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1mDPICTzm 

In 1981, the Btational Marine Fisharias Service (El!@$), under coetract 

t o  the U.S. Amy Corps of Engineers (CofE), continued research t o  &evelop 

improvd mthod9 for  plotracting f i n g s r l i w  sahcm a d  steelhead from lossear 

asamciatad with hydr&ctric dams tqmratd  by the CofE on the Colztgbfa and 

S a k e  Rivgns. De~erlopolewt of f inqgarling proteetion fac f l i t i ea  for  John b y  

Dam is currently coni#idaind the azlpbsr ome priori ty  by the ColmmMa River 

Fishesiee Gmmcil. The CofE achawled~ed t h i s  need a d  pravidad ffiadiag 

f a r  the t o  canduct resear& i n  1981 fo r  de.Pe2opiag a fingerZing m.8 

fo r  John DYgy Darn. 

m e  primary focue of the rrssearch was 0 3 ~  develwfug f i a g e r l i w  

p ~ c r t r c t b n  f a c i l i t i e s  a t  John Day baan a d  ineluded solving~ problem %n the 

present blrprcsar. The research wlae coadacted at M a r y  D m  i4stead af John 

My Dam for acsnoaic a d  pract iaal  reasons. Much of the aedd t e a t  

equipmemt was d r d y  on r i t e  at &Wary Dm, BSbd tb operatlag gate could 

b r a i d  from the stored positioaa to  &mulate gatewell flew coniclltiane 

f m d  a t  Jdm Day g%pp ( h a s t r a t e d  i n  a model  study), With the a3~eeption 

of no stored getas, the bsa* confi%arat%orm: of the two dam are  e i d l a t .  

Therefore, the remslte of the rasearch abtained a t  WHary Dam ahauld be 

applicable t o  John Day Dm. 

ObQect:$vea of the remaarch a t  HeMry were ae follcxm: (1) 

datemim the fbh-pidim ceffic&ency (FGlE) of the submersible traveltug 

screen (STS) with 4 withowt an a i r l i f t  rp"stcaa i n  place, (2) evaluate the 

e&!fecti1~~:mws of an a i r l i f t  ~ywtula~ fa r  l i f t $ =  juvenile f ieh out ab the 

gatere11 d o t ,  (3) aaamre f i a h - w e w e  afficieacy (FPE) of a gatemall 

o r i f i c e  mbmexged 2.4 an& 5.2 m (8 o r  17 f ee t ) ,  (4) evaluate the 



f e a s i b i l i t y  of an o r i f i c e  cyclireg operation to  reduce water consumption and 

construetima costs,  and (5) detemlm the beet ver t ica l  barrier screen 

c o d  i~ssrt ian . 
A eeaadary aspect of t h i s  year's ra~wac-ch pertained to  potant ia l  

predrtian i n  the forebay of 3oIrl.n Day Ihm. Present f iqgerling bypaamse do 

not f n t a r c q t  juvenile tmlm@mids u l h l t i l  they a re  in to  the turbine intake. 

m e r e  i a  no protection f r m  m r t a l i t i e s  incurred by predation i n  the 

f o r s h y  inmdAarely trpsttmn frora the dam, Skiaaer devices i n  the forebay 

have been prapsed  t o  cllZm2ate potential problems. Before proaedlng 

fur ther  odth the d e s i m  of sad a d-Ice f o r  John Day Dam, i n f ~ m ~ t t t m  on 

the -tent of the  predation a t  the dam was needed. me olsjective of 

reapearch i n 5 t 2 a t d  i n  1981 l ~ g s  t o  sample the forebay for  e v i b ~ e e  of 

predat ian. 

FIi%Sl&IE ~~1~ FACILITIES 

Materials m d  Me~tbb 

DarPa a d  Esperinwatal B q d p ~ s n t  

IBzparbwmtal md h a d l i q  equi-nt a re  shewn i n  Figure 1. The f r m s  

below tb S'SS mgigorted the fyke nets  u&ed for  eat iaet ing the a d m r  of 

unguidld fi-sh. !Che a i r l i f t  system tested was the " f m ~ e l "  a 5 r l f f t  pump 

system dewribed by 6iw et sl. (1381) (-es 2 a d  3). The dip b k e t  

used to s-le the &atewells was similar t o  the device ueed by the a t  

vatrime hydboelactric dam on t he  SQakG and Columbia Rivere (%MU et a l .  

1979) (F1-e 4). 

