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SuSject: Hydraulic model s tud ies  of e proposed temporary in s t a l l a t i on  
of an out le t  works valve a t  Anderson Ranch Dam-Boise Project, 
Idaho. 

PURPOSE OF THE STUDY 

Hgdraulic model s tud ies  were conducted on a proposed temporary 
i n s t a l l a t i o n  of a valve on the  Anderson Ranch Dan power and out le t  pen- 
stock t o  detersine i f  the  flow from t h i s  valve would cause excessive , 
damage t o  the  contractor' s cofferdam o r  the t o e  of t he  main dam. 

GOXCLUSIONS 

The conclusions of t h e  model t e s t s  were8 

1.. The high-velocity P ~ W  $om the 84-inch needle valve 
placed a t  any locat ion i n  t h e  diversion tunnel would produce severe 
scour i n  the  r iver  channel  and par t icular ly  along the cofferdam. 

2. The flow from a 72-inch hol1.0~- j e t  valve f o r  the same 
locations would produce equally severe scour. 

3. Hajor s t ruc tu ra l  modifications t o  t h e  diversion channel 
would be required t o  control  t h e  high-velocity water i n  the  eve& 
t h a t  e i t h e r  of %he valves were insta l led.  

0 

4. The scour i n  t h e  r i v e r  channel, adjacent t o  the cofferdam 
and the tcre of the  ~na in  dam, w i l l  be reduced mater ia l ly  by regulat- 
ing  the flow with the  bulkhead coaster ga te  and l imi t ing  the head 
on the  gate t o  900 f e s t .  

5. I f  the coaster  gate i s  used t o  regulate  the  amount s f  
water released, the scour adjacent t o  t he  cofferdam and st  the toe 
of the  dam may be r e d ~ ~ c e d  further by placing def lec tors  on the . 
f loor  a d  l e f t  s idowdl  near the  end of the l ined divsrsion channel. 



The following recommendations a r e  m,?d e : 

1. The i n s%a l l a t i on  of e i t h e r  a needle or  hollow-jet valve 
on the  15-foot diameter penstock i s  not recommended because of the 
severe scow: adjacertt t o  t h e  cofferdam cr ib  and t h e  t o e  of the  t 

main dam. 

2. Water should be re leased i n  t h e  same rnannar a s  during 
1948; i.e., regulat ing with t he  coaster  g a t e  a t  the  tunnel  i n l e t  
under heads not  t o  exceed 100 f e e t  and with open channel flow 
occurring through t he  conduit. 

3 .  I f  it i s  des i rsd  t o  minbdze t h e  scour a t  t,he base of the  
cofferdam, the addi t ion of a f l o o r  and sidewall deflectc-• i n  t h e  
diversion channel is recommended. 

Anderson Ranch Dam i s  a compacted ea r t h - f i l l  s t r uc tu r e  approxi- 
mately 330 fee t  high lctcatea on t h e  south fork  o f ' t h e  Boise River 
about 40 miles southeast of Boise, Idaho, Figure 1. The dam w i l l  forn  
a r e s e rvo i r  15 miles long with a storage capacity of 500,000 acre-feet. 
k s+.llwa;r and an ou t l e t  works a re  ~ r o v i d e d  zt the l e f t  abutment of the 
dam t o  pass floodwaters and t o  re lease  water f o r  i r r i g a t i o n  and power 
generation, Figure 2. 

Construction has progressed su f f i c i en t l y  t o  permit s torage of 
excess water i n  t h e  rese rvo i r  at Andersorr h c h  Dam during 1949. The 

- 

storage must be l ~ n i t e d ,  however, t o  about reservoir  e levat ion 4170 
t o  prevent flooding of t h e  unfinished spillway and o u t l e t  works. Under 
t h e  present construction schedule, the  pemanent o u t l e t  works w i l l  not 
be completed by summer a d  t h e  re lease  of water f o r  downstream ue ,e o r  
t o  prevent flooding t he  spillway must be rnade through the  par t  i z l l y  com- 
pleted ou t l e t  f a c i l i t i e s .  If water i s  stored above e levat ion 4100.0 t h e  
bulkhead coaster  g a t e  at t h e  i n l e t  of  the 2Gfoo t  diameter tunnel  cannot 
be used f o r  regulat ion as in 1948 s ince  the head on the  ga te  would be 
i n  excess of 100 f e e t  and the re  would be dancer of severe damwe t o  t h e  
gate  and t h e  tunnel  l i n ing .  It has proposed t h a t  e i t h e r  a needle or 
hollow-jet vzlve be i n s t a l l e d  by mems of a t r a n s i t i o n  sect ion to  the 
15-foot diameter steel .  penstock near  t he  ou t l e t  end of t he  20-foot 
diameter concrete-lined tunnel, Figure 3. The valve would discharge its . 
flow i n t o  the  e r i s t i n g  concrete-lined diversion channel. The 84-inch' 
needle valve considered f o r  t h j  s arrangen~ent had  a capaci t  J of approxi- 
!?atel:. 4,100 cf  s. at n head of 300 f e e t ,  :dlile tlie 72-inch hollow-jet 
valve had a capacity of 2,750 cfs.  The project  c o ~ s t v c t i o n  o f f i c e  f e l t  



