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PERTINENT DATA 

Clark Canyon Dam and Reservoir 

. 
General 

Location of ProJect - Beaverhead County, Montana, on the  Beaverhead 
River; immediately below the  ,junction of Red 
Rock River and Horse Pra i r ie  Creek 

Purpose - I r r iga t ion ,  flood control, f i s h  and wi ld l i fe ,  
water supply and recreation 

Authorized by - Flood Control Act. approved 22 December 1944 
(public Law 534, 78th Congress, 2d session) 

Date Complete - 1964, Water storage began 1964 
Drainage Areas - Beaverhead River above Clark Canyon Dam = 2,320 sq.mi. 
Streamf low - Average flow a t  Barretts , Mont . = 417 c .f . s. - Average annual flow a t  Barretts , Mont . = 302,100 A.F. - Peak flow a t  Barret ts ,  Nont. = 3,720 c .f .s .  (20 Jun 1906 - Maximum April-June flow a t  Barretts , Mont . = 271,000 

acre-feet (1917) - Maximum monthly flow a t  Barretts,  Mont. = 155,000 
acre-feet (June 1908) - Maximum monthly inflow Clark Canyon Reservoir = 88,300 
acre-feet (June 1975) 

Reservoir 
Elev . 
Ft .IGL Item - 

Max. Water Surface 
Top Flood Control 

Storage ( spillway) 
Crest, Uncontrolled 

Top of Jo in t  Use 
Storage 

Top of Active Con- 
servation Storage 

Top of Inactive 
Storage 

Top of Dead Storage 
(invert of Outlet 
Works ) 

Streambed a t  Dam 
Axis 

Gross Area 
Acres 

7 6 r  

Gross Storage 
Acre-feet - 

328,979 

Incremental 
Storage-AF 

I 

1 0. Upper 22,615 A.F. (above e levat ion 5556.5 f t  .) is  reserved f o r  l o c a l  
fl-ood control  only. Dcpending on season, thc  lower 56,475 A.F. is 

/ f o r  both l o c a l  flood con t ro l  and replacement s to rage  purposes. 
Storage i n  t h e  j o i n t  use zone is a l s o  usable a s  replacement s torage .  



Dam - me Earth and rock f i l l  
Crest  e levat ion = 5,578.0 ft, 
TOP width = 36 ft. 
Height Above Streambed - 131.5 ft. 
Crest  Length = 2,900 f t .  
Freeboard = 6.1 fi,  

Spillway 
Location Landward of l e f t  abutment 

' Type - Ungated ogee c r e s t  with concrete chute 
Crest Elevation (TOP 

~ l o o d  Control pool) = 5,560.4 it. 
Width of Crest = 66 f t .  
Length of Concrete ( s t a r t  

of i n l e t  channel t c  end 
of s t i l l i n g  basin ) = 686 f t .  

Discharge Capacity, ()!ax. 
Pool 5571.9) = 9,530 c , f . s ,  

River Out le ts  
Location Left abutment 
Dimension of Outlet .  Conduit = 9 ft. d i m ,  
Length of Outlet Works 

( ~ r o m  i n l e t  t rashrack t o  
downstream end of s t i l l i n g  
bas in)  = 908 f t .  

I n l e t  E1eve.t ion = .5455 .O ft , 
Discharge Capacity, Top 

Conservation Pool 
(EL 5535.7) = 2,160 c . ~ . s .  

Discharge Capacity, Top 
Flood Control Pool 
( ~ 1 .  5560.4) = 2,500 c . f . s .  

S t i l l i n g  Basin 
Width 

Spillway Basin = 45.0 ft, 
Outlet  Works Bas in .  = 20.0 f t .  

Bottom Elevation = 5422.5 ft. 

Barret t  s Diversion Dam 
  is charae Capacity 

East Bench Canal 
Canyon Canal 
Rebich Ditch 
Spillway 

. Top of Dam 
Max. T.W. Elevation 

 l lev en miles below Clark Canyon   am) 



REPORT ON RESERVOIR FEGULATIONS 
FOR 

FLOOD CONTROL 
CLARK CANYON D M  AND RESERVOIR 

SECTION I - INTRODUCTION 

1-01, Authority. This repor t  has been prepared i n  compliance with 
ins t ruc t ions  contained i n  ER 1110-2-260 and covers t h e  per t inen t  t op i c s  
of information spec i f ied  i n  Chapter 6 of El4 1110-2-3600. 

1-02. Scope. Clark Canyon Dam and Reservoi'r was constructed by t h e  
Bureau of Reclamation on t h e  Beaverhead River f o r  i r r i g a t i o n ,  f lood 
control ,  water supply and rec rea t iona l  purposes, Locally t h e  lake i s  
ca l l ed  Hap Hawkins Lake. This report  covers only t h e  regulation of t h e  
rese rvo i r  f o r  flood control  purposes. Reservoir storage space w i l l  be 
regulated t o  provide a firm degree of flood protect ion t o  t h e  Beaverhead 
River downstream from t h e  dam. Addit ionally,  s torage space i n  Clark Canyon 
w i l l  be u t i l i z e d  i n  coordination with space i n  t h e  Missouri River Yain Stem 
Reservoir System t o  supplement t h e  annual flood control  and multiple use 
space i n  t he  downstream system. Detailed information on t h e  regulat ion 
procedures and schedules f o r  these  flood control  purposes a re  presented 
herein. This repor t  is  subject  t o  fu tu re  revisfon and updating a s  c i r -  

I 

cumstances warrant ,  



SECTION I1 - BASIN AND RIVER DESCRIPTION 

2-01. General. The Beaverhead River basin i s  located i n  the  southwestern 
corner of Montana. It has a mountainous drainage a rea ,  ranging i n  elevation 
from 4,600 f e e t  a t  i t s  mouth and 5,500 f ee t  where it is  formed by the  con- 
fluence of Red Rock River and Horse P ra i r i e  Creek t o  above 10,000 f ee t  i n  
t h e  mountains. It i s  fed along i t s  course mainly by Grasshopper and Black- 
t a i l  Creeks and Ruby River. Five miles below the  mouth of Ruby River near 
Twin Bridges, the  Beaverhead River terminates as  it joins the  Big Hole 
River t o  form the  Jefferson River. The c i t y  of Dillon located on the  
Beaverhead River about 22 miles below Clark Canyon Dam i s  the  focal  point 
of several  ranching valleys with a 1970 census population of 4,5h8. Twin 
Bridges located about 48 miles below t h e  dam has a 1970 census population 
of 631. P la tes  1, 2 and 3 give respectively a general map of the  a rea ,  a 
p ro f i l e  of the  Beaverhead River and t r i b u t a r i e s  and a Beaverhead River Basin 
high elevation map. The average annual precipi ta t ion ranges from 10 t o  17 
inches,  except i n  t h e  higher elevations where it i s  much greater .  Because 
of the  low r a i n f a l l  and short  growing season l ivestock ranching i s  the  main 
agr icu l tura l  pursuit .  

2-02. Streamflow. The high water period usually occurs i n  June when the  
maximum e f fec t  of melting snow i n  the  mountains is  combined with rain.  
Following is the  29 year average monthly r ~ n f f  i n  c . f .s . ,  f o r  t he  period 
1936 through 1964 (p r io r  t o  Clark canyon), a t  the  Barret ts  , Montana stream 

0 gaging s t a t i o n  which indicates  the  seasonal nature of the  streamflow i n  
t h i s  area. 

October 331 February 287 June 685 
November 360 l4ar ch 347 July 413 
December 327 April  410 August 312 
January 278 May 442 September 296 

2-03. Table 1 lists per t inent  stream gaging s t a t ions  giving mean and peak 
discharges corresponding t o  the number of years of record. 

2-04. Table 2 gives a tabulation of the  yearly March-April snowpack 
(average water content i n  inches of t h e  5 snow courses used i n  forecast  
given i n  Exhibit V) and the  corresponding natural  maximum monthly runoff 
( i n  thousand acre-feet)  a t  Bar re t t s  during the  snwmelt period. Flow a t  
t h e  Clark Canyon damsite i s  estimated a s  72 percent of t h e  Barret ts  flow 
f o r  the  April-June period. 

