 
23 12,000 1430- 1540 1.2 3 Divide Cr. 193.2 0 
23 12,000 1740- 1900 1.3 2 M of Salmon 188.2 2 2 1.3-26.0 
2!1 12-7,000 1100-1900 8.0 3 Willow Cr. 227.5 17 22.4-28.7 

24 7,000 1300-1630 3.5 3 Divide Cr. 193.2 0 
24 7,000 1700-1800 1.0 2 M of Salmon 188.2 0 
24 7,000 1100-1215 1.25 3 Willow Cr. 227.5 0 
24 7-5,000 1300-1500 2.0 2 Hat Creek 235.7 1 25.2 

25 5,000 0930- 1030 1.0 2 HMS Dam S 188.9 0 
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Table 9.3 Ages, Leng ths and Weights o f 39 Sturgeon (All Fin Rays Not Yet Processed). 

Age No. Length Ranges Average Length Weight Range Average Weight 
(Years) F ish Inches Inches Pounds Pounds 

3 1 20.5 1.5 
4 4 21.3-26.3 23.5 1.3-2.4 J.9 
5 5 23.5-25.8 25. l t.9-2.9 2.4 
6 3 23.8-27.0 25. 1 2. 1-2.65 2.3 
7 4 25.3-28.8 26.6 2.2-3.1 2.7 
8 5 25.0-28.5 27.0 2.5-3. 7 3.0 
9 2 28.8-3 1.3 30.0 2.6-3.6 3.J 

10 2 30.0-34.8 32.4 3.4,6.8 5.1 
11 2 28.8-29.8 29.3 3.6-4.7 4.2 
12 2 35.0-40.3 37.6 6.3-8.9 7.6 
19 2 45.0-45.0 45.0 14.8-21.0 17.9 
20 1 85.8 128.0 
21 l 85.5 155.0 
22 I 88.0 164.0 
24 1 90.0 Unknown 
25 I 88.5 149.0 
28 I 9 1.0 164.0 
31 J 94.0 184.0 
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90 inches). Day to day fish ing effort was not always totally consistent because of transportation or 
other scheduling problems. 

On the 23rd of March, the set line at Oregon Hole (RM 238.1) could not be pu lled by the 
rubber raft and 9 h.p. motor. When finally pu lled by the Oregon Game Commission jet boat on March 

25, the line con tained two 7½ foot long stur
geon and a sunken tree that was considerably 
longer! One set line recovered at Nez Perce 
Damsite (RM 186.2) had a 500 lb. strength 
dropper line pu lled apart, presumably by a 
large sturgeon as t he line was tangled, some
time during the night. 

There appeared to be no difference 
in fishing success at differen t flow leve ls. 
However, the number of fish caught was not 
sufficient to test significance of th is relation
ship. No recaptu red f ish had moved from 
the hole of its first capture. 

CONCLUS IONS . Photo by K. Boy ha, BSF&W 
Plate 9.4 Tags were placed in dorsal fin for fu ture identification of 

recaptured fish. 
The main effect of f low changes in 

the Snake River on stu rgeon is probably the influence on their food chain. Detrimental cond itions 
for the growth and reproduction of such food items as clams, mussels, lamprey larvae , insects, cray

, Photo by Don Pullum, U .S. A rmy 

Plate 9.5 All sturgeon caught by rod and reel were less than 35 inches 
in length. 

fish, and sculpins could affect the sturgeon. 
(See Chapters 5, 6, and 10.) 

Many of the areas were harder to 
f ish at higher flows because the lines were 
swept ou t of the holes and set lines were 
tangled by back eddies and high velocities. 
However, fishing success did not seem to be 
altered by level or change of river f low. An
other influence of changes in river fl ow wou ld 
be access to the river by sturgeon fishermen 
which is covered in Chapter 14-Navigation . 

The age and growth data for white 
sturgeon in the Middle Snake (Table 9.3 and 
Figure 9. 7 ), appear to be similar to that 
found for white sturgeon in the San Pablo 
Bay of California (Pycha, 1956) and the 
Fraser River of British Columbia (Semaku la 
and Larkin, 1968). As might be expected 
in the case of such long living f ish , all three 
populat ions show a great deal of variabil ity 

among individuals. An exact and valid comparison of these three sturgeon populations will require a 
considerable refinement and/or amplification of the existing data for all three. To help evaluate 
environmental effects on sturgeon growth, it is hoped to obtain such a comparison as part of the 
presen tly continuing sturgeon study. 
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CHAPTER 10 

F I SH ST RAN DING SU RV E Y S 

Ken Witty and Ken Thompson 

Oregon State Game Commission 

OBJ ECTIVE 

The purpose of conducting fish stranding surveys during the Hell 's Canyon Contro lled Flow 
Study was to evaluate occurrence of fish stranding and redd dewatering during periods of rap id water 
flo w decrease in the Snake River below Hell's Canyon Dam. 

Since construction of three dams in the Middle Snake River , fish of all species have been 
observed stranded on grave l bars and in isolated pools by bio logists, boaters and anglers during peri ods 
of rapidly declining water flows. Decreased fl ows also have occurred in periods fo llo wing fish spawn
ing. Consequently, fish redds are de watered for varying per iods of time. 

Fish stranding and redd dewatering is caused by water manipulations at Hell 's Canyon Dam. 
Within provisions of the Federal Power Commission license for Idaho Power Company to operate 
three dams on the Middle Snake River, Article 43 states in part : "The minimum plant opera tion will 
be 5,000 cf s at Johnson's Bar, at which point the maximum variation in river stage wi ll not exceed 
one foot per hour." Prior to dam const ructi on on the Middle Snake River, minimum f lo ws of 5,000 
cfs and water fluctuati ons of one foot per hour were not common. 

The Hell 's Canyon Contro lled Flow Study gave fish biologists an opportunity to evaluate f ish 
stranding during periods of rapid f low 
decrease below Hell 's Canyon Dam. 
Fall chinook redds were examined, and 
tests were conducted with stee lhead 
eggs to evaluate impacts of de watering. 
This chapter reports on f ish stranding -, 
surveys and fall chinook redd examina
tions. Impact of dewatering f ish eggs 
in the gravel is discussed in Chapter 7. 

METHODS 

A s part of the designed con
tro l led flow stud y , the water flo w at 
Hell 's Can yon Dam was reduce d as 
quickly as physically possi ble at 12: 00 
noon M .S.T . on March 21, 22, 23, and 
24 from 27,000 to 18,000; 12,000; 
7,700; and 5,000 cfs, respect ively. 

Pho t o by C. Koski, N MFS 

Plate 10.1 J ohnson Bar Gage, 18 mUes downstream from Hell's Canyon, is 
monitoring point for rate of flow change. 

Staff gage readings, for the purpose of th is chapter , were made at Saddle Creek and at Johnson 
Bar. The Saddle Creek gage was a temporary gage installed for the purpose of the study and was re
adjusted each day for each fl ow t ransition 1. The Johnson Bar gage is a permanent U.S. Geological 

1 
Flow transition and stage wave: A phenomenon of pressure changes resu lting from an increase or decrease in discharge which results 

in a translatory wave which moves through wa1er at a greater velocity than t hat of the water particles. 
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Survey gaging station (Plate 70. 7). 

Fish biologists working on the salmonid study recorded the occurrence of fish stranding and 
examined exposed salmon redds at Saddle Creek (RM 236.0), near Pittsburg Landing (RM 219.9 and 
213.8), and above Lewiston (RM 149.5). The total area surveyed at each fl ow transition was 1,780 
Ii near yards. 

RESULTS 

Figure 10.1 depicts the gage readings at Saddle Creek, and Figure 70.2 depicts readings at the 
Johnson Bar gaging station during each water f low transition period. Note in the figu res that the water 
f low transition period extends over a greater period of time as the flows decrease. 

At Saddle Creek, the flow transition exceeded one foot per hour, but the mean flow transition 
during the study was a drop in water level of 0.85 feet per hour. The maximum flow t ransition at 
Johnson Bar was 0.90 feet per hour which occurred during the first hour of fl uctuation at the water 
flow transition of 27,000 to 18,000 cfs. Neither the water f low transition nor the minimum flow 
requirement stipulated by Federal Power Commission license was violated during the study. Conse
quently, fish stranding and redd dewaterin g observed during the study could have occurred within the 
quidelines of the Federal Power-Commission li cense. 

Figure 70.3A depicts the total number (N) of fish that were observed stranded during the 
various flow changes. Figures 70.38, 70.3C and 70.3D show, by fish classification, numbers of fish 
stranded during the fou r stage-wave discharge periods. These data show that while the reduction 
from 12,000 to 7,700 cfs most severely affected warm water game fish and non-game fish, the sal
monids were Initial ly impacted during the 18,000 to 12,000 cfs reduction. Plates 70.2 and 10.3 
show examples of stranding which occurred during the reduction from 12,000 Lo 7,700 cfs. 

Eight chinook redds were examined, all of which were exposed between fl ows of 18,000 cfs 
and 7,700 cfs with most the exposure occurring between the 12,000 and 7,700 cfs flows. Plate 70.4 
shows fall chinook redds being exposed at 7,700 cfs. All redds examined contained fall chinook sac 
fry (Plate 70. 5). This is not to say that all chinook fry perished. Plate 70.6 shows other redds still 
wetted at 5,000 cfs. 

CONCLUS IONS 

Fish stranding and rcdd exposure does occur in the Snake River and stranding and exposure 
occurs when water fluctuations an'd flows arc maintained within requirements outlined in the Federal 
Power Commission license to operate dams on the Middle Snake River. 

The Hell 's Canyon Controlled Flow Study showed that fish stranding in the Snake River is 
not directly proportional to flow t ransitions. Fish stranding appears to be more directly related to 
dewatcring of those zones fish are most accustomed to occupying. General observati ons indicated 
that a fish had a territory, and was reluctant to leave this location resulting in it being stranded. 

Stranding losses or fish were most significant in side pool areas and on gravel bars. Plate 70.7 
shows the general type of area where fish stranding occurred. Fish stranding losses were not sign ifi
can t in areas where the river bank gradient was steep. 

Water flows less than 18,000 cfs expose fa ll chinook redds. To a degree, exposure of fall 
chinook redds is a product of fl ows during spawning periods. The minimum daily flows for October 
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Plate 10.2 

Pla te 10.4 

Plate 10.6 

Photo by A l Smith, OGC 

Pho t o by T. H olubetz. IF & G 

Photo b y T . Holubotz, IF & G 

Phot o by C. Koski, N M FS 

Plate 10.3 

Photo b y K en T hompson, Orooon Garno Commission 

Plate I 0.5 

Plate 10.2 Small mouth bass fingcrlings and o ther small fish 
stranded at 7,700 cfs. (RM 149.9). 

Plate 10.3 Sculpin eggs exposed by low flow conditions a t 7,700 
cfs (RM 228.0). 

Plate 10.4 Exposed fall chinook redds at lower end of gravel bar 
near mouth of Couse Creek (RM 157.6). 

Plate 10.5 Fall chinook sac fry stranded in ex posed redd 
(RM 157.7). 

Plate 10.6 Fall chinook rcdds still wetted at 5,000 cfs (RM 152.3). 
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Table 10.1 Discharge in Cubic Feet Per Second of Snake River at Hell's Canym Dam 

Year Level January February March April May June J uly August September October November December 

1967 Mean 18,370 18,730 15,570 13,480 15,520 22,080 13,130 10,180 13,180 13,480 14,010 15,290 

Max. 25,800 25,100 20,800 19,300 22,100 34,600 23,100 13,400 16,100 16,500 16,600 19,900 

Min. 11,300 12,600 8,920 7,570 8,980 10,000 8,870 6,550 9,880 10,300 10,200 11,000 

1968 Mean 20,240 22,290 13,760 15,120 8,077 13,490 9,837 14,140 12,570 13,590 15,500 17,990 

Max. 27,700 34,500 33,000 35,200 11,300 24,200 12,800 23,300 15,200 25,000 17,700 22,100 

Min. 18,200 15,200 9,420 10,100 4,950 6,360 7,750 9,140 9,710 7,580 10,700 13,700 

1969 Mean 27,510 33,420 38,420 44,440 28,420 19,560 11,470 11,610 14,020 15,610 14,900 16,390 

Max. 36,500 46,400 50,700 54,600 43,100 
~ 

31,100 17,700 14,800 17,800 19,200 17,500 19,800 
~ Min. 16,400 26,600 26,800 28,500 13,800 I.O 12,400 9,950 9,570 9,800 11,700 13,600 11,300 

1970 Mean 26,190 31,850 20,470 21,890 30,150 34,530 17,000 11,220 15,960 15,610 14,900 16,390 

Max. 49,700 49,400 24, JOO ·29, 700 45,200 42,300 45,200 13,100 21,000 19,200 17,500 19,800 

Min. 15,900 21 ,100 14 ,900 12,500 14,800 22,200 9,600 9,960 10,700 11,700 13,600 11,300 

197 I Mean 34,680 44,680 41,920 61,440 50,410 39,100 22,590 11,170 15,450 16,870 19,700 24,980 

Max. 57,800 50,100 58,300 73,700 65,400 53,000 50,400 12,800 18,000 22,300 25,700 30,300 

Min. 16,300 39,200 23,600 32,200 38,800 32,900 10,900 9,090 13,500 11,200 12,400 19,100 

1972 Mean 31,250 38,940 64,110 49,840 33,960 26,370 13,040 12,730 15,5 10 
I 

Max. 45,400 46,000 73,100 65,300 48,000 45,100 21,400 16,300 18,600 27,000 28,000 28,100 

Min. 25,100 24,800 45,300 31.200 21,700 16,000 10,200 10,300 11,300 17,500 19,700 19,700 

U.S.G.S. Stream Gaging Records 



and November, 1972, were 17,500 and 19,700 cfs, respectively. I f the minimum flows during the 
spawning period had been, for example, 
15 ,000 cfs, one could conce ivably expec t 
by projec ting th e study findings, to find the 
majority of redds becoming dewatered at 
approximately 13,700 cfs. 

However, the concep t presented is 
val id only t o a degree. Chap ter 7 st.a tes 
optimum and minimum nows needed for 
fal I ch inook spawning are 23,425 and ·15 ,050 
cfs, respec tively. Water flows less than th e 
recommended flows will reduce the available 
spawning area. A lso, the normal mean water 
f low of the Snake River would not generally 
result in exposing redds (Table 70. 7). How
ever, minimum flows since 1967 have exposed 
fall ch inook redds duri ng incubation periods. 

During the fl ow study, stranding loss Photo bv T. Holubou, IF & G 

of all ch tnook sac fry and fry was grea ter Plate J0.7 Ccncrn l type of area where fish st randing occurs. 

than anticipated. Fisheri es personnel assumed 
th at fal l chinook fry had emerged from the gravel and had migrated to sea by the thi rd week of March, 
bu t th is was not t he case. 

In recommending water flows to avoid fi sh stranding in the Middle Snake River below Hell's 
Canyon Dam, water flow transitions below 18,000 c fs should be discouraged , and flow transi tions 
below 12,000 cfs should be avoided at any tim e of year; especial ly durin g fish spawn ing, egg incuba
tion, and fry emergence per iods. Po wer peaking should be restri cted to fl ows in excess of 18,000 cf s 
and preferably conducted on ly at the same range of flows. 

Snake River f lows below 18,000 cfs, and especiall y below 12,000 cfs, expose fall chinook 
redds and spawning grave ls of other salmonids. Chapter 7 discusses the water flows needed for sal
monid spawning, incubation and rear ing. Chapter 7 also discusses the impact o f de watering o f gravels 
on egg and fry deve lopmen t. 
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CHAPTE R 11 

WILDLIFE 

Kei th Bayha 

Bureau of Sport Fisheries and Wildlif e 

Because the amount of streamflow does not directly af fect most forms of wildlife in Hell 's 
Canyon, there were no substantive data collected during the study. Many forms of wildlife are, how
ever, indirectly affected by streamflow as it affects the lower trophic levels comprising the food chain . 
The otter, bald eagle, osprey, mergansers and goldeneyes depend on the river's productivity of fish 
l ife. Therefore, fl ow requirements for fish and the organisms in lower trophic levels comprising food 
supply would be fl ow requirements for these wildli fe species. 

Canada geese nest along the Snake River. Unlike goose populations of other river reaches, 
this population does not depend on island nesting sites, but utilizes secu re si tes along the shore. This 
is probably dL1e to the fact that high f lows during spring runoff scour the islands of soi l and vegeta
tion. 

During the prestudy reconnaissance trip and during the cou rse of the study, an attempt was 
made to su rvey the breeding pair population, from the air and boat . Hel icopters were less effective 
as many t imes birds would not take to the air ahead of the chopper as they wou ld the boa t. Table 
7 7. 7 lists the river mile and name of location where geese were observed, and the date of the observa
tion. These observations are presented here simply because no previous assessment of the Canada 
goose breeding population has been recorded within the study reach. 

Table 1 J .1 Goose Observations During the Hell's Canyon Controlled Flow SLLtdy. 

Locatio n Dalt: Number of Birds 

River mile 162.5, Taplin F erry 2-20-73 2 

R iver mile 169.5, above Rogersburg 2-20-73 3 

River mile 172.9, Wild Goose Range 2-20-73 2 

River mile 202.2 , five Pinc Range 2-20-73 3 

River mile 203. 7, Ro land Bar 2-20-73 3 

River milt: 2 14. 7, Pittsburg-Wilson Ranch 2-20-73 2 

River mile 2 15.6, Pit tsburg Landing 2-20-73 10 

River m ile 221.5, Half Moon Bar 2-20-73 2 

' ... . ' . .. ... . above Granite Creek 3-21-73 4 

. . . . . . . . . . . . . above Johnso n Bar 3-21-73 l 

. . ... . ... .. . ' above J ohnso n Bar 3-21-73 2 

From these observa tions, it would appear the total resi dent goose population from Hell's Can
yon Dam to Lewiston in March 1973 cou ld have been between 30 and 40 birds, with a breeding 
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population of about 10 pairs. 

The duck popu lation consisted primarily of American Goldeneye, American Merganser, 
Mallards, and a few Ameri can Widgeon. 

Main tenance of ri parian vegetation can be affected by ri ver fl ow and stage, since the succulence 
and productivity of this vegetation is dependent upon the abundant water supply avai lable to the plant 
roots supplied by the river. This vegetati on is important to chukar partri dge, mule deer, beaver, rac
coon, porcupine, and other forms of terrestrial wildlife as food and cover to varying degrees at certain 
times of the year. However , a definite flow volume is not as important as the frequency of flow fluc
tuat ion, so long as some water is in the river. 

In summary, it is fe lt that f lows required for o ther life forms would be sufficient for wild li fe. 

{Edi1ors Note: Information on the wildlife resource in the study reach can be fou nd in the Fish and Wildl ife Service report contained 
within the U.S. Department of Interior's Resource Stucly of !he Middle Snake, April 1968.) 
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CHAPTER 12 

RECREAT I ON 

Northwest Region 

Bureau of Outdoor Recreation 

INTRODUCTION 

This chapter deals with the effect of different river flows on various outdoor recreation activ-
1t1es. Excluded from recreation activi ties discussed are sport fishing and whitewater boating, covered 
in o ther chapters. 

The various r iver flows (27,000 cfs, 18,000 cfs, 12,000 cfs, 7,700 cfs, 5,000 cfs) referred to 
in this chapter are not the flows at any of the observation si tes. The figures indicate the discharges 
from Hell 's Canyon Dam wh ile the actual f lows at downstream study si tes are greater , aue to inflow 
from tributaries between the dam and observation sites (see Chapter 2). 

OBJECT IVES 

The objective of the recreation elemen t of this study was 
to gather information to enable us to judge the relative effect of 
various flows on recreational opportunities. 

No attempt was made to determine the optimum or the 
min imum f lows for recreation. The li mitations encountered in 
gathering data did not allow for the comprehensive resu lts upon 
which to make such determinati ons. These limitat ions included 
the almost total re liance upon subjective evaluations by the recrea
tion study par ticipants, the lack of well-developed and tested 
methods of evaluating instream fl ows for recreation, and the 
lack of data on recreation use wiLhin the specific study area. 

Photo by J im Morris, 
8 1,1reau of Outdoor Recreation 

Pia te 12.1 W,ucr line was staked by recreation 
specialists to assist in cv3luating 
beach profiles. 

. ·"' 
. '. 

.... t 

• 4: 

METHODS 

Six individuals were stationed at 
several locati ons along the river. Each indi
vidual observed at least one site repeatedly 
at each flow. To permanently record the 
effec ts o f the various flows, pictu res were 
taken from fixed photo points (see photo 
appendix ). The high-water line of each sta
bi li zed f low was marked with stakes driven 
into the beach (Plate 72.7). Where equip
ment was available, beach slope and cu rrent 
velocities were measured at each flow in the 
pool areas (Plate 12. 2). Where equipment 
was not available, estimates were made. 

Si tes were selected which hopeful ly were representative of the stretch of river being studied. 
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Ideal ly each site also wou ld have been a desirable recreation area. However, because of the neec.. 
case the logist ical problems of the study, some of the sites observed were not good recreation site~. 

Observations of each flow's effect on pool and r iffle areas, on exposed beach, on channel 
width, on visual and sound quali ty , and on navigation conditions were recorded. Based upon these 
observations, each planner evaluated the relative adequacy of the flows for recreation. 

In order to categorize these eva luati ons, a modified application of the Kanawha River Basin 
Method deve loped by the Northeast Region of the Bureau o f Outdoor Recreation was used. 1 These 
evaluat ions were largely subjective, specific to the study sites, and based on personal judgmen t. The 
evalua tions arc presented in the river rating displays contained in th is chap ter. I t should be empha
sized that the rat ings expressed in the fo llowing "Kanawha" charts are no t meant to be absolute 
expressions of the optimum , max imum, or minimum flows. The ra ti ngs represent , instead, a re lative 
comparison of each flaw's adequacy for general recreation . The individual categories and guidelines, 
as modified for this sutdy, ror selecting each are given below: 

Minimum Acceptable. The minimum accep table fl ow is that fl ow which provides only 
for the most l imited recreational use of the stream. Compatible streamside recreation 
opportunities include picnicking, camping, and sightseeing activities, and compatible 
instream activities include nature study and possible swimming in the pool areas. 

Low Satisfactory. Low satisfactory flow is compatible wi th a range of bo th instream 
and streambank recreation pursuits, including camping, picnicking, and sightseeing. T he 
most probably problem area at this f low rate wou ld be the lack of sufficient water depth 
to adequately fl oat a boat over stream ri ffle areas at some locati ons. 

Optimum. Optimum flow is that fl ow wh ich wi ll maintain the unique characteristi cs 
of the stream area and wi ll provide for an optimum combination of uses. Gener,tl ly, 
th is flow will accommodate swimming, boating, sailing, canoeing, study ing nature, and 
st reambank activities such as picnick ing, camping, hiking, and sightseeing. This flow 
produces a visual and audible enhancement of the stream resource which is generall y 
pleasing to the rccrea tionist and no tably adds to the quality of the recreat ion experience. 

High Sa tisfactory. Al t he high satisfac tory flow, many instream act ivities would be 
curtai led substant iall y, particu larly swimming. A ll streambank recreation activities 
such as camping, picnick ing, and sightseeing can stil l occur. 

Max imum Acceptable. Maximum acceptable fl ow is assumed t o be the highest rate of 
flow usable by the recrcationist . This flow represents an upper limit beyond which 
further beneficial uses of the stream for recreation are severely restrict ed. Recreation 
u cs of streamside lands include picnicking, camping, and sightseeing. A t this f low, 
instream activities such as swimming, studying nature, sai ling, and leisure boating are 
no longer acceptab le. The on ly instrcam activi ty that may possi bly occur if this flow 
rate is approached is whitewater boating. 

It shou ld be noted that " optimum " fl ow is that f low wh ich provides for an "optimum com
bination of uses." The op timum combinati on could be derined in a number of ways. It might be the 

1 Bureau of Outdoor Recreation, Nort~casl Region office, " Ordft Report of Kan,1wha River Basin Comprehensive Study." Appcn• 
dix H • Ou1door Rccrc.1 1ion, Phi ladelphia , Pa., May 1970, 87 pp. (unpublished). 
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largest variety of activ ities, or one or two activities which involve the la rgest number of recreationists, 
or it could be those uses o r activities wh ich are considered by the general public and/or the resource 
man agers to be the most desirable. For the purposes of this exercise, we considered opti mum fl ow 
to be that f lo w which allowed for the largest variety of recreati on activit ies. 

One weakness of this system is that each ind ividual planner may have a di fferen t opinion of 
the same flow condit ion. What one indiv idual may consider an "optimum " flow, another may con
sider " low satisfac tory. " Hopefully, this problem was minimized through discussion among the par
tic ipants. 

RES ULTS 

The results are discussed for each site separately. Each discussion represents t he t otal observa
tions of a single individual . Those for China Bar and the site immediately below the confl uence wi th 
the Salmon River were by the same individual. The material is organized and presented in the fo llow
ing o rder: 

1. Locat ion of site 
2. Descri pti on of site 
3. Discussion of effect of flows on recreation activities 
4. Shoreline profile 
5. River Rating Chart 

Due to th e short peri od of time each fl ow was st abilized, i t was not possi ble to assess the 
effect of decreasing flows on water temperatu re. The slight increase in water tempera ture recorded 
during the study was probably due to warming air tempera ture. Water temperature is an im portant 
considerat ion for wa ter-contact rccrea ti on. Fur ther study WOLild be necessary to determ ine how fl ow 
flu ctu ation af fects water t emperature (sec Chap ters 2 and 3 for more informati on). 

Observation Area No. 1 

Loca tion : Below con fluence wi th Grande 
Ronde River on the Washington si de of 
the Snake Ri ver (RM 168.4 to 160.3) . 

Desc ri ption of Si te: Th ree specific sites 
wi thin close prox im ity were observed. T he 
fi rst was near the Washington Dept. of 
Game boat launch located immed iately 
below the conf luence with th e Grande 
Ronde River (Plate 7 2.3). The si te con
sists of an access road, par king lo t , and 
the double-lane boat launch . The beach 
is gravel. The second site is about eight 
miles downstream just above Buffa lo Eddy 

Photo by K. Bayh a, BSF & w (Plate 7 2.4). A short spur provides access 
Place 12.3 Aerial view o f first recreational evaluation site below mou th o f 

the Crandc Ronde ( lt M 168.4). from the road. The beach is sandy, excep t 
for rocky portions at the upper and lo w

er ends. T here is a deep ho le in t he river channel just off the central portion of the beach. The thi rd 
si te, abou t one mile below the previous site, is the si te of historic Indian petroglyphs on the rocks 
beside the river (Plate 7 2.5). A pool area is created by rock outcroppings on the upstream and down
stream sides of a sandy beach . 
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Recreational Potential of Site: Much 
of the shoreli ne along this stretch of 
river consists of sandy beaches which 
receive fa irly extensive recreat ion use. 
Good access is provided along the 
Washington side of the river by a road 
runn ing parallel to the river up to the 
confluence with the Grande Ronde 
River. Some problems are encountered 
with private ownership of lands adjacent 
to the river. Add itional problems are 
created by inadequate off-road parking 
provisions. Public access to the Idaho 
side is almost totally dependent upon 
boats, but considerable use is made of 
the beaches. 