The turbiaa intakes sf HcrOary and John Day I)ame a re  bagloally ai.sailas, 

One lnajor d i f fe rmce  is the preeexxe of' a stored operating gate i n  the 



Figure 1.--Tr~~?~~verae section throngh Uixt t  6-B of McESetry Dam showing 
experimental and handling equiyment wed for rernearch in 1981. 



F i ~ r e  2.-The "f mel" airlift pump system tested at McMary Dam i n  1981. 
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Figure 3.--Constructian detail of the aerators used in the airlift pump 
syetem tested at &Nary Dam in 1981. 
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Icltgms 4.-Cmse ~eetian of a rurbina intake and asoaeictted structures 
in the EW?aty pmm~house. 



duwnstram s l o t  a t  MCNdry Dam. TO simulate gatewell flow conditions fortad 

i n  tb ptqells a t  John Day lkzu, the operatit@ gate i n  the B-Slot of W i t  

6 was raised afnd Bagged eff  a t  the intake deck (Figure 4). 

The operating depth of the ataaQgrd bypass or i f i ce s  i n  emh 8 a t m ~ l l  

a t  &Wary Dam r a w s  fron 1.5 t o  3.0 m (5 t o  10 fee t )  duriag the #prim 

seaeon. The standard o r i f  i ce  t ea t e  were conducted a t  an average depth of 

2.4 m (8 f ee t ) .  To simulate the J a n  Day condition, an a d d i t i d  deep 

subieez8ed a r i f i c e  war dr i l l ed  thto* the concrete w a l l  b e m e n  Oatemell 

6-B and thc i ce  agd t rash eluic-ye Tfre deep ororice located d i rec t ly  

u m b r c a t h  the e x i e t i w  aot th  o r i f i c e  was 5.2 m (17 fee t )  below the  svrface 

during the teets .  The &meter of both o r i f i ce s  was 30.5 cm (12 i n c h ) .  

The exiat iag o r i f i c e  and the deep o r i f i c e  of lJni,t 6-11 were sotmected to  a 

t r ap  f a c i l i t y  (Fwre 5) i n  the sluiceway by separate 30.5 uu (12-i-) 

dbne tea  pipes wlth valves for  sipenin@ and closing the or i f ice .  

Memeltreamate and Procedures 

STS Fiah midi -  Ef-fieieaey.--The F6E of the STS was ~~eisrrrd durfm a 

serias of m e t e  with f y b  nets  mounted below the  STS t o  provide in fonn t ion  

on n d m r s  of f i s h  p s a l m  d e r  tbe  STS (-ided) and t h s w  the  

turbine. The number of fSsh midad aas obtained by dipnettipg the 

gatewell. The nmbr of f i s h  guided divided by the t o t a l  aumber of f i s h  

guided atad unguided provided the BKK. Effects of the a i r l i f t  system on the 

FGE of the gTS were dstermhad by camparision of X'Glts with and withsss the 

a i r l i f t  rymtm i n  place. 
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Alx l i f t  Fish Paasage Efficiency.--The FPE of the a i r l i f t  pmp was tas ted 

with t h e  ST3 and simulated John I)sy Dam flow coaditione i n  Turbine Intake 

6-B. An inverted p r o u s  cone funneled dl f i s h  entering tha gptmm11 to  

the a i r l i f t  p q  (Figure 2). To d e t e w n e  FFE, the d e r  uf f i s h  p~oeimg 

through the a i r l i f t  and c o l h c t e d  i n  the  f logt i -  pen was campard to the 

number of f i s h  entering the @ ~ t m m l l  expressed as: 

= a x  I,W 
a* 

a - number of f i s h  i n  floating pen. 

b = nwubr of f i s h  resminfng i n  p t e w d l .  

Procedwrss for  a typical  test of the  FP'# of the a i r l i f t  -stam and 

i ts e f f ec t  an t he  FGE Q-f t h e  ST8 ware a s  fellows: 

1) lFnit 6 was &hut down. 

2) The STS with attached f g h  net frame wao loaerd in to  pos-ition. 

3) The bypami or i f icea  i n  S lo t  6-B owre closed, and the gatm11 was 

dipped to  rla8sove a l l  fierh. 

4) The a i r l i f t  funnel a d  conarcting p i p  were lowered in to  place. 

5) Utait 6 was returned to  serviee and b r w h t  t o  peak efficiency 

s p e d .  

6) A f loa t ing  pen wes l-red i n t o  the %gtmll t o  recegvcs the m d  

f iah ,  and bhe a t r l i f t  rystau was  atarted.  