2-05. Travel Time_. The approximate bankfull o r  below bankfull t r a v e l  times 
below Clark Canyon Dam a re  given below: 

Clark Canyon Dam t o  Barret ts  4 t o  5 hours 
Clark Canyon Dam t o  Dillon 10 t o  12 hours 
Clark Canyon Dam t o  Blaine 20 t o  24 hours 
Clark Canyon Dam t o  Twin Bridges 30 t o  36 hours 
Clark Canyon D m  t o  Canyon Ferry Dm 3 to 3.5 days 

P 



TABLE 1 
PERTINENT STREAM GAGING STATIONS 

(RECORD THROUGH 1973) 

Stream Gaging 
Station - 

Beaverhead River 
near Grant 

Beaverhead River 
a t  Barrett s . 

Beaverhead River 
near Dillon 

Beaverhead River 
near Twin Bridges 

Ruby River below 
reservoir 

Big Hole River 
near Melrose 

Jefferson River a t  
Si lver  Star  

Missouri River 
a t  Toston - 

Drainage 
kea(so.mi. ) 

Years of Discharge (c . f .  s . ) Date 
Record Mean Peak of Peak 

Feb. 7 ,  1963 

June 20, 1908 

June 22, 1964 

June 12 , 1944 

June 10, 1970 

June 10, 1972 

June 10, 196L 

June 6 ,  1948 



TABU 2 
SNOWPACK VERSUS MAXIMUM MONTHLY RUNOFF 

Snow Water Content ** Vaximum Barretts 
(inches ) Monthly Hunof f* and Month 

Year 1 March 1 A~ril (thousand acre-feet ) 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
19 59 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
19 72 
1973 
1974 
1975 
1948-75 
Average 

. 80 June 
61 April 
63 April 
60 April 
69 May 
63 June 
36 April 
39 April 
45 April 
97 May 
52 April-May 
32 April 
48 April 
24 April 
60 April 
55 June 
108 June 
79 June 
42 April 
81 June 
51 June 
95 April 
86 May 
112 May 
58 June 
55 April 
54 April- 
115 June 

'*~djusted for change in Lima and Clark Canyon Reservoirs. 
/ ** Average at Goldstone, Lakeview Canyon, Lakeview Ridge, Lemhi 

Pass and Trail Creek. 



2-06. Channel Capacity. During planning of t h e  r e s e r v o i r  and up u n t i l  
t h e  e a r l y  o r  mid-19701s, t h e  nondamaging channel capac i ty  was est imated 
a t  a minimum of 1,500 c. f . s. between Clark Canyon Dam and t h e  mouth of 
Beaverhead River  near  Twin Bridges. Current ly  t h e  capaci ty  is  a minimum 
of 900 c a f e s . ,  approximately 3 miles  south  of Dil lon.  Two o the r  a r e a s  
of low capac i ty  a r e  loca ted  near  t h e  nor th  edge of Di l lon  where i t  is  
est imated about  1,200 c . f . s .  and from Bla ine  t o  Twin Bridges where i t  
is es t imated  about 950 c . f . s .  These c a p a c i t i e s  were e s t ab l i shed  
fol lowing r e p o r t s  of high flows during 1975. Minor overbank flow a t  
these  t h r e e  a r e a s  i s  a n t i c i p a t e d  t o  f lood a commercial campground south  
of Di l lon ,  a c i t y  park i n  Di l lon ,  and pas tu re  and crop lands  from Blaine 
t o  Twin Bridges. 

2-07. Stage-Discharge Rela t ionship .  Open water  r a t i n g s  a r e  t abu la t ed  f o r  
t h e  Beaverhead River near  Grant, a t  B a r r e t t s ,  near  Di l lon  and near  Twin 
Bridges (formerly Blaine)  on P l a t e  4. S imi lar  r a t i n g s  f o r  o the r  s t a t i o n s  
a r e  on f i l e  i n  t h e  Omaha D i s t r i c t ,  Reservoir Regulation Sect ion.  The 
stage-discharge r e l a t i o n s h i p s  given on P l a t e  4 may s h i f t  from time t o  
time and a r e  kept  cu r ren t  wi th  d ischarge  measurements made by t h e  U.S. 
Geological  Survey. The l a r g e r  s h i f t s  from these  open water  r e l a t i o n s h i p s  
w i l l  occur when i c e  forms on t h e  streams. 

2-08. Re la t ionsh ip  of Clark Canyon -- Inflow +o For t  Peck Inflow. The average 
annual  flow of t h e  Missouri River near  Zort~nan, Montana, loca ted  j u s t  above 

0 For t  Peck Reservoi r ,  is  6,160,000 acre- fee t ,  whi le  t h e  average annual flow 
of t h e  Beaverhead River a t  B a r r e t t s  is  290,000 acre- fee t .  A s  a r u l e ,  when 
t h e  seasonal  snowmelt runoff above For t  Peck is  high,  t h e  runoff above 
Clark Canyon is  a l s o  high.  S imi la r ly ,  i n  years  of low runoff above For t  
Peck, low runoff gene ra l ly  occurs  above Clark Canyon Dam. P l a t e  5 i l l u s -  
t r a t e s  t h i s  r e l a t i o n s h i p  by comparing April-June streamflow on t h e  Beaver- 
head River  a t  B a r r e t t s  t o  May-July For t  Peck inflow. I n  view of t h i s  re- 
l a t i o n s h i p ,  a por t ion  of t h e  Clark Canyon Reservoir  s t o r a g e  capac i ty  is  
used t o  a s s i s t  i n  f lood c o n t r o l  along t h e  Missouri River main stem by with- 
holding f lood water  from For t  Peck during high runoff years ,  a s  discussed 
i n  paragraphs 4-08 t o  4-11. 

2-09. H i s t o r i c a l  Floods. The g r e a t e s t  f lood of record along t h e  Beaverhead 
River occurred i n  June 1908 a s  a r e s u l t  of heavy r a i n s  during t h e  June snow- 
m e l t  runoff .  A peak d ischarge  of 3,720 c . f . s .  occurred on 20 June a t  t h e  
B a r r e t t s  s t ream gaging s t a t i o n  during t h i s  f lood.  The g r e a t e s t  f lood on 
t h e  Beaverhead River of which t h e r e  is a record of monetary l o s s e s  occurred 
from snowmelt and r a i n f a l l  runoff i n  June 1944 when f lood damages of $47,300 
were sus t a ined  by r a i l r o a d s ,  highways and farms. A peak d ischarge  of 3,060 
c . f . s .  occurred on 10 June 1944 a t  t h e  B a r r e t t s  s t ream gaging s t a t i o n  during 
t h i s  f lood.  I n  June 1975, i t  w a s  est imated t h a t  t h e  runoff from snowmelt 
and r a i n f a l l  would have caused a f lood g r e a t e r  than i n  1908 had i t  no t  been 
f o r  t h e  s t o r a g e  of t h e  f lood water  by Clark Canyon Dam,  The maximum n a t u r a l  
d a i l y  peak flow a t  B a r r e t t s  was est imated t o  be  3,900 c . f . s .  Clark  Canyon 

0 



was credi ted with preventing $608,000 i n  flood damages. A descr ipt ion of 
these  t h r ee  floods a n d k h e i r  causes i s  given i n  Section X. Other years 
i n  which r a i n  and snowmelt floods occurred were i n  1903, 1912, 1916, 1917, . 
1927, 1948 and 1964. 