Effect of Flows on Recreati on Activi ties: 

Power Boating 

Although all of the fl ows observed 
were suitable fo r power boating, the 
higher flows were more desirable . Clear
ance over some of the gravel bars and 
other aspects of navigation became 
more of a problem at each successively 
lower flow. The boat ramp became 
difficult a t 5,000 cfs. 

Swimming, Wading, and Water Play 

Gene rally, the conditions were best at 
the lower flows. Higher flows covered 
the sand beach at the first site. Without 
a sandy beach, the site was not well 
suited to these activities. At the second 
and third sites, conditions improve 
wi th the lower flows and were best at 
the 7,700 cfs to 12,000 cfs flows. At 
the lo wer fl ows, ex posed beach area 
increased. However, also at the lower 
flows, the pool areas decreased in size 
and the slope of the beaches increased. 
Figures 7 2. 7, 7 2. 2, and 12.3 are shore
line profi les of the three locations 
comprising observation area 1. 

Picnicking and Camping 

Pholo by J . Scott, Wosh. Oopt. of Eco logy 

Plate 12.4 Beach above Buffalo Eddy; second recreational evaluation site 
(RM 160.6). 

Photo by J . Scott, Wosh. Oopt . o f Ecology 

Pla te 12.5 Third recreational evaluation site at RM 160.3 near Indian 
pctroglyphs. 

The different f lows caused no appre- Pho t o by K. aavh o, asF& w 
ciable effect on these activi t ies. Plate 12.6 Observation area 2 near confluence of Salmon and Snake Rivers. 
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Figure 12.1 Shoreline Profile - Grande Ronde Boat Launch (River Mile 168.4) 
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Figure 12.2 Shoreline Profile• Beach above Buffalo Eddy (River Mile 160.6) 
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All flow designations shown are controlled re leases 
from Hell's Canyon Dam. Actual flows at this site 
were greater due to tributary inflow. (See Chapter 2.) 
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All flow designations shown are controlled r,eleases 
from Hell's Canyon Dam. Actual flows at this site 
were greater due to tributary inflow. (See Chapter 21 
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Flow • 
(cfsl 

27,000 

18,000 

12,000 

7 ,700 

5,000 

Table 12 .1 River Rating Chart (!Vlodified 
Kanawha Method) for the Snake River segment 
from River Mile 168.4 to 160.3 
• All f low designations were controlled releases from Hell 's 

Canyon Dam. Actual flows in this reach were greater due 
to tributary Inf low (See Chapter 2). 

• • The actual optimum was considered to range somewhere 
between 7,700 cfs and 18,000 ch. 



Aestheti cs 

No appreciable effect was observed. 

Table 7 2. 7 sh ows the overall recreation rating for the river reach from the mouth of Grande 
Ronde River downstream about 10 miles, according to the modified Kanawha Method . 

Observation Area No. 2 

Location: Approx imately¼ river mile below the confluence with the Salmon River on the Idaho side 
of the Snake River (RM 188.0). 

Description of Si te: The site consists primarily of a gently sloping sandy beach (Plate 7 2. 6). The up
stream port ion is gravell y and connects with a large gravel bar wh ich is exposed at lower flows. The 
pool area is not well protected from the main current and thus is no t suitable for swimming. Behind 
the beach, the brush and boulder-covered ground slopes steep ly upwards to join the steep canyon 
walls. T he si te is reached easi ly on foot from the relatively large, flat area at the confluence of the 
Snake and Salmon Rivers. Access to the confluence of the two rivers is by boat only. 

Recrea tional Potential of Site: The site has high potential as a future boat access camping area. T he 
large f lat area above the river offers considerable potential . Good boat-landing sites and beach areas 
ex ist on bo th the Snake and Salmon Rivers. The scenic location is quite favorable as a jumping-off 
po int for a variety of activ ities, including boating up-river, hi king, f ishing, hunting, etc. 

Effect of Flows on Recrea tion Activities: 

Power Boa ting 

The conditions deterio rated as the fl ows decreased. A t 27,000 cfs, the less powerful boats 
wou ld probably encounter difficul ty in passing upstream through the rapids . . As the flows decreased, 
more rocks were exposed, creating hazards to boaters. At 5,000 cf s, ex tremely hazardous boating 
conditions were created even for the jet boats. At all f lows, good boa t-landing conditions ex isted at 
thi s site. 

Swimming, Wading, and Water Play 

The pool area beside the main current was not suitable for swimm ing. At the highest flow, 
the currents created hazardous cond itions. At the lower flows, the pool decreased in size with the 
upstream portion eliminated and the main current passing closer to the shoreline. A lso the water 
surface of the pool became choppy. The most desirable conditions for wading and water play were 
at the middle of t he flow range. (Figure 7 2.4 shows the shore line profile at Observation Site 2.) 

Picnicking and Campin,g 

The d ifferent flows caused no appreciable effect on these activi t ies except for the l imi tations 
on navigation . An important consideration is that this is a boat-access-only si te, and some boats may 
no t be able t o reach it at certain flows. 

Aestheti cs 

The most obvious effect was the exposure of green algae on the rocks and shoreline at the 
lower flows. Most people woul d consider this exposed algae condit ion as unpleasing. There was also 
a decrease in the turbulence of the flowing water as the flows decreased. 
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Table J 2.2 shows the overall recreation rating at 
the mouth of the Salmon according to the modified 
Kanawha Method. 

Observation Area No. 3 

Location : China Bar (Joseph Gauge) above the confluence 
wi th the I mnaha River on the Oregon side of the Snake 
River (RM 192.3). 

Description of Site: The pool at th is site is protected 
from the main river current by outcroppings ot rock on 
bo th the upstream and downstream sides (Plate 7 2. 7). 
About 16,000 square feet of sandy beach are exposed at 
the 27 ,000-cf s flow. Bey.on d the beach above the high
water mark there is a grass, bush, and rock-covered slope 
leading up to the canyon wal l. A ccess to the site is 

Photo by John Doo ley , Bureau of Reclomotlon 

Plate 12. 7 Overview of observation area 3 at China 
Bar Uoseph Gauge RM 192.3). 

possible via boat as we ll as by foot trai l 
down the canyon from a road on the canyon 
rim. 

Recreational Potential of Site: This si te is 
presently receiving considerable use from 
hikers and mo torbikers as well as boaters. 
Boating use of the site wi ll probably never 
be extensive because of competi tion with 
non-boating use. The attraction of the site 
for visitors includes space to camp, the sandy 
beach, and the o ld copper mine tunnels. 

Photo by T . Holubotz, IF &G 

Plate I 2.8 Imnaha Rapids at 7,700 cfs presents hazardous boating. 

Photo by K. Bayha, BSF&W 

Plate 12.9 Observation site 4 at Dug Bar, site of Chief J oseph's historic 
crossing. 
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Effect of Flow on Recrea tional Activities: 

Power_ Boating 

The conditions were genera lly best 
at the higher flows. However , the lmnaha 
Rapids downst ream became increasingly 
difficul t to navigate as the f lows decreased. 
More rocks became exposed, the navigable 
channel narrowed, and the swel ls increased 
in heigh t (Plate 72.8). At 7,000 cfs, these 
rapids became quite hazardous to boaters. 
Boat-landing conditions at this si te remained 
good at all flows. 
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Swimming, Wading, and Water Play 

Th is site is not well suited for swimming due to the l imited su rface area of the pool. T he d is
charges for wading were best in the range between 18,000 and 12,000 cfs. At lower flows the beach 
near the water's edge was very steeply sloped. Also, the lower flows decreased the size of the pool 
area, bringing the main river current closer to the shore. Figure 12. 5 shows the shorel ine profi le of 
Observation Site 3. 

Pi cnicking and Camping 

The different flows had no effect on these activities except for lim iting access for some boat
ers because of navigation constraints. 

Aesthetics 

The most obvious effect was the exposure of green algae on the rocks and shorel ine at the 
lower now levels. Most peop le would consi der this exposed algae cond ition as unpleasing. There 
was also a decrease in the turbu lence of the river as the flows decreased . Table 7 2.3 presen rs overall 
rating for Observation Sit e 3. 

Observation Area No. 4 

Location : Dug Bar - about four miles above the confluence with the lmnaha River on the Oregon 
side of the Snake River (RM 196.7). 

Description of Si te: T his is a long, flat area of about 100 acres (Plate 12.9). I t is presently used as a 
cattle ranch. The shoreline is gravel ly and not well suited for water-contact act ivities. There is a 
grave l-surfaced, single-lane boat ramp and limited provision for camping. Access to the site is vi a boat 
or via an unimproved road. The site is historicall y sign ificant as the si te where the Nez Perce Indians 
led by Chief Joseph crossed the Snake River during its flood stage in June 1876 while being pursued 
by the U.S. Cavalry. 

Recreational Potential of Si te: Recreational use of the si te is marginal now due to difficult overland 
access and private ownersh ip of the land. However, wi th properly designed development, the si te 
could support a lot of use. The access road wou ld have to be improved. Improvements wou ld also 
need to be made in camping, sanitary, 
and boat-docking fac il ities in order to 
accommodate large numbers of people. 
Attractions of the area include the 
scenery , the f ishing, the camping and 
boating oppartuni t ies, and the historical 
significance. 

Effect of Flows 

On Recreati onal Activities: 

Power Boat ing 

The best conditions were at 
18,000 cfs. Conditions continued to 
deteriorate as the flows lowered . At 
7,700 cfs and part icularly at 5,000 cfs, Photo by F. Jones, IWR B 

hazardous conditions were created for Plate 12. 10 Lower Pittsburg Landing is used primarily as a boat launching site. 
navigation . 
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Swimming, Wading, and Water Play 

Due to the steepness and rocki
ness of the shorel ine, th e conditions 
were not suitable at any fl ow for these 
activities (Figure 7 2.6). 

Picnicking and Camping 

The different flows had no 
effec t on these activities except for 
limi ting access for those users depen
dent upon boat access. 

Aesthetics 

At flows of 12,000 cfs and 
lower, green algae was exposed on the 
rocks and shorelines. Most people 
wou ld consider this condition as un
pleasing. 

Table 7 2.4 sho ws the overall 
recreati on rating for Observation Site 
No. 4. 

Observation Area No. 5 

Location: Pittsburg Landing, Idaho 
side of river. 

Description of Site: Two specific sites 
were observed. Lower Pittsburg Land
ing (RM 214.9) consists primarily of a 
county-operated boat-launching ramp 
(Plate 12. 70). The site is not suitable 
for any water-dependent recreational 
activities except boating. There is no 
sandy beach. The shorel ine is covered 
with large, slippery rocks. A pool area 
is protected from the main river current 
by a large rock outcrop. Upper Pitts
burg Landing (RM 216.2) is suited to 
general recreation activities (Plate 12. 77). 
There is a sandy beach which ex tends 
out into the water. T he pool ar.ea is 
suitable for swimming, wading, and 
other water recreation activities. Bo th 
sites are accessible via boat or an un
improved road. Usage of the road is 
largely dependent upon the weather. 
Above the river, there is a large, flat 
area which cou ld be developed for 

Photo by K. Bayha, BSF&W . 
I'lacc 12. 11 Do wnstream view of Snake River near Pi11sbufK 1.anrJing; 

recrea tion evaluatio n site is on right in d istance. 

Photo by Joke Szremek , Oregon Wa ter Resou rces Board 

Plate 12. 12 View of Sand Creek recreatio n evaluation area. 

Photo by C. K oski, NMFS 

Plate 12.13 Recreation evaluation area 7 at the mouth of Steep Creek 
(RM 229.0). 
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recreation sites, including picnicking and camping. Upper Pittsburg Landing is a better camping site 
and also has been used as a fueling stati on by boaters. 

Recreational Potential of Site: The location and the large amount of open, developable ground make 
this a high ly desirable, potential recreationa l site. The Federal Government is in the process of acqu ir
ing the private land at Pi ttsburg Landing through condemnation proceedings. Plans for fu ture use 
wi ll be developed by the U.S. Forest Service. In add ition, bi lls current ly before Congress propose 
National designation of the canyon (S.657 and H.R. 2624 - Hel l 's Canyon National Forest Park lands 
and S.2233 - Hell's Canyon National Recreation Area). I f the land were developed for recreation, 
the access road would have to be improved to accommodate expected increases in use. Improvements 
wou ld also need to be made in boat-docking and launching fac il ities. 

Effect of Flows on Recreati on Activi ties: 

Power Boating 

Above 18,000 cfs or below 12,000 cfs, cond itions for tying up boats become less favorable 
because of mov ing water and/or exposure of large rocks. Figures 72. 7 and Figures 12.8, i llustrate 
the conditions at each flow for the lower and upper landings, respectively. 

Swimming, Wading, and Water Play 

These act ivi ties arc only desirable at the Upper Landing. There was little change affecting 
these activi ties as flows decreased from 27,000 cfs to 12,000 cfs, except for additional sandy beach 
being exposed. At 7,700, some rocks appeared near the surface of the pool area which wou ld cause 
problems for swimmers. Figures 72.9 and 72. 70 sho w a plan and profi le view of the lower and upper 
landings, respectively. 

Picnicking and Camping 

The different flows had no effect on these activi ties except for lim iting access for t hose users 
dependent upon boat access. 

Aesthetics 

The most obvious effect was the exposure of green algae on the rocks and shoreline at the 
lower flow levels. Most peop le would consider this condition as unp)easi ng. 

Table 72.5 shows the overall recreation rating for the two observation sites at Pittsburg Land
ing accordi ng to the modified Kanawha Method. 

Observation Area No. 6 

Location : Sand Creek - below Johnson Bar on the Oregon side of the r iver (site o f Oregon Game 
Commission's administrative cabin) . (RM 228.0) 

Descri p t ion of Site: This is an extremely l imited si te for water-dependent recreation. Adjacent to 
the water, t he beach is very rocky and almost devoid of sand (Plate 7 2. 7 2). The area above the high
water mark is fairl y steeply sloped up to a level bench. T he enti re site is abou t ten acres in size. The 
si te is not protected enough from the main ri ver current to provide any substantial pool. Primary 
access to the si te is probably by boat, but t rai l access is also available parallel to the river. 
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Table 12.5 River Rating Chart 
(Mod ified Kanawha Me thod) 
for the Pittsburg Landing Site. 

• Discharge from Hell's Canyon 
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Recreational Potential of Site: Th is site wi ll not be ab le to accommodate a high-capacity type of 
recreation use. Wi th limited deve lopment, it should be able to se rve as an overn ight campsite for 
small boating and hi king parties. The major at traction for the recreationist would be the availability 
of drinking water from a small creek , the flat area for camping, and the striking scenery observable 
from the site. 

Effect of Flows on Recreation Activi ties: 

Power Boating 

The conditions were generally best at the higher flows. There were no rapids or o ther naviga
tional restraints at the si te itsel f. At 7,700 and 5,000 cf s, there were some navigational hazards up
stream and downstream from the si te . Boat-land ing conditions at the si te remained good at each flow. 

Swimming1 ,Wading, and Water Play 

This si te was no t desirable for these activ ities. Without a protected pool area, recreation ists 
would be exposed to the main river current and eddies. At 5,000 cfs, t he current was slow enough 
to al low wad ing. However , the shoreline was rocky and slippery at all flows. Figure 72. 7 7 gives the 
slope prof ile of this site. 

Picnicking and Camping 

Even though the beach conditions arc not good, the attractiveness of the surroundings makes 
this a favorab le si te. The different flows had no effect on these activities except for limiting access 
for some boaters because of navigation constraints. 

Aesthetics 

The different flows had no major impact on aesthetics. The rapi ds and whi te water dim inished 
considerably at the lo west fl ows, leaving an almost tranquil stream in this sec tion. There would be 
consi derable di fferences of opin ion as to the re lative desirabi li ty of this condition from an aesth etical 
point of view. Table 7 2.6 presents the overal l evaluation for Observation Si te 6 . 

Observation Area No. 7 

Location: Steep Creek - about one mile below Johnson Bar on the Idaho side of the river (site of 
Idaho Department of Fish and Game's cabin). (RM 229.0) 

Description of Si te: The pool at this site is protected from the main ri ver cur rent by outcroppings 
of rock on both the upstream and downstream sides (Plate 7 2. 7 3). The beach and the pool area 
are sandy but limi ted in size: The site is enclosed by steep brush and rock-covered ground. Access 
is possible by boat as well as by a foot and horse trail which parallels the river. 

Recreati onal Potent ial of Site: This site is only suitable for small parties of recreationists because 
of the limited area. Use would probably be limited to overnight camp ing by small boat and trail 
parties. Since i t is located near what is considered t o be the upstream end of the navigable portion 
of the rive r for power boats, it cou ld possibl y become an important boa ter's campsi te. 

143 



Effec t of Flows on Recrea ti on Activities : 

Power Boating - No Data. 

Swimming, Wading, and Water Play 

As the flows lowered, the size of the pool area decreased. At 7,700 and 5,000 cfs, the slope 
of the beach into the water increased sharply (Figure 7 2. 7 2). Also at these flows, the river current 
was only about fifteen ree t beyond the shore, creating a hazardous condition for water play and 
swimming. 

Picnicking and Camping 

The differen t fl ows had no effect on these activities except for limiting access for those users 
dependent upon boat access. 

Aesthetics 

There were no obvious impacts of different f lows on aesthetics. 

Table 72. 7 gives the overall recreation rat ing for Si te No. 7 according to the modified Kana
wh a Method. 
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CONCLUSIONS 

Application of the Kanawha Method, modified for this study , was no t entirely successful . The 
participants agreed that its application would be more appropriate for rivers of less magnitude than 
for the Snake. Also, the method might have been more appropriate if there had not been one domi
nant water recreat ion activity which greatly affected the o ther ac tivities. Within the canyon, boa ts 
are the primary practicable meth od o f t ravel. Therefore, the decision on an adequate fl o w of water 
for recreation large ly hinges on an adequate fl ow for boating. The Kanawha Method does not address 
itself to the importance of one single activity over al l others. The method needs to be further modif ied 
to include a way of weighing an activity such as boat ing to increase its relative importance in the over
all evaluati on . More discussion on the rel at ion of flows t o boating can be found in Chapter 14. 

A critical problem for recreational boaters not directly identif ied else where in this chapter is 
the repetitive stranding and f loating of boats caused by the daily flu ctuation of ri ver fl o ws. Even 
though the study did not specifically col lect data rel ated to this problem , its importance to the recrea
ti onal use of the ri ver should not be overlooked. 

In general, all of the discharges (27,000 cfs, 18,000 cfs, 12,000 cfs, 7,700 cfs, and 5,000 cf s) 
observed were considered by the observers t o be acceptable for the array of recreation activities being 
considered. 

Co nditions for specific activities were better at some fl ows than at others. Conditions for 
power boating generally were better at the higher flows (27,000 -18,000 cf s). The spec ific site made 
a difference in which flo ws were most desirable for a particular activi ty . At some sites, th e lo west 
flow observed was best for water-contact activities, wh ile at other sites, the middle ranges of f lows, 
(18 ,000- ·12,000 cf s) were best. 

During the field study period, it was apparent that ne ither the minimum nor maximum accep t
able flow for most recrea tion activ i t ies was witnessed. The " minimum acceptable" f low, that f low 
which no longer supports any substantial instream recrea tion acti vi t ies, is apparentl y less than 5,000 
cfs. The "maximum acceptable" flow, that fl ow at whi ch further use of the ri ver for general recrea
t ion is substantial ly restricted , is apparently beyond the upper limit of f lows observed duri ng the 
study peri od. Reference to these limits on acceptability is based upon a set of standards (Kanawha 
Method) developed for rivers in general . I t is not intended i:o im ply that some f low less than 5,000 
cfs is the actual minimum acceptable flo w for recreati on purposes in the Hel l's Canyon portion of 
the Snake River. To determine the accep table fl o w, one must first decide wh ich recreation activity 
is the most crucial and is to be used as a measure. Fo r the Snake River, the crucial ac ti vity may be 
power boating, in whi ch case the min imum acceptable fl o w is more than 5,000 cfs. The same reason
ing appl ies to determining an optimum flow. 

There were defini tely some weaknesses encoun te red in the gathering of da ta for the rec reat ion 
element of the study. The number of sites observed was no t sufficient to obtain a complete picture 
of the recreation condition along the river at each flow . Some of the sites were not desirable recrea
tion sites. In addition, the amount of time a flo w remai ned stabil ized at one level was not sufficient 
for a parame ter such as slope of the beach to stabilize. 

At the sites with a good, sandy beach, it was observed that the shore line dropped off rather 
steeply into the water at the lo wer flows. This creates an undesirable or even hazardous condition 
for general recrea tion activit ies on the beach. Ho wever, it should no t be concluded that this condition 
is permanently characteristic of these lo w flows. 
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T he profi le of these beaches was formed by transportation and deposition of sand and gravel 
through the actions of another range of river fl ows. Th is range seldom, or perhaps never, included 
discharges as low as 7,700 and 51000 cfs from Hell 's Canyon Dam. If such a low flow were included 
in t he normal range of fl ows through the canyon, the beaches might eventual ly adjust and develop a 
slope profile similar to t hat now observed at the higher flow levels. 

A nother cff ect of f low is the loss of sandy beaches along the Snake River over the past ten to 
fifteen years since the Brownlee, Oxbow, and Hell 's Canyon Dams were buil t . The sand bars along 
the r iver arc gradually being eroded away as a resul t of fl ow fluctuati ons and the trapping of sediments 
in the rescrvoi rs upst ream (Plates 7 2. 7 4 and 7 2. 15). The loss of these sand bars may adversely affect 

recreation activity by reducing the 
number and quality of desirable recrea
t ion sites. 

The same adjustment to flow 
range would occur with the green algae 
observed on the rocks and shoreline 
at the lower flows. Most of the 
observers found the sight and some
times the smell of th is algae displeasi ng. 
However, if regularl y exposed for long 
periods of time, thi s vegetation wou ld 
eventuall y disappear from above the 
low-water line. 

Photo by Hollis Oaks, Asotin, Washington 
Plate 12. 14 Si;-.cablc sandbar near lligh Mountain Sheep campsite is shown in 

this I 964 photOb'l'aph. 

I t shou ld also be noted that 
observa t ions are only rel iable for con
ditions found during the study per iod, 

and that summer-time condit ions may 
differ considerably and might resul t in 
different conclusions. For example, 
the lower flows containing returned 
irrigation water might result in stagnat ed 
water conditions in pools ad jacen t to 
some of the desirable beaches. 

By consolidating the observa
t ions of th e recreation study partici
pan ts, some brief comments on the 
effects of each discharge on recrea ti on 
activ i t ies can be made: 

27,000 cfs Good condi t ions 
existed for navigating over the shal low 
gravel bars and th rough the critical 
rapids. Due to the fast water, the 
cond itions for water-contact activities 

Photo by H. Oaks, Asotin, Wash ington 

!'late 12. 15 View o f same sand bar six years la ter. 

(swimming, wading, and wa ter play ) were not good. However, the eddies and white wat er created 
by the fast current added to the aesthet ics of t he river. 

18,000 cfs - Good conditions sti ll exist for power boats. Wi th the slower river curren t , 
conditions for water-contact activities improved within t he pool areas. Except for the rap ids, th ere 
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was less turbu lence in the river. 

12,000 cfs - This flow did not present a serious navigation problem for power boats. However, 
more hazards ex isted from additional rock exposure and narrower navigable channels. Conditions with
in the protected pools for water-contact activi t ies were best at this fl ow for many of the sites. T he 
green algae along the rocks and shoreline began to be exposed. 

7,700 cfs - Power-boat navigation became hazardous through some of the critical rapids. Due 
to the physical differences of the var ious sites, t he effect of the f lows on pool and beach conditions 
varied greatly. Conditions for water-contact activities were much improved at some sites whi le be
coming worse at others. Additional algae was exposed along the rocks and shoreline. 

5,000 cf s - Navigation through many of the rap ids was extremely hazardous for all power 
boats and impossible for some. Conditions for water-contact activi t ies varied from the best observed 
at some sites to the worst observed at other sites . The aesthetics of t he river were noticeably affected 
by the add i tional exposure of algae along the shoreline and the almost tranquil cond ition of the flow 
along some reaches of the river. 

RECOMMENDATION 

The objective of the recreation clement o f the study was to judge the relative effec t o f various 
controlled flows on recreational oppor·tunitics. This objective was largely fu lfi lled for all activities 
except boating. More work is needed on refining an acceptable methodology before an attempt can 
be made to establish the optimum and minimum flow requirements for recreation. When the method
ology has been tested and a team instructed in its application, then perhaps we can go back to the 
Snake River and make f irm recom mendati ons on optimum and minimum flows. The experience gain 
ed from this study should be of great benefit to any fu ture efforts. In the inter im, the commen ts 
made in th is chapter in regard to the relative adequacy of flows for recreation can be used as guide
l ines, if necessary, by decision-making bod ies. However, it is important that any reference to the data 
or conclusions contained in this chapter be tempered by the l imi tations described in this chapter. 
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CH APTER 13 

WHITEWATER BOATING 

Thomas L. Welsh 
Idaho Department of Fish and Game 

and 

Dee Crouch, M.D. 

OBJECTIVES 

The whitewater boating portion of the contro lled flow study was unique in that we were there 
primari ly to enjoy ourselves and then evaluate the experience at each f low encountered . In an attr.mpt 
to relate t o the reader some of the exci tement and humor we enjoyed during the fl oa ts, the f irst person, 
diary style of writing is used. The report that fo llows is drawn largely from Welsh 's personal diary. 

METHODS 

Between March 21 and March 
24, two kayakers and I in a six-man raft 
participated in the Hell 's Canyon Con
trolled Flow stud ies. The kayakers 
were Jim Leonard from Salmon, Idaho, 
and Dr. Dec Crouch from Yakima, 
Washington . A ccording to the "I nter
national System of Paddler Classifica
t ion " {Urban , 1965),1 Dr. Crouch would 
be a Class V (Senior Leader) and Jim 
Leonard would be Class Ill { In ter
mediate) . I have wide experience in 
large and small rubber rafts and wooden 
dri ft boat s, but none in canoes or 
kayaks. 

A t 27,000 cfs, we ran from 

~ 

Photo by J im Winner, I daho Dept, of Wotor Actmn. 

Plate I 3. 1 The whitewater team relied on a c 11.47 helicop ter to airlift team 
and float craft upstream fo r each tlay's run. 

Granite Creek Rapids to Sheep Creek, and at 12,000, 7,700, and 5,000 cfs, we ran from below Hel l's 
Canyon Dam to Sheep Creek (Figure 7 3. 7 ). We depended upon the CH-4 7 {Chinook) helicopter 
(Plate 73. 7) to airlift our team and float craft upstream to start the run each day. On the second day, 
our aircraft was too late to catch the 18,000 cfs flow, which was dropped to 12,000 cfs at noon. 

T he whitewater team evaluated each day's run accord ing to the " International System" of 
rati ng the degree of difficul ty of running rivers {Urban, 1965) . The defini ti ons of the six grades of 
difficulty are as fo llows : 

Grade I: Very easy, waves smal l, regular. Passages clear. Sandbanks, ar tificial 
difficulties like bridge piers, riffles. 