7) 11Plg a i r l i f t  pump wee turntad on, and the test vaa c o n d w t d  f a r  a 

specffiad ptr ied of t i m e .  

8) The t e a t  was terminated by shrrttitrg d a m  the  uni t  a d  rewewsing 

the abma precedures. 

9 )  TEw f i s h  i n  the pen and t h a w  dipped Ecm the, ~ t m l l  were kapt 



separate a d  eorted by species, counted, and exmilrest fo r  & s a d i a g  and 

injury . 
10) The ST8 with attached f y b  nets  and f raaes  was b r q h t  t o  the 

surface, and h k  f iah  were removed frtm the aeta for  enmueratima and 

idea t i f ica t ion .  

Orif ice  liwh Pass.agie Elfieieaq.--The IrllBe through deep and shallow 

o r i f i c e s  m e  masxared over pe-rioh of 24 h ~ 5 t h  the a i r l i f t  cone remmcd. 

To de temlae  Erm, the  oS f i s h  passing through the o r i f i c e s  and 

collected i n  the  t rap  was cowpard t o  the t o t a l  number amtaring the 

gatewell capreseed aar: 

a = number of f i a h  collected i n  oz i f ice  trap.  

Tests were nm with both e o n t i m w  and cycled operationr. Tests with 

continuaus o r i f i c e  operation compared ErPE for  both the MaMary Dam 

(operati- m t e  i n  place) and John -9 I)ea (operati* gate r a i d )  flaw 

couditiaas. Teats with cycled or5f iee  operation coapa~ed F H  f o r  only the 

J ~ h n  Day Lkm Plsvsr c a g d i t i n .  'fwo o r i f i c e  c y c l i w  time periada were tested: 

(1) 8 h off and 4 h on a d  (2) 5 h off a d  2 h on. 

Vert ical  @rri.e Screen C.qgI%~~ratia.--Veflical bsrrriier sereem (WS) 

model smdias  condaeted a t  the  CofE Hydradies Laboratory a t  I)olslleriIle Dam 

i z a  1981 indicated tha t  a balaans-cad flow m r t i e a l  bar r ie r  scraem (IImS) 

s h m d  pmsaise fo r  iizetuaasing fiwh eolhorivm by increasing the m ~ m 1 t  ol 

water emtering: a ~gatmU. LPIQdaced tarklencc a d  &form water 

veolcitima across the a t i r e  craace-sactian of the VltTS were d e o  i d i e a t e d .  



Since t u r W e n c e  i n  gatewells does adversely a f fec t  FPE through or l f icaa as 

w e l l  a s  f i ~ h  conditiaa, it was planned to i n s t a l l  a prototype BTWb8 a t  

MRary D ~ s l  fo r  teering i n  1961. Jkeea~wse t h z e  plaa i nau f f i c imt  t h  to  

coaetruct a d  i t e a f t e l l  tb protatype prior  to  the m o l t  migrutlon, tewiagl 

ms pstpd wril 1982. 

Cr i t e r i a  fo r  Evaluation 
-- ------- 

An acceptable F a  was ~ r X ~ ~ r - - ~ ~ u ~  -prqmrthn-of* + h e  

should have been guided by an STS baed on previous ver t ica l  dis t r ibut ion 

studies. 

An BPE of l e s s  than 75% was unacceptable; a lower FPE meant f i s h  were 

delaying eimeasively i n  gatewells which can r e su l t  i n  unacceptable in jur ies  

and descaling. 

Fingerlings with 10% of t h e i r  scales missfag were considered dcscaled. 

Deecaling of f i s h  was conaidered unao-eeptable when there was a s ignif icant  

increase i n  descaliug i n  t e a t  gateuoslls o r  o r i f i c e  t r a p  over tha t  meaoured 

i n  the control gatewells. When t h i s  occured, it usually meant there was a 

problem sue41 ae delay i n  exitin$ the gtmll throu* the o r i f i ce .  

Fish [bttlidit~g Efficiency 

kcap tab le  m e  (above 7%) rare n~~aswrrtd for  the John Day Doll 

conditioa (no stared mts) both wlth urd w i t b u t  the a i r l i f t  sye$em i n  

place for  chinook s 9 h n  and e t e e l h d  (Tables 1 and 2) .  Insuff%eiast  

n-brs of fish of other epeciw were collected for meaningful compawfsaxe. 