2-10. I c e  jam f loods occur frequently during t h e  months of January and 
February, but  are of a l o c a l  nature. The Jams a re  formed during cold 
periods. Slush i c e  forms i n  l a rge  quan t i t i e s  and masses together at 
constr ic ted sect ions  of t h e  stream. This  i c e  mass tends t o  block t h e  
na tura l  flow of  t h e  water,  although t h e  i c e  doesn't f reeze so l id ly  enough 
t o  withstand t h e  pressure exerted by a l a rge  body of water. Consequently, 
t h e  flooding i s  r e l a t i ve ly  minor and of  shor t  duration.  Ice  jam floods 
were reported i n  1882, 1910, 1928, 1936, 1937, i940, 1942, 1949, 1951 and 
1974. Flooding has occurred i n  other  years but  records a r e  incomplete. 

2-11. Discharge-Damage Relationships. The r i v e r  downstream from Clark 
Canyon Dam has been divided i n t o  th ree  reaches f o r  computation of  flood 
damages. Discharge-damage curves were determined f o r  these  reaches. 
They. a r e  shown on P l a t e  6. 



SEETION 111 - WATER RESOURCE DEVELOPMENT 

.3-01. Reservoir Development. Lima Reservoir (capacity 84,050 A .Fa ) i s  the  
only s igni f icant  reservoir upstream from Clark Canyon Reservoir. Its water 
i s  u t i l i z e d  primarily f o r  i r r iga t ion  i n  the  Red Rock Valley. It is  owned 
by the  Water Users I r r iga t ion  Company and was completed i n  1934.  owns stream 
from Clark Canyon Dam, the  only s ignif icant  reservoir affect ing flows on 
the  Beaverhead River i s  Ruby River Reservoir (capacity 38,850 A .F. ) located 
on the  Ruby River. Its water is  used primarily fo r  i r r iga t ion  along both 
the  Ruby and Jefferson River Valleys. It i s  owned by the  Montana Department 
of Natural Resources and Conservation and was completed i n  1938. These 
reservoirs may have some e f f ec t  i n  the  reduction of spring runoff volume, 
however, t he  reservoirs a re  usually full  before the  peaks from large floods 
occur and o f fe r  l i t t l e  reduction i n  the  higher peak flows. There are  
numerous natural  lakes above Clark Canyon Dam which have the  same effect  
on runoff. 

3-02. I r r iga t ion .  I r r iga t ion  has been practiced i n  t h i s  area since about 
1865 when t h e  first water r igh t  f i l i n g s  were made. Agriculture i n  the  area 
i s  dependent upon i r r iga t ion .  The acreage of i r r iga t ed  land has varied 
considerably over t he  years ,  depending uDon the  water supply available.  
Pr ior  t o  Clark Canyon being b u i l t  insuf f ic ien t  water storage prevented 
adequate i r r iga t ion  of the  Beaverhead Valley, as the  water stored i n  Lima 
Reservoir was not enough t o  supply water fo r  both t h e  Red Rock and Beaver- 
head Valleys. Consequently, i n  years of low and e r r a t i c  runoff, the  water 
supply i n  the  Beaverhead Valley was insuff ic ient  t o  i r r i g a t e  hay and cash 
crops. 

3-03. Water diverted from the  Beaverhead River f o r  i r r iga t ion  has a de f in i t e  
e f f ec t  on the  flow along t h e  Beaverhead River. A t  Barret ts  Diversion D a m ,  
11 miles below Clark Canyon Dam, 640 c.f .so can be diverted along the  East 
Bench (440 c.f . s . )  and Canyon (200 c . f  .so ) canals. This compares with t h e  
66-year average flow a t  Barret ts  of 417 c.f .s .  The average annual Beaver- 
head River i r r iga t ion  diversion requirement is 175,500 acre-feet of which 
15% i s  f o r  May, 25% f o r  June, 30% fo r  Ju ly ,  20% f o r  August and 10% fo r  
September. During years of above normal runoff Clark Canyon release 
requirements necessary fo r  i r r iga t ion  may be considerably l e s s  than these 
average diversion requirements, while i n  periods of subnormal precipi ta t ion 
and runoff they may be greater.  

3-04; 'Flood Control. Clark Canyon Dam and Reservoir is the  only Federal 
flood control project i n  the  Eeaverhead and Jefferson River basin. It i s  
understood some pr iva te  levees ex is t  i n  the  basin below the  dam a l t h o u ~ h  
t h e i r  location and s i z e  are  obscure. Rased on similar pr iva te  levees in  
other areas ,  it i s  believed they are  not adequate f o r  complete control of 
floods along the  Beaverhead. In  determining releases  from Clark Canyon 
Dm for  flood control these levees a re  assumed as  ineffect ive.  



3-05. Fish and Wildlife Requirements. The Bureau of Sport Fisheries and 
Wildlife has recommended a m i n i m u m  f l o w  of 200 c.f.s. i n  the  reach of the 
Beaverhead River between Clark Canyon Dam and Barretts Diversion Dam,  and 
a minimum flaw of 250 c .f .s. i n  the reach between Barretts Diversf on Dam 
and the mouth of the Ruby River, a t  a l l  times t o  maintain a sa t i s fac tory .  
r iver  fishery. However, it is impossible t o  release these flows a t  a l l  
times m d  s t i l l  provide for  the basic functions of i r r iga t ion  and flood 
control. During f i l l i n g  of the  reservoir and following the dry 1966 water 
year, minimum releases ranged from 80 t o  100 c.f.s. except fo r  short periods 
when releases were further reduced t o  f a c i l i t a t e  measurement of streamflow 
accretions below the dam (November 1964 t o  May 1965 and October 1966 t o  
M a y  1967). The effects  on the fishery were carefully observed during these 
periods, No detrimental effects  were apparent. Winter releases w i l l  drop 
as l a w  as 25 c.f.s. during periods of extended drought. 

3-06. Water Rights and Supplies. Most of the water r ights  on Beaverhead 
River have been addudicated in  three water-right decrees. Although a s u i t  
t o  ad3udicate the  ent i re  r iver  was f i l e d  some years ago, there seems t o  be 
no intention of bringing the su i t  t o  trial, There i s  an ample supply of 
domestic water throughout the basin. 



SECTION IV - PROJECT HISTORY AND DESCRIPTION 

4-01. History Pr ior  t o  Water S t o r a ~ .  The o r ig ina l  i r r i g a t i o n  p ro j ec t ,  of 
which Clark Canyon Dam i s  now a pert;, was formed i n  1922. The o r i ~ i n a l  plan 
proposed a diversion from the  Beaverhead River near Dalys Spur (about 3 miles 
above Bar re t t s )  and storage on Grasshopper Creek f o r  i r r i ga t ion  of 11,000 t o  
12,000 acres.  In  t he  f a l l  of 1938 the  Bureau of Reclamation, ass i s ted  by 
the  Montana Power Company and the  S t a t e  Water Conservation Board, began an 

t invest igat ion of the  Beaverhead River. The f i n a l  report  of these s tud ies  
. was published a s  a pa r t  of Senate Document 191, Following authorization by 

I the  Flood Control Act of 1944 de ta i led  s tud ies  were begun and t h e  Defini te  

i Plan Report was published' i n  March 1956. The de f in i t e  plan report  proposed 
construction of t h e  261,000 acre-foot Clark Canyon Darn, supplemental service  . 
t o  28,004 acres of val ley lands,  f u l l  service  t o  21,800 acres  on East Bench, 
and construction of t h e  Barret ts  Diversion Dam and East Bench Canal. Con- 
s t ruc t ion  of Clark Canyon Dam began 7 November 1961. Diversion was made 

I 6 February 1963 and i n i t i a l  storage began 28 August 1964. 

4-02. - Dam and Appurtenant Works. Clark Canyon Dam i s  a ro l l ed  ear th  and 
rock f i l l e d  s t ruc ture  133 f e e t  above streambed and about 2,900 f e e t  long 
and 36 f e e t  wide on the  c r e s t .  Water i s  released through the  gated o u t l e t  
works which has a cepacity of 2,500 c , f . s .  when t h e  pool elevation i s  a t  
t he  spillwqy c re s t .  An-ungate& ogCe concrete spillway c re s t  i s  a t  t he  top 
of t h e  flood control  pool. It has a maximum capacity of 9,530 c.f .s. a t  
maximum pool elevation.  Refer t o  p la tes  7 t o  11, inclusive,  f o r  general 
plan of dam, ou t l e t  works r a t i ng  curve and spillway r a t i ng  curve. 