i f  improved flop; c a ~ d i t , i ~ n s  o r  sav3.rigs i n  cost  were realized. 

The excavation fo r  t he  po\~erXlouse found.abion t o  the l e f t  o f  the 
diversion channel i s  protected by the  contractor ' s  cof ferdnm, Figtire 3. 
The cofferdam consists of a rock-filled sheet p i l i n ~  and timber c r i b  
exLending 110 fee t  downstream from t h e  l o f t  wall of the  ch.mne1, and 
an ear th- f i l l  lake extending from the c r ib  t o  the  old r iver  channel 
about 220 f e e t  f a r the r  downstrean. The toe of the main dam forms the 
r igh t  bank of the r i ve r  channel below the  diversion structure.  

Hydraulic model studies were incde t o  determine i f  the  flow from 
the proposed temporary o u t l e t  f a c i l i t i e s  would cause excessive damage 
t o  t h e  cofferdm o r  the t o e  of t h e  main dam. 

THE 1-WSTI GATION . 

The H d e l  

A model was c o n s t r ~ c t ~ e d  on a 1:30 scale which included the lower 
112 feet  of the  15-foot diameter s t e e l  penstock, the l i3ed  diversion 
channel, and 3C0 f e e t  of the excavated r iver  channel downstreas, 
Figure 4. The model penstock consisted of a 6-inch inside diameter 
s t e e l  pipe while the  diversion channel was represented by a Gooden 
chute l ined with sneet metal. The riverbed was formed i n  compacted 
pea-gravel with coarsz gravel placed a t  points where heavy rock ex i s t s  
i n  the prototype structure.  The diversion channel and the  riverbed 
were contained i n  a large sheet-metal l ined,  wooden box with a t a i l -  
gate  placed at, t h e  downstream end f o r  regglatirg the  ta i lwater  depth.. 
Water was supplied to the model by the cen t ra l  laboratory system which 
contained v e n t - ~ r i  meters f oxs me astwine the flow. The accurately 
machined brass valve used t o  represent the 84-inch needlo valve was 
connected t o  t he  penstock by a reducing section s i m i l : ~  t o  the trmsl- 
t i o n  availsblo a t  Grand Coulee Dan. A 2-inch hol. lo~~-jet  valve was 
available f o r  tne rpodel and althoush t h i s  valve was too small t o  
represent the  72-hsh prototype valve on the 1:30 scale, it was used 
t o  obtain an indication of the  conditions which rnisht be expected i f  
the  hollow-jet valve were used. 

Scope of Tests 

Tests were f i r s t  conducted with the 84-inch needle valve placed 
near the ou t le t  por ta l  of t h e  20-foot diameter diversion tunnel and 
the  flow discharging into  t he  l ined  diversion chemel. After severe 
scour was observed i n  t h e  r i v e r  bottom at t h e  end of the diversion 
chrumc?l and along the toe of the cofferdarn the  study was expanded t o  
invest igate  the e f f ec t  of vKIying the location and elevation of tht! 



hollow- j e t  valve was studied on t h e  model t o  d c t e : ~ i n e  i f  5rn;~rcved 
flow c o t i d i t , i ~ ~ ~ s  could be obtained by u&ng one of tile 72-inch hollow- 
j e t  valves of t h e  perm,ment outlet; works. The co.;..dit,ions obtained 
were sub,at;antially t h e  saic as f o r  t h e  needle val.~e. It thus  became 
evident  t,het major s t r u c t = a l  a l t e r a t i o n s  t o  "ce d ive r s ion  channel 