Pbc%laat of the aerator a t  the 6.1 m (29-4-t) depth did not dmm~dgr 

a l t e r  the  fa. 



Table 1.--Fieh guiaing efficiency ( X )  of the STS with guided f i sh  removed 
froa the gatwell by dippiag (no asrlift: system). 

* 
m. (no.) ( w e )  (m C- ( X )  



Table 2.--Hah gjui&bg df ic ianey  ( X )  of Ghe STB with an: a i r l i f t  r p s t r  i n  
phce far liftiw ~ d b d  juvenile almenids gwt of the wtewell. 

Air l i f t  

Mid-depth 
(30 f t  deep) 1 



Fish P a s a w  Efficieacy of A i r l i f t  8ystem 

The with the a i r l l f t  coae placed a t  the 6.1 m (20-foot) depth mu 

c~mid9rmbly 1-e than deairmbXe, whamm the FPE a t  the 0.1 m ( S f o o t )  

depth sgprdaahd a ~ e ~ p t a b l e  l@vels  (Table 3) .  h i t b r  tha a i r l i f t  eyetem 

nor the BTB appaal~ed to iacr&ease deuctaliq ~Sgnltficantly (Tabb 4). 

Orifice Bf-sh Passajp Efflciancy 

'Ilia averall  FPE with contP-asly @pra ted  or i f lees  was not 

ecoeptable. The only FF3 @rps$.tar than 73% ma for  eteelhead (Table 5). In 

general, the  FFE we@ bettar for the M & k q  D m  oanddtion t b n  for  the John 

Day Dcrr cseditisn. M ; L d  results nare olmtalurad on compar$mms of shallow 

and d o r i f i ce  ~ u b r ~ c e e .  The condition of the ffah w n ~ r a l l y  

raf lac ta?  the pcrorer PI?% of the John Day Dam condition. IUghaat &rmaliw 

ra tes  osam for  thss f i sh  pssiu& th~oagb t h ~  baq~ or i f ice  d w i w  tbe Jaha 

m y  Dam coadititm (Table 6). 

The F f ? b  Y l y r  C J T C ~ B R ~  ~ r i f i ~ b  oprat icm w e r e  comdbrably I;-= t b m  the 

unrcceptabh FPlM of ccmtitactmaly -st& or i f ices  (Table 7). TfEe FPE for  

chima& sdhm threw& the shallow o l~ i f i ce  for  the 8 h ofC-4 h on 

operation, for  emimpla, m a  adlg 17% c~~~gward to 59% f a r  caa t imm~s  

operstlon. Mammmea of b s c o l $ ~  rat- were iseaae21raive. 

mbAm s m a  

Materials and &thodm 

Tke aecebule called Par mmp1ing i n  various 1ocarSons of the f u t e h y  

of J a n  Day Durn a t  lama t one t im each week f ram 1 Apr $3 to ~~Ld-Jxma lWl . 
Juvenile aalauonlde collected were to  be cwmtd by species. S q m f i s h  

c a l l e g t d  wetre to be cotmtd a d  a sebgakple a a ~ k d  and rcbarud for  



Table 3.-Pish pcraaage e#ficieacy of the &.itl ift  system tested with a 
traweIA* screen and mte~aall flow c d f  ti- ~ ~ i d ~ t r l ~  Jab bp-y Daa- 

m 
Chietmcrk St~lh4Ead Sa*ep aalo 

Durat%m of tats ( X I  (X) ( X ) 

Shallow depth--20 f t  

! Intwfficiant d e r , s  of fish to validate testa.  

I ,t* ,,a4 .na .tap*@Bd at a h t  d d W t .  
b 

d Tmfm atart& asd atapp@4 at  aboat ~oon.  



Tabla 4.--Condition of fieh aspreseed ae percent deacaled. 

X iltaogaled 
6.r-p Chinook Steelhead Sockeye Coho 

I%eh paesd by the a i r l l f t  
eye tsm 7 

Coa-trol-tqith STS 

R e s i ( k u l  4irh i n  test getewe11 8 



Table 5.--Bii& psaeqp eff iciency of thc d&ep olvd a h d l w  orif  iclers teatad 
for the ry ~ I E e w u ~ l l  f1m cQD;ddtl= and the a % u l a t d  JWa Qap Dam 
$.afi&v&&I %%5w ctalZd&tion. 