4-07. Reservoir. Clark Canyon Reservoir normally extends about 4 t o  5 miles up 
both Red Rock River and Horse P r a i r i e  Creek. Area capacity curves a r e  shown on 
P la t e  12. A map of the  reservoir  is shown on P la te  13. Allocation of storage 
space has been made as follows: 

TABLE 3 
STORAGE ALLOCATION 

Reservoir Use 
Surcharge Storage 
Exclusive Local Flood 

Control Storage 
Replacement Local Flood 

control  Storage 
Jo in t  Use Storage 
Active Conservation Storage 
Inactive Storage 
Dead Storage 

Total  (with Surcharge zone) 
Total  (without Surcharge Zone) 

Elevation Limits - 
5560.1-5571.9 

Also usable as  replacement flood contfol storage. 
These  a l l o c a t i o n s  a re  i l l u s t r a t e d  on page IV-5. 

Capacity Acre-Feet 
71,827 



Storage space has been provided f o r  10,000 acre-feet  of  sediment, which 
it i s  estimated w i l l  be d i s t r ibu ted  61 acre-feet i n  t h e  dead storage pool, 
1,248 acre-feet i n  t h e  inac t ive  s torage pool, 8,317 acre-feet  i n  t h e  ac t i ve  
conservation pool,  and 374 acre-feet i n  the  joint-use pool. It is  estimated 
t h a t  t h i s  volume w i l l  be adequate t o  contain a 100-year accumulation of 
sediment. 

4-04. Relocations. A highway, a county road, a r a i l r o a d ,  and transmission 
and telephone l i n e s  were relocated.  Property and bui ldings  i n  t he  town of 
Armstead, Montana, were purchased t o  make way f o r  Clark Canyon Dam and 
Reservoir. 

4-05. I r r i ga t i on .  The E a s t  Bench Unit i s  t h e  p r inc ipa l  i r r i g a t i o n  develop- 
ment along t h e  Beaverhead River. The p r inc ipa l  f ea tu r e s  of t h i s  u n i t  include 
Clark Canyon Dam and Reservoir, Bar re t t s  Diversion Dam, East Bench Canal and 
a system of l a t e r a l s  and drains .  Water s to red  at Clark Canyon Reservoir i s  
re leased i n t o  t h e  Beaverhead River f o r  downstream i r r i g a t i o n .  About 11 
miles downstream from Clark Canyon, t h e  Bar re t t s  Diversion Dam d ive r t s  water 
from t h e  r i v e r  t o  t h e  44.2 mile long East Bench Canal (capacity 1140 c .  f .s . ) 
and two p r iva t e  canals (canyon Canal - capacity 200 c.f .s.; and Rebich 
Ditch - capacity 12.5 c . f . s . ) .  This diversion dam i s  designed t o  re lease  
a flow of 2,500 c . f . s .  down t h e  r i v e r  i n  addit ion t o  t h e  divert,ed flow. 
This re lease  i s  regulated by a 24 by 10 foot  r R d i a l  gate and/or a 8 by 10 
foot r a d i a l  gate.  Further descr ipt ion of t h i s  u n i t  i s  given on P l a t e  1 4 .  

4-06. Sedimentation. The streams above Clark Canyon Dam general ly  run 
d e a r  except.during rainstorms, a t  which time they show some tu rb id i t y .  
The Bureau of  Reclamation est imates t h a t  about 100 acre-feet  of sediment 
annually may be expected i n  t h e  reservoir .  

4.07. Recreation. The Montana S t a t e  Fish  and Game Department planned, 
manages and maintains the  developed recreat ion a reas  located around t h e  

\ reservoir .  The plans f o r  t h e  areas  were approved by and b u i l t  under 
1 
3 supervision of t h e  Bureau of Reclamation. They were financed primarily 
? 
I on a cost  shar ing bas i s  between t h e  S t a t e  and Federal government with t h e  

g rea tes t  share from Federal funds. Some o f  t h e  f a c i l i t i e s  a r e  located 
within t h e  a l loca ted  flood con t ro l  zone. One of t h e  s h e l t e r s  becomes 
inundated a t  e levat ion 5546.1. During regulat ion of t h e  rese rvo i r  i n  1975 
f o r  main stem replacement f lood control ,  t h e  peak pool l e v e l  reached was 
5556.87. Damages t o  t h e  recreat ion f a c i l i t i e s  were estimated at  $5,000. . .. 

4-08. History Relating t o  Replacement - S t o r a ~ .  The Missouri River Yain 
Stem Reservoir System, located downstream from Clark Canyon Reservoir, 
w a s  designed i n  t h e  1940's and construction of t h e  system was e s sen t i a l l y  
completed by t h e  mid-1960's. This i s  a multi-purpose system s e r v i n ~  both 
flood control  and water supply functions.  The flood control  s torage space 

I provided i n  t h e  system w a s  developed on t h e  ba s i s  t h a t  no upstream s t o r a ~ e  

I Q 
space w a s  i n  exis tence,  although it was r e c o ~ n i z e d  t h a t  as t h i s  upstrerun 



space became opera t iona l  a re-evaluat ion of the  main stem system's space 
requirements would be necessary. Continuing a n a l y s i s  of inflows i n t o  the  
main system and i n t o  t r i b u t a r y  r e s e r v o i r s  constructed upstream from the  
system has ind ica ted  t h a t  i n  c e r t a i n  ins tances ,  p a r t i c u l a r l y  when inflows 
are d i s t i n c t l y  seasonal  i n  na ture ,  s to rage  space provided i n  upstream 
r e s e r v o i r s  could e f f e c t i v e l y  replace  a por t ion  of the  annual f lood c o n t r o l  
and mult iple-use space i n i t i a l l y  provided i n  t h e  main stem system. Effec- 
t i v e  opera t ion  would r e q u i r e  a coordinated regu la t ion  of the  upstream 
space wi th  t h e  space i n  t h e  main stem system and would r e s u l t  i n  t h e  most 
e f f i c i e n t  o v e r a l l  u t i l i z a t i o n  of the  water resources of t h e  basin.  Such . 
space  provided i n  upstream r e s e r v o i r s  has been designated a s  "replacement 
f lood c o n t r o l  s to rage  space." 

I 

I 4-09. I n  a d d i t i o n  t o  r egu la t ing  t h e  f lood con t ro l  s to rage  kpace provided 
i n  Clark Canyon Reservoir  f o r  l o c a l  f lood purposes, i t  has been determined 
t h a t  replacement type regu la t ion  is  a l s o  f e a s i b l e .  The r e l a t i v e l y  good 
r e l a t i o n s h i p  between f lood season flows near t h e  Clark Canyon darnsite and 

I corresponding inflows i n t o  For t  Peck, the  upstream p r o j e c t  of the  main stem 
I system, was discussed i n  paragraph 2-08. With t h e  maintenance of minimum 

r e l e a s e s  necessary t o  s u s t a i n  i r r i g a t i o n  and f i s h  and w i l d l i f e  requirements,  
I 

as discussed i n  paragraphs 3-03 and 3-05, t h e r e  is an opportunity t o  s t o r e  
l a s u b s t a n t i a l  amount i n  Clark Canyon Reservoir i n  those years  of w e l l  
I 

above-normal runoff when t h e  f lood con t ro l  c a p a b i l i t i e s  of the  main s t e m  
I 

system may be  f u l l y  u t i l i z e d .  The f locd con t ro l  s to rage  rese rva t ion  
I 