Grade 11 : Easy. Rapids o r medium difficulty, with passages clear and wide. L ow 
ledges. 

Grade 111 : Medium. Waves numerous, high irregular. Rocks, eddies. Rapids with 

1 
Urban, John T., 1965. A Whitewater I-land Boo/? for Canoe and Kayak. Appalachian Mountain Club; 5 Joy S t rcct; Boston , Mass. 
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F igurc 13. l While Water Reach u f Snake River Evaluated 
River Mile 229 to 247 

239 Granite Cr , Rapids 

Wi ld Sheep Cr, 

Wild Sheep R(lpids 

Ba ttle Cr. 

- 244 

St ud Cr. 

Hell's Canyon Dam Sca le ½" = 1 Mile 
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passages that are clear though narrow, requ iring expertise in maneuver. 
Inspection usually needed. 

Grade IV : Difficult. Long rapids. Waves powerful , irregular . Dangerous rocks. 
Boi ling eddies. Passages difficu lt to reconnoiter. Inspection mandatory 
first t ime. Powerfu l and precise maneuvering requ ired. 

Grade V: Very difficult . Extremely difficu l t , long, and very violent rapi ds, fo llow-
ing each other almost without in terruption. Ri ver bed extremely obstructed. 
Big drops, violent current, very steep gradi ents. Reconnoitering essential 
but difficult. 

Grade V I : Extraordinari ly difficul t. Difficu lties of Grade V carried t o extremes of 
navigability. Nearly impossib le and very dangerous. For teams of experts 
only, at favorable water levels and after close study with al l precautions. 

RESULTS 

In general , the kayaks, be ing mL1ch more maneuverable, can run most o r the rapids by several 
different routes. The six-man raft (Avon Redshank ) is usual ly li mited to one l ine in most of the better 
rap ids, especiall y at moderate and low f lows. 

March 21 1 1973 - Flow 27,000 cfs 

Due to helicop ter transporta
tion d ifficulties, we made arrangements 
with Ken Witty of the Oregon Game 
Commission to transport ourselves and 
our boat upstream to Gran ite Creek 
Rap ids. We carried the raft and two 
kayaks to above Granite Rap ids and 
prepared to fl oat. The kayaks ran the 
middle of the rap ids with very little 
difficulty (Plate 7 3.2). I elected to 
run the rapids on the Oregon side and 
attempt to hit the center of the V-
trough. I made the first few oar strokes 
of the study , hi t the slo t slightl y off 
center , fl ipped, and began to swim 
(Plate 7 3.3). I made i t to the Oregon ·-side and the kayakers retrieved my raft. ~ " -
Whi le dog paddling toward shore, the 
thought went th rough my mind that 
it was going to be a long week (Plate 
73.4) . The remainder of the fl oat was 

Photo by Royco Will iams, Idaho Daily Statesman 

Plate 13.2 Kayakcrs ran through the middle of Granite Creek Rapids at 
27,000 cfs with li ttle difficu lty. 

uneventfu l with "sneaks" available alongside all the better known rapids downstream to Sheep Creek 
camp. "Sneaks" can be defined as re latively ca lm water chutes usually along the shores. Travel t ime 
from Granite to Sheep Creek was three hours. 

151 



Photo by Or. Dee Crouch, Yak im<1, Wi,sh . 

Plate 13.3 Team Leader Tom Wclsh's firs t encounter with the "big water" 
of Granite Creek Rapids. 

March 22, 1973 - Flow 12,000 cfs 

The Chinook helicopter flew us 
from Sheep Creek to Hell 's Canyon Dam. 
On th is day we were joined by two o ther 
kayakers, A lex Lane and Al Beam from 
Ketchum, Idaho. We started f loating at 
1 :00 PM, after the flow reduction to 
12,000 cfs at noon. We arrived at Sheep 
Creek at 5:45 PM {elapsed t i;r ~-4 3/4 
hours). 

The kayakers all chose t o run Wi ld 
Sheep Rapids on the Idaho side (Plate 
73.5). A ll had difficu l ty and flipped in a 
particularly ob trusive hole about halfway 
through the rapids. A ll r ighted themselves 
and had no further diffi culty . I took the 
raft along the Oregon side of Wild Sheep 
:i.nd switched over to the cen ter of the 
V-trough. It was a very thri l ling ri de dur
ing which I t ook on about 50 ga llons of 
water . 

The kayakers took Gran ite Rap ids 
r ight do wn the middle and all did a good 
job. I ran Granite qui te easily on the 
Oregon side between two small bou lders 
si tuated near the end of the rapids (Plate 
73.6). 

The remainder of the float was 
enjoyable for both the kayakers and my-

Photo b y K . eavh.,, esF& w sel f. I took on about 50 gallons of water 
Plate 13.4 Welsh beginning a "Jong week!" in Bernard Rapids. Waterspout Rapids 

Photo by C . Kosk i, NMFS 

Pla te 13.5 At 1_2(000 cfs, kayakcrs ran \Vild Sheep Rapids near tbc Idaho 
shore top center). 
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was good on the Oregon side , whi le Slui ce 
Creek and Rush Creek Rapids were enjoy
able on the Idaho side. 

March 23, 1973 - Flow 7 ,700 cfs 

The Chinook picked us up at 
Sheep Creek at 11 :00 AM and flew us to 
Hell's Canyon Dam. The two kayakers 
from Ketchum discon tinued at th is poin1 
due to previous commitments. We began 
floating at 1 :00 PM into a strong upriver 
wind. Coupled with the lack of current 
between rapids, it was necessary to paddle 
almost continuously in order t9 reach 
camp before dark (7:00 PM). 



Jim and Dee attempted to run 
Wi ld Sheep Rapids on the Oregon side 
but the Chinook , with photographer 
aboard, was hovering above the rapids 
and blew them over before they got 
to the good stuff. T hey were undecided 
as to the degree of difficulty of Wi ld 
Sheep at 7,700 cfs, since they ran most 
of it upside down. 

During my assessment of Wild 
Sheep, I cou ld see no way of running it 
except the same l ine I had used yester
day. However, the V-slo t formed by 
two eight-foot curling waves was very 
narrow and it would take perfect 
positioning in order to keep from ro ll
ing up. I borrowed a helmet and nose
plugs from one of the kayakers, which 
proved to be an unnecessary precaution 
as I somehow hit the slot perfectly and 
took on only a few gallons of water. 
Wi ld Sheep Rapids at 7,700 cfs (Plate 
73.7) is practical ly impossible for small 
rafters unless the oarsmen are ei ther 
extremely lucky or except ionally good. 

I ran Waterspou t Rap ids begin
ning on the Oregon side and switching 
to the middle about half -way through 
(Plate 7 3.8). Bernard Rapids had to be 
run down the middle, whi le Sluice 
Creek Rapids was sti l l runable on the 
1 daho side. The snca k on the Idaho 
side of Rush Creek Rap ids was gone so 
I tried i t down the middle and attempt
ed to get over to the Idaho side. On 
the way across, I fel l into a huge hole 
which put me over on my back. I 
crawled on top of the raft and righted 
it w ith no prob lems. An unnamed, at 
least un kown to us, rap ids just above 
Waterspout was a "female dog. " (RM 
234.8)2 

March 24, 1973 - Flow 5,000 cfs 

T oday I took Doug Erdman of 
the Idaho State Parks and Recreat ion 
Department with me in my raft. Since 

Photo by T . Ho lubetz, I F & G 

Plate 13.6 Granite Creek Rapids at 12,000 crs provided near ideal whitewater 
cond itio ns. 

Photo by T. Holub&tt, IF&G 

Plate l S. 7 Wild Sheep Rapids is practically impossible for small rafters at 
7,700cfs. 

Photo by T . Holubetz, IF & G 

Plate IS.8 Water Spout Rapids demanded tricky maneuvering at 7,700 cfs. 

2 Editor's Note: Subsequently identified as "No-Name Rapids" by the Corps of Engineers. 
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we lacked an extra wet suit for Doug, we dressed him in waterproof pants and top wi th the rorearms 
from my wetsuit and an extra pair o f wetsuit boots I had brought along. T he kayakers ran Wild Sheep 
(boulder-strewn) more or less down the middle, pi cking their way between the boulders. We took the 
raft down the Idaho side and switched over to the middle about one-th ird of the way through. I miss
ed my line slightly at the bottom or the rapids, bu t we remained upright. 

The kayakers ran Granite on the Idaho side and switched over to the middle just below the big 
rock in the middle (slightly exposed at 5,000 cfs). We tried the same line, but were swept into a huge 
hole on the Idaho side near the bo ttom of the rapids. The raft turned sideways and star ted to crawl 
out of the hole but slowly sli pped back in, and over she went. The force of the current sucked Doug's 
booties off and drove his water-proof pants to his knees, which slightly hampered his swimming. For
tunately he sti ll had a hold of the bowline, so pull ed himself to the raft and we both crawled on and 
paddled to shore. 

Bernard and "Female Dog Rapids' ' were technicall y di fficul t. Waterspout was still sneakable 
along the Oregon shore. A sneak was also discovered along the Idaho side o f Rush Creek Rapids. 

Generally, the rap ids at 5,000 c fs are sharp and short , creating longer distances between whi te• 
water . 

DISCUSS ION A ND CONCLUSIONS 

Jim Leonard, Dee Crouch, and I agreed that the best fl ow encountered for high-quality whi te
water boating was 12,000 cf s. A t 27,000 cf s, most of the rapids smooth ou t with the exceptions of 
Gran ite and Wild Sheep which became almost unrunable. A t 5 ,000 cfs , the rapids are short and sharp 
wi th long slack-wa ter secti ons between them . The low flows also necessitate considerable paddling 
between rapids. The interm ediate rl ows provide kayakers With numernus eddies in which they prac
tice their "eddy" turns. In this type of maneuver, they swing behind a rock, slow ly move the bow o f 
the kayak into the current whi le simultaneously dipping their padd le and leaning into the turn. The 
kayak {when the turn is properl y executed) swings effortlessly into a I 80-degree turn . It is a very 
gracefu l maneuver t o observe. 

For high quality whi tewater boating, the best sec Lion of the Snake River in the study area is 
between Hell's Canyon Dam and Johnson Bar. Below Johnson Bar, the good rapids are few and far 
between. Float parties nearly all depart from below Hell 's Canyon Dam wi th some noat ing all the 
way to Lewiston . Th ose going to Lewiston usuall y have outboard motors to propel them th rough 
the long pools on the lower ri ver . Float parties also can take out at the o ther roads intersect ing the 
river including Pittsburg Landing, Dug Bar, and Graves Creek. 

The whitewater boa ting crew agreed that the section of Hell's Canyon from Hell's Canyon Dam 
to Sheep Creek is big, exciti ng wa ter , ri val ing the Grand Canyon of the Co lorado as a whitewater boa t
ing experience. Wild Sheep and Granite Creek Rapids are b y far the most dangerous and exciting rapids 
in the study area. 

Fo llowing arc the grade oF difficulty of the different flows encountered using the "Interna-
tional System." 

• 

flow (CFS) 
Rating 

Wa ter • • · · - · · - · - • - • • • • • • • • • • • - • - - · - - • - - - • • - • - Sn.ikc River 
Stream S~gmcnt • • • • • • • • - • • • · · · - - - " · - - · • - - · - • • • Hell 's Canyon Dam to Sheep Creek 
Dares - · · · · · · • · • • • • • • • • • • • · - - • · • • - • · - - • - - · - - - March 2 1 • 24, J 973 
Type and Size of CrafLs • • • • • • • • • • • - - - - - - - • - • - • • • Kaya.ks and 6 -Man Rubber Raft 
Experience of Participan t.s - - - - • • • • • • • • • • • • • • • - • - - Class III and V 

27,00 0 
v• 

18,000 

*" 
12,000 

V 
7,700 

IV 
5,000 

IV 

T wo K:1yakcrs a nd ra[t ran o nJy from and including Gra nite Creek Rapids to Sheep Creek. Ano th er two kayaker$ ran from 
liell's Canyon Darn to just above G ranite Creek Rapids. According to the la tter 1wo kayakers ' description of Wild Sheep Rapids at 
27,000 cfs, thi.s sectio n should be cln.ssificcl as Grade VI . 

•• Unable to run at 18 ,000 due to helicopters being late and nows changi ng at noon. 
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CHAPTER 14 

NAV I GATION 

Don Mathews 
Corps of Engineers, Walla Walla District 

INTRODUCT ION 

T his chapter deals with the experience and problems of power-boat nav igation in Hell's Can
yon during various known sustained flows. I ts purpose is to evaluate the im pact of the controlled 
f lows on naviga t ion in t he canyon, and to determ ine what flow is necessary to sustai n navigation of 
the type prevalent on the Middle Snake River . 

METHODS 

Two methods were used to collect information for evaluation. 

a. A naviga ti on eva luation form was dist ri buted to al l powerboat operators observed 
on th is reach of Snake Ri ver during the test period. Information requested included 
boat data, purpose of t r ips, river stage, navigation data, and damages sustained, if 
any. A sample form is shown at the end of the chapter . 

b. A boat wi th operators was chartered from a Lewiston, Idaho, guide service to run 
the Snake River between the mouth of the Grande Ronde River (RM '168.7) and 
the foot of Granite Cree k Rapids (RM 239.1 ) . These cruises were made daily from 
Thursday , 22 March , through Sunday, 25 March, du ring periods of sustained flows 
of 18,000, 12,000, 7,700, and 5,000 cfs. I t was not considered necessary to eval
uate flows higher than 18,000 cfs. 

By leaving the launch area at the mouth of the Grande Ronde River at 8:00 A M (MST ), there 
was ample t ime to reach Grani te Creek Rapids I by 12:30 PM (MST ) , before the effect of the 12:00 
PM {MST) daily fl ow reducti on at Hell 's Canyon Darn was fe lt at that point. A fter a brief rest stop, 
the tr ip downstream could be made on the same sustained fl ow. Several members of the Corps' staff 
participated in these cruises as observers 
and recorders. Cameras and tape 
recorders were used to record pertinent 
informati on. 

T hree main factors shou ld be 
considered in evaluat ing the navigabil i ty 
of a ri ver : the boat, the river character
istics, and the operator 's capabili t ies. 
T he river characterist ics arc set at each 
sustained flow; however, the type of 
boat and the experience of its operat
or can have inf in i te variabil ity. Because 
the resources available for th is test 
were limited, only one powerboat 
could be chartered to make the test 
cruises. We selected the type of boat 
that is in most prevalent use on the 
M iddle Snake River by Federal and 

Phot o by Don Mathows, Corps of Engineers 

Plate 14. I The navigation evaluation team traversing Rush Creek n,pids in a 
24' aluminum jct boat, typical o f those u sed by outfitters and white 
water crHhusiasts. 

1 
Granite Creek Rapids was selected as the u pstream termi nus because it is generally recognized by professional boate rs as the prac• 

tlcal upstream limi t of power-boat navigation. 
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State agencies and professional gu ides. Professional operators fam il iar with this reach of the river were 
hired to pi lo t the boat. The most prevalent t ype of boat used by guides and agencies on the Middle 
Snake River varies in length from 20 to 30 feet, is of welded aluminum construction, and is powered 
by an inboard engine or engines with jet-pump propulsion units. It is shal low draft, and draws only 
1 to I ½ fee t of water when underway. The particular boat used in our survey was 24-feet long and 
was powered by a 455-cubic inch, 330-HP engine (Plate 74. 7). 

RESULTS AND DISCUSSION 

Evaluation Forms 

Response to the forms was l imited. Only five operat ors returned the evaluati onsj t wo of them 
covered all f ive days of the test and three covered only the last three days. Two of the forms returned 
covered the last three days, bu t were nol specific on which fl ows they navigated. A tabulation of data 
from the retu rns is shown on Table 74. 7. While t hese data are too limited for any rea l stat istical sig
nificance, they arc helpfu l in developing some preliminary eva luations. 

Table 14 .J Response LO Navigation EvaluaLion Forms 

BoatTyec 

Number of Jc t J ct Purpose o f Trip Rru:iges Degree of Difficulty 

Flow-cfs Responses I. B. 0.8 . -- -- Recreation Study Tc(lm O ther Used Routine Challc11gc ll a.zard 

27,000 2 2 Occasionally 

18,000 2 1 2 Slightly 

12,000 5 4 2 2 Toa Degree 3 

7,700 5 4 2 2 To a Degree 3 I 

5,000 5 4 2 2 All to No ne 2 3 

1 Sec tex t for inform ation o n other d am ages. 

Damages ) 

None 

Hull ( 1) 

Hull ( 1) 

None 
Hull &Jet 
Unit ( 1) 

Boat Data: Four of the f ive boats were classed as jet-aluminum . The other boat was a uHewes Craft," 
powered by a 100-HP outboard jet. Boat length varied from 18 to 24 fee t. 

Purpose of Tri p: T wo of the boats were used for transporting the study teams, al though one also 
checked all of the other purposes on the evaluation form. Two boats were used only for recreation 
and one was used to haul materials. 

Ranges Used : Exist ing navigation ranges were used only sl ightly during high flows, but were used increas
ingly more as the flows became less. The one professional operator responded that he did not use the 
ranges at any flow. One operator stated that the ranges were of no use belo w 7,700 cfs . The exact use 
o f ranges is difficul t to ascertain from the replies.2 

Degree of Diffi culty: The responses indicate that the degree of difficulty in powerboat navigation in
creased with decreasing fl ows. The operator who considered navigation " challenging" al 27,000 cfs 
indica ted he had a small boat (18') and that this was his first time on the river . The other operator 
considered navigation "very easy" at 27,000 cfs, except Rush Creek (RM 231 .2) upstream, which he 
considered "challenging." The same classi fi cations were also no ted for the 18,000 cfs flow. 

A t 12,000 cfs flow the inexperienced operator began to find some " hazardous" conditions, and for 
other operators " routine" changed to "chal lenging.'' At that flow, a commercial operator began re
porting, and he found both the 12,000 cfs and 7,700 cfs flows ' 'routine. " There was little difference 

2 Although the forms Ind lea led limited use of th e r1avlgallo11 ranges by some rcspondants , and no use by lhe respond ing commercial 
opera tor, it is known that th e ranges are used ex tensively by commercial and prlva1c boaters. 
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in reporting of the degree of difficulty between the 12,000 cfs and 7,700 cfs flows, except one oper
ator changed his op inion of Rush Creek upstream from " challenging" t o "hazardous." 

At 5,000 cfs most of the operators considered navigati on "hazardous," and even the commercial 
opera t or considered it " challenging." 

Damages: One boat operator reported hull damage in the form of popping rivets at 18,000 cfs. That 
same boat also experienced a cracked hu ll and smashed jet unit at the 5 ,000-cfs flow. This latter 
damage occurred at Upper Kirby Creek Rapids (RM 219.2). The only other damage reported was a 
dented stern , but the flow and locat ion where damage occurred were not noted. The problem with 
popp ing rivets indica tes the apparent desirabi lity of welded construction. 

Point(s) of Particu lar Difficulty: The response to this item, as well as to item entitled Degree of Di ffi
cul ty , was high ly variable, depending upon the experience of the operators. A ll the boa ts were of the 
same general type, i.e., all were jet powered and from 18 to 24 feet in length. 

There were no points of particular difficul ty noted for fl ows above 12,000 cfs. At 12,000 cfs fl ow, 
one operator designated Rush Creek (RM 23 1.2) as being di ffi cul t. Another sta ted that the " low 
water made tr ip hairy," but he did not designate the flow rate nor any particular point. 

At 7,700 cfs, one operator reported difficulty at Cottonwood and High Range Rapids (RM 209.2 and 
206.4). 

At 5,000 cf s, the points of difficulty were l isted by an operator as "many" and " every shallow ripple." 
Upper Kirby Creek Rapids (RM 219.2) was ci ted by one operator who damaged his boat there. 

Test Cruises 

The following descriptions of the test cruises made by the chartered boat are based on notes 
and recorded narration made during the tri ps. The descriptions used are subjective, and what may 
be " exciting" to one person may be quite rout ine to ano ther person more accustomed to navigation 
on the Middle Snake River. 

18
1
000 cfs, Thursday, 22 March 1973: Travelling upstream on the reach below the mouth of the 

Sa lmon River (RM 188.2), Shovel Creek Rapids (RM 174.2) , and Grotto Fal ls Rapids (RM 176.2) 
were noted to be pretty bumpy. The Snake River flow below the Salmon was about 22,500 cfs, 
with the Salmon River flow about 4,500 cf s. Above the Sa lmon , Lower Sheep Creek Rap ids (RM 
189.8), lmnaha Rapids (RM 191.4) , Sulfur Creek Rapids (RM 199.8), Dry Creek Rap ids (RM 200.9) , 
and Lower Campbell Rap ids (RM 205.0) were also bumpy going through. Upstream from Johnson 
Bar Landing (RM 229.8), the head of the authorized navigation improvement pro ject , the trip was 
exciting, with occasional bumpy going through Rush Creek Rapids (RM 23 1.2), Waterspout Rapids 
(RM 233.7), and Bernard Creek Rapids (RM 235.2) , but posed no particular navigation problem. 

Trave l downstream was exci t ing, but no navigation prob lems were encountered. 

12,000 cfs, Firday, 23 March 1973: Travell ing up the river, no problems were encountered up to 
the mouth of the Sa lmon River. The Snake River fl ow below the Salmon was about 16 500 cf s 

I I 

with the Salmon River flow continuing at about 4,500 cfs. Proceed ing upstream, the l mnaha Rapids 
could be run on ei t~er side. The trip to ~M 205 was routine, using the normal procedure of slowing 
down to en.ter a raprds and then accelerat ing on up through it. The boat operator noted that High 
Range Rapids (RM 206.4) would be "tougher" at lower f lows, bu t it was not difficul t at 12,000 cfs. 
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No problems were encountered on up to Granite Creek Rapids (RM 239.1 ). Rush Creek and Water
spout Rapids are considered fairly difficult passages at this flow, but our boa t had no particular 
difficulties wi th them either way. The t rip downstream was, again, somewhat routine. The river 
was considered to be easy to negotiate, wi th onl y lmnaha Rapids called "rough"; downstream pas5 
age through it was on the Idaho side. 

7,700 cfs, Saturday, 24 March 1973: The flow at Lewiston was approx imately 13,000 c.fs, with 
Salmon River inflow amounting to about 5,000 cfs. The trip upstream was called relatively unevent
fu l (which may be the result of greater familiarity of the river run by the crew). The navigation 
channel was narrow at several locations and greater care and knowledge of rhe river was requ ired 
to negotiate the rapids t o prevent hitting rocks. A small sunken barge (Plate 74.2) was observed 
partiall y exposed on the left bank at Dug Bar (RM 
196.7) , I t is a naviga t ion hazard when landing on the 
beach, particularly when covered by a few feet of 
wat er . 

A group of three addit ional jct boats met the crew 
boat in the vicinity o f Kirby Creek to travel on upstream 
as a group. Nothing significant occurred until we 
reached Rush Creek Rapids where one of the less
experienced boat operat ors had some difficul ty in 
passing over the rapids. The remainder of the upstream 
tri p to Granite Creek was generall y routine1 but with 
some fa irly bumpy going, and exciting periods while 
passing th rough white water. 

No particular problems were no ted on the downstream 
trip . 

During the review of this trip, it was observed that 

Photo by Morla Mews, l deho Perks & Recreetion Dept. 

Plate 14.2 Sunken barge shown here at 7,700 cfs first becomes 
exposed at J 8,000 c fs. This is also the localion 
of Chief J oseph 's historic river crossing. 

the Ro land Bar ranges (RM 203-204) arc questionable at low fl ows, and depict a navigati on channel 
that is located very close to some rocks on the right bank. 

5,000 cfs, Sunday, 25 March 1973: The flow at Lewiston was about 1 ·1 ,500 cfs, with Salmon River 
inflo w about 5,000 c fs. Two rocks were bumped during the upstream trip , but there was no serious 
damage to the boat. The first contact was below Eureka Bar and the second was in Whi tehorse Rapids. 
The crew boat proceeded upstream only to Rush Creek Rapids. One boat navigated the rapids at 
5,000 cfs flow, but reported minor hull damage. The passage either way at this fl ow is considered 
very hazardous. 

On the downstream trip, the crew boa t and another jet boat hit rocks at Lower Pl easant Valley Rapids 
(RM 213.5). Although no appreciable damage was done to the crew boa t from hitting rocks at the 
5,000 cfs f low, one jct boat was badly damaged at Upper K irby Creek Rap ids, and another at Rush 
Creek Rapids. 

Summary of Test Cruises: In general, the rapids became easier for the chartered boa t to run as the 
flows receded. The reason for th is was that the rapids became shorter and their upper ends usuall y 
became smoo ther. This condition resul ts in a series of relative ly smoo th , low-velocity pools connect
ed by short rapids, and the t otal ti me for the trip is actually less than at higher flows. In addition, 
some rapids that are primaril y caused by flow veloc ity became barely noti ceable when f lows dropped 
below 12,000 cfs. Exceptions to th is arc certain rapids that are rougher at low f lows, those that are 
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rough at any flow (such as lmnaha Rapids), and th ose where there was questionable depth . Whi te-
ho rse Rapids (RM 194.5) and Co tton- ,,,, , ; 
wood Rap ids (RM 209.2) are difficul t 
at l ow flows because they are wide and 
shallow. 

The naviga tion aids (ranges) were found 
to be correct in most of the rap ids. 
They are set t o obtain the smoo thest 
and saf est course for a fl ow in the range 
of 12,000 to 15,000 cf s. A t lower 
flows the ranges (Plate 7 4. 3) must be 
used wi th discretion, and a skill fu l! 
operator w ill rapidly " read the water " 
and then steer the best course . 

CONCLUSION S 

I~ , 
I 

' . 

Photo by K . Bayh a, BSF&W 

Plalc 14.3 Navigation ra,,ge markers huve been im talled and m ain tained by the 
Corps of Engineers to aid safe navigation upstream to Johnson Bar . 

An y conclusions reached con
cerning the navigabil i ty o f the Midd le 
Sn ake River wi ll require some reservations. T he type o f boat used and the experience of the operator 
were found to be the principal factors involved. A 20-foot to 30-foot-long welded aluminum craf t 
po wered by an inboard jet -pump unit and operated by an experienced operato r , appears to have only 
minor difficulties in running the navigable reach of river at all the flows tested .3 The foo t of Granite 
Creek Rap ids is presentl y considered the practica l upstream limi t of powerboa t navigation, and no 
attempts were made to go farther . 

I t is assumed that most people who operate a boat on the M iddle Snake River, ot her than 
commercial operators, do so primarily for the thr i ll and chal lenge of open-river boat ing. At what 
point a " chal lenge" becomes a " hazard" depends on the equipment used and the operator 's abi lity. 
Even this l imited test reveals a considerable range in evaluating the degree of difficulty of navigating 
at vari ous flows. Since the experienced operators considered the cru ises "routine" except for the 
5,000 cf s flow , it might be concluded t ha t a minimum flow conducive to relatively non-hazardous 
powerboat navigation bet ween the mouth of the Salmon River and Granite Creek Rapids is between 
7,700 and 5,000 cfs. T here wi ll always be some hazards invo lved regardless of fl ow, however , and 
anyone navigating the Middle Snake Rive r should carefu lly consider the capabi li t ies of both his boat 
and himsel f. 