--- 
Chinook Steelbad Sockeye Coho 

Tarat c d l t 1 0 a  ( % )  (XI { a & )  c x )  
PlcMazp w a d i  t ion 

Shsllar or i f i ce  



Table 6.--Condition of f i s h  during o r i f i c e  passage eff ic iency testing-- 
expressed i n  percent descaling. 

X descaled 
Group Chimwok Siteelhead BOCP:B~B ec~h0 

McNary condition 

Deep o r i f i c e  

Orif ice  t r ap  

Gatewall res idual  

Control 

Shallow o r i f  i c e  

Otif i ce  t r ap  

Gatewell res idual  

Control 

John Day condition 

Deep 'o r i  f i c e  

Orif ice  t r ap  17 

Gatewell res idual  16 

Control 6 

Shallow o r i f  i c e  

Or i f ice  t r ap  5 5 

Gatcwell residual 1 10 

Control 9 8 



Table 7.--Fish parwage efficiency of the deep a d  ahallow orifice operaad 
far two different t iam period# of or i f ice  cycling for the John Day 
ot i f  ice. 

FPE 
Gbis~.otE Stealhead S4kclwm C ~ k o  

5 h o f f 4  h on 
---- - - - 

Wep orif ice 

Deep orif ice 

8kaU.a~  orif i ce  



recapture studies.  A t  the  canclusion of the  scpeapliug period, we were t o  

estimate the occurrence of squawfish in the  ~ % ~ ~ p l i a g  area. The c r i t i c a l  

a rea  Qf mmpling was the ao-called "eone of sttagnation" o r  dead water area 

immediately upstreem f r an  the  powhrhwse. Previous sampling wfth ha& aud 

l i n e  h9d indicated tha t  t h i s  area probably contained the graatest 

concentration of predators. f i e re fore ,  the f l r s t  p r io r i t y  ome to develop 

e m p l i m  gear that c a l d  provide sufficimxt mmplea of f i s h  frcm thc &ad 

water area for  analysis;  purse m i d =  a d  B S U ~  were tested.  Meatme 

of h u h  water ve loc i t ies  i n  the area, four un i t s  of the  p a r ~ ~ r b m s e  were t o  

be shut dawn during seining t o  avoid having the net sucked in to  a turbine. 

Reaults 

Even with four turbine uai ta  shut dmm, t b  current was so s t r G a  that 

on the f i r s t  purse s e i n i ~  attempt, the  net  was dnws t  eucked in to  the 

nearnet emra t ing  turbine. ThQ net wm~ so badly damaged tha t  no f u r t b r  

a t t aap te  c w l d  be made t o  pvrsc seine i n  the  area. Limitad purse reining 

with a eb1Law net  was soatirlled i n  the  farebay apprmlmarely 1/2 mile 

upstream f a r  several  weeks, but catehaa of equmfieh ware not e;ufficient t o  

provide adequate numbers of f i r h  for 8lazUng. -ling i n  both a r m  a l s o  

f a i l ed  to  provide ernmgh f i e h  to val ida te  a marking experiment. The Or-an 

Wpart9aat of r i s h  and Wildlife i s  sohedvled t o  conduct predator population 

e t u d i e ~  i n  1982 with funds froa the  19ontreville Fmms b p l n i s t r a t i o a .  

Co.mUsIO#S klqD 

1. Tksr a i r l i f t  system did nol adversely a f f ec t  the  F a  of the STS, 

bajt pss%e@c of f i s h  thsemgjh the a i r l i f t  system was ttnaccepltable. Fish 



pzsmage throqgh the system may be hpzoved by placement of the  a i r l i f t  a t  a 

lawet depth i n  the gat&Xmll. 

2. u through e i the r  cycled or oelatiwiouuly aperatirzg or i f fcee 

(John Dag Dam condition) were wmceepteble. TurBulanca i n  the satewdl, 

caused by i3tEre&ufd water flow due t o  the lack of a stored gate, ms 

probably thte mein reason for  tha lw BPEs. A W F V W  which mould rdaee 

turbulmce, m l d  probably enhaace o r i f i c e  PI"$. 

3. A d d $ t i o d  r t d i e e  a re  needed t o  develap the c r i t e r i a  naeesuary t o  

e f f i c i en t ly  operate the f i sh  psisage o r i f i ce s  i n  the f iwer l i l l g  bymas a t  

John Day Dam. 

4. Wapliqg &ear needs t o  be desel~*~ml that can effieihrntly m l e  

tha dead water area immediately i n  frmt af the  powes'lacuse af Joha Day Qsa 

for evidence of predation on juvenile salnenfdr. 
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