I G diagram at tached t o  the  Flood Control Regulations (Zxhibit  I )  provides f o r  
s to rage  drawdown of a t  l e a s t  t h e  top 20,199 A.F. of t h e  j o i n t  use pool 
be fo re  winter  freeze-up. Therefore,  t h i s  s to rage ,  p lus  t h e  lower 56,475 
A.F. of the  f lood con t ro l  pool is f i rmly  a v a i l a b l e  f o r  replacement use  
when needed. I n  add i t ion  examination of long-range opera t ion  s t u d i e s  of 
t h e  main s t e m  r e s e r v o i r  system i n  conjunction with observed flows and 
s t o r a g e  l e v e l s  a t  Clark Canyon d i sc loses  t h a t  t h e r e  is  a reasonable 
assurance t h a t  a t  l e a s t  106,911 A.F. could be s to red  i n  Clark Canyon Reser- 
v o i r  during t h e  March-July f lood period of high runoff years .  This  inc ludes  
t h e  jo in t -use  s t o r a g e  zone (50,436 A.F.) and t h e  lower 56,475 A.F. of t h e  
f lood c o n t r o l  zone. Therefore,  i t  has been concluded t h a t  t h i s  amount of 
space can be regula ted  i n  conjunction with the  r egu la t ion  of For t  Peck 
Reservoir and t h e  remainder of t h e  main s t e m  system t o  r ep lace  a corres-  
ponding amount of annual f lood con t ro l  and multiple-use space i n  t h e  
downstream r e s e r v o i r s .  

4-10. I f  condi t ions  warrant ,  t he  e n t i r e  joint-use s to rage  zone of Clark 
canyon Reservoir  w i l l  be evacuated p r i o r  t o  March 1st t o  subsequently 
se rve  both l o c a l  f lood con t ro l  and replacement s to rage  purposes. Addi- 
t i o n a l l y ,  d e l i b e r a t e  s to rage  i n t o  the  f locd con t ro l  s to rage  zone up t o  
e l eva t ion  5556.5 may be made f o r  replacement a s  w e l l  as l o c a l  f lood con- 
t r o l  purposes. Storage space between e leva t ions  5556.5 and 5560.4 w i l l  be 
u t i l i z e d  only f o r  providing l o c a l  f lood con t ro l  below the  dam. Evacuation 

I V -  3 



of s t o r a g e  accumulated i n  Clark Canyon Reservoir ,  f o r  replacement flood 
c o n t r o l  purposes, a t  r a t e s  i n  excess of multiple-purpose requirements, 
w i l l  be based on s to rage  condi t ions  wi th in  t h e  main s t e m  system. 

4-11. Opera t ional  History.  De l ibe ra te  f i l l  of Clark Canyon Reservoir  
began on 28 August 1964. F i l l  of t h e  conservation s to rage  was completed 
during t h e  fol lowing seasonal  (1965) runoff period.  Since t h a t  t i m e  t h e  
a l l o c a t i o n  of t h e  breakdown i n  f lood con t ro l  s to rage  i n  t h e  r e s e r v o i r  has  
been rev i sed  twice. These changes a r e  r e f l e c t e d  i n  revised  F ie ld  Working 
Agreements da ted  30 November 1967 and 5 October 1970. The o r i g i n a l  F ie ld  
Working Agreement dated 9 November 1964 a l loca ted  about 99,300 A.F. be- 
tween e leva t ions  5560.4 and 5542.1 f o r  exclus ive  f lood con t ro l  and about 
30,200 A.F. between e leva t ions  5542.1 and 5535.7 f o r  j o i n t  use s to rage .  
The a l l o c a t i o n s  were changed i n  1967 because the  1964 agreement d id  not  
provide f o r  r egu la t ion  b e n e f i c i a l  t o  main stem replacement s to rage .  Main 
stem replacement s to rage  b e n e f i t s  were included i n  determining average 
annual b e n e f i t s  i n  planning of t h e  p r o j e c t .  The 1967 agreement a l l o c a t e d  
about 22,600 A.F. f o r  exclusive-local  f lood con t ro l ,  about 76,700 A.F. f o r  
replacement-local f lood con t ro l  and about 30,200 A.F. f o r  joint-use s to rage .  
The agreement was again revised  i n  1970 fol lowing t h e  f i n a l  review by t h e  
Chief of Engineers. I n  t h e  agreements up t o  t h a t  time (1970) t h e  Bureau 
was permit ted t o  s t o r e  about 20,000 A.F. above t h e  top of the  j o i n t  use  zone 
each year  during the  f lood season and uTe i i  f o r  conservation purposes 
u n t i l  30 September. The 1970 agreement r a i s e d  t h e  top of t h e  j o i n t  use  

0 s to rage  t o  inc lude  t h i s  20,000 A.F. This  agreement a l loca ted  about 22,600 
A.F. f o r  exclusive-local  f lood con t ro l ,  about 56,500 A.F. f o r  replacement- 
l o c a l  f lood con t ro l  and about 50,400 A.F. f o r  joint-use s to rage  ( a l s o  usable  
f o r  replacement purposes).  These concepts a r e  r e f l e c t e d  i n  t h e  Flood Con- 
t r o l  Storage Reservation Diagram c u r r e n t l y  i n  f o r c e  (dated 14 October 1971). 

4-12. P l a t e  1 5  p resen t s  pool e l eva t ions ,  r e s e r v o i r  monthly inflows and out- 
flows and maximum annual d a i l y  r e s e r v o i r  inflows and outflows and maximum 
annual d a i l y  d ischarge  a t  B a r r e t t s .  The pool l e v e l  exceeded e leva t ion  
5546.1 ( t h e  top  of t h e  j o i n t  use  s torage)  i n  1965, 1971 and 1975. Operation 
of Clark Canyon through 1975 has prevented $2,920,200 i n  downstream flood 
damages. 



POOL ELEVATIONS 
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STORAGE ZONES - 

Surcharge - 71,827 AF . 
Spillway Crest 

Local - 22,615 AF" 
and Control 

Joint-Use 
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SECTION V I  - COLLECTION AND DISTHIEUTION OF BASIC HYDROLOGIC DATA 

6-01. General. The S ta t e  of Montana and various Federal agencies have 
established a system of s t r e a s  and precipi ta t ion gages. The U. S. 
Geological Survey, National Weather Service, Eureau of Reclamation, S o i l  
Conservation Service, Corps of Engineers and the  S ta t e  of Montana con- 
t r i b u t e  personnel and/or funds t o  support the  system. Meteor~logical  

l a  and hydrological data from this system are  received by the  Reservoir 
Regulation Section on te le type receivers connected t o  the  National 

1 

Weather Service - Service C and RAWARC c i r cu i t s  and on a national 
I facsimile network pr inter .  Hydrologic data i s  a l so  obtained from the 

I Clark Canyon Dam Tender d i r ec t ly  o r  via  the  Bureau's Reservoir Regulation 
Branch i n  Bill ings.  

I 

6-02. Reservoir Data. Clark Canyon Reservoir elevations are  obtained 
and recorded on a standard water stage recorder. A d i g i t a l  indicater ,  
connected t o  the gage, a lso records pool elevations at- the dam tender 's  
o f f ice  i n  Dillon. 

6-03. Precipi ta t ion and Stream Gaging Data. Precipi ta t ion and stream 
gaging s ta t ions  judged most useful  f o r  regulation of Clark Canyon Reservoir 
a re  l i s t e d  i n  Tables 4 gnd 5. Their locations are  shown on Pla te  1. 

6-04. Snow Surveys. Monthly snow survey reports,  needed t o  prepare fore- 
cas t ,  are received by the  Omaha Dis t r ic t  R~servo5.r Regulation Section v ia  
the  RAWARC te le type c i r c u i t ,  by telephone (Soi l  conservation Service 
Bozeman off ice  8-585-l+270) and mail from 1 January through 15 June. The 
snow survey s ta t ions  most useful t o  Clark Canyon Reservoir regulation are  
l i s t e d  i n  Table 6. Their locations are  shown on Pla te  1. Daily snow 
depths from West Yellowstone and Hzlena, Montana are  received i n  the  of f ice  
of the  Omaha Dis t r i c t  Reservoir Regulation Section v i a  a National Weather 
Facsimile 'network weatherfax machine. 