From th e standpo int of riding comfort, speed of travel , and relat ive safe ty from haLard, the 
optimL1m flow appears to be in the range of 8,000 to 9 ,000 cfs . 

The conclusions do not apply t o other than jet-propel led boats in the 20-foot to 30-foot size . 
Past studies indica te that boats of this type compri se 70 to 75 percen t of the powerboat traffic above 
the Salmon River.1 

OTHER CONS IDERATIONS 

FPC License Modification 

. . . There is presentl y a petition before the Federal Power Commission (FPC) requesting a mod-
1f 1cat1 on of the license for t he Hell's Canyon hydroelectric pro ject in the interest of navigati on. The 

3 T he crew boa t stopped at Rush Creek on the 5 ,000 cfs f low, 

" I n a report submit ted by Fish Commiss ion of Oregon to FPC, January 1970. Da ta arc for recreationa l use in 1°968-1969. 
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pet1t1on was filed by Lewiston and Clarkston Chambers of Commerce, and requests that the license 
be modified to require the release of a minimum flow of 10,000 cf s from Hell 's Canyon Dam, or 
al ternatively the amount of inflow of Brownlee Darn. 

The Corps of Engineers was 
requested to investigate the naviga
tion problem in this connection to 
provide FPC information to act on 
the navigation interests' petition. T he 
Corps completed its report in March 
1972, in wh ich it recommended that 
any modification in t he l icense should 
awai t further developmen t of ongo
ing regional water-use studies and the 
wa ter-resource plans of the states 
involved. 

Existing Navigation Project 

Plate 14.4 Rivers Navigation Company rlelivcrs mail to isolated mnchcs weekly. 

A navigation project for Snake 
River from Lewiston to Johnson 's 
Bar (RM 140-232) was authorized by 
the River and Harbor Ac ts of 1902 
and 1935. No definite channel depth 
or widt h is specified, only that rocks 
and reefs be removed in attempting 
to secure a navigable channel for a 
three-foot stage in Lewiston. A l imit
ed number of rock points or reefs 

have been removed over the years to 
improve the channel at restrictive 
locations. Ranges have been set to 
assist passage through the more diffi
cult passages. 

Mail Boat 

The Rivers Navigation Com
pany holds a contract with the U.S. 
Postal Service for official delivery 
of mail to ranches along the river 
(Plate 14.4). On Wednesday and 
Thursday, the mail run is made each 
week. I f necessary, higher flow re
leases (about 8,500 cfs) are scheduled 
from Hell 's Canyon Dam to provide 
adequate flow for the weekly mai l 
run ; however, this is not a require
ment of the FPC license . While not 
a part of the data observed during 
the period of the controll ed f low 
test, Mr. Rivers reports that ·10,000 
cfs is required by his boat, the Idaho 

Photo by D ick R ivers, Rivers Navigation Co , 

Plate 14.5 The Idaho Queen JI is the largest commercial boat operating on the 
Snake River and requires " flow of 10,000 cfs. 

Queen 11 , when heavy freight loadsare carried. According to Mr. Rivers, these larger freight loads 
are most li kely to occur in the months of December, Jan uary, February, and March (Plate 74.5). 
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The minimum FPC license flow requirement of 13,000 cfs at Lime Point (RM 169.8) provides ade• 
quate depth downstream from the mouth of the Salmon River . 

Effect of Flow on Lower Snake River Navigation 

The magnitude and rate of change in flow releases from Hell 's Canyon Dam will have negligible 
effect on Lower Snake River navigation. This is because the fl ow requi red t o operate the navigation 
locks is a small portion of the total river flow below Lewiston, Idaho. 
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Controlled Flows o n Middle Snake River 
{Period of 17 Mar 73 - 27 Mar 73} 

STUDY DATA 
Power Boat Owner-Opera tor Data 

Name _______________________ Date ______ _ 

Address ______________________________ _ 

Boat Data 

State o f Registry _______________ _ Hull Type _______ _ 

Length ______ Power & Type ___________________ _ 

Pur ..,__ ___ ,_ 

Number Occupants ____ Sightseeing ___ Fishing ___ Du ration of Trip ___ _ 

White Water Boating ___________ Study Team __________ _ 

River Stage 

Approximate Flow-cfs ____________ Moorage Problems at _____ _ 

Navi ation 

Ranges Used _________ _ Corps Engrs. Nav. Charts ________ _ 

Enter at ______________ _ 

Destination ______________ Exit at ____________ _ 

Degree of Di ffic ulty : Rou tine ______ Challenging ____ Hazardous ____ _ 

Point(s) of Particu lar Difficu lty ______________________ _ 

Damages Durin Trip If An 

To Hull _____________________________ _ 

To Engine and Drive---------------------------

Where Did Damage Occur on River _____________________ _ 

When comple ted return to: Ke ith Bayha 
BSFW 
550 West Fort Street 
Boise, Idaho 83724 
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CHAPTE R 15 

POWER AND WATER SUPPLY 

Jack McLeod, Bureau of Reclamation 

Bruce Mitchell , Idaho Power Company 

Larry Dean, Bonneville Power Administration 

INTRODUCTION 

Identificati on of power and water supply needs was not an objective of the Hell 's Canyon 
Control led Flow Study . 

This subject has been afforded chapter status because the flows found in the Hell 's Canyon 
reach of the Snake River are a result of the Idaho Power Com pany's complex of dams and their opera
ti ons. Data on the operations and the laws governing those operations are expressed in this chapter 
in order that the reader may be bet ter oriented to the problems and potential solutio ns to providing 

Plate 15.l Hell's Canyon Dam provides the ultimate control of releases to the study reach. 

stream resource maintenance nows. This chapter also descri bes the power exchange that was required 
to provide the study fl ows. 

EXISTING POWER FACILITIES 

Nearly one mill ion ki lowatts, about 75 percent of the t otal capacity of the Idaho Power Com• 
pany's hydroelectric system, is installed at the power-producing complex - Brownlee, Oxbow, and 
Hell 's Canyon. River mile (RM) locat ion, hydraulic and nameplate (NP) capaci ties, and f ul l pond, 
forebay , and tail water elevations of these projects are as follows: 
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Hydrau lic 
Project Capacity, NP Forebay T ail water 
Name RM cfs KW Elev. Ft/ msl Elev. Ft/ msl 

Brownlee 284 23,400 360,400 2,077 1,805 

Oxbow 271' 28,800 190,000 1,805 1,688 

Hell 's Canyon 247.7 33,000 391,500 1,688 1,475 

In contrast to the seasonal load characterist ics of the Pacific Northwest power system as a 
whole, the Idaho Power Company system loads peak during the summer. The most practical means 
the company has to shape system generati on to meet power loads is the 980,250 acre-feet of usable 
storage at Brownlee Reservoir. On ly l imited reservoir st orage capacity is available at the o ther sites 
(5,000 acre-feet at Oxbow ahd 11 ,800 acre-feet at Hell 's Canyon). There are additional commitments 
upon the use of storage at Brownlee such as seasonal f lood control requirements and other particu lars 
identified in the Federal Power Commission License. 

ACT IONS PRECED ING AN D DUR ING "CONTROLLED FLOW " OPERATION 

Considerable effort and negotiation was required prior to impl ementing the controlled flow 
operation . Of primary importance was the necessity for the Idaho Power Company to secure a waiver 
for temporary departure from some of the requi remehts of the Federal Po wer Commission License. 

I t was also necessary to select a study time when d iversi ty existed between Idaho Power Com
pany's generation capabil ity and the Bonnevi lle Power Administration system and to obtain an opera
tion arrangement between the Idaho Power Company and Bonnevil le Power Administration so that 
generation could be exchanged when Idaho Power Company redu ced their generat ion to implement 
scheduled flows for the study. The study requ ired flows of 27 ,000; 18,000 ; 12,000; 7,700; 5,000; 
and about 24,000 cfs scheduled for 24 hours each with the minimums set for the weekend when power 
loads normall y are lowest. The minimum of 5,000 cf s requ ired by the Federal Power Commission Lic
ense was observed during the study as measured at Johnson Bar. However, the rate-of-flow change 
requirements (1 ft/hr) were waived for the period of study by special order of the Federal Power Com
mission dated March 16, 1973. 

Under a letter agreement dated February 201 1973, the Idaho Power Company and Bonne• 
vil le Power Admin istration formalized an exchange of energy. That agreement covered a period of 
time prior to March 20, 1973, terminating on April 30, 1973. The period of control led f lows was 
March 20-25, 1973. 

Power Exchanges 

On March 20, the fl ow was stabilized at Hel l 's Canyon by the Idaho Power Company for 24 
hours and reduced for the subsequent days as scheduled. A ll reductions were made at noon at Hell's 
Canyon when the loads exceeded the Idaho Power Company generation . Po wer which had been gen
erated by the Idaho Power Company plants prior to March 20, 1973, and delivered to the Bonnevi lle 
Power Administrat ion system, was returned to carry load on Thursday, March 22,until noon on Friday, 
March 23. On March 24, additiona l stored energy was returned to the Idaho Power Company , and by 
prior arrangement with Pacific Power and Light Company and the Washington Water Power contract 
deliveries were reduced. Generation and flows were returned to normal on Sunday afternoon , March 
25 . 

Flow Implementation 

The higher value flows for the study (18,000 to 27,000 cfs) were released from Brownlee 
Reservoir and passed through Oxbow according to the power needs. The flow at Hell 's Canyon was 

J Pla te 15. 1 
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ad justed to maintain a discharge of about 27,000 cfs. During intermediate f lows (about 12,000 to 
18,000 cf s), water was also drafted out of Hell 's Canyon pond, providing additional space necessary 
to re-regulate for the 7,700 and 5,000 cfs flows. 

Enough water was released at Brownlee t o fi ll the previously vacated space in Hell 's Canyon 
pond. T he flows that were released from Brownlee flowed through Oxbow in to Hell 's Canyon and 
generated power that met Idaho Power Company's share o f the load. 

The max imum Hell 's Canyon drawdown was 15 feet on Thursday, March 22, and on Sunday, 
March 25, the storage space was filled to within 3 fee t of max imum water surface. This operation 
(March 20-25) made optimum use of inflow, storage, and pondage to meet the Company's share of 
load and provide study fl o ws. 

DOWNSTREAM SYSTEM EFFECTS 

Seven federal hydroelectric plants are located on the Snake and Co lumbia Rivers downstream 
from where the Hell 's Canyon controlled flows study was conducted. Those plants, Little Goose Low
er Monumental, Ice Harbor , McNary, John Day, T he Dalles, and Bonnevi lle have a tota l water-t o-energy 
conversion factor of about 45.8 kw/cfs . The effect of the controlled flows stud y on those plants re
duced the power production on Friday , March 23, through Sunday, March 25, bel ow that which normally 
would be expected during March. Water stored during the study period was necessarily re leased at 
some other time during th e spring months. A lthough i t was anticipated that there was a sign ificant 
pro bability that this stored water would not be usable at downstream federal powerplants, it turned 
ou t to be all very nearly usable because of the extremely low 1973 spring runoff. The loss in power 
generation to the Idaho Power Company system was about 660 megawatt-hours on March 23 and 
about 1,410 megawatt-hours on March 24. 

WATER SUPPLY 

Table 7 5. 7, Infl ow to Brownlee Reservoir, is from the February 1973 Columbia River Water 
Management Group publica tion, "Provisional Report on Modif ied Flows at Selected Sites, 1928-68, 
for the 1970 Level of Deve lopment, Columbia River and Coastal Basins. " The flows (Table 7 5. 7) arc 
depleted (or adjusted) flows from studies for the entire system above Brownlee, in which historical 
flo ws were re-regulated to meet 1970 level of development. 

For planning purposes, median values for power production are usuall y used as the expected 
amount of generation to be obtained from any given plant. Al so , the minimum in flo ws are eva luated 
as the maximum liabi lity to which a generation plant m ight be subjected. This covers the range of 
operation which may be experienced at least half of the tim e. 

Man's major control of runoff on any stream is im plemented by the existence of and the use 
of storage. The amount of contro l he may exercise is a function of the volume of inflow and the vol
ume of storage and the efficiency of man's use of storage is directly related to his ability to forecast 
(predict) runoff. T herefore, th e " rules" (and/or parameters) for the use of storage are based on in 
f lows to a sto rage si te. 

The fl ood control provisions in the Bro wnlee li cense state that the poo l elevation be at 2,034 
feet msl by March 1, and, if required as determined by forecast, additional space wil l be made available 
to elevation 1,976 feet msl and will be refil led on a schedule related to the Columbia River flood con
trol operation . 

Figure 15. 7 shows the monthly average inflows or the median water condition corresponding 
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Table 15.l Columbia River Water l\lanagcmcnt Group 

No. 13289710 BROWNLEE Snake River Mile 285.0 
No. 13290049 MEAN MONTHLY FLOWS. IN CFS. OXBOW Snake River Mi le 273.0 

YEAR JULY AUG SEP OCT NOV DEC JA N FEB MAR APR MAY JUNE ANN 

1928-29 10740 10300 11910 14560 18030 13810 16020 14850 15660 18200 14710 13980 14380 
1929-30 9453 9022 10450 11520 12870 13150 9894° 20720 12650 11890 12100 10090 11920 
19'30-31 9042 9884 9411 11840 12340 11730 1oa10· 15080 13210 11790" 9273 7922" 11010 
1931 -32 7146" 7724• 7818· 9224' 11 150 11010 10540 10240• 19470 21140 21400 17200 12840 
1932-33 9869 8965 10830 12010 12470 12040 11850 12590 13870 16890 16710 19190 13090 

1933-34 9289 9473 10770 11980 12530 12600 13610 12870 12680 18610 9103· 8235 11800 1934-35 7726 8341 8479 10270 10890· 10740 10670 10540 11310· 15710 13240 12470 10860° 1935-36 8755 9027 9139 11200 11150 10370" 11260 12120 14970 25840 21800 15350 13400 1936-37 9678 10060 11370 11770 12320 11540 11590 11920 13020 14520 13520 10970 11850 1937-38 8767 8702 9566 11480 12180 15020 12710 14490 20420 31070 31590 24860 16730 

1938-39 13180 9983 11580 13350 14870 13970 12150 18600 19710 20370 14080 10370 14320 1939-40 9421 9642 11200 12140 12150 11680 12450 18090 20970 23380 16760 10880 14040 1940-41 9164 9290 11690 12900 13740 13350 13640 20470 19160 16450 15610 16410 14270 1941-42 9944 10280 11550 13030 13960 16310 13970 17860 16,90 24140 19800 21180 15700 1942-43 11060 10140 11960 12540 14600 15680 20200 26170 40030t 62480 33180 32540 24130 

1943-44 19970t 10990 12270 18550 18840 15980 18480 18140 13380 15950 13990 18620 16250 1944-45 11720 10480 11560 13690 14990 13370 15550 21610 15150 17850 24750 19390 15790 1945-46 10940 10360 12700 16890 17910 16940 21930 21790 29180 38510 36310 20590 21150 1946-47 11090 11100 13310 17180 18740 18530 18710 23080 19260 19420 24210 20130 17850 1947-48 10500 10940 12810 16580 15870 15620 18810 19360 15610 18980 25540 31010 17600 

°' 1948-49 11320 10790 12780 14650 14610 14690 17340 18970 23880 26050 28530 16770 17520 °' 1949-50 9538 10130 11950 12840 15110 14620 17210 20170 18940 39060 18630 25640 17740 1950-51 14620 11130 12760 20770t 20710t 20470 20580 28660 22860 46630 32810 20910 22670 1951-52 11270 12020 12700 18930 19220 18490 22430 23690 26710 70190t 66420t 26500 26500t 1952-53 13610 10940 12650 15410 15070 15350 22470 22110 16070 22270 20640 38150t 18660 

1953-54 13930 10780 13630 14010 14100 14310 17630 20910 19350 27350 21190 21250 17320 1954-55 11120 11020 12640 13750 14070 13820 15230 17330 12460 15300 16040 14550 13910 1955-56 10370 10210 11390 13120 14110 20650 24010 21950 27950 44220 37330 31980 22240 1956-57 11370 11200 12630 17240 17480 16560 17370 24000 26490 41690 46240 29260 22590 1957-58 10610 11180 12880 15290 16430 15820 16920 27680 20110 36540 42510 26810 20990 
1958-59 10800 11350 13340 13500 13960 14360 14480 18810 15220 16180 15260 16110 14410 1959-60 9957 12140 16690t 14870 13770 13510 12850 19690 21110 21370 17230 18100 15900 1960-61 9352 10820 12350 13390 14670 12720 12110 16630 15530 13600 14390 11620 13070 1961-62 8578 9022 10310 11980 12360 11990 11310 18790 13580 23040 20210 16690 13930 1962-63 9630 10330 11730 16030 15540 15960 13500 25900 13250 20920 22750 26690 16760 
1963-64 10480 10300 13110 14000 14050 14110 13500 16880 14380 26310 23310 32840 16890 1964-65 10490 10700 13010 14160 14550 24290t 28640t 394901 28539 51030 41600 35650 25870 1965-66 14910 13120t 13750 16770 19660 17030 21210 18670 15780 14720 13270 11030 15810 1966-67 10040 10340 12220 13260 13210 13290 13990 18100 14170 12770 19920 25290 14680 1967-68 11600 10750 12170 14510 16640 15480 16710 23480 i6630 13530 12660 14030 14810 
MEDIAN 10163 10010 11982 13597 14332 14339 14852 18886 16347 21029 20063 18901 AVERAGE 10780 10320 11880 14030 14770 14770 15860 19560 18490 25650 22720 20030 16530 
Modified, 1970 

Drainage Area: 72590, 72800 Square Miles Provisional January 19, 1973 



Figure 15 .l Brownlet: Reservoir Rule Curve lVIedian Water Condition 
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Figure 15.2 Brownlee Reservoir Rule Curve Critica l Wa ter Cond ition 
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elevations for Brownlee Reservoir, and the corresponding median discharge curve. This rule curve 
was developed to coordinate power operations of the Brownlee Reservoir with those of the Northwest 
Power Poo l1 and was based on their operating program whereby all of the Northwest operations are 
coordinated . Figure 7 5.2 shows a similar picture for minimum (critical) operations. This minimum 
period was established for the 1934.35 seasonal volume. 

The discharges which shaped the River below Hell's Canyon Dam during the 12 months prior 
to th e stLldy arc shown in Figure 7 5.3. These data are mean dail y discharges and display the pattern 
of dai ly fl uctuati ons no t shown in mean mon thly da ta. The 5,000 cfs flow which occurred as a result 
of the study is sho wn as slightl y greater than 6,000 cf s. This occurs because a different 24-hour period 
(midnight to midnight) was averaged rather than the 24-hour period during which the control led flows 
for the study were implemented (noon to noon). 

SUMMARY AND CONCLUS IONS 

Increase and decrease of f lows at a hydroproject correspondingly increases or decreases power 
production . However, the value associated with an increase or decrease in power production is measur
ed in the framework of a usable pattern of power delivered to a given point for a given period of t ime. 
A lso , water required for system needs sometimes becomes more valuable when reta ined in storage {to 
maintain the head for capacity) than when released for energy. 

The impacts on power generation in di rect re lati on to the "controlled study flows" are not 
meaningful because this range of flo ws does no t provide enough evidence or deta il to scope the nature 
of power generation wi th respect to the system and th e entire Pacific Northwest area. Such fac tors as 
system characteristics, system demands, diversity , and nexibility are the ty pe of detail required to 
identify for plann ing and operating such impac ts for present and future conditions. 

However, it is apparent that an increase in sustained minimum f low requirements wou ld have 
an adverse impact upon th e project (Brown lee, Ox bow, and Hell 's Canyon) and the system , and on 
the fu ture expansion of both . Since Brownlee Reservoir was constructed {August 1958), regulations 
involving minimum flows have been made to facilitate reservoi r fi lling. Relative to th e last 15 years 
of project operation, the minimum license flow (5,000 cfs) has rarely been experienced. 

Article 41 of th e FPC License states: 

"The proj ect shall be operated in such manner as will not conflict with the future 
depletion in flow of the waters of Snake Riller and lts tributaries, or prevent or 
interfere with the future upstream diversion and use of such water above the back
waler created by the project, for the irrigation of lands and other beneficial con
sumptive uses in the Snal?e River watershed. " 

Past, present, and futu re operations anticipated by the Idaho Power Company System are 
governed by the above article. 

The ability to fi ll Brownlee Reservoir and beneficially utiliLe ~nnual storable flows is para
mount for power because the use of storage at Brownlee Reservoir is necessary to reshape the genera
tion pattern of the other plants in th e Idaho Power Company system on a dail y and seasonal basis to 
match the load requirements. Th is is done by utili zing the 980,000 AF (usable) storage at Bro wnlee 

1 Article 39 of the FPC license ~ta tcs: "The l/ccnsec s//rJ/1 operate the proiect and its system /11 coordinullon w/1/, rhe !Vwthwr.:st 
Power Pool, rmd shall arrange for s11ch traosmlsslon facilities as mo)' be required for .nich opera/Ion." 

170 



and the abil i ty to f i l l this space each year makes this possible. As future inflows to Brownlee Reser
voir are depleted, the frequency of utilizing a min imum release to insure fi ll ing the reservoi r wil l 
increase. A s the sustained minimum flow is increased above 5,000 cfs, the ab ility to fi ll wil l decrease . 
Acceptance of any power-producing impairment will be dependent upon the abi lity t o replace lost 
energy with an equivalent resource and the associated costs thereof. 

GLOSSA RY OF T ERMS USED IN CHA PTER 15 

Generation - The act or process of producing electrical power. 

Power - The t ime rate of transferring energy - a commodity of capacity and energy. (i .e., 
energy shaped to fit a useful load pattern). 

Energy - That which does or is capable of doing work - energy is generated by a hydro-electric 
project or system over a specified period. 

Capacity - The max imum load for which a generator, powerplant, or system is rated. 

Load - (1) Average load is the amount of electri c power delivered for a stated period of t ime 
at a given poi~t. (2) Peak load is the maximum load in a stated period of t ime. 

Load Shape (or load pattern) - The characteristi c variation on the magnitude of the power 
load with•respect t o time - dai ly, weekly, annual , or specif ied period. 

Peaking - (capacity) - Powerplan t operation to meet the variable portion of the max imu m 
specified load. 

Head - Gross head is the difference of elevations between water surfaces of the forebay and 
tailwater. Effective head is the gross head adjusted for hydraulic losses. 

Diversity - The occurrence of two different even ts happening at noncoincident times in such 
a manner that the resul t of the combined operation o f the two is greater than the coinciden tal sum of 
the two. 

Hydraulic Capacity - The maximum volume of water that wi l l flow through any given turbine, 
gate, orifice, or other water-controlled device, at any given head . 

Duration Curve - A cumu lative frequency distribution curve that shows the length of time 
that specified values were equal o r exceeded in any given period. 

Rule Curve - The pattern of drafting and refi l l ing any given reservoir with respect to t ime. 

Median Strcamflow - The rate of flow at a given point for which there are equal numbers of 
greater and lesser flow occurrences during a specified period. 

Minimum Stream flow - The minimum rate of fl ow at a given point during a specif ied period. 
Depleted F low - The controlled rate of flow at a given point during a specif ied period result

ing from upstream and at-site reservoir operat ions, diversions, return flows, and consumptive uses. 

Pondage - Reservoir power storage capacity of l imited magnitude that provides daily or week
ly re-regulation . 

Re-regu lating Reservoir - A reservoir located downstream from a hydroelectric peaking plant 
having sufficient pondage to store the widely fluctuating discharges from the peaking plan t and release 
them in a relativel y uni form manner downstream (both Oxbow and Hell 's Canyon Projects provide re
regu lation). 

Storage Project - A project with a reservoir of sufficient size to carry over from high f low 
season to the low flow season and thus to develop a firm flow substantially more than the min imum 
natural fl ow (Brown lee is a storage project). 
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CHAPTER 16 

DISCUSSION, CONCLUSION S, AND RECOMMENDATIONS 

Hell's Canyon Controlled Flow Task Force 

INTRODUCT ION 

The preceding chapters cover, in part or in total , seven funct ional uses (water quali ty, naviga
t ion, fish and wi ldlife, recreation, esthetics, power and water supply and environment) of f lows in 
the Hell's Canyon reach of Snake River, and a total of fourteen phases or aspects of those uses. Thus, 
they vary in subject matter, study methods, objectivity, and resu lts. Each, however, reports the resul ts 
of one aspect or element of th is investigation, and each comprises the best information available on 
the subjects covered at the present time. Until more definitive studies are made, the results of this 
study, together with pertinent publ ished literature, should be helpful in making dec isions regarding 
the water requirements for instream uses in the reach of Snake River from Hell's Canyon Dam to 
Lewiston, Idaho. 

This report is concerned only with amounts, uses and needs of instream flows in the river 
secti on studied. However , water uses and needs of the Snake River and its tribu taries upstream and 
in the Snake and Columbia River downstream must also be considered in evaluating the po tentials 
for achieving recommended flows in the study area. These po tential upstream and downstream effects 
are beyond the scope o f this study and could be determined on ly by additional investigati ons. 

A glossary of tech nica l terms used in this chap ter is provided at the end of this chapter. 

OBJECTIV ES 

The primary objectives of this study were: (1) to determine the lower level of acceptable 
fl ows for maintenance of the biological ecosystem and man 's recreational and other uses of the Hell's 
Canyon reach of the Snake River ; (2) to determine what flows would be optimum for th ose purposes; 
and (3) to make appropriate recommendations to be included in water planning studies. T o formulate 
these recommendations, a 35-man task force (Chapter 1, Exhibit E) was formed to evaluate the f unc
ti onal data and prepare this report. 

LIMITATIONS OF THE OVERALL STUDY 

A major obstacle to the achievement of these objectives was the short study period. Because 
or the nature of the operating demands placed on the major hydropower complex immediately up
stream, and because of the nature and needs of the biota resident in the stream, i t was necessary to 
confine the study effort to a short period in the spring, when the impac ts of the study itself could 
be tolerated. Further, time and economics dictated that the study format be l imited to fi ve controlled 
flows in five days. This meant that the functi onal studies involving biological resources were confined 
to one short portion of the spring season. 

To deve lop a flow regime for a typ ical year, data gathered dur ing the study musL be exam ined 
and projected through all seasons of the year. In order to project these data, some dependency on 
past research, professional expertise, and reasoned judgment must be exercised. 

The five flow format imposed an additional burden upon those studies rely ing on qual itative 
data. Because there was no way of interpolating the effects of flows between the stabilized flows 
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observed, the results of t hese studies were less definitive than some of the o thers where quantitative 
data were collec ted. 

For t hese reasons1 specific flo ws were not recommended for every purpose and use considered 
in the study. 