1 would be required t o  prevent excessive darrage i f  2 valve were 
i n s t a l l z d .  Such a l t e r a t i o n s  were not  considered f e a s i b l e  due t o  t h e  
temporary nature  of t h e  i n s t a l l a t i o n  ar.d because o f  i n s ~ i f  f i c i e n t  time 
f o r  construc+,ion. The orily remaining means of controllin!,: t he  flow 
of water throuzh t h e  unfinished o u t l e t  works was the bulkhead gate, 
t!le use of which would permit a n ~ a x h u m  s torage  e l e v a t i o ~ l  of,4100. 
Stud ies  were made of t h i s  method with t h e  15-foot di.ameter s t e e l  
penstock terminated a t  S t a t i o n s  18+46.00 anti  17+50.00 t o  cletemine 
the  e f f e c t  of  t h e  l o c a t i o n  of t h e  end of i h e  s t e e l  conduit, upon t h e  
flow co:~C~tions i n  t h e  d ivers ion  charnel. The e f f e c t  of x inor  a l t e ra -  
t i o n s  t o  the d ivers ion  cha ine l  upon the  flow condit ions along t h e  t o e  
of the  d a n  and cofferdam were a l so  rstuciied, 

Eightjr-f our-inch Needle Valve at, StaCion 15+46.00 

The model was arrenged t o  r e p r e s ~ n t  t h e  84-inch needle valve 
connected by mevls of  a reducinq sec t ion  t o  t h e  15-foot diameter 
penstock a t  S ta t ion  18+46.00, F i g r e  4. N1 moclel t e s t s  w r e  made 
with the  valve i n  t h e  wide-open p o s i t i o n  s ince  t h a t  was t h e  operat ion 
intended f o r  the prototype s t ruc tu re .  The valve was operated at  heads 
represent ing  up t o  326 . fee t  mu discharges t o  4,210, c f s .  

A t  heads from 140 t o  200 f e e t  t h e  o b s t r ~ c t i o n  presented by t h e  
powerhoase i n s e t  on t h e  l e f t  w d . 1  o f  the  d ivers ion  channel, Figure 3, 
produced a heavy f i n  th;l.t was thrown over t h e  downstream por t ion  of t h e  
r i g h t  wall of t h e  chir~~?.al, Severe s c o u r  occurred i n  the r iverbed and 
i l o n s  t h e  sheet-pixin?; of  the cofferdan. 

A t  highcr neads t h e  v e l o c i t i e s  were so g r e a t  t h a t  t h e  sheet  oi' 
water jumped f r e e  or" t h e  concrete s lope a t  t h e  end o f  t h e  zhznnel and 
plunged i n t o  the  pool beyond t h e  end of  the  a ive r s ion  channel, Figure 5a. 
Severe scour resul ted  in t h e  rivdrbed, p a r t i c u l a r l y  along t h e  cofferdam 
and t h e  t o e  of  the  main dam, Fi~:ure 5b. The sheet-pi l ing and t h e  c r i b  
were heavily buffeted by t h e  high-vsloci ty water. All attempts t o  
ob ta in  acceptabl-e flow condit ions by t h e  use of d e f l e c t o r s  on t h e  walls 
arid f l o o r  of the d ive r s ion  chsrlnel and varying $he e leva t ion  of the volve 
were unsuczessful.  This was due i n  pa r t  t-o the  f a c t  t t a t  t h e  high 
v e l o c i t y  water cocld not be def lec ted  away fro:n t h e  d ike  without damag- 
in-c the  t o e  of t h e  dam, and a1.90 t o  the  f a c t  t h a t  any s t r u c t u r a l  . 
arrangenent found s a t i s f a c t o r y  f o r  a cer+,ain range of heads w a s  t s t a l y  
unsa t i s fac to ry  Tor olhe heads. A s  t h e  heads on the p r o t o t n e  struc-  
t u r e  w i l l  vary about 300 f e e t ,  such l imi ted  condi t ions  would n o t  b e  

B acceptable.  It was concluded t h a t  t h e  extensive dzuoage t o  t h e  coffer- 
dan and t o e  of t h e  1~1ain ciam could not  be eliminated without r e s o r t i n g  
t o  n a j o r  s t r u c t u r a l  c h m * ~ c s D  



The needle valve was moved upstrean t o  a poiat  representing 
Stat ion 17+50.00. The section of 20-foot diameter tunnel downstream 
from the valve was represerited by an 8-inch transparent p l a s t i c  p i p  

@ t o  f a c i l i t a t e  observing flow conditions Ln the  tunnel, A t  moderate 
heads the water formed f i n s  whiqh rose on t h e  sides and impinged on 
one another a t  the  top of the tunnel, making it likely t h a t  any con- 
t r o l  piping placed on the roof would be torn away. Lowering the 
valve i n  the tunnel improved t h i s  conditiori but had no e f fec t  on the 
d'mage wrought downstream. The flow i n  t he  diversion channel was 
more uniform and occurred with l e s s  spr?y. The scour i n  t h e  r i v e r  
charnel and buffeting on the p i l i ng  f o r  all valve 9latrations were a s  
severe as  with the valve in s t a l l ed  fur ther  downstream and eherefsre, 
the arrangements were considered imsatisfactory. 