TADm 4 
STREAM GAGING STATIONS 

(useful t o  Clark Canyon Reservoir ~ e ~ u l a t i o n )  

Drainage Operating 
River - Sta t ion  A rea-sq. m i .  Agency & Type 

~eav&head nr. Grant 2,322 USGS - Recorder 
Beaverhead a t  Barretts  2,737 USGS - Recorder 
Beaverhead nr. Dillon 3,484 USGS - Recorder 
Eeaverhead nr. Twin Bridges* 3,619 USGS - Recorder 

*Prior t o  1968, published as a t  Elaine. 



TABLE 5 
PRECIPITATION STATIONS 
NATIONAL WEATHER SERVICE 

(useful  to Clark Canyon Reservoir Regulst ion ) 

Dillon WMCE 
Divide 
Galla t in  Gateway 
Hebgen Dam 
Helena (SM code - 72 772) 
Lakevi e w  
Lima 
Logan 
Melrose 
Sappington 
Virginia City 

TABLE 6 
SNOW SURVEY STATIONS 

(Useful t o  Clark Canyon Reservoir ~ e g u l a t i o n )  

Golds t one 
Hebgen Dam 
Lakeview Canyon 
1,ak eview Ridge 
Lemhi Pass 
Ten Mile Upper 
T r a i l  Creek 
West Yellowstone 



SECTION V - ORGAI'IIZATION FOR RESERVOIR REGULATION 

5-01. Corps of Engineers Organization, The Reservoir Regulation Section 
of t h e  Omaha D i s t r i c t  Office przpares and i s sues  ins t ruc t ions  f o r  regula t ion 
of  f lood con t ro l  re leases  from t h e  rese rvo i r ,  c o l l e c t s  bas ic  hydrologic da t a ,  
and makes advance est imates of streamflow f o r  regula t ion purposes. Required 
repor t s  t o  higher au thor i ty  r e l a t i v e  t o  f lood control  regula t ion a c t i v i t i e s  
are a l s o  prepared by t h e  Reservoir Regulation Section,  Section D of Exhibit  
I11 lists Corps of Engineers' personnel, 

5-02, During f lood emergencies t he  D i s t r i c t  organization as  far a s  t h e  regu- 
l a t i o n  of Clark Canyon Reservoir i s  concerned w i l l  be e s s e n t i a l l y  unchanged. 
Additional men may be borrowed from other  sect ions  as required bvt key men 
w i l l  be i n  t h e i r  regular  posi t ions .  I n  event t h a t  widespread floodinp should 
develop and when regulat ion f o r  main stem replacement purposes i s  occurring,  
t h e  Reservoir Control Center of t h e  Missouri River Division Office may 
temporarily specify  f lood control  re lease  schedules from Clark Canyon Dam. 

5-03. Bureau of Reclamation Organization. General plans f o r  regula t ion 
of Clark Canyon Dam and Reservoir a r e  under t h e  d i rec t ion  of t h e  Reservoir 
Regulation Branch of t h e  Upper Missouri Region o f f i c e  i n  B i l l i ngs ,  Montana. 
P r i o r  t o  January 1976, t he  Bureau's East Bench OLM Yield Branch o f f i c e  loca- 
t e d  i n  Di l lon,  Montana operated t h e  control  works of both Clark Canyon m d  
Bar re t t s  Diversion D a m s .   a ate manipulation t o  regulate  re leases  from these  0 two dams i s  made remotely from the  Dillon of f ice . )  The chief of t h i s  o f f i c e  
was designated t h e  dam tender.  H e  was r e s ~ o n s i b l e  f o r  usaRe of i r r i g a t i o n  
water from Clark Canyon Reservoir. In  January 1976, t he  Bureau turned t h e  
du t ies  of t h e  Dil lon o f f i c e  over t o  t he  water users .  The D i s t r i c t  Flanager 
o f  t h e  East Bench I r r i g a t i o n  D i s t r i c t  then became the  des imated  dam tender ,  
The dam t ende r ' s  du t ies  f o r  f lood control  operation a r e  out l ined i n  Exhibit 
111. Section D of t h i s  exh ib i t  gives Bureau and operating personnel. 

5-04. Comunications. Telephone f a c i l i t i e s  a r e  ava i lab le  f o r  comunication 
between t he  dam tender ,  t he  D i s t r i c t  Reservoir Regulation Section and t h e  
Bureau of Reclamation of f ices .  Reports of rese rvo i r  operating data  a r e  
normally sen t  by pas t  card from the  dam tender t o  t he  Upper Missouri R e ~ i o n  
o f f i c e  and then forwarded t o  t he  Corps of E n ~ i n e e r s  Reservoir Regulation 
Section i n  O m a h a ,  During flood periods t he  Reservoir Regulation Section 
w i l l  obtain operat ing da ta  by telephone from e i t h e r  t h e  dam tender o r  t he  
Reservoir Regulation Branch i n  Bi l l ings  o r  v i a  National Weather Service 
transmission means. 

5-05. Regulation Orders. Except f o r  emergency condit ions out l jned i n  
Exhibit 111, issuance of reguiation orders when t h e  pool i s  i n  flood control  
zone i s  t h e  funct ion of the  Reservoir Regulation Section of  t h e  Ornrthn D i s -  
t r i c t .  Oral ins t ruc t ions  issued by t he  D i s t r i c t  Engineer t o  t h e  !?e~ionr t l  
Director o r  t h e  dam tender s h a l l  be confirmed i n  wr i t ing  under date  of t 5 e  
day issued.  A copy of  t h i s  order w i l l  be furnished t h e  V?D Reservoir Control 0 Center. This copy w i l l  contain a b r i e f  s t n t m e n t  ~ l v i n c  the? b a c k ~ r o u n d  qnd 
reasons f o r  issuance of t he  order. 



5-06. Coordination with Other Agencies. Daily p ro j ec t  operating da t a  and 
miscellaneous hydrologic information a r e  exchanged between t h e  Omaha D i s t r i c t  
Reservoir Regulation Sect ion,  Bureau o f  Reclamation Upper Missouri Region 
o f f i c e  and t h e  d m  tender.  Cooperation i s  a l s o  maintained wi th  t h e  National 
Weather Service ,  U. S. Geological Survey, and S o i l  Conservation Service 
r e l a t i v e  t o  t h e  co l l e c t i on  and rewortinf: of p r ec ip i t a t i on  amounts, snow 
water content ,  stream s tages  and discharges. 



SECTION V I I  - FORECASTS PERTINENT TO RESERVOIR REGULATION 

7-01. Weather Forecasts. General weather forecasts furnished every 6 
hours by the National Weather Service consist of weather conditions during 
the  next 48 hours. A >day extended outlook (48 t o  120 hours) of weather 
conditions i s  furnished once dai ly  and a 30-day forecast of weather condi- 
t ions i s  furnished on the 1 s t  and 1 5 t h  day of the month. These forecasts,  
together wi th  the various weather maps on the National Facsimile Network 
and bhour  weather analyses received on the National Weather Service 
"Circuit Ctt Teletype network are used by the Reservoir Regulation Section 
t o  obtain knowledge of impending hydrologic conditions related t o  the 
regulation of Clark Canyon Dam fo r  flood control purposes. 

7-02. Long-Range Rlmoff Volume Forecast. Except f o r  runoff from intense 
ra in fa l l ,  inflow t o  Clark Canyon Dam which might require storage i n  the 
flood control zone i s  essential ly limited t o  the April through July snow- 
melt m o f f  period. A method of forecasting inflow during t h i s  period, 
u t i l iz ing snow course and precipitation reports given i n  Section V I ,  i s  
presented i n  Exhibit IV. 
7-03. Short-Range Runoff Forecast. Short-range rainfall-runoff 
forecasts are not made, since the Barretts, Dillon and Twin Bridges 
gages provide ad-equate control points f o r  the r ive r  'below. Also, 
because of the sparsi ty of precipitation stat ions and the f a s t  
peaking time on the t r ibutar ies ,  the data obtained would not be 
adequate t o  make an accurate forecast i n  time t o  control the releases 
by short-range forecasts. 