SUMMARY OF PRECEDING CHAPTERS 

Chapters 2 through 14 covered six beneficial uses of water, and a total of 14 aspects of, o r 
considerations pertinent to , those uses. Hydropowcr generati on was not a part of the field stLldy, but 
its re lati onship t o flow is reported in Chapter 15 as an additional instream use . Table 76.1 displays 
in matrix fashion a summary of those chapters. They are summarized in more detail as fo llows: 

Time of Travel 

I t was found that average ve loc ity of th e stage wave was very c lose to that predicted prior to 
the study, ranging from about 12.9 fps, at 7,700 cfs, t o 11 .4 f ps at 5,000 cfs. However, the average 
velocity of th e water mass was much slower than pred icted . Observati ons for the first 59 mi les indi
cated that the water mass moved at a rate of about 2.3 f ps at 7,700 cfs, and 1.7 fps at 5,000 cfs. 
Based on observations of the above flows, it would take a minimum of three days for a particular 
segment of water to move from Hell's Canyon Dam to Lewiston, Idaho (a d istance of 107.7 m iles). 

Water Quality 

A substantial amount of da ta was collected wh ich indicates the water qua lity of this r iver 
reach was good in late March . No deterio ration in water quality was found as a result of reducing 
the flows in March. Ho wever , to make a val id recommendation of instream fl ow requirements to 
maintain adequate water quali ty t hroughout the year would require repeated sampling of a range of 
stabi lized flows throughout the year. 

Aquatic Vegetation 

The aquatic vegetative community was stratified on the river's substrate in a pattern appar
entl y influenced at least in part by temporal changes and flow conditions. The area which is repeat
edly dewatered as a resu lt of fluctuati ons in releases from upstream power projects appeared as an 
ash-grey zone. The color o f t his zone is due to the bleached remains of periphy ton adhering to the 
rock surfaces. Although this zone contained populations of insects and live algae, t he diversity and 
to tal quan tit y were somewh at reduced compared to o ther zones. Below this zone was a productive 
algal community, dominated by Cladaphora sp. No specific fl ow recommendations were made,since 
i t was fel t th at the aqua tic plant community wou ld re-establish itse lf under any given fl ow regime 
which wou ld maintain an adequate, continually wetted zone. However , it appears obvious that the 
greater the magnitude of seasonal and dail y f luctuation in flow, the greater the area of reduced 
productivi ty. 

Benthic Insects 

Intensive sampling of insect drift and standi ng crop occurred at each Flow. Mortality of 
stranded benthi c invertebrates was measured as wel l as t he degree o f migration of st randed insects 
during periods of decreasing flow. These data revealed that rapid ly curtai led fl ows (even with in th e 
legal l imits of one foot of stage change per hour at John~on Bar) had a marked impact on the strand-
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Chapter 27,000 cfs 18,000 cfs 12,000 cfs 7,700cfs 5,000 cfs 

2-Time of Trovel 
Average Flow 
Velocities 
Stage Wave: ~ . . 12.9 fps 11 .4 fps 
Water Mass: 2.3 fps 1.7 fps 
(•Not Studied) 

3-Water Quality No problem anticipated No problem anticipated Problems associated with temperature could occur during the summer 
months when f lows are low. 

4-Aquatic Plants Low density blue-green Ash grey zone, dessicated Dense Clada1:1hora speci~ zone Cladaphora ~- with 

(Sampled at algae diatoms in matrix shorter clemonts 

waters edge) 

5-Benthos Insect numbers, diversity , and biomass low Increased insect diversity, numbers, and bio-

(Sampled at 
in area sampled; thus loss through exposure mass found in area sampled (Cladophora 
of substrat11 is relatively minor . zone) ; thus loss through exposure is of major 

9 -14" depth) significance. 

6-Catchabi I ity Inadequate sample t o enablo conclusions 

7-Sa lmonids More than opt imum Between opt imum and .Requirements for rear• Inadequate Inadequate 

requirements lower level of m;;iinten- ing of sa lmonids 
ance f low 

8-Warm Water Fishes More than optimum Improving conditions Probably near optimum Reduced habi tat quantitY balanced with 

requirements conditions improved qualltY at about 7,700 cfs 

9-Sturgeon No adverse No adverse Impact would be t hrough loss of food organisms which would begin at 
Impact noted impact noted about 14 ,000 cfs 

10-Stranding Stranding is a function of stage f luctuation rather than flow. Recommend restricting magnitude of daily fluct uations 

and re-e><am ination of adequacy of monitoring stage at Johnson Bar. 

11 -Wildlife Impacts would be through loss of organisms in the food chain which would begin at about 12,000 els 

12 • Recreation 

Conditions for water Poor Improved from Best observed at Very good to very Best to worst 
activities: 27,000 cfs flow some sites poor depening depending upon 

upon site site 

Aesthetic appearance: High Good Deteriorating l / Deteriorating 
1/ 

Deteriorating 
1 / 

13-Wh ite-water Above the optimum Missed this f low Near Optimum Below optimum (Travel Undesirable 
Boating time greatly increased) Conditions 

International System 
Rating: V - V I V IV IV 

No adverse 
14-Navigat ion impact noted; No adverse Optimum about 8,500 cfs; minimum between 7,700 and 5,000 cfs; 

more engine Impact noted 10,000 cfs on Wednesday & Thursday from Dec. to Mar . and 8,500 

power required 
cfs April to Nov. for the mail boat. 

15-Power Maximum Capacity FPC license minimum 
of Generators 

1/ A subjective evsluatlon based on tho decreasing turbulence o f rapids end on tho temporary exposure of algae along the shoreline. 

Table 16. l Some Evaluations of 14 Aspects of Water Uses Related 
to the Five Controlled Flow Releases from Hells Canyon. 
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ing, transloca t ion, and drift of these anima ls. But the data concerned on ly a relatively small segment 
of their li fe cyc le and the seasonal insect population . A complete understanding o f the benthic commu
nity would require year-round sampling under controlled-flow conditions. No flo w recommendation 
was made based on this li mited investigation. However, i t was recognized that the benthic community 
is capable of becoming established on the river substrate which is consistently wetted. Drastic f luc
tuations of flow severely limit the diversity and quantity of the river's benthos and the area of suitable 
habitat. 

Catchability and Fish Food Habits 

Efforts to establish the relationship of flow to fishing success and food habits of fish suffered 
from insufficient sampling. Fish sampling was given secondary consideration by most study parti ci
pants because of o ther pi- iorities. Also, angli ng is typical ly slow in late March and when water flow 
is flu ctua ti ng. However, it appears that fishing for bass is better at the lower flows and that o ther 
fi shes might be more accessible to the angler due to better definition of pools and riffles. But in the 
opinion of experienced biologists, long-term f ishing success would be influenced by total productivity 
of th e fish resource which could be expected to decrease wi th the reduction of habitat resulting from 
reduced f lows. 

Salmon ids 

Prior to the stu dy, established meth odology and criteria were ava ilable for evaluati ng habitat 
requirements of sa lmon id f ishes. Invest igations into the fl ow requirements of salmonid fishes require
ments o f salmonid fishes conducted during the controlled flow study produced the best-documented 
fl ow recommendations o f any of the study fun ction s. The optimum flo ws and lower leve l of resource 
maintenance flows thus determined are shown in Table 76.2. 

1'.iblc 16.2 ldcntil"icd St.ream Resource Maintenance F low Regimen for Salmonid Fishes Lu be 
Released From Hell 's Canyon Dam. 

J anuary February March April t,,fay June 
----

l'vlininrnm Accep table 14 ,250* 14,250* 14,250* 15 ,050 [5 ,050 15,050 

Reco mmended Opt imum 22,000* 22,000* 22,000* 23,425 23,425 23,425 

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

J uly August SepL. Oct. Nov. Dec. 

Minimum A cceptable 14,250* 12,000 12,000 12,000 15,050 14 ,250* 

Recommended Optimum 22,000* l 2,000 12,000 12,000 23,425 22,000* 

* Flow levels dur ing the egg incubation and fry emergence must be compadblc wi th the µrcvailing flows during the spawning 
period. If the prevailing now during the spawning period is more rhan those rccommcnclcd {15,050 und 23,4 25 cfs), an adequate 
flow for incubation, like wise, will be more than Lilosc recommended. If it were to become necessary to regulate the river flow 
upwards from an agreed flow regime during the period of fish spawning, fishery agencies ~hould be consulted lo c:lc tcnninc sub
sequent fl ows adcq1rnt~ for incubation and fry emergence. 
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Evaluations for anadromous salmonids were conducted which related to flows needed for 
passage of adu lt fish, spawning, egg incubation , and rearing o f juventiles. A ll flows examined were 
adequate for f ish passage. The in terrelationships between spawning and egg incubati on and f low 
were evaluated using a combination of factors. Depth and velocity measurements, dewatered sal
monid redds, intra-grave l dissolved oxygen, and egg mortality we re among a few of the fac tors 
examined. Rearing flow requirements are complex and must accommodate the need for rood pro
duc tion, l iving space, shelter, and water quality. Information from some of the other chap ters was 
used in determining the rearing fl ows. 

Warm-Water Fishes 

Lacking an established methodology for study ing flow requirements of warm-water f ishes, 
a subject ive evaluation was made from direct aeri al observations and examination of aerial photo
graphs by an experienced fi shery bio logist fami liar with the river reach. He discussed his observa
ti ons wi th other experienced biologist s involved in the study . Conclusions were t hat the best f low 
for warm-water fishes was between 7,700 and 12,000 cfs re leased from Hell 's Canyon Dam. Higher 
fl ows result in less area with sui tably low water velocities (partial criteria for warm-water fish habitat) 
and lower f lows limit the quantity of habitat by dewatering side channels, sloughs, and o ther lo w
velocity areas. 

Sturgeon Fishery 

Investigations of the sturgeon fishery conducted during the controlled fl ow study were a 
small part of a major on-go ing study of the life history of wh ite sturgeon in the Middle Snake River . 
No flow recommendations could be made as a result of th is short term effort. However, curtai led 
flows wi l l have an indirect impact on sturgeon through reduction of the organisms co mprising t he 
sturgeon's food supply . 

Fish Stranding 

St randing of fish and exposure of redds occurred even th ough the fluctuati on and minimu m 
f low requirements st ipulated by the Federal Power Commission l icense (one foot change of stage 
per hour and 5,000 cfs as measured at Johnson Bar) were not violated during the study. Fish strand
ing appears to be di rect ly related to de watering o f those zones fish are most accustomed to occL1pying. 
F low releases below 18,000 cfs and especially below 121000 cfs expose chinook redds and spawning 
gravels of o ther salmon ids. Minimum f lows since 1967 have exposed fall chinook redds during incu
bat ion periods. However 1 the study fl ow cond i tions did not approx imate normal operating conditions 
for the late March period . (Normall y flo ws of a magnitude lower than 12,000 cfs wou ld be rarely 
experience d, and then only under abnormal conditions.) Stabilized fl ows with a minimum of fluc
tuation would min imize stranding of fishes. Data suggest that the Federal Power Commission stipula
ti ons on rate of flow changes and location of monitoring should be re-evaluated. 

Wildlife 

No substantive stud ies of the impact of flow on wildli fe were made because it was felt the 
major effect would occur through the impact on lower trophic levels of f lo ra and fauna comprising 
the food chain for the affected wi ldli f e species. 

Recreation 

The effects of flow levels on various general recreation activit ies were monitored and subject
ively evaluated using a modification of the Kanawha River Basin Method. Spec if ic information was 
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recorded such as slope of shoreline1 amount of exposed beach, and conditions of pools adjacent to 
the shore, as well as the subjective evaluations of t he team members. In spite of limi tations described 
in Chapter 12, such as the f ew si tes observe d and the subjective procedures used, it appears that the 
most favorable f lows for general recreation activities are in the middle ran ge of flows observed (12 ,000 
to 18,000 cf s). 

White Water Boating 

The evaluati on team in two kayaks and one inflatable raft ran the 18-mile wh ite water reach 
from Hell 's Canyon Dam to Sheep Creek at 27,000, 12,000, 7,700, and 5,000 cfs. Because of tra ns
portation difficulties, the 18,000 cf s flow was missed. In general, the higher flows produced bigger 
waves and more violent conditions, while the lower fl ows required more technical maneuvering around 
rocks. Wild Sheep and Granite Creek rapi ds shou ld be run onl y by expert kayakers or raft ers, and a 
very minimum size raft would be a seven-man capacity. A t all flows, kayakers had an easier time than 
did the rafters. Below f lows of 12,000 cf s, the time of travel was mar ked ly increased. The best over
all flow, all fac tors considered, for both raft ing and kayak ing, wou ld be near 12,000 cfs. 

Navigation 

T he effects of fl ow levels on naviga tion were monitored by direct observation during test 
cruises with a jet boat of the type prevalent on the r iver. Navigation evaluation questionnaires were 
also completed by other boatmen operating on the river during the study period . I t was concluded 
that Granite Creek Rapids should be considered the head of navigation. T he optimum flow for navi
gation is in the 8,000 to 91000 cfs range re leased at Hell's Canyon Dam. The flow required for reason
ab ly hazard-free navigation by exper ienced jet boat operators on the reach between Salmon River 
and Grani te Creek Rapids was between 71700 and 5,000 cfs. However , it should be noted that the 
team did no t run above Rush Creek Rapids at 5,000 cfs, and no evaluation of the requirements of 
propeller dri ven boa ts was made. A 1968 Corps of Engineers report considered 8

1
500 cfs, measL1red 

at Joseph gage, the min imum f low for prop-driven boa ts. Further, the Rivers Navigation Co. states 
that releases of 8,500 cfs are needed on Wednesdays and Thursdays to accommoda te the commercial 
boats, Idaho Queen Ill and IV (April-November), but the Idaho Queen II requires 10,000 cfs (Decem
ber-March). 

Power and Water Supply 

The flows (during the study peri od) did not approx imate normal operating conditions at 
Brown lee-Oxbow-Hell's Canyon. The regu lations, power exchanges, agreements, and reduct ion of 
load, together with the power losses and system effects incurred by implementing study flows, were 
discussed in Chapter 15. The basic parameters which govern the presen t hydropower operations 
wh ich shape the discharge downstream were reviewed. 

As inflows to Brown lee Reservoir are further dep leted, the need for a minimum release to 
fill t he reservoir will increase. I f the sustained min imum flow were to be increased above 5,000 cfs, 
the ability t o fi ll would be further decreased. 

In order that the reader may put the proposed flows into perspect ive, the following exam
ination of the water supply is provided. 

Figllres 7 5. 7 and 7 5.2 (Chapter 15) show Brownlee Reservoir Ru le curves for median and 
minimum water supply conditions, respectively. Sto rage is normally released December through 
March, and refilled A pril through June. For the period from July through November, inflow is 
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normally passed. Hence, the discharge during that latter period is a direct reflecti on of the inflow. 
This regulation follows the load requirements of the Northwest Power Pool. Idaho Power Company's 
license requires the river regu lation for power to be operated in coord ination with the Northwest 
power pool . Another l icense requirement is flood contro l operation as directed by the Corps of 
Engineers. (See Chapter 15.) 

Figure 76. 7 is a duration curve (a cumulative frequency curve that shows the percentage of 
time that month ly values from Table 7 5. 7 are equaled or exceeded during the 40-year period 1928-
68). The proposed lower level of stream resource maintenance flows, by months, from Table 7.3 is 
also shown. These data indicate that the study reach receives an inflow from the basin of the Snake 
River above the study area sufficient to meet the proposed lower level of stream resource mainten
ance flow 51 percent of the time. This occurs under uti lization and management practices presently 
employed with in the Snake Basin. 

Figure 76.2 (reprocessed data from Table 7 5. 7) shows the number of years during the 40-
year period in which the suggested flow is available during each month together with the proposed 
lower leve l stream resource maintenance flow (Table 7.3). I t may be noted that the lower level of 
resource maintenance flows discussed in this report could be met most of the t ime by inf lows to 
Brownlee in 9 of 12 months without any adjustment in management of upstream storage. 

Figure 76. 3 was taken directly from Table 7 5. 7. The mean monthly maximum, minimum 
and median fl ows are plotted together with the proposed lower level of stream resource maintenance 
flows from Table 7.3. This figure reveals that the shortage in July, August, September, and Novem
ber could be provided with improvemen ts in water management. The mean monthly inflow to 
Brownlee for the 40 year period of record is 16,530 cfs (Table 7 5. 7 ). 

INTERRELATIONSHIPS OF BIOLOG ICAL FUNCTIONS 

Many of the biological componen ts (i .e., aquatic vegetation, benthic insects, mollusks, fish, 
wildl ife, etc.) are interrelated and depend in part on similar fl ow cond itions. The dem ise or reduc
tion in productivity of certain components of the aquatic ecosystem may ultimately cause a similar 
reduction in other components. For this reason, a sui table flow regime must be established wh ich 
wi ll satisfy, to the greatest practicable extent, the total biological community. 

Aquatic vegeta tion (Chapter 4) fo rms the base of the aquatic food web. Benthic organ isms 
(Chapter 5), such as insects and crayfish, are dependent upon the plant communi ty for food and 
shelter. Salmon ids (Chapter 7) are dependent upon aquatic insect life for a major part of their food 
source, and benthic insects depend on the pcriphyton for their food source and partly for shelter. 
Other game fish (Chapters 6, 8, and 9} also are dependent upon this same base of production, although 
there may be other organisms in the food web. Some wildli fe species also depend on aquatic li fe for 
their food supply (Chapter 11 ). 

Flows recommended for salmonid rearing would appear to provide an acceptable habitat for 
these lower trophic leve ls, although higher flows would be needed to obtain the opt imum quantity 
of wetted substrate. Flows less than 12,000 cfs resu lt in a significant decrease in substrate available 
for food production. The character of the wetted substrate changes as the volume of fl ow decreases. 
Concentrati ons of gravel-rubble, so important to benthic organisms, were found in bars along the 
edges of the channel where edd ies are prevalent at normal high flows. The larger bou lders and steep 
rock walls, which possess less surface area, dominate the wetted substrate at the lower flows. Food 
organ isms such as algae and insects wou ld no doubt recolon ize successfu lly at these lower f lows, but 
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FIGURE 16.2 - YEARS OF AVAILABILITY (1928-68) 
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Figure 16.3 :\lean ~lonth ly Inflows to Brownlee Reservoir (1928 ·68) 
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the quantity of production would be reduced proportionately to the amount of suitable substrate. In 
term s of fish production, the carry ing capacity of the river is determined partly by the amount of food 
produced. 

Another interrelationship involved the magnitude of the flow f luctuations and the productivity 
of the aquatic ecogystern . Because a wide range of fluctuations adversely affect a greater amount of 
substrate surface than does a narrower range of fluctuations, the periphyton, benthic insects, fishes, 
and predators of fishes all are l ikewise adversely affected. 

The species composition of the periphyton community is dependent in par t on depth of water, 
turbidity, and duration of water fluctuation at various levels. The ash•grey zone, as descri bed by 
Bailey, Chapter 4, is a relati vely unproductive zone even when it is inundated (Chapters 4 and 5). Ma.n• 
ipulation of water levels between about 14,000 and 27,000 cfs has caused per iphyton in this zone to 
grow and die period ica lly. This has seriously reduced the biomass and productivity of aquatic vegeta· 
t ion, as well as their dependent organisms, to levels far below the potential of the area involved. To 
re-establish and maximize the biomass and productivity in the ash-grey zone, flows wou ld need to be 
maintained at or near 27,000 cf s. However, it appears that about 12,000 cfs wou ld provide an ade
quate level o f insect production for the rearing stage of sa lmonids and other fish species. 

The optimum f low requ irements for resident fish other than sa lmonids is also near 12,000 
cfs, with 7,700 cfs being near the point of lowest acceptable fl ow. Resident f ish would benefit from 
the stable productivi ty which could be expected from a flow of 12,000 cfs. 

Water quali ty is similarly related to fish l ife. Without suitable water quality, there is an ad
verse impact upon fish and lower trophic levels on which they depend. Conversely, a healthy aquatic 
vegetative com munity enhances water quality by supplying dissolved oxygen through photosynthesis. 
Turbidity resulting from algal blooms during the summer, an d siltation from freshets wou ld affect 
the primary production through reduction of photosynthesis. Although data collected in Hell 's Can
yon during March show that all water quali ty parameters are acceptable for f ish l ife (Chapter 3), the 
poten tial for pollu tion from upstream sources ex ists. High temperature, low dissolved oxygen con
centrations, and dissolved gas supersaturation seern to be the most likely po tential pollutants. Again, 
in each case, salmonid fish l ife wou ld be one of the first indicators of adverse conditions. 

INTERRELATIONSHIPS OF MAN 'S INSTREAM USES OF THE RIVER 

Man 's primary uses of this river reach are power generation (Chapter 15), commercial and 
recreational powerboat navigati on (Chapter 14), f loat-cra ft recreation (Chapter 13), fishin g (Chapter 
6), and general recreation and aesthetic appreciation including some swimming and beach-related 
activities, primarily in the lower reaches (Chapter 1 2). 

For power generation and fl ood control, higher f lows with signifi cant latitude for fluctuations 
arc general ly desirable. However , sand beaches in the upper portion of the study reach are decreasing 
as a result o f entrapment of sediments in the reservoir complex and the eroding effect of fluctuating 
f lows. 

Power peaking and other flow fluctuations originating at upstream dams can produce adverse 
impacts on navigational use by dropping the river level and stranding boats tied up at shore. In the 
past , this has been a problem, but in recent times efforts by Idaho Power Company have reduced the 
frequency of such unfortunate incidents by keeping the people better informed of the timing and 
magn iLU de of river fluctuations. 
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Access for the recreationist is largely by jet boat; thus navigation fl ows are important to recrea
tion use. Commercial navigation , including recreation outfitters, comprises 70-75% of the traffic in 
the canyon above the confluence of the Salmon River. A flow of about 8,500 cfs, i f needed, can be 
schedu led from Hell's Canyon Dam Wednesdays and Thursdays to accommodate the mai l boat . During 
the heavy freight hauling periods from Decem ber through March, the large Idaho Queen 11 needs 10,000 
cfs for these week ly trips. Low flows are not normally a problem during this time of year. 

Navigation below Lewiston is little inf luenced by flows th rough Hell 's Canyon because of the 
augmentation provided by inflows from the Grande Ronde, Salmon, and Clearwater Rivers, the ex is• 
tence of slack-water pools, and the very small water requ irement for operation of navigation locks at 
the lower Snake dams. 

CONCLUSIONS 

The foregoing discussion of the functi onal study resu l ts and conclusions, and the interrelation
ships of the biologica l components and man 's uses, sets the stage for identifying a proposed lower level 
of accep table flows for this river reach for planning purposes. 

The best-documented functional recommendation with in th is report is that for salrnonid fishes 
{Chapter 7). I t appears from the data col lected that the rearing flow recommended for salmonids 
wou ld satisfy most other bio logical requ irements, including water quality, and some of man 's use 
requiremen ts, insofar as can be determined at this time. 

Accordingly, it is concluded that the flow regime recommended for salmon ids shou ld be 
considered as the tentative lower level of instream water requirement, with the exception of hydro• 
power , and that the beneficial and adverse impacts of adopting such f lows should be evaluated. 

Various chapters reported the need for further study of certain aspects of the ecosystem, and 
man's uses and management of the river. There were also shortcomings in the study related to dura
t ion, timing and methodologies. It is concluded that additional studies should be made to serve those 
needs and o ffset recognized shortcomings. 

RECOMMENDATIONS 

The Hell 's Canyon Contro lled Flow Task Force reached no unanimous recommendations for 
instream fl ows. The majority recommends that the flow regime shown in Table 76.3 be used by water 
planners in the Snake River Basin as a planning guide for those instream uses studied. These recommen
dations do not take into considerat ion upstream or downstream effects on irrigation, recreation, munic
ipal and indust rial water, fish and wi ldlife, f lood control , power, or other uses. The Pacific Northwest 
River Basins Commission's level B studies for the CCJ P should evaluate the beneficial and adverse 
impacts of providing these flows as a prerequisi te to decisions about implementation and means of 
providing the finally adopted f lows. 

Tabk 16.3 Recommended Lower Level of Acceptable Flows, Released from He ll 's Canyon Dam. 

J anuary February March Apr il May June 

14,250 14,250 15,050 15,050 15,050 14,250 -------------............ -.. -------------------·---------.. -.. -- .. -----.. ------...... -------------------. --........... --------- --........ -----... ---... --.... -•-------............ --
July August Sept. October Nov. Dec. 

14,250 12,000 12,000 12,000 15,050 14,250 
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The Task Force also recommends early acti on to accomplish the studies identified below. 

1. Implementation of any " new minimum" discharges from Hell's Canyon Dam would require 
a new system-wide study of all storage in the Columbia River System to identify ways and means of 
providing the water. 

2. Additional multi-agency studies are needed to identi fy instream water requirements, both 
upstream and downstream from the study reach, so that all instream flow requirements within the 
basin can be knit into a fabric wh ich can be effectively uti li zed ih formulation and analysis of plans 
and management programs for the Snake River . 

3. Evidence collected during this study indicates a need for a multi-agency invest igat ion of 
the impact o f power peaking operations and assoc iated water level fluctuations on the aquatic eco
system and ge neral aesthetics of the Middle Snake River. In addition, criteria methods and points of 
monitoring stage should be re-evaluated to assure adequate protection of the aquatic ecosystem. 

4. Further studies shou ld be initiated to veri fy the proposed formulae expressed in Chapter 
2. Additional air and water temperature measurements should be collected in order to model future 
temperature regimes. 

5. Water quality data should be collected during all seasons in order t o assure that the water 
quality standards are being met. 

6. Studies should be conducted to assess the seasonal variations or the algal biomass an d 
species compositions. 

7. Additional studies should be conducted to establish the relati onship of flu ctuating water 
leve ls on th e li fe cycle of all benthic organisms, including mollusks, crustaceans, and particu larly the 
egg stage of aquatic insects. 

8. There is a need to develop a more defini tive methodology for determining recrea tion flow 
requirements in large rivers such as the Snake River. There is also a need for improved methodologie~ 
in other aspects of instream use. 

GLOSSARY OF TERMS USED IN CHAPTER 16 

A lgae: Smal l non-vascular plants either attached to the bottom or f loating. 

Aquatic Insects: Insects dwelling in water. 

Benthos (Benthic): Bottom dwelling animals. 

Biological Ecosystem : Dea ls wi th the relations bet ween l iving organisms and their environment. 

Carry ing Capacity : The max imum average number of a given organism that can maintain itself indef -
initely in an area. 

Cladophora: A fi I amen tous green algae attached to the substrate. 

Function: A use o f water . 

lnstream F low Requirements: The flow required for all lhe collec tive uses of water in a stream 
(com mercial boating, water quality, hydroelectric production , recreation, fish and wi ldlife, 
other biological forms, aesthetics, etc.). 

Man's Use: Such as boating, po wer generat ion , etc. 

Periphy ton: A general term encompassing all aquatic algae attached to the substrate. 

Redds: Nests of fishes. 
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Sal monid : Of the f ish fami ly Salmonidae, i.e., trout, salmon. 

Stand ing Crop : The abundance or t otal weight of organisms existing in an area at the time of 
observation. 

Stream Resource Main tenance Flow: A range of fl ows within which fish, wil dlife, o ther aquatic 
organisms, and related recreational act ivities are maintained or protected. 