Hollow- j e t  Valve a t  S ta t ion  18+46,00 

The action using a 72-inch hollow-jet valve could not be studied 
i n  d e t a i l  because the proper size valve was not a v a i l a b l ~  fo r  the  
model. A smaller valve, equivalent t o  a 60-inch valve on the 1:30 
scale, was ins ta l led  a t  n point representing Stat ion 1€3+46.00 on the 
penstock. The br iaf  t e s t s  made with t h i s  valve showed t h a t  similar 
scour t o  t ha t  produced by the needle valve would be encountered. There 
would, therefore, be no advantage i n  usins  the  hollow-jet valve i n  
place of the needle valve, 

Re,qulation by Bulkhead Coaster Gate 

Because of the unfavorable r e su l t s  of t5e t e s t s  i n  which the  
valves were used f o r  control, consideration was given t o  regulsting 
the outflow w i t h  the bulkhead coaster gate and l imi t ing  the maximum 
head on the gate t o  100 f ee t .  The operation would be s imilar  t o  t ha t  
used during the 1948 season but the flow conciitions might d i f f e r  i n  
that, the  1 4 f o o t  s t e e l  penstock has been ex te~ded  much newer  the 
downstrean end of the  tunnel .  V i t h  the  model penstock terminated a t  
o. point representing Stat ion 18+h6,no a d  w i t h  JUhe equivalent of 
&,210 cfa flowjag a t  a veloci ty  of 80 f e e t  per second i n  the p a r t i a l l y  
f i l l e d  penstock, l a rge  f i n s  formed a t  the w a l l s  of the channel where 
t he  j e t  from the penstock inp'hged on the channel f loor ,  Eigure 6b. 
Considerable scour occurred a t  the end of the concrete l i n ing  and 
d o n g  the coff erciaa, Figure bc, and a jrraves'r. bar was f omed across 
the r i v e r  channel a t  a point about 120 ."eet downstream. The erosion, 
though extensive, was much l e s s  than occurred w i t h  e i the r  valve in- . s ta l led .  

The s imi l a r i t y  of flow conci i t io~s between model and prototype i s  
+ shown in Figure 6, a and b. 







FIGURE 2 
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! Figure 5 

A. Flow conditio-aa i n  diversion and r i v e r  channels with 
valve discharge of 4210 cPe. 

B. Scour a f t e r  13 minutes model operation at  42l0 cfs. 

F L O W  CONDITIONS ANT) SCOUR WITH 84 - INCH NEEDLE VALVE 
INST- AT STATION 18 + 46.00. 

1: 30 MODEL - -SON RANCH RAM T3WORARY OUTLET WFES 



Figure 

A. Flow in prototype river channel with flow of 4175 eec-ft. 

B. Flow in diversion and river channels of model with a discharge 
of 4210 cfe at 80 f/s velocity. 

C. Scour after 15 minutes model operation at 4210 cfs. 

FLOW CONDITIONS AND SCOUR WITHOUT FLOOR AND SIDEWALL DEFLECTORS 
IN DIVERSION CHANNEL AND COASTW GATE USED FOR R M = W I O N .  

1: 30 MODEL--ANDEXSON RANCH DAM TEMPORARY OUTLET WORKS 



PLAN 

SECTION A-A 

ANDERSON RANCH TEMPaRARY OUT. ET WORKS 
FLOOR AND SlDEWA LL DEFLECTORS IN DIVERSION CHANNEL 

!:30 MODEL 



Figure 8 

A,. Flow conditions in diversion and river c h m e l s  with 
discharge of 4210 cfs at 80 f/s velocity. 

13. S c o w  after 15 minutes model operatic= at 4210 cf s, 

DW CONDITIONS AND SCOUR WITH FLOOR AND SIDEMALT, DEFLECTOX 
YETISION CHANNEL AND COASTER GATE USED FOR REGUJQION. 