7-04. b. Forecasts of discharge 
are made fo r  Barretts by lagging the Clark Canyon'outflow 4 or  5 hours and 
adding t o  t h i s  an estimated discharge fo r  the runoff from the incremental 
area between Clark Canyon Dam and Barretts. The incremental area discharge 
can be estimated by careful observation of the discharge differences between 
these two stations. Forecasts of discharge are made for  Dillon by lagging 
the Barretts discharge 5 or  6 hours and adding t o  this an estimated dis- 
charge fo r  the runoff from the incremental area between Barretts and Dillon, 
T h i s  incremental area discharge can be estimated by observation of the dis- 
charge differences between the Barretts and Dillon gages, A more precise 
method of predicting local  runoff above and below the dam could be made 
with the addition of more stream and precipitation gaging stat ions and 
stage readings. However, it i s  f e l t  tha t  the acquiring of additional data 
does not warrant the added cost. 



SECTION V I I I  - MULTI-PURPOSE REGULATION 

8-01. General. Since Clark Canyon Reservoir i s  t h e  s torage  f a c i l i t y  f o r  
t h e  East  Bench I r r i g a t i o n  Uni t ,  i r ~ i g ~ t i o n  i s  t h e  primary conservation 
usage funct ion of  t h e  rese rvo i r .  Recreation, i n d u s t r i a l  water supply and 
f i s h  and w i l d l i f e  a r e  o the r  conservation funct ions  served by t h e  r e s e r v o i r .  
A municipal water supply can be furnished t h e  c i t y  of  Dil lon should they  
ever r equ i re  it. Flood con t ro l  regula t ion i s  given i n  Section I X .  

8-02. Conservation Regulation. Generally t h e  conservation pool i s  k e ~ t  a s  
f u l l  a s  p o s s i b l e ,  cons i s t en t  with downstream rea-uirements. Water i s  normally 
s t o r e d  i n  t h e  conservation pool any time downstrem sen io r  r i g h t s  a r e  s a t i s -  
f i e d .  The Water Commissioner f o r  t h e  Beaverhead River advises t h e  Dam Tender 
t o  what extent  inflows must be bypassed t o  s a t i s *  downstream water  r i g h t s .  
The Dam Tender determines t h e  d a i l y  i r r i g a t i o n  requirement f o r  lands t o  be 
served from t h e  rese rvo i r .  He w i l l  then coordinate t h e  t o t a l  requirenents  
and have r e l e a s e s  adjus ted  accordingly. 

8-03. Flows of 200 c . f . s . a t  Clark Canyon Dam and 250 c . f .s . a t  R a r r e t t s  a r e  
d e s i r a b l e  flows f o r  maintenance of t h e  downstream f i she ry .  !lowever, these  
flows cannot be maintained i n  all years .  During low flow y e a r s ,  25 c . f . s .  
below B a r r e t t s  i s  considered t h e  minimum flow. The Reservoir Regulation 
Brmch evaluates  t h e  ava i l ab le  water supply and advises t h e  Dam Tznder o f  
t h e  minimum flow t o  be maintained. I f  necessary,  t h e  minimum r e l e a s e  w i l l  
be made when f o r e c a s t s  i n d i c a t e  i n s u f f i c i e n t  inflows t o  reach 110,000 a c r e  
f e e t  i n  s to rage  (pool  l e v e l  5531.7) by 1 March. The Dam Tender n o t i f i e s  
t h e  S t a t e  Fish and Game Commission whenever r e l e a s e s  a r e  t o  be reduced t o  
l e s s  than 100 c . f . s .  Except f o r  a few shor t  per iods ,  r e l e a s e s  have not 
been reduced t o  l e s s  than 100 c . f  .s. s ince  1967. There a r e  no requirements 
t o  maintain s p e c i f i c  r ese rvo i r  e l eva t ions  f o r  r ec rea t ion  purposes. 

8-04. Annual Operating P l a ~ .  Each year  t h e  Bureau of  Reclamation publ ishes  
a repor t  of  r e s e r v o i r  opera t ions  during t h e  preceding water  year  toge the r  
with t h e i r  planned operat ion of r ese rvo i r s  during t h e  coming year .  The 
operat ion of  Clark Canyon Reservoir i s  included i n  t h i s  r epor t .  The repor t  
i s  prepared by t h e  U.S.B.R.'s Upper Missouri Region Reservoir  Regulation 
Branch following t h e  ending of t h e  water year  on 30 September. 



SECTION IX - FLOOD COITTROL REGULATION 

9-01. Objectives f o r  Flood Control. Clark Canyon Reservoir w i l l  be 
regulated f o r  f lood control  primarily t o  reduce flooding within t h e  City 
of Di l lon,  Montana, and through t h e  Beaverhead Valley downstream of t he  
p ro jec t .  A s  f e a s i b l e ,  t he  rese rvo i r  w i l l  a l s o  be regulated t o  assist i n  
t h e  reduction of  f lood damages on the  Missouri River by withholding water 
from Fort  Peck Reservoir during ce r t a in  years.  

C lass i f i ca t ion  of FloodControl  Regulation. I n  general ,  t h e  developed 9-02. -- 
method o f  f lood control  regulation of Clark Canyon Reservoir may be c l a s s i -  
f i e d  as Method C defined i n  EM 1110-2-3600. This represents  a combination 
of t h e  concept of reducing downstream damaging s tages  as  much as possible  
during each flood with t he  cur ren t ly  avai lable  storage space, with considera- 
t f o n  of con t ro l  of f loods of p ro jec t  design magnitude. 

9-03. Proposed plan of Regulation.  -- The regulation plan f o r  t h e  object ives  
given above and as developed i n t o  t h e  Flood Control Diagram a re  as  follows: 

a. -- Local Flood Control. Project  re leases  w i l l  he made as necessary 
t o  prevent t h e  discharge from exceeding 1,500 c . f . s .  at  t h e  Bar re t t s  gage. 
 h he only exception t o  t h i s  would be i n  t he  event of occurrence of high 
inflows i n  combination with pool e levat ions  above 5556.5. The regulat ion 
schedule on p l a t e  16 may ind ica te  g rea te r  re leeses  a r e  require& while s t i l l  
wi thin  t h e  f lood control  zone t o  reduce t he  maximum re lease  l a t e r  on. ) 
Travel t ime from Clark Canyon Dam t o  Bar re t t s  i s  about 4 o r  5 hours. The 
flow a t  Barretts w i l l  be forecast  as given i n  parapraph 7-04. I f  a t  any 
time t h e  above Ba r r e t t s  control  does not provide non-damaging f l m s  a t  
Dil lon o r  along the  e n t i r e  Beaverhead River below Clark Canyon Dam, 
consideration w i l l  be given t o  reduction of p ro jec t  outflow t o  minimize 
t h e  damages. 