Substrate: The surface of objects in the aquatic environment upon which organisms grow. 

Tro phic Level: A specialized term ref err ing to levels of nutrition or food organisms. 

Warm Water Fishes: Such as bass, crapp ie, cat fish, etc. 
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Pho to Appendix 

The first ten plates are comparative photographs of selected siLes 
which provide visual ev idence of the effects of the fi ve flows studied. These 
sites portray the variety of shoreline fou nd in the study area. 

The eighteen color photographs supplement the photos incorpo rated 
in the text in conveying to the reader some of the esthetic values available in 
the study reach. 
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Plate I, RM 228.0 Sand Creek Camp boat landing site 
a t the five flow levels observed. This location is 
Recreation Observation Site 6. 

Photograph s by Joke Szrarnek 

In each 5 picture series the flows shown follow this cfs 
sequence: 

27,000 
18,000 - 12,000 
7,700 - 5,000 



Plate 2 . RM 196.5 Relative exposure of gravel bar a t 
Dug Bar Ranch. 

Photog raphs b y M erle Mews 
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Pla te 3 . RM 196.0 Salmonid transit si te near Dug Bar, at 
the five flo ws o bsc<VC . 

Photographs by Duane Wast, QGC 
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Plate 4 . RM 195.9 Four-sh ot ser ies showing emergence 
of "island" below Dug Bar. No te relative turbulancc 
of surface water. 

Photographs by Merle Mews 
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Plate 5. RM 192.3 Beach at China Bar Ooscph Gage) at 
the five nows obsc1vcd. This location is Recreation 
Evaluation Site 3. Low Mt. Sheep dam site is in 
the bac kground. 

Photographs by J im Morris 
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Plate 6. RM 19 1.4 lmnaha Rapids al Lhc five nows ob-
sc,vcd. These rapids become difricull LO navigate 
at 7,700 c fs. 

Pho tograp h s by Jim Morris 
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Pia le 7. RM 188.1 Flow through channel around gravel 
" island" localed jusl below mou th of Salmon River 
ceases between 12,000 and 7,700 cfs. 

Ph otographs by Jim M o rris 
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Plate 8. RM 187.7 llcach below co nfluence of Salmon 
River with Snake River. T his is Recreation Eval• 
uation Site 2. 

Photographs by Jim Mor r is 
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Plate 9. RM 168.3 Uoat launch below mou th of Grande 
Ronde River. This is Recreation Evaluation S ite J ;1. 

Flow designa tions arc releases from Hells Canyon 
Dam. Additional inflow is about 6 ,500 cfs. 

Photogra phs bV Jim Sco tt 
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Plate 10. RM 162.!i 
obsc,vcd. 

Taplin Ferry site at Lhc five llows 

Pho1ographs by J im Sco11 



Photo by Ben Pulliam, NMFS 

North America's deepest gorge rises 
fro m a river bed e levalio n of 1500 
ft ., ms!, to the 9,410-foot He Devil 
peak in the Seven Devils Moun tains. 
(RM 245) 

• 

Photo b y W ade H all 
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Snake River a t River Mile l46 .7 , 
just downstream fro m I lcll's Canyon 
Dam. 

Photo by Jim Graban. I F&G 

Vii.:wing Hell 's Canyon from horse
back or o n fo o t o ffers the rccrea-
tio nis t an outstanding esthe tic 
experience. 



The d epth o f the canyon provides 
the visito r with an in triguing variety t 
o f lighting conditions. 

Photo by Koi th Bay he, B SF &W 
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• Oregon H o le a t R iver Mile 238 is a 
well known sturgeon fishing location. 

Photo by Keith Bayho, BSF&W 

This o ld cabin at Sluice C reek is 
steeped in the history o f llcll's Can
yon. (RM 231.7) 



Photo by Charles Koski, N MFS 

Anc ient m an left his mark on the 
bo ulders al num erous locations alo ng 
the river. The He ll's Canyon area is 
exceptio na lly r ich in archeological 
his tory. 

• 

Photo by D ick Rivers, Rivers Navigation Co. 
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The view fro m Pittsburg Sadd le 1s 
impressive. 

Photo by Charles Koski, NM FS 

Lower Pleasant Val ley Rapids near 
the lower end o f Pittsburg Bar (RM 
213.5) is also the Pleasant Valley dam 
site. 



Photo by Torry Holubcu, IF&G 

The brown hi lls and steep terrain 
near Fi ve Pinc; Rapids (RM 202) is • 
idec1l habitat for game birds and 
mule deer. 

Photo by Keith Bavh a, BSF&W 
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Snake River at Roland Bar (RM 203.5) 
d isplays some of the variety t ha t is 
Hel l's Canyon. 

Pho to b y Torry H o lubOlZ, I F&G 

Low Mo untain Sheep dam sitt: is 
located just upstream from the 
mo uth o r the l rnn ;.d1a River at RM 
193. 



Photo by Keith Bay ha, BSF&W 

Cache Creek (RM 178) area typifies 
the Snake River below the mouth ol' • 
the Salmon. 

Photo by Charlos Kosk i, NMFS 
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This o ld found a tion for a n o re m ill 
at Eureka Bar (RM 190.6 ) dat es back 
lo when early-day miners scoured 
the can yon f'o r go ld. 

Photo b y Terry H olubetz, IF &G 

The Salmon River, o f major signifi
can ce to m igrating anadro mo us fish, 
e nters the Snake River at RM 188.3. 



Photo by Terry Holubeu, I F&G 

Snake River a t Lime PL., above the 
mouth o f Grande Ronde, marks the • 
downstream end of the majo r canyon 
topography . (RM 169) 

Photo by Keith Bayh 3 BSF&W 
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Wild Goose Rapids is the first signif
icant white water encountered above 
Lewiston. (RM 173) 

Photo by Kei th Bayha, BSF&W 

Typical reach o f Snake River between 
Grande Ronde and Lewisto n. (RM 
165.3) 
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April 8, 1974 

Mr. Keith Bayha, Fish & Wildlife Biologist 
River Basin Studies 
P.O. Box 6 
Boise, Idaho 8370? 

Dear Keith1 

I viah to congratulate you and the Task Foroe 
on the fin• job th.at you did in organising and 
conducting the study on the Hells Canyon segment 
ot th• Snake River. I feel that the data that you 
ha·n gathered will be invaluable in the organisation 
and conducting of further :investigations on the riTer, 
both generally and for specific purpo•ea• 

Because o! the original objectives of the 
investigation and the abort till• during which the 
investigation vas conducted, I do feel that Chapter 
16, Conclusions and Reooiaendationa, is too definite, 
The Idaho Water Users .Aaaociation does not feel that 
reooiaendation, for ain1Jlwl nova should be baaed 
on l'U0b a brief analysis of the river. We would, 
therefore, reserve our endorsement of the publication 
tor this reason. 

I would be happy to discuas this further vi th 
you, if ;rou so wish. 

( b 
Sberl L. Chapun 
Exeoutin Director 

oo I Mr. Toa Cotton, President 

BOISE, IDAHO B3702 
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William Catlin 
Pacific N.W. River Basin Committee 
I Columbia Kiver 
P.O. Box 908 
Vancouver, Wa. 98660 

STONEBRAKER INSURANCE, INC. 

Re: Anatomy of~ River 

uear Mr. Catl in and members of t he committee: 

I would like to preface all remarks by stating that, as a "civilian", that 
I have no professional expertise in either criticising or correcting the 
text as was compiled on the Snake River by the Controlled Fl ow Task Force. 
Those additi ons or corrections I am certain wi 11 be made by those with the 
background for such matters. 

However, I would wish to address myself to the committee as an Idaho native, 
in business, living in Lewiston, 1daho. I believe this study is extremely 
important because it i s the first comprehensive report that begins to explain 
the effects on fish and wildlife, boating, power production, and water quality 
resulting from specific inflows due to the control exerted by upstream Snake 
River dams. It would be a mistake not to begin further studies because of 
the number of rivers that have impoundments in which no prior knowledge existed 
as to what would result by placing the dams. We need such serious reports 
to indicate what we can expect by artificial control of the water. 

Therefore, my only recommendation iS to stress the critical importance of in
depth research in the field of controlled flows, and this text shows that we 
have had an excellent beginning. 

Very J?6it dJL_, 
Kei t~ Stonebraker 
Stonebraker Insurance, Inc. 

c.c. Keith Bayha, Division of River Basin Studies 
Task Force Chairman 
Box 06, Federal Bldg., U.S . Courthouse 
550 W. Fort Street 
Boise, Idaho 83702 



CECIL D. ANDRUS, Governor 

Office at 1365 N. Orchard St . 
Boise, Idaho 

STATE OF IDAHO 

IDAHO WATER R ESOURC E BOARD 

Statehouse, Boise, Idaho 83720 Phone 208·384-217 0 
C. STEPHEN ALL.RED, Director 

April 9 , 1974 

Mr. Donel Lane , Chairman 
Pacific Northwest River Basins Commission 
1 Columbia River 
P , 0. Box 908 
Vancouver, Washington 98660 

Dear Mr. Lane: 

The Idaho State Study Team commends the Middle Snake River Controlled 
Flow Task Force for completing the study entitled "Anatomy of a River." The 
r eport s u1,unarizes basic data and information collected in March , 19 73, for 
instream water uses in the Hells Canyon reach of the Snake River . 1~is 
i nformation fills a much needed area of study and will assist in formulation 
of a comprehensive plan for the watet resources of the Snake River Basin. 

The Idaho State Study Team s upported this study when it was first 
conceptuali zed and take pride in its completion. Many members of the team 
participated in the field studies and gained valuable knowledge of the 
technical and practical aspects of instream flow studies . The effort 
provides an outstanding exampl e of coordinati on and accomplishmen ts for 
others to follow. 

~•!N/j;Jlr 
Idaho State Study Team Leader 

WDR:ks 



UNIVERSITY OF IDAHO 

MOSCOW, IOAHO 83843 

Apr i 1 1 , 

Bureau of Spor t Fi s he ri es & Wi ldlife 
Di v i s ion of Ri ver Basin Stud ies 
Box 06 Fe dera l Bldg. -- U. S. Courthouse 
550 Wes t Fort St reet 
Bo i se , Idaho 83724 

Dea r Si rs: 

College of Forestry, 

197
4 W ildlife andRcmge Sciences 

IDAHO COOPERAl l VE FISHERY UNIT 

We have revi ewed our chapter on s turgeon a nd f ind no s ign i f i cant 
changes . 

We have rev iewed t he draft of "Ana t omy of a Ri ve r" and th in k thi s 
report i s an acceptabl e repo r t an d s upport publi cati on. 

Si nee re 1 y, 

_-,----:; ~ r 
~/ I t?., / ;' / 2, 1., 

t. C. Bj rnn 
R. R. Ringe 
John Coon 

TCB:va 



SNAKE RIVER 

-[:J 
IDAHO POVVER COMPANY 

BOX 70 BOI SE, IDAHD 83707 

HYDRO POWER 

ROBERT J, O'CONNOR 
Vice Pt•i ldf'.!nl 
Adminlurorlon 

Mr Keith Bayha , Coordinator 
Hells Canyon Controlled Flow Study Report 
Bureau of Sport Fisheries & Wildlife 
Federal Building 
550 West Fort Street 
Boise , Idaho 83724 

Dear Mr Bayha: 

March 19, 1974 

Our Company recognizes the effort exerted by partici
pants , including Idaho Power Company , in the preparation of the 
report being submitted by the Middle Snake River Controlled Flow 
Task Force to the Pacific Northwest River Basins Commission. 

In view of the consideration of the report by the 
Commission , the Company believes it i s imperative to point out 
that the establishment of min i mum flows below Hells Canyon Darn 
greater than t h e f l ows required by the Company's existing Federal 
Power commission lice nse , is opposed by the Company. The existing 
flows were incorporated in the Federal Power Commission license 
only after long and extensive hearings at which testimony was 
presented, and witnesses were subjected to extensive cross exami
nation as to the r equired flow . Whether the flows are labeled 
minimum, maintenance, preservation , etc , makes little difference 
in their ultimate impact . The proposed increased flows would work 
a major hardship on t h e ratepaye rs of the Company , its customers , 
on the overall economy of the area , and upon the water users 
present and future of southern Idaho and eastern Oregon . 

The Company a l so wishes to emphasize the point that the 
task force was split on the flow release recommendation. We further 
point out that a single five day study represents merely a start, 
not a comprehensive basis for a minimum flow recommendation a nd 
that electric power and other needs were not taken into consideration 
in the recommendations . As a result , piecemeal studies such as 
this must be folded into an entire river basin study , with a 
consideration of all water uses a nd requirements before any valid 



Mr Keith Bayha -2- March 19, 1974 

recommendations can be made . 

We ther efore believe that this study cannot reasonably 
be used as anything more than a start on an overall study and should 
not form the basis for any recommendation. 

RJO:rm 

Very truly yours, 

,('. !J, t'J' ~ 
( 



STATE OF IDAHO 
DEPARTMENT OF WATER ADMINISTRATION 
STATE OFFICE 

Cecil D. Andru~ 
Go,,emor 

R. Keith lligi;inso n 
D/recror 

March 20, 1974 

Mr. Keith Bayha 

614 State S treet 
Statehouse - Annex 2 

Boise, Idaho 83720 
(208) 384-221 5 

Coordinator, Hells Canyon Controlled 
Flow Study Report 

Bureau of Sport Fisheries & Wildlife 
Federal Buil~ing, 550 W. Fort Street 
Boise , Idaho 83724 

Dear Mr . Bayha : 

Wntcr Rights Adrnini~trntion 
Wutcr Resource lnve, t1gation, 

Darn and Re,crvo1r S:llc ty 
Water Well OrUlin~ 

Wustc Dispos:il Wclb 
Stream Chann,:J Pro tection 

Geothermal Resources 

We appreciate the opportunity of reviewing the revised text of the r eport on the Middle 
Snake River Controlled Flow Study. In r eviewing the plan of s tudy dated February 2, 
1973, it was clear that the purpose of the study was to establish minimum flow r equire
ments for fish and wildlife, water quality and recreation. These are , of course, only 
a few of the many uses of the Snake River and its tributa ries , both ups tream and 
downs tream. Before any minimum flow requirement i s adopted as a planning guide, other 
aspects of water use must be taken into full consideration. I am therefor e pleased 
that you have agreed to modify your recommendations on Page 113 t o i ndicate that such 
recommendation was not unanimous and that it does no t take into consideration othe r 
present and future uses of the river. The recommendation should be used for f i sh and 
wildlife , wa ter quality and recreation planning only. With these changes, I support 
publication of the repoct , 

Very truly yours, 

<.~~ ---
RKH:mjr 



CECI L D. ANDRUS, Governor 

STATE OF IDAHO 
IDAHO WATER RESOURCE BOARD 

Statehouse. Boise, Idaho 83720 
C . STEPHEN ALLRED. Director 

Mr. Kei th Bayha 

Phone 208-384-2170 

Marc h 20 , 1974 

Coordinator & Task Force Chairman 
Hells Canyon Control Flow Study Task Force 
Bureau of Spor t Fisheries & Wildlife 
Division of River Basin Studi es 
Box 06 , Federal Building - U.S. Cour thou se 
Boise, Idaho 83724 

Dear Keith: 

,):~ 

-::~~,.._:-.. · ---~ -. - . ,.._.,. 
. ~"'-. -- '• 

Office at 1 36 5 N. Orchard St. 
Boise. Idaho 

As a fo llow - up of our l e tter of February 15, 1974 , I would 
like to indicate that s ubj ect to changes we will s uggest 
at the Commission meeting on March 21st, we have no objection 
to the Hell s Canyon Contro l Flow Study Report bei ng published. 
We understand that th e recommenda tion s contajned within the 
report are intended for use as a planning guide . We under
stand that other water uses , both upstream and downstrea m, 
and their economic, environmental, or soc ial effects have 
not been evaluated in the s tudies . We would intend to 
utilize information contained within the report as part of 
our planning ac tivities in developing a St a t e Wat er Plan a nd 
in working with the State Study Team in developing the Compre
hcnsj ve Coordinated Joint Plan for the Pacific Northwe s t. 

CSA : lm 



UNITEDSTATES DEPARTMENT OF AGRICULTURE 

FOREST SERVICE 

Nezperce National Forest 
Grangeville, Idaho 83530 

R EPLY TO: 2610 March 18, 1974 

SUBJECT: Otticial agency review of Hells Canyon Controlled FLow 
Report, Chapter 16, Conclusions and Recommendations 

TO: Coordinator and Task Force Chairman 
Bureau ot Sports Fisheries and Wildlife 
Division of River Basin Studies 

Stu~-
550 West Fort Street 
Boise, Idaho 83702 

Al Espinosa, our Zone Fisheries Biologist, has completed a review 
of the final chapter of the November 8 study report draft, The 
conclusions and recommendations set forth by Task Force members 
are supported by the data derived from the controlled flow study 
and detailed in the 15 chapters of the draft report. 

Fisher 
H.in iii ton 
Nee 
Miller 
Rose 
Suntb trom 
Norberg 
8.'.lyha ✓ 
Nade.:iu 
Resch 
Hayes 

With the exception of a few typographical and grammatical errors, 
the final chapter reads well and represents a fine job ot synthesis, 
The last part of the th~rd sentence on page 16-11, paragraph #2 
appears to be incomplete and probably should be r e-stated . 

We fully endorse the publication ot & properly reconciled draft. 
Thank you for the opportunity of revi ewing the draft report of the 
Hells Canyon Controlled Flow Study. 

Acting Fo~est Supervisor 



Director / Carl N. Cro1<u1 

A ssistant Directorr I Ralph 111/. [arson 
R.onaltl N . Andrqws 

Gamo Commiuion 

Arllmr S. Co/fin, Yakima, Chairman 
James R.. A ge11. LaC01111er 
Elmor G. Gerken, Qr,incJ 
Cltu"lo Bekins, Soa11/c 
G/01111 Galbraith, ll'/el/J,i11it 
Frank L. Cauitly, Jr. , Va11co1111or 

DEl?ART:tv.tENT OF GA:tv.tE 
600 N orth Capitol !Vay / Olympia, Washington. 98504 

March 18, 1974 

Mr. Keith Bayha 
Bureau of Sport Fi sheries and Wildlife 
Box 406 Federal Building - U.S. Courthouse 
550 West Fort Street 
Boise, Idaho 83724 

Dear Keith '. 

Thank you for the opportunity to review and comment on the 
draft report and proof copy of t he Hells Canyon Controll ed Fl ow Study 
Report. 

We have no fur t her comments regarding the report and endorse 
its publication. 

JD :jb 

Sincerely , 

1f ~l.Al[.l!'~;.,,.0-uF kl 
D uty Chief 
Management Division 



THE STATE • OF WYOMING 

STATE OFFICE BUILDING CHEYENNE, WYOMING 8200t 
WYOMING WATER Pl.ANNING PROGRAM 

2001 CENTRAL AVl!:NUE: 

February 22, 1974 

Keith Bayha 
Bureau of Sport Fisheries & Wildlife 
Division of River Basin Studies 
Box 06, Federal Building 
U.S. Courthouse 
550 West Fort Street 
Boise, Idaho 83700 

Dear Mr, Bayha: 

we have read and revie wed the report, "Anatomy of a 

River - An Instream Controlled Flow Investi 2ation of the 

Middle Snake River ; Hell's Canyon Reach ; March 20-26 , 1973", 

and find it acceptable. However, we do have reservations 

concerning t he magnitude of possible recommended minimum 

flows . 

JWJ/peb 

Sincerely , 

/ _,f~l1 LJ~- ~~ ----------
·✓ John W ackson 

Water source Economist 
Wyoming Water Planning Program 



February 13, 1974 

Mr. Keith Bayha 
Snake River Study coordinator 
u. s. Bureau of Sports 

Fisheries and Wildlife 
Box 06 
U. s . Courthouse 
550 West Fort Street 
Boise, ID 83724 

Dear Mr. Bayha: 

The State of Washington, Department of Ecology, has reviewed 
the Hells Canyon Controlled Flow Study Report and agrees 
that it should be published and distributed to serve as an 
information source for making decisions about minimum flows 
on the Snake River. 

Endorsement of the report for publication does not necessarily 
mean this Department is in agreement with each specific find
ing and recommendation. However, implementation of the report's 
recommendations for future study should greatly improve the 
region's capacity to develop a detailed comprehensive water 
management program for the snake River. In the interim we do 
feel that the report will serve as an important data source, 
providing its use is tempered by full awareness of the study's 
limitations. 

JAB : sb 
6/27 

Sincerely, 

~~ 
John A. Biggs 
Director 

Daniel J. Evans, Governor John A. Biggs, Director Olympia, Washington 98504 Telephone (206) 753-2800 



UNITED STATES 

DEPARTMENT OF T HE INTERIOR 

G EO LOG !CAL SURVEY 

WATER RESOURCES DIVISION 

ROOM 365 , FEDERAL BUILDING & U.S. COURTHOUSE 
BOX 036; 550 WEST FORT STREET 

BOISE , IDAHO 83724 

Fe bruary 21 , 1974 

Mr . Keith Bayha, Chairman 
He lls Canyon Controlle d Flow Study 

Task Force 
U.S. Bureau of Sport Fisheries 

and Wi l dlife 
Room 43 5 , FBUSCH 
550 W. Fort Street 
Boise , Idaho 83724 

Dear Keith : 

We have r e viewed the report on the Hells Canyon controlled 
flow stu dy with emphas is on chapters 2 and 16, in which 
streamflow r ecords were invo lved . All of our comments , both 
oral and writte n, submitted earlier , have been considered 
by the a u thors. The que stions we raised have been satis
factorily r esolved by minor changes in the text. 

Sin cer ely yours , 

~/1 
Hal K. Hall 
District Chief 



United States Department of the Interior 
BONNEVILLE POWER ADM IN ISTRA TION 

I' .O. IIOX %21 , l'URTLANO, 0R£GUN 97208 

OFF 1CE OF 
TH E; A C MIN l :,TRAiOR 

I n r<' p i y refer 10: AO 

Memorandum 

To: Keith Bayha 
Coordinator and Task Force Chairman 

From: Harold Kropitzer, Alternate 
United States Entity 

February 26, 1974 

Subject: Report on Hells Canyon Controlled Flow Study 
(March 19-26, 1973) 

We have reviewed the subject report and do not object to its 

publication. 



Mr . Keith Bayha 
Bureau of Sports Fisheries and Wildlife 
Division of River Bas in Studies 
550 West Fort St~ 
Boise , Idaho 83724 

Dear Mr . Bayha r 

Doug Tippett 
Rt . 1 Box 141 
Jos eph ,Ore . 97846 

March 12 , 1974 

I have reviewed t he revised text of t he Mi0dle Snake 
Ri ver Controlled Flow St udy and have no objection to pub
l ication . 

I would like to see more study given and more information 
collected on t he effect of t he daily f luctuations of f low and 
how this effec t s sport f i shing , pleasure boat ing and commercial 
boating . 

I real ize that during your short study you did not have 
t he opportunity to give t he normal daily f l uc t uation any con
sideration . This area is th e main concern of the ones who 
live along t he river and especially i f they are in the guiding 
business . 

Thanking you for the chance to comment on the study , I 
remain 



United States Department of the Interior 
BUREAU OF INDIAN AFFAIRS 

PORTI.ANO A'lEA OFFICE 

POS T OFF ICE BOX 3765 

PORTLAND, OREO O N 91208 

Mr. Charles Koski, Field Su1,it::1 isor 
Water Resource Investigations 
National Marine Fisheries 
Room 441-550 West Fort Street, Box 0-ll 
Boise, Idaho 83724 

Dear Mr . Koski: 

FEB 2 2 1974 

IN REPL V REF ER TO, 

Land Services 

After reviewing t he accumulation of data and the interpretive effort 
recorded in t he draft report of the Hells Canyon Control l ed Flow 
Study Report, we feel that the information derived will contribute 
substantially to river management decisions in the future. 

Therefore, we recommend that the report be finalized and publi shed. 
It will be useful for both t hose directly involved with the river 
and others who may have related concerns. 

Si ncerely yours , 

'q7~✓.(~L 
-~✓~.7o;':7i~a ~;rip 

~ - Ass i stant Area Director 
(Economic Development) 



STATE OF IDAHO 
DEPARTMENT OF ENVIRONMENTAL AND COMMUNITY SERVICES 

Statehouse 
Cecil D. Andrus 

Governor 
Boise, Idaho 

83720 

Environmental Services 
February 21, 197 4 

Mr. Keith Bayha 
River Basin Studies 
Bureau of Sport Fisheries 

and Wildlife 
Box 06, Federal Building 
550 West Fort Street 
Boise, Idaho 83724 

Dear Mr. Bayha: 

James A. Bax 
Administrator 

A review of the draft report on the Hells Canyon Study has been 
completed. 

We are satisfied with the document and recommend that it be 
published. 

Sincerely, 

DEPARTMENT OF ENVIRONMENTAL 

i ND COMMUNITY SERVICES 

( c l I-LI 
,(__ i.-- -~ -

\ 

Lee W. Stokes, Ph. D. 
Director of Environmental Services 

LWS/lr 
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PETE HENAULT 
ldoho Foll,, l doho 

JERRY JAYNE 
l doho Falb, Idaho 

RUSS MAGER 
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CYRIL SLANSKY 
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·,:Brch 20 , 19 71.i, 

Mr , Ke itl1 Bayha 
Bureau of 3uort Fisheri es and Yildl i fe 
Sox 06 Federal Buil~in~ 
550 Nest Fort Street 
Boise , Idaho 83 724 

Dear Mr , Bayha : 

I have reveiwed the uroof cocy of the TA sk Force 
report and r eco~me ~d that it be uublishe~ . 

'''l' hl' gra nrl <'ur and nrigi1111lily of the viPws prl'sc•nted on cvn y sirlc ht:'ggar both U1e 
prm·il and the pen . Nothing we had PV!'r ga1.efi upon ia any other r(>gion cou ld fo r 
11 mom <'nt compare in wild majesty and imp re~s~ ,.s terne~s with 1hc• 8C'ries of scl"n PS 
whid, h1:rl' at C'VPry tu rn as tonish<'d our S<'l1S<'~ ancy,fllled us wi th awe and delight." 

Capfoin Benjamin L. E. Bonneville, 1S33 



United States Department of the Interior 
BUREAU OF LAND MANAGEM ENT 

I daho St ate Of fice 
Room 398 , Fede r al Bu i lding 

550 w. Fort Str eet 
Bo i se , Idaho 83724 

March 20, 1974 

Mr . Ke ith Bayha 
Bureau of Sport Fi sheries and Wildl i fe 
Room 4 35, Federa l Buildi ng 
550 w. For t Str eet 
Bo i se , Idaho 83724 

Dear Keith : 

We have r evi ewe d the r evised draft of Anatomy of a River and commend you 
and t h e gr oup of people wor king wit h you fo r this excelle nt effor t on 
the Hell s Canyon Controlle d Flow Study . The study i s a f i ne achievement 
i n i nter agency cooperation and sets t he s t age we l l fo r synthesiz i ng 
various wat e r uses as well as t he poss ibl e f ut ure es t ablishment of 
instream f l ow r equirements . As you know instr eam fl ow r e quir ement s 
( based on t otal Snake River managemen t ) on various s tretches above 
Hells Canyon woul d be i nvaluable t o us in determi ni ng better land use 
allocat i ons . 

Our r eview of t he dr aft was over al l r ather t han t echn ical . We believe 
tha t i t provi des a good bas i s for f u t ure water r esource pl anning and 
endor se i ts publ icati on . 

Sincer el y yours , 

,./ ( 
I Ill /1,d ~( 

Richard H. Pe trie 
Acting State Director 

IN R EPLY RE FER TO 



U. S. E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y 

REGION X 

1200 SIXTH AVENUE 

SEATTLE, WASHINGTON 98101 

REPLY TO M/S 633 ATTN OF: 

Mr. Keith Bayha 
Coordinator, Hell s Canyon 

Controlled Flow Study 
Fi sh and Wildlife Service 
Box 06 Federal Building 
Boise, Idaho 83724 

Dear Mr. Bayha : 

We have reviewed the Hells Canyon Controlled Flow Study draft 

r eport transmitted by your November 8, 1973 and Janua ry 28 , 1974 

memoranda, and believe t hat the water quality considerat ions have 

been accurately treated. 

We t herefore endorse t he publication of this document. 

Sincer_ely yo urs , 

,t1f l:i .. , G« 5--
James L. Agee 

Regional Admin istra tor 



UNITED STATES DEPARTMENT OF' AGRICUl. TURE 

F'OREST SERVICE 

Region 6 
P.O. Box 362 3 , Portland, Oregon 97208 

3520 
February 25 , 1974 

Mr. Keith Bayha, Coordinator 
Hells Canyon Controlled Flow Study 
Bureau of Sport Fisheries and Wildlife 

~Division of River Bas in Studie s 
Box 06 , Federal Bldg ., 
U. S. Courthouse 
Boise, Idaho 93724 

Dear Mr . Bayha: 

We appreciate receiving a copy of the Hells Canyon Controlled 
Flow Study and Chapter 16, Conclusions and Recommendations. 

As participants in the study, we believe that the knowledge gained 
can help in be tter managing the resources of the Middle Snake 
Canyon . \!e hope the Pacific Northwest Riven Basins Commission can 
publish the work so the information can be used for this purpose . 

Sincere)y, ,. ,-
. ' ) ., 

j ::i ~·:"D (l ,_4;_._~I 

ROB~T B. TERlllLL 
Assistant Re gi onal Foreste r 
Wate r shed Management 

6200-11 (1 /U) 



UN ITED STATES GOVl:::RNM EN r BUREAU OF SPORT FISHERIES AND WILDLIFE 
P.O. BOX .,n7 PO l{TLI\ND. OREGON 97208 

Memorandum 
TO 

FROM 

SLJ l1.I F.C r : 

Keith Bayha, Coordinator and Task Force 
Chairman, Hells Canyon Controlled Flow 
Study Report 

Regional Director, BSFW, Portland 

1) !\TI-' : February 25 , 1974 

Review of Hells Canyon Controlled Flow Study Report (your memorandum 
of January 28) 

We believe the report to be gene rally acceptable and have no criticisms nor 

suggestions for improvement. It is an important study and a comprehensive 

report. We hereby endorse it and recommend publication by the Pacific Northwest 

River Basins Commission . 



IN REPLY REFER TO: 

i1emorandum 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF OUTDOOR RECREATION 
NORTHW.EST REGION 

1000 SECOND AVENUE 

SEATTLE. WASHINGTON 98104 

To: Field Supervisor, River Bas in Studi es, Bureau of s rort Fisheri es 
and \✓il dlife 

From: Regiona l Director, North1,<1est Rc9 i on, l3ureau of Outdoor Recrea tion 

Subject: Final Draft of He ll s Canyon Controll ed Flo\',' Study Repo r t 

Detail ed comments \•Je re provi ded on Chapters 1 - lS b_y memorandum dated 
Dece;11ber 5 , 1973, and on Ct1apter 16 by phone on Februar~, 4, 1974. 

This repor t well docui;1ents the objecti ves, procedures, and find ings of 
each of the individua l study groups. A carefu l attempt has been made t o 
desc ri be the li n1i tat ions of tile study and of the data coll ec t ed and to 
present tile conclusions in such a way as to avoi d mi s interpretati on. 
!-1011,ever, some por tions of Chapter 16, Conclusions and Recomme ndations , 
could be interp reted to i@ply s pecific recom~endations or conc l us i ons 
not fully supported in t he main body of the report . Such concepti ons, 
we bel i eve, can be t empered wi th the unders tandi ng that any conc l usions 
or recommendat i ons conta ined in th e report are meant on ly for pur poses 
of plan formulation in conjuncti on with the Pac i f i c Nort hwest River Basi ns 
Commi ssion ' s (PmJR~C) Comrrehens i ve ,Joint Pl an. 

\Je reco1111;1end t:1at t :1i s rei)ort be:? pr0sentee,; at the next quarterl y :·1e2ti n£! 
of the PIMRGC fo r approval. 

lk·/1 · 
' !( d((.-,--<;_,(.•-··! J , . (.._(..,,.,.__;;;-,(l 

,; unce H. Lundy 
R 9i onal Director .' 

' 



UNITED STATES DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

Room 345, 304 North Eighth Street, Boise, Idaho 83702 

February 20, 1974 

Mr. Keith Bayha 
Coordinator and Task Force 

Chairman 
Bureau of Sport Fisheries and 

Wildlife 
Division of River Basin Studies 
Box 06 Federal Building 
550 West Fort Street 
Boise, Idaho 83724 

Dear Keith: 

We have reviewed Chapter 16 of the draft report for the Hells Canyon 
Controlled Flow Study. 

We stated in our comments on the first 15 chapters of the draft that 
we feel the study provided a lot of technical data that should be of 
great value in water planning studies in the Snake River Basin. In 
this respect we fully agree with t he l ast sentence in the first para
graph of the Introduction page 16-1 of this chapter-- 11 Until more 
definitive studies are made, the results of this study ... shou ld 
be helpful in making decisions regarding the water requirements for 
instream uses in the reach of Snake River from Hells Canyon Dam to 
Lewiston, Idaho." 

Inasmuch as the study did involve the State Study Team and since the 
report is primari ly a planning document, perhaps a multi-agency re
port published by the Pacific Northwest River Basin Commission would 
be appropriate. 

We will endorse the publication of a properly reconciled report which 
gives consideration to the above comments as well as those of other 
cooperating agencies. 

Sincerely, 

{1#7i %it./-;c1J_ 
Guy t:J. Nutt :)-
State Conservationist 

cc: 
Warren Reynolds, IWRB, Boise 
Henry Stewart, PNWRBC, Vancouver 
James Mitchell, SCS, Portland 



FEDERAL POWER COMMISSION 
R EG IO N AL OFFICE 

555 B ATTERY STREET, ROOM 4 15 

SAN FRANCISCO, CALIF. 9 41 1 I 

73B & 100-2 (Proj . No . 1971) 

Mr . Keith Bayha 
U. S. Department of Interior 
Bureau of Sport Fisheri es and Wildlife 
P. O. Dax 06 
Federal Building - U. S. Courthouse 
Boise , Idaho 83721~ 

Dear Mr . Bayha : 

February 15, 1974 

T'ne San Francisco Regional Office of the Federal Power Commission has 
made a field level review of your draft r e:port on 11Anator.iy of a River . " 

While the Federal Power Commission staff did not participate as a 
member of the task force in the prepa,ration of the report, the Commissi:m , 
by Order of March 16, 1973 , approved the t emporary departure f rom flow 
r elease r equirements i n Idaho Power Company ' s license for Hells Canyon 
Project No . 1971 so that the study could proceed . The Commission stated i n 
that Order t hat "the study is well-planned and may provide val uable infor
mation on i nstream f l ow effects for use in future water use pl anning in 
the Snake River Basin . " 

Our corranents on the first 15 chapters wer e c;eneral in nature and are 
contained in our l etter of November 29, 1973 , Our comments on Chapter 16 
are gi ven in our l etter of February 7, 1971~, and pointed out that the r ate 
of flow change is prescribed in the license for Idaho Power Company 1 s Hell s 
Canyon Project No . 1971 (specifically in Article 43). Our i nterpretation 
of that article is that it prescribes regulation i n the interests of power 
production and navigati on -- the interest of aquatic wildlife being considered 
elsewhere i n the license . It would appear that Article 43 could only be 
chansed by approval of the Federal Power Commission of t he agreements 
mutually worked out by l i censee and other parties. 

We feel that the r eport provides valuabl e infor:nation on i nstream f low 
effects for use i n future water resource planning , and believe that it would 
be desirabl e to have the study published as a r eport of the Pacific Northwest 
River Basins Commission. 

Sincerely yours , 

/)}I, , ) ,. 1.,,,-z_ h /2. ~-:tf,' Z t.,.(,~~•;/ 

M. Frank Thomas 
Regi onal Engineer 



U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service 
1700 Westlake Avenue North 
Seattle, Washington 98109 

Field Supervisor 
Bureau of Sport Fisheries and Wildlife 
Division of River Basin Studies 
Box 106 Federal Bldg., u.s. Courthouse 
Boise, Idaho 83724 

Dear Sir: 

We have appreciated t he opportunity to participate in the coordination, 
funding , and field work of the Hells Canyon Controlled Flow Study. We 
believe the study was successful, and those individua.ls involved did a 
tremendous job in collecting and analyzing the data. Further studies 
of this nature should be done on other streams to insure that wise 
decisions are made concerning the use of our water resource. 

This letter acknowledges our acceptance of the Hells Canyon Controlled 
Flow Study report for publication. 

Sincerely, 
.,-7 

/ 

/;:; 1__//~ ~( ~/ ' ,( ,f!!;,./ 1/'~ l l( 

;i{gf~n, Director 



TOM McCALL 
GOVERNOR 

F. 8. KLABOE 
Administrator of Higt-iways 

OREGON STATE 
HIGHWAY DIVISION 

HIGHWAY BUILDING • SALEM, OREGON • 973 10 

February 15, 1974 

Mr. Keith Bayha 
Division of River Basin Studies 
Box 06 Federal Building 
550 West Fort Street 
Boise , Idaho 83724 

Dear Keith: 

I have reviewed the final chapter of the Hells 
Canyon Controlled Fl ow Study Report . The Oregon Scenic 
Wate rways System cert ainly endorses the publication of 
such a useful document. We regret not being able to 
actively participate in the study itself. 

report . 

WAH : jw 

Thank you for the opportunity to examine the 

Sincerely, 

m~~~~~1d 
Assistant to t he Coordinator 
Oregon Scenic Waterways System 

A DIVISION OF THE DEPARTM ENT OF TRANSPORTATION 



UNIT ED S T ATES D EPARTMEN T OF AGRICULTURE 

FORE S T SE R V I CE 

Region 1, Missoula, Montana 59801 

REPLY TO: 3520 River Basin Programs 

SUBJECT: Hells Canyon Controlled Flow Study 

TO: Keith Bayha, Coordinator and Task Force Chairman 
Hells Canyon Controlled Flow Study Task Force 
USDI, Bureau of Sport Fisheries and Wildlife 
Division of River Basin Studies 
Boise, Idaho 83724 

We appreciate the opportunity to review the draft report of 
the Hells Canyon Controll ed Flow Study. 

The results of the salmonid rearing reconnuendations in regards 
to satisfying most other biol ogical requirements , including 
water quality and some of man ' s use requirements, were noted with 
interest , We have considered the biol ogical requirements for 
fish and insect life as good indicators in some of our pollution 
management programs . 

We concur with your findings and summary as written, and endorse 
the publication of the final report for use by other agencies 
in developing their instream flow programs . 

_/' 

z·cl-<t 
STEVE YURICH 
Regional Forester 



U. S. E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y 

REPLY TO 
ATTN OF, 

Idaho Operations Office 

422 West Washington Street 

Boise, Idaho 83702 

February 11, 1974 

Mr. Ke ith Bayha, Coordinator 
Hells Canyon Controll ed Flow Study 
Fish and Wi ldli fe Service 
Box 06 Federal Building-550 W. Fort Street 
Boise, Idaho 83724 

Dear Mr. Bayha: 

We have reviewed the report on the Hells Canyon Controlled Flow 
Study and have a few brief comments on the water quality section. 

We agree with the statement in the report, indicating the 
difficulty in making year around predictions of water quality based on 
the data collected during the five day run . Further analysis and 
perhaps further monitoring during other critical parts of the year are 
needed before finalizing mini mum flows for thi s part of the river. 

Two situations come to mind, which we think merit further considerations: 

(1) During the l ate summer when algae are exerting the greatest 
influence on D. 0. 

(2) During the early summer when air temperature and high flow 
exert a large influence on total dissolved gas. 

We appreciate the opportunity to corm,ent on t he report, even if we 
have been late in responding. 

Sincerely yours, 
,, ·,• ---::z:: / -:7,---. . , ~ , .. 7 /.,,., :::-1"'; ~ .~ Le-( 

M. Lynn McKee 
Sanitary Engineer 

Idaho Operations Offi ce 



Mr . Keith Bayha 

DEPARTMENT OF TRANSPORTATION 

UNITED STATES COAST GUARD 

Bureau of Sport Fisheries and Wildlife 
Division of River Basin Studies 
Box 06 Federal Bldg.-U . S. Courthouse 
550 West Fort Str eet 
Boise, Idaho 83724 

Dear Mr . Bayha: 

ADDRESS RE;PLV TO: 

c::o MMANDER (ob) 
THIRTEEN T H C OAST G UARD D ISTRICT 
6 18 S ECOND AVE , 
S EATTLE, WAS H , 98104 

5050/ 1-1 
• 8 February 1974 

In response to your memo of 28 January 1974 requesting comments 
concerning and review of the Hells Canyon Controlled Flow Study 
Report, we submi t t he following : 

(a) The U. S. Coast Guard has no comments t o offer; parti cular 
attent i on was given to Chapt ers 12, 13, 14 and 16 in our case . 

(b) We do endorse publication of a properl y reconciled draft . 

Sincerely , 

I I 
'5\ tt-t,_,,t.~ (_)_,) 

R. A. DUIN 
Capt ain , U. S. Coast Guard 
Chief, Operations Division 
By direction of the District Commander 



~EMBER STATES 

ALASKA 

C I\L l l'ORN I A 

I DAHO 
OREGON 
WASH I NGTON 

PACIFIC MARINE FISHERIES COMMISSION 
342 STATE OFFICE BUILDING • 1400 S. W. FIFTH AVENUE 

PORTLAND, OREGON 97201 

PHONE (503) 229-5840 

February 7, 1974 

Mr. Keith J3aylw 
CoorcJinato1.· ancl T.::isk Force Ch..:iirman 
llells Cc:inyon Cont.rolleci Fl ow Study 
Burea u of Sport Fis heries and Wildli~e 
Division of ~iver Basin Studies 
Box 06 Federal Bldcr . - U. S . Courti1ouse 
Boise , Idaho 83724 

Dear Mr . l3ayha : 

EXECUTIVE D I RECTOR 
JOHN P. H ARV ILL E 

TREASURER 
G. L. F18HEII 

I have reviewed Chapter 16 , Conclusions and Recommcndattons of your 
study report and f:i.nc l J t a useful and hi\Jhly informritive document . 
I urge t hat you press forward with µub l ication of t he entire document , 
and seek support as necessary from the Paci f ic Northwest River Basin 
Commission . 

Permit me to congratu l ate you both on a landmark study proj ect itself 
and on t he excP.lle n t organi~ationa l achievement in your s tudy report . 
I am certain that t h is will prove to be a useful document far beyond 
Snake River problr::!rnS anu concer ns . I am particular l y i mp t'essed with 
t he effort tha t ll.-1s been made to reach rea sonably defini tive 
·cecommend(1tions wH:il tlle data permi t tecl . Also I am pleased to see 
the emphasis upon interactions of conditions ancJ upon additional 
studies required . I believe your report is adequately safeguarded 
a l so with provisos having to do with extrapolation of t he da ta f r om 
so limited a study to year around implicati ons . 

For a number of years t he Pacific Marine Fisheries Commission has 
pressed hard for protection of the Middl e Snake River a~rainst 
developments which would be destruct i ve of anadrornous Jisheries and 
0U1er nat.:urul rcsourc1Js . Our resolu l ions of the past sev<1ral years 
have ca l led specifjca l l y £or t he kind of study which you headed , and 
more recently for (lcvcl opme nt of a rationa l managemen t plc:in t h,1 t will 
consider t he multipl e needs of user groups and particula r ly will 
sa£euuarJ fisheries und r ecrea t i ona l values . Because this documentation 
ma y be useful to you , 1lncler separate cover I am sendi ng marked copi es 
of r ecent Annual Reports which corry the text of those resolutions . 

I£ there is any way I can be hclpf ul to you _in carrying fo nvard with 
Flction on Lhls ccpor t, pl ,·asc clo not hesitate to l ~t rny o.f(ico knuw . 
/\gain my congratulations to ytJu and your multi- agency st a£ f for a 
splendid effor t in a mos t irrt[?ortant cause . 

Yours sincerely, 

i4tk~-rY✓-4 
0'"011'n P . Harv;LllG 
Executive Director 



STEVEN W, BLY, OlrKtor 

R. P, Pe,erson, Oepvty Olrector 

Februar y 6 , 1974 

Mr. Keith Bayha, Biologist 
Bureau of Sport Fisheries & Wildlife 
Federal Building , U . S . Cou rthou sc 
Box 06 - 550 Wes t Fort Street 
Boise , Idaho 83702 

Dear Keitl1 : 

CECIL 0. ANDRUS 
Covtmor of Idaho 

I0AHO STATE PARKS & 
RECREATION I OAR0 

Gf04t0E Mlll!R, Chol"""" 
loA 241, ao,..,..,, 1•rr;, 10 13105 

WILLIAM FtOMf, Vlct •Chalrmo" 
505 E. Moln St,, Sr, /V'llhon .. , 10 8l.._.., 

KENT GISf. Member 
lo• 3, 9. fn,ltlond, ID 83610 

MERlE ALLISON, M•mber 
to, J36, flt•'• 10 8JJ28 

WI LLIAM STEllMON, M•mbtr 
ll 22 I 0th Ave11u•. l • wltlo,,, 10 l :3S01 

EARL GUNNEil, Mombt, 
ao. 21.S, Sodo Sprl"9I, 10 83276 

Ref: Hell s Canyon Controlled Flow Study 

W e have completed our review of the first 15 chapters of the above-referenced 
draft report and the final conclusive chapter (Chap ter 16, Conclusions and 
Recommendations) , and concur with the find i ngs and recommendations of the 
s tudy report . 

Our review of the study draft wa s overall, with special attention directed toward 
those chapters dealing with Recreation and White-Water Boating; areas i n which 
w e actively participated . 

In previous review of the November 8 draft, we suggested certain revisions in 
the final recommendation and conclusions in order to strengthen the study 
results . With reference in the final conclusions being directed toward Chapter 7 , 
(Salmonids) as it related to the minimum flow recommendation , with the insertion 
of Table 16 . 2 , Recommended Low Leve l of Ins tream Flow , as well as the accompany: 
Tables , we fe lt that final recommendations for minimum flow were within the 
justifiable scope of this s tudy. 

We once again commend you and your Task Force Team on their efforts in this 
study and offer our continued assistance . 

Sincerel y , 

~ 
Steven W. Bly 
Director 

rk 



TOM McCALL 
GOVERNOR 

WM. BRUCE CHASE 
Chairman 

Eugena 

MARK A. GRAYSON 
Vice Ch1lrrn1n 

Porrlend 

ROBERT E. FULTON 
Burn1 

HELEN GLENN 
Ro,eburg 

FRANK M. MacGRAW 
A1hlond 

ARCHIBALD PYE 
TIiiamook 

TED SUDERBURG 
Salem 

TUCSON H. MYERS, P.E. 
Director 

STATE WATER 
RESOURCES BOARD 

1158 CHEMEKETA STREET N .E. • SALEM, OREGON • 97310 • Phone 378-3671 

February 5 , 1974 

Mr . Ke i th Bayha 
U. s. Department of the Interior 
Fish and Wi l dl ife Service 
Box 06 
Federal Building - U. S. Courthouse 
550 West Fort Street 
Boise , Idaho 83724 

Dear Mr. Bayha : 

We consider t he study a major accomplishment in both state- federal 
interagency cooperation and resource needs evaluation. The report 
is , in general , a fine documentation of t he study and we endorse 
publication. Specific comments on Chapter 16 were sent under 
separate l etter of January 29 , 1974 , ther efore , we have no f urther 
commen ts regarding the repor t . 

If we can be of any f urther service , please do no t hesitate to 
contact us . 

THM/ia 

Sincerely , 

·----;zt1, 4J)C \:\[le~'.;,-
Tucson H. Myers , P. E. 
Director 



UNITED STATES DEPARTMENT OF AGRICULT URE 

SOIL CONSERVATION SERVICE 

1218 S . W. Washington Street, Portland , Oregon 97205 

SUBJECT: Hells Canyon Controlled Flow Study Report Review 

TO: Keith Bayha, Coordinator and Task Force Chairman, 
Hells Canyon Controlled Flow Study Task Force 

February 4, 1974 

We have reviewed the draft report of chapter 16 of the Hells Canyon controlled 
flow study report and our comments are as follows: 

The recommendations for flows would be more meaningful if present 
flows could be given for comparison on Table 16.2 or any other appropriate 
place. This would also show the fluctuation which now occurs. 

It seems obvious that the minimum flow, in effect, sets the level of 
productivity for the Snake River in the study area and that heavy 
emphasis should be placed on minimizing river fluctuation regardless 
of flow , especially during the salmonoid spawning and incubation periods. 

Identifying the river locations where all flow volumes are given would 
make for clearer understanding throughout the report . 

We would like to see a complete and properly reconciled draft report of the 
Hells Canyon Controlled Flow Study. 

t1.;,-q ,y,_,__,,{,/ )1trd 
/ ~es W. Mitchell V te Conservationist 



I N REPLY R EFER 1·0 : 

United States Department of the Interior 
NATIONAL PARK SERVICE 

920 N. E. Seventh Avenue 
Portland, Oregon 97232 

February 4, 1974 

Mr. Keith Bayha 
Bureau of Sport Fisheries and Wildlife 
Box 06 , Federal Building - U.S. Courthouse 
550 West Fort Street 
Boise, Ida ho 83724 

Dear Mr . Bayha : 

The draft of the He ll s Canyon Controlled Flow Study report 
including Chapter 16 has been reviewed in thi s office. 

The report contains a great deal of information which 
should prove va l uable in making deci sions on water require
ments for i nstream uses in the reach of the Snake Ri ver 
from Hel ls Canyon to Lewi ston, Idaho . Due to the short 
time during which the flows were observed many effects of 
the flows coul d not be observed nor realized. Additional 
studies might be beneficial but may never materia li ze. 

We have no objection to printing the report and making it 
avai l abl e as a base document for use in determing stream 
flow requirements. 

Sincerel y yours, 
,, 1 ·· . 

/ d. k :..:_ L . { !, ., LtL ;..,/ 

Edwin L. Arnold 
Acting Chi ef, Portl and Fi eld Office 



Keith Kayha 
Box 06 Federal Building, U. S. Courthous e 
550 WEst Fort Street 
Boise , Idaho 83724 

Dear Keith: 

12799 Nil e Road 
Naches , Washington 
February 3, 1974 

Aside from agreeing with the conclus ions and recommendations in the final 
chapter I have no further comments to make. 

I do endorse publication of a properly reconciled draft . 

Sincer ely yours , 

Dee B. Groubh, M. D. 

DBG: vbc 



United States Department of the Interior 
BUREAU OF MINES 

Memorandum 

WEST 222 MISSION AVENU E 
SPOKANE, WASHIN GTON 99 20 1 

Western Field Operation Center 
February 1, 1974 

To: Coordinator, He ll s Canyon Controlled Fl ow Study Team, 
Bureau of Sport Fi s heri es and Wildlife, Bo i se, Idaho 

From: Chief, Western Field Operation Center 

Subj ect: Rev iew of He ll s Canyon Controlled Flow Study Report 

Review of this report, including Chapter 16, s hows there i s no 
reference or immediate re lationship to mineral development. 
We, therefore, have no comments to offer. 

We appreciate the opportunity to rev iew the report. 



CCC II.. 0 , ANORUS, Gcw11roOf 

COMMISSION 

AOBERT 0. THOMA$. Cmt"'r d'Alentl 

PAUL C. KEETON. L1w111or1 

JOHN l:-AiON, C11Citd1 

JACK HEMINGWAY, Su,1 VDOty 

"i JACK Al,VQAD, PocotDIIO 

IDAHO FISH AND GAME DEPARTMENT 

January 31. 1974 

Mr. Keith Bayha 
Bureau of Sports Fisheries and Wildlife 
Division of River Basin Studies 
Box 06 - Federal Building 
550 West Fort Street 
Boise, ID 83724 

Dear Keith: 

I have reviewed all chapters of the Hells Can.von Controlled 
Flow Study Report draft. I have no comments regardtny tfle 
drafc and you may consider this letter as an endorsement for 
the publication of the report. 

TH:r 

Sincerely, 

IDAHO FISH AND GAME DEPARTMENT 
Jo~h C. Greenley, Di~ector 

v I' .~- / / 1,7f
~ -.J.e/.i,,~ ~ut-t<-e 'z 

Terry H betz, Water De opment 
Coordin or, Fisheries D~ion 

JOS~PH C, GA~ENL 
Olrt1 

POST OFFICE BOX 

600 SOUT11 WALN UT STAI 
801S!, 10 Al-l0 83 



OVERNOR OLYMPIA. WASHINGTON 98504 

January 25, 1974 

Mr . Kei th Eayha 
Acting Field Supervisor 
Bureau of Sport Fisheries and Wildlife 
River Basin Studies 
Boise, Idaho 83701 

Dear Mr . Bayha: 

PHONE 783-6600 

We have reviewed the second draft of Chapter 16 of the Hells 
Canyon controlled flow study and have the following comments . 

T H OR C . TOLLEFSON 
DIRECTOR 

First, after reviewing the report in its entirety, we feel that 
the t ask force did an exceptional job in the short pe riod of time 
allowed for the study . However, we must reite rate our previous 
comment in our lette r of February 6, 1973 and urge that r ecommenda tions 
regarding stream flow not be finalized until such time as additional 
studies have been conducted to identify downstream flow requirements 
as ment ioned under the Need for Future Studies . 

We appreciate the opportunity to review this report. 

Very truly yours , 

-tl--rve-r+ 
Thor C. Tollefson 
Director 



NPDPL-FW 

DEPARTMENT OF THE ARMY 
NORTH PACIFIC DIVISION, CORPS OF ENGINEERS 

210 C U STOM HOUSE: 

PORTLAND, OREGON 9720!il 

Mr. Keith Bayha, Coordinator 
Hells Canyon Controlled Flow Study 
U.S. Bureau of Sport Fisheries and 

Wildlife 
Box 06 Federal Bldg. - U.S. Courthouse 
550 W. Fort Street 
Boise, ID 83724 

Dear Mr. Bayha: 

4 February 1974 

This l e tter is in response to your request for comments on the draft 
report of the Hells Canyon Controlled Flow Study. While we concur 
with the qualifying statements you make in Chapter 16, Conclusions and 
Recommendations, as t o the limited focus of the study and the fact that 
the s tudy was of very short duration with limited r esults, the study 
team is to be complimented for making a fine s tart in the collection 
of needed information. 

We would also concur with your conclusion that the best information 
collected provided insight into minimum f low needs for fish; however, 
we ques tion the statement made on page 16-15 of the draft Chapter 16 
that "other study functions .•• support the salmonid flow recommendations." 
Certainly the reconnnended levels of minimum flows developed for fish are 
not required for navigation and from our review of Chapter 15, Power, 
it would appear tha t a serious adverse impact could be imposed on energy 
generation if indicated fisheries requirements ar e fully implemented. 

In reading the summary section of Chapter 16, the reader is given the 
impression that the results obtained in all elements of the study were 
highly decisive and reliable. Yet in r eading the draft of the main 
report, we find firm s tatements that indicate the studies on Water Travel 
Time (Chapter 2), Water Quality (Chapt er 3), Aquatic Vegetation (Chapter 
4), Benthic Insects (Chapt er 5), Catchability and Feeding Habits of 



NPDPL-FW 4 February 1974 
Mr . Keith Bayha 

Fish (Chapter 6), Recreation (Chapt e r 12), and Power (Chapter 15) t o 
be inconclusive with additional studies needed . Chapter 8 (Warm Water 
Fish), Chapt er 9 (Sturgeon Fishing) and Chapter 11 (Wildlife ) also 
appear inconclusive and are handled by assumi ng that needs provided fo r 
salmonids will achieve minimum needs i n these areas. 

The subj ect , "Interr elationships of Man' s I nstream Uses of The River'' 
i s an extremely import ant aspect of any such study , however, the r eport 
treats this matter in an extremely super ficial manner. This is probably 
because of the admittedly limited scope of the s tudy and the lack of 
necessary informat ion for an adequate comprehensive analysis . However, 
it is a shortcoming of the r eport . 

Chapter 16 is unclear as to what is being concluded and what is recommended . 
It appear s that the minimum flows shown on Table 16-2 are recommended, but 
that a number of additional studies are needed related t o these flows . 
Logic would t ell us that the studies would have to precede the implementation 
of new minimums but the relative time sequence of the r ecommended action 
component s is not spelled out . 

We concur with the need for some additional studies i n the ar eas you have 
indicat ed although we might not necessarily agree specifically with the 
priority , scope and description as you have descr i bed them in Chapter 16 . 
As indicated previously, we f eel all water needs must be consider ed compre
hensively and alternatives for achi eving these needs carefully studied . 
As a matter of fact , the Corps is on record at this time as recommending 
no change in the F.P.C. license mini.mum flow requirements for Hells Canyon 
Project pending completion of the regional water use s tudies and the water 
resource plans of the States involved. 

I n closing, l et me again compliment the Northwest fish and wildl ife agencies 
for collecting and evaluating a subs t antial amount of useful fishery 
infonnation as it relates to f lows in the Middle Snake River area. This 
new knowledge will serve as a valuable input to the comprehensive water use 
studies in progress and t hose that you i ndicate will be needed in the future . 
Thank you for the opportunity t o comment . I woul d expect that these comments 
a long with the letters of comment of other agencies and study participants 
will be appended to and publis hed with t he r eport . 

Sincerely yours, 

r~ 
p 1;, b .. --~·,-· 
D. E. OLSON, Al~ernate Member 
Pacific Northwest River Basins Commission 

2 



TOM McCALL 
GOVERNOR 

COMMISSIONERS 

JOSEPH I. EOFF 
Ch1lrm1n 

JACK f, SHIELDS 
Vice Ch• lrm1n 

McKEE A. SMITH 
Member 

THOMAS E. KRUSE 
State Fltherle• Dfrec:lor 

FISH 
COMMISSION 

OFFICE OF THE DIRECTOR 

307 STATE OFFICE BLDG. • 1400 S.W. 5th AVE. • PORTLAND, OREGON • 97201 

Mr . Ke ith Bayah 
Bureau of Sport Fishe ri es and 
Room 435 , Federa l Gu i I d ing 
U. S. Court house 
550 West Fort s ·1·reet 
Bo ise , Idaho 33702 

Dea r Ke i t h: 

Feb rua ry 6 , 1974 

VI i I d I i f e 

Your let t er of January 28, 1974 req uests an agency rev iew of 
Chapt e r 16, Conc lus ions and Recommendat ions , o f the He l Is Canyon 
Contro l led Flow Study nepo rt . Our comments a re bas ica l ly t he 
same as t hose presented in Wayne Burck ' s letter t o you o f 
J anua ry 23, 1974. 

\tie fee I ·rh e t ext of ChaptGr 16 has strayed somewhat f rom t he 
s t at ed object i ves of t he s tudy, la rge l y due to t ho i nf luence of 
Chapte r I 5, Pow(.ff . \"le do not be Ii eve Chapter 15 i s ped i nerd· to 
the report pri ma r i l y because the power aspect was not stud ied , 
and t he re a re no dat a or result s . The qucs l"i on then ~r i ses 
should powe r be af forded a separ at e sect ion of compa rab le sta ~us 
t o t he f unct ions wh ich we re stud ied? ~e t h i nk not , and wou ld 
prefe r t hat a l I necessa r y background informat ion on powe r be 
presented i n t he int rodud ion or in Chapt e r s on othe r funct ions . 
The potent i a I impact on po~1e r of imp I ement i ng t he mini murn f I ows 
recommended in the report i s not within the scope of the study. 



Mr . Keith Bayah 
Febr uary 6 , 1974 
Page 2 

We f ee l the report shou ld e ithe r s tay wi thin the stat ed obj ect ives , 
o r the object ives should be broadened . 

With these ~xcept ions , we endor se the draf t fo r pub l icat ion . 

S i ncerc I y , 

JAMES LL HAAS 
l':AH:1~ RESOUHCES A;U\LYST 

Enc losure 

cc Bureau of Sport Fisher ies and Wi ldli fe , Port land 
Idaho Fish and Game Uepartment 
Nat iona l Ma r i no Fis he r ies Servi ce 
Oregon WJ' ld l i fe Cornrn iss ion 
Was hington Oepa rtrnent of Fishe ri es 
Washington Depn rtment of Gome 



United States Department of the Interior 
BUREAU OF RECLAMATION 

P:\CIFIC ~ORTl lWEST REGIONAL OFFICE 
(.'EOF.RAL IHllLDING & U.S. COURTHOUSE 

l~ RF.PI.\' 
IU'. FF.R10: 735 

llOX 04 3 · rir,o WF.ST FORT STREET 
BOT E, IDAIIO 83724 

123. 

Mr . Keith D. Bay ha 
Bureau of Sport Fisheries and Wild l ife 
Room 435, Federa l Building and U.S. Courthouse 
550 West Fort Street 
Boise, Idaho 83724 

Dear Mr . Bayha: 

We would like to commend you and the group of people 1-1orking wi.th you 
for the fine work you have done on the Hells Canyon Controlled Flow 
study. This study represents a major initial step in the analysis 
and evaluation of instream flow needs . 

In response to your l etter of November 8, 1973, and in further 
response to the letter of January 28, 1974, significant comments are 
included i n this letter . Other major comments on the Abstract, Preface, 
Introduction, and Chapters 1 through 15 are included in Attachrnent A. 

The Bureau of Reclamation will recommend pub l ication of the controll ed 
f low study draft report if this letter, without attachment , containing 
Bureau of Reclamation comments is appended to the controlled flow 
study report. ~~e suggest that all other agency comments be appended 
to the report, 

Chapter 16 contains "Recommended Lower Level of Instream Flow to be 
Released from He ll s Canyon Dam11 (Table 16-2) . Referring to Gl ossary of 
Terms used in Chapter 16 , the definiti on of t

1Instrearn Flow Requirementstt 
states "The f l ow required for all the col lective uses of water 
i.n a stream (commercial boati_ng, water quality hydroe lectric produc-. 
ti.on , recreation, fish and wildlife, other bioiogical forms, esthetics , 
etc . ). 11 The two words 11fl ow required" cannot be supported for a 
majority of the stated use by established and tried methodology . 
Instead of Hflow required," the instream flows for each use would be 
rroposed flows based mainly on judgments made from observations, limited 
ija,ta collection, and modifi cation of avai l able methodology. One 
exception ,tan be made, and tha.t app l ies to the flows recommended for the 
salmono i d "fishes. The. Oregon Meth.ad was used to determine functional 
re.quirements alth.ough th i s method was establ ished and used in streams in 
Oregon that were much smal l er in magnitude than the Snake River bel ow 
Hell s Canyon Dam. 



It shou ld be distinctly pointed out that the 12,000 to 15,050 cubic 
feet per second flows primarily relate to the 11 sa lmonoid fishery. 11 

These flows are tentatively judged to be needed for spawning, hatching, 
and rearing of salmonoid species including fall chinook sa lmon and 
steel head. 

If the salmonoid fishery is not used as a basis for proposing coll ective 
use instream flow requirements, the uses of commercial boating, water 
quality, hydroelectric production, recreation, and estnetics considered 
separately or collecti vely could require less than 12,000 cubic feet 
per second. Examples are the present instream flow requirement of 
8,500 cubic feet per second needed on Wednesdays and Thursdays to 
accommodate the com11ercial boats Idaho Queen III and IV (April-November} 
and the Idaho Queen requirements of 10,000 cubic feet per second 
(December-March). The present Federal Power Commission license require
ment for hydroelectric minimum flows is 5,000 cubic feet per second 
be low Hells Canyon Dam. 

The l ast sentence under "Summary of Functional Studies, Fish Stranding," 
Chapter 16, states that "Data suggest that th.e Federal Power Commission 
stipulations on rate of flow changes and l ocation of monitoring should 
be reevaluated . " What documented study data suggest reevaluation of 
rate of f l ow changes? How were these data obtained--by tested method
ol ogy, observation, judment decisions, or other methods? A new study 
involving the U.S. Geol ogical Survey and the Federal Power Corrmission 
should be initiated to substantiate the aoove reevaluation. 

The statement made in the third sentence of the second paragraph under 
11 Conclusions, 11

--
11 The other study functions, to varyi ng degrees, support 

t he salmonoid flow recorrrnendations 11 - -does not appear to state a vali d 
recomnendation. What does "to varying degrees'' mean and/or represent? 
The "other study funct i on 11 does not support "salmonoid flow recom
mendations." 

The last sentence of the second paragraph under 11 Concl usions, 11 

Chapter 16, states "Therefore, the recommended instream flows are shown 
in table 16-2. 11 We fee l that the above statement flas to be expanded 
upon as to who i s recommend ing the instream flows in tabl e 16-2. Is it 
the Pacific Northwest River Basins Commission, all participating agencies 
in the study task group , or one, two, or three agencies? The instream 
flow recommendation should be expanded to specify that (1) it is a 
tentative recommendation based on the short-duration contro ll ed f l ow 
studies, (2) it does not attempt to take into account competing uses of 
water, and (3) further studies are bad ly needed. (These studi es are 
listed at the end of the chapter .) 
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The Bureau of Reclamation supports the recommendations stated under 
11Need for Future Studies 11 in Chapter 16, especially study needs (1,), 
(2.), (3.), (5.) and (8.). Study recommendations (1.) and (2.) should 
include studies of water use conflicts and of benefits and other values 
foregone in upstream and other areas if minimum flows in the Snake 
River below Hells Canyon Dam are increased. The economic and environ
mental impacts to the States of Idaho and Oregon from increased flows 
could be of major significance. 

Sincerely yours, 
(l · 1 ~ ,if. M c,rru,. 

~ssistn,,1 Regional Director 

Enclosure 

cc: Donel Lane, Chairman PNWRBC, Vancouver, Washington 
Regional Director, Bureau of Sport Fisheries ·and Wildlife, 
Portland, Oregon 

(each w/o enclosure) 
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DEPARTMEN T O F THE ARMY 
WALLA WALLA DISTRICT, CO RPS OF ENGINEERS 

BLDG. 602, C ITY- COUNTY AIRPORT 

WALLA WALLA, WASHINGTON 99362 

NPWEN -PL 

Mr. Keith Bayha, Coordinator 
Hells Canyon Controlled Flow Study 
U. S. Bureau of Sport Fisheries and 

Wildlife 
Box 06 Federal Bldg . - U.S . Courthouse 
550 West Fort Street 
Boise , Idaho 83724 

Dear Mr . Bayha: 

20 February 1974 

We have completed our review of the draft of Chapter 16, "Conclusions 
and Recommendations, Hells Canyon Controlled Fl ow Study Report ," as 
requested in your letter of 28 January 1974. As stated in our letter to 
you of 5 February 1974, we concur with t he general corruuents on Chapter 16 
provided you by Mr . D. E. Olson of our Division Office . Othe r comments 
were given you by Mr . Don Mathews in your telephone conversation of 
28 January 1974 . Following is a summary of those comments which we st ill 
consider valid, along with some additional observations . 

Page 16 - 5 , Table 16 .1, Chapter s 5 and 11 . Statements t hat benthos 
productivity begins to improve at 12,000 cfs and lower flows should be 
correlated wit h flows at which wild l ife and sturgeon fishery are impacted . 
We suggested a minimum of 7 ,700 cfs fo r wildlife in our previous connnents . 

Page 16 -5, Table 16 .1 , Chapter 12 . Conditions for powerboating . We do 
not concur with the conditions noted, since adequate data were no t 
obtained i n this study to es t ablish condi tions . 

Page 16-10 . Last two sentences of f irst pa ragraph should be deleted 
since this material was not cited in Chapter 14, "Navigation, " and the r e 
is no valid sour ce of data to suppor t the last statement on commercial 
boat flow needs . We note t hat r efer ence to "head of navigation" has been 
de l eted . 

Page 16-11, second paragraph . Change third sentence to read : "Salmonoids 
(Chapter 7) a re dependent upon aquatic insec t life for a major part of 
their food source and on aquatic vegetation fo r part of t heir shelter. '' 



NPWEN-PL 20 February 1974 
Mr. Keith Bayha 

Page 16- 11 . Third paragraph, fourth sentence, should read: 11Concentra
tions of gravel-rubble , so important to production of benthic organisms , 
were found in bars along the edges of t he channel where eddies are preva lent 
at normal high flows •11 

Pages 16 -13 and 16- 14. In discussion of the subject, " Interrelationships 
of Man's lnstream Uses of t he River , " the r elationship of one of man 1 s 
primary uses of the river , power generation, appears to be treated rather 
superficially . Particularly, t he impact of inc reased minimum flows on 
power production capabi l ity has no t been mentioned . Admittedly , any 
de tailed discussion of this impact i s beyond the scope of this study . 

Page 16-17. De l e t e sentences 5 and 6 under Water Supply and substitute 
" Idaho Power Company ' s lic ens e requires the river regulat ion for power to 
be operated in coordination with the Northwest Power Pool. 11 

Page 16- 18 , Figure 16 . 1. Word "opti mum" should be removed . 

Page 16 -20, Figure 16.2. This Figure is rather di ff icult to understand . 
Perhaps addition of arrows to indicate which ordinates and abscissas go 
with which f l ow lines would be appropriate . Our inte rpre tation of Figure 
16 . 2 is that it indicates for 3 months or 25 per cent of the year the 
"maintenance flow" wou l d be available in on l y 3 years in 40 . For 6 months 
it would be available only 52 percent of the time and in no month is t he 
"maintenance flow" available 100 percent of the time . Thus i t appears 
the last sentence i n the first paragraph of page 16-19 is misleading . 

Minor corrections to Chapter 14 were a l so given to you by telephone . 
They are listed as fo l l ows , for the record : 

a . Page 14-6 . Correct "Cottonwood and High Range • II 

b. Page 14-6. Correct "Chartered boa t is based •• II 

c . Page 14-9, (5 ) . II 

d . Page 14- 10, last sen tence . 
14. 2) must be use d with discretion. 

upper ends usually bec ome smoother ." 

'
1At l ower flows the ranges (Figure 

II 

e . Page 14- 12 , fourth paragraph. " .••• to provide FPC 
information to act on the navigation interests ' pe tition . " 

f . Page 14- 17. Revise footnote]) "See Corps for information on 
other damages ." 

It is our unders tanding that additional revisions have been made to 
Chapter 14, "Navigation , " since we made our 18 January 1974 comments on 

2 
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Mr . Keith Bayha 

the draft copy of the report you sent to us on 8 November 1973 for 
review . To date , we have not received a copy of the chapter showing 
these latest revisions . We wish to have the opportunity to comment on 
these revisions prior to preparation of the proof copy since we have 
been given the responsibility for preparation of Chapter 14, "Navigation." 
Also , it is recommended t hat comments of the various participating 
agencies be included in your final report. 

Thank you for the opportunity to comment on the study . 

Sincerely yours, 
• ! ) 

\// '• f -~,--· / (_ 
/ NELSON P. CONOVER 
Colonel, CE 
District Engineer 
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TOM McCALL 

GOVERNOR 

COMMISSIONERS 

OFFICE OF THE DIRECTOR 

P.O. BOX 3503 • 1()34 S.W: ALDER ST. • PORTLAND, OREGON• 97208 • Ph. 229-5551 

February 22, 1974 

l'IIANK A. MOOIIE, Ch1irm1n 

DAN CALLAGHAN, Member 

MRS. ALLEN BATEMAN, Membef 

ALLAN L. KELLY, Member 

JAMES W. WHITTAKER, Member 

J~N W, McKEAN 
Wildlife Oirec1or 

Mr. Donel ,J . Lane 
Pacific nort::~-;e st River Sasins Commission 
1 Colu.r:i!Jia · ""'_i.1::::.:::-
P . o. Box qoz 
Vancouver , Was~i~Gton 9866 0 

Dear Don: 

The Coro.mission 1 s reo ort on the !-ti.ddle Snake River studv o f 
~1arch 1973 and its f low reco:nmendations in C~a?ter 16 are 
f ully e nc!orsed by Oreaon l"lildli-=e Co'I!I:ni.ssic~. 

'l'he leaders!:.iD of Bureau of Snort Fisheries a."lc (·7ildlife 
and Dartici:")a~ic~ o:: nll -~;ho r.;2.:1e DQssible a s t.1:1'1 of t his 
magnituc.e is Mutual l v a -::mrecia t ed ; · It i s our in~ention, as 
that of othe r oarticinatir.o aoencies, t~ ur9e t.~at reco~..r.-:.en
dations resultina from t.~e stucv ~e incor:;oratea in federa l 
and state nlannin~ and leqislation affe ctinq th~ Sn ake P.iver 
draina::ie . 

~air.te!l~nc~ c-if a:1<:?!;"U.a te flo1-1s in :rri.iddle and lower Snake River 
is a vital c l c~cnt of the river:s fis~eries mnnaaen0nt Dro0ram . 
Peruetuatio~ a.."cd aev8lo:::'"'.8~'t: of t he ~,•~i te sturqe on, srnalL'Tiouth 
bass, rainbo·.-1 trout. sU!'.'~er s::ee l !;eac. and fall . chinook salr:ton 
runs , anc ot~er cr~e fish ~ r e ~oals of state and federal 
fisheries manaae.--:1ent aaencies . !'.nv e~istinq or future 
devclO-:Jl:lent of t h e Sn a~e River drainacrc w!lich would sic:,;i 
ficantlv danl 0te or alter flm;.s in t.:-:c IT'.icidle or l c·.:er !::. ::~:e 
P.i ve!" ~·:o:.ilc ;.;s ~ s7cc:.allv cri ti c ~l to 2.::.:'...-::~:::.:::. --.0::,ul.:.ti c:1::: 
and c ould adver sely a=fect t :ie wam-\,;ater fish S!)ecies . 

Sr,ort fishincr and ot"":er recr eat io::al U3'2S of ':i dc:!113 Snr..'.·:e 
River r e lv s utst~ntiallv on boat a ccess . FlmlS s:>,9cified for 
navi g a tic~ a~d ~:1ite-•~ter ~oatir.~ a~a i~~ort.:.r.t tor~~!:.=~ 
w.uch c= ::_~~-= ~ .. ~alt: ~ c= :;-a-::c :: :_s;: ::>c:: :.:l a t.:..c::~ i:i _.i:.:.::l~ £:: .::..::.) 



~r. Donel~ - Lan e 
E'cb r'..lz:?. r u 2 J , 1 9 7 4 
Pa~'?: 2 

~ive r. ;._~oncr other r e asons , boa ting has made possible a 
sia nificant and qrowing .recreational us e of Hells Canv on 
reach of the s nal<e . Additiona l s tudies are underway io 
monitor t h i s use . 

The 0~9ortunity to have ~articinat e d OD t he instre arn flow 
study of !!~i ddle Sna}:e P.ive r and to comment on t he P.i ver 
Bas ins Cor.~i ssion' s c r aft r eport and r eco:nmendations i s 
appr ecia t ed . 

Since r e l y yours, 

J ohn W. McKean 
Director 

cc Bureau of Snort Fisheries & Wildlife, Bois e 
=· h c · · · · ~ n r i s. onm1ss i on O- _r e gon 
State Water Re s ources Board 



CECIL D. ANDRUS, Governor 

STATE OF IDAHO 
IDAHO WATER RESOURCE BOARD 

Statehouse. Boise. Idaho 83720 
C. STEPHEN ALLRED. Director 

Phone 208-384-2170 Office at 1365 N. Orchard St. 

Mr. Keith Bayha 
CooTdinator & Task Force Chairman 
He ll s Canyon Contro l Flow Study Task Force 
Bureau of Sport Fi sheries & Wildlife 
Division of River Basin St udi es 
Box 06, Pe<leral Building - U. S. Courthouse 
Boi se , Idaho 83724 

Dear Keith: 

r ebruary 15, 1974 

Our r e view conuncnt s on the Hell s Canyon Control Plow Study Report, as 
reques t ed in your memorandum of January 28 , 1974, arc a s follows : 

GENERAL COMMENTS: 

We reconmend that the report be published as a produc t of the Multi -

Boise. Idaho 

Agen cy Task Force and not as a Pacifi c Northwes t River Ba sins Commission ' s 
r eport. The r eport as now clraftc<l (a s a Commission r eport) would r equire 
approva l by all member s of the Commiss ion . Although we feel the infol'lna
tion t s of val11e and warrants publication, we do not f ee l that sufficient 
s tudies have occurred regardi ng other a lternative needs to warrant Commi ssion 
adoption of r ecommended min imum flows at t his t i me . Studies ar e now under 
way as part of state water planning and CCJP study activities which will 
bett er identify and evaluat e alternative needs and means to meet these 
needs . 

We further recommend that all of the backup material be published a s an 
i\ppen<lix to the Multi-Agency Task Force report . This would ensure that t he 
f ield data woul d be r eadily avajl able to water resource planners concerned 
wit h this reach of t he M:idd l e Snake River . Without the avail ability of t hat 
data, we f eel that a significant benefit of the study would be foregone . 

SPECIFIC COMMENTS: 

1. Page 16-2, first paragraph: The language should indicate t hat the 
primary obj ectives of t he s tudy were obj ectives No . 1 and No . 2 as s ho1,.rn in 
the draft. Th e material fol l owing on page 16-2 then l ogically s upport s 
objectives No. 1 and 2 . The reason obj ectives 1 and 2 were purs ued was for 
tho pui·pose of a llowing water planners to obtain better information for use 
in their f uture s tudy efforts . 



2. Page 16-3 , third paragraph: The fi rst sentence states that 
functional studies covered six Tccognized benef ic i a l uses of wa t er, and 
etc . I s uggest t hat the s i x uses be clearly id entified (water qua li ty, 
fish, wi ldli fe, recreation, navi gation, power) and that the word 
" recogn i.zc" be de l eted . 

3. Page 16-4, fir s t paragraph: At the end of t he pa ragraph, the 
1vord "g r eater" docs no t adeq uate l y identify t he magnitude of f luctuat i ons 
and f l ows that a re slgnificant . I t s hould be cla r ified whether the fre 
quency of f l11ctuations , the amount of flu ctuation. or the comb ination of 
the two factors is of primary importance . 

4 . Pn ge 16-5, Tab l e 16.l: Wou l d t he comments shown unde r Wnt er 
Q11ality for the 5,000 c f s, 7 , 700 cfs , and 12 ,000 cfs fl ow be valiJ if 
i t were ass umed that provi s l ons of P.L. 92-5 00 wer e fu lly implemented? 
The comment for s.ilmono ids s hown for t he 5,000 cfs :rnd 7 , 700 cfs flo1~ 
coul d be expa nded to i ndic,1te t he consequences 1vhich occurred hi sto ri call y 
when flows fe ll be) ow thi s l eve l . The comment s hown for wi ldli fc could be 
expanded to better ind icate what t he i mpact ho<l been histo r ical l y at these 
various f l ow l evel s . 

5 . l1agc J 6-6 , l a s t U ne : Suggest t lrnt the information be inc luded 
i n this chapter in s un~ary fo rm so that the reader docs not have to refer 
back t o tab l es e l sewhe re in the report. 

6. Page 16 -8 , first paragraph : The l ast sentence in thi s pa ragraph 
s hould be de l et ed . The sentence does not add to the factual study as con
ducted by t he multi -agency tas k force nnd i s not a conc lus ion that can be 
reached ba sed on the Limi ted singl e purpose s tudy effo rt that was con
ducted . 

7. Page 16- LS, second paragraph: Delete the la s t sentence of thi s 
paragraph and r epl ace with t he fo llowing : "The refore tho Multi -Agency 
Tas k Force conc ludes that the minimum flmv schedul e deemed desirabl e fo r 
mai ntain ing sa lmonoid fisheri es in the study reach would equa l or exceed 
those required for water quali ty , recr eation, wildlife, and naviga tion 
needs identificJ for this study reach of t he Middl e Snoke River. " 

8. Page 16-15 , third parag raph : The third paragraph shoul d he 
de leted . Tho infor mat ion i n c hapter 10 docs not suggest that t he r PC 
st ipulat ion on rate of flow change in location and monitor ing should be 
reevaluated. We fee l t hnt the s ingl e purpose s tudy effort as conducted 
by t he mul t i -agency t ask force i s not of suffi c ient depth to warrant thl s 
t ype of conc lusion. 

9 . Page 16- 16 , table 16.2: Revise tab l e heading to read as follows : 
"Identified Des ira ble Minimum Flo1vs fo r Fi.sheries, Water Qunlity, Wi.ldl i fc, 
Naviga tion, and Recreation Uses in Study Reach of the Mic.Idl e Snake River.'' 
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10. Page 16-22 , item No. 8: Del ete t he word "recreation" and i nc lude 
after the words "f l ow requirement" " for i nst ream uses. " 

Than k you for t he oppor t unity to comment on chapter 16. If you have any 
questions , pl ease feel free t o cont act me or Mr . Warren Reynolds . 

WTH: l m 
cc : Mr . John St reiff 

Mr. Donel Lane 

Sincerel y yours , 

/ A'~ 1.,, / 'P/ty 
W ET. HAAS 
eputy Direct or 
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