b. Replacement Flood -. Control. In t h e  years when forecast' and storage 
condit ions f o r  Fort  Peck Reservoir, d o n g  with t h e  main stem rese rvo i r  system, 
ind ica te  t h a t  replacement regulation w i l l  be needed at  Clark Canyon Reservoir, 
t h e  r e l ea se  r a t e s  w i l l  be adjusted t o  s t o r e  t h e  required amount by 15 Ju ly  
i f  poss ib le  while a l s o  providing f o r  conservation re leases ,  As soon as  it is 
determined t h a t  supplemental s torage w i l l  be needed ( t o  be determined by t h e  
Missouri River Division Reservoir Control Center usua l ly  between 1 January 
and 1 March except i n  years when r m o f f  prospects generate l a t e r  than t h i s  
period) fo r eca s t s  of Clark Canyon inflow f o r  t h e  April-June ~ e r i o d  w i l l  
determine i f  evacuation of j o in t  use s torage space should be made f o r  
replacement - f lood control  purposes. As additional. information becomes 
ava i lab le  add i t iona l  fcrrecasts of i n f l ov  w i l l  be made and r e l e ~ s e  schedules 
modified as needed t o  f i l l  the  required s t ace  by 15 Ju ly .  Momally, conser- 
vat ion r e l ea se s  of 12,000 acre-feet f o r  Apri l ,  15,000 acre-feet f o r  May and 
25,000 acre-feet  f o r  June w i l l  be made; however, i f  necessary, re leases  may 
be modified t o  minimum conservation requirements i n  an e f f o r t  t o  f i l l  as much 





space as poss ib le .  When opera t ing f o r  supplemental s to rage  i n  con,junction 
with t h e  main stem r e s e r v o i r  system, water s to red  f o r  t h i s  purpose w i l l  not  
be re leased i n  excess of  conservation needs u n t i l  a f t e r  s p i l l  above Fort  
Peck powerplant capaci ty  has ended o r  fibout 15 J u l y  unless  drawdown of t h i s  
s torage  i s  d i r e c t e d  otherwise by t h e  D i s t r i c t  Engineer. Af ter  t h i s  time 
water w i l l  be re leased a s  d i rec ted  by t h e  D i s t r i c t  Engineer. This drawdown 
w i l l  normally be accomplished i n  a rapid  manner, while maintaining non- 
damaging flows below t h e  d m .  Normally, replacement regula t ion of Clark 
Canyon Reservoir and o t h e r  t r i b u t a r y  r e s e r v o i r s  con t r ibu t ing  t h i s  type  of  
s torage  space w i l l  be required i n  t h e  years  when a major mount of t h e  annual 
f lood con t ro l  s torage  space i n  t h e  s i x  Missouri River main stem r e s e r v o i r s  i s  
forecas t  t o  b e  used i n  s t o r i n g  f lood inflows. The t o t a l  space requirement 
w i l l  be dependent on t h e  magnitude of expected inflows and a n t i c i p a t e d  s to rage  
needs t o  augnent t h e  annual f lood con t ro l  and multiple-use funct ions  of t h e  
main stem systems. 

c. J o i n t  Use S t o x e - .  This space w i l l  normally be used f o r  conserva- 
t i o n  purposes except when required  f o r  f lood con t ro l  and/or replacement pur- 
poses a s  ind ica ted  by t h e  Flood Control Storage Reservation Diagram. 

9-04. Regulation Schedule. Regulation curves on P l a t e  16 were developed by 
t h e  methods described i n  paragraph 4-06 of EM 1110-2-3600. They w i l l  serve  
a s  a b a s i s  f o r  r egu la t ion  when o t h e r  information may not  he ava i l ab le .  Thqr 
a r e  based on a f lood h y d r ~ g r ~ p h  with a 15-day recess ion which i s  representa-  
t i v e  of a mountain snowmelt recession.  They give  t h e  minimum r e l e a s e s  f o r  
any combination of pool e leva t ion  and inflow t o  assure  e f f e c t i v e  use of t h e  
f lood con t ro l  , s torage  by ( 1 )  f i l l i n g  t h e  f lood con t ro l  s to rage ,  ( 2 )  reducing 
t h e  maximum f lood r e l e a s e s ,  and (3 )  reducing t h e  magnitude of changes i n  
re lease  r a t e s .  Inflows w i l l  be c o ~ u t e d  once d a i l y  except when inflow i s  
above 3,000 c.  f .  s .  o r  when t h e  r e s e r v o i r  i s  above e leva t ion  5556.5, then 
inflows w i l l  be computed a t  l e a s t  twice d a i l y .  Sugeested r e l e a s e s  a r e  
determined, from P l a t e  16,  by u t i l i z i n g  t h e  mean inflow f o r  t h e  previous 
per iod (not  l e s s  than 12  hours)  and t h e  cur ren t  r e s e r v o i r  e l eva t ion .  

9-05. Emergency Flood Control Regulation. Refer t o  Exhibi t  111, Section C ,  
for  emergency f lood c o n t a  regu la t ions .  

9-06. Regulation f o r  Floods Exceeding Pro jec t  S ize .  When it becomes aaparent  
t h a t  t h e  pool e leva t ion  w i l l  exceed t h e  t o p  of t h e  f lood con t ro l  pool  ( e l e -  
va t ion 5560.4) t h e  Regional Director  w i l l  be n o t i f i e d .  Operation o f  t h e  
r e s e r v o i r  i s  t h e  r e s p o n s i b i l i t y  of  t h e  Bureau when t h e  r e s e r v o i r  l e v e l  is  
i n  t h e  surcharge pool. A t o t a l  of 11.5 f e e t  of surcharge wi th  a capaci ty  
of 71,800 acre-feet  has been ~ r o v i d e d  above t h e  f lood con t ro l  pool. "Then 
t h e  pool  l e v e l  i s  above t h e  exclus ive  f lood con t ro l  pool ,  t h e  D i s t r i c t  
Engineer may make recommendations t o  t h e  Regional Director  f o r  opera t ion 
i n  i n t e r e s t  of  f lood c o n t r o l ,  but such recommendations s h a l l  not he considered 
mandatory. 



9-07. Further Consideration. Located i n  the reservoir between elevations 
5546.1 and 5556.5 (the replacement storage zone) i s  a considerable amount 
of recreation developnent (picnic tables ,  l a t r ines ,  wells, e t  c . reference 
Plate  13). One of the shel ters  becomes inundated a t  elevation 5546.1 and 
one of the l a t r ines  becomes inundated a t  elevation 5550.1, Consideration 
of ef fec ts  of inundating these developments should be considered before 
storing water f o r  replacement purposes. However, when the decision i s  
made t o  s tore water fo r  t h i s  purpose, local  news media and the Montana 
State Fish and Game Department should be not if ied accordingly so tha t  
protective measures can be made i n  advance of water storage. 



SECTION X - EXAMSLES OF FLOOD CONTROL REGULATION 

10-01. P r o j e c t  Design Flood, The p r o j e c t  design f lood f o r  f lood c o n t r o l  
s t o r a g e  a l l o c a t i o n  purposes was derived f o r  B a r r e t t s  (90 percent  of t h i s  
was used a s  t h e  flow a t  t h e  Clark Canyon Damsite). This  f lood was derived 
by combining t h e  1917 snow accumulation using s y n t h e t i c  sp r ing  temperatures 
from 1934 t o  t i m e  runof f ,  and r a i n f a l l  based on t h e  storm of 9-15 June 1944. 
A peak flow of 5,800 c . f . s .  and a 60-day volume of 250,000 acre- fee t  
(85,000 A.F. over 1,500 c . f , s .  r e l e a s e )  r e s u l t e d .  Routing of t h i s  f lood 
using r e g u l a t i o n  curves described i n  paragraph 9-04 is shown on P l a t e  17. 

10-02. I n  t h i s  rou t ing  and t h e  examples i n  paragraph 10-03 and 10-04 
below, a r e l e a s e  r a t e  of 500 c . f . s .  was used p r i o r  t o  t h e  time h igher  
r a t e s  a r e  ind ica ted  by t h e  r e g u l a t i o n  curves. This  r a t e  r ep resen t s  a  
reasonable  conservat ion r e l e a s e  and was s e l e c t e d  i n  developing t h e  regula-  
t i o n  curves.  I n  o rde r  t o  conta in  t h e  p r o j e c t  design f lood i n  t h e  f lood 
c o n t r o l  zone, whi le  rou t ing  i t  using r egu la t ion  curves based on a repre-  
s e n t a t i v e  r ecess ion  t h i s  i n i t i a l  r e l e a s e  r a t e  proved s a t i s f a c t o r y .  

10-03. Spillway Design Flood. The inflow design f lood ,  a s  developed by 
t h e  Bureau of Reclamation, has a  peak d ischarge  of 21,500 c . f . s .  and a 
15-day volume of 250,OOC acre- fee t .  It is  s combination of t h e  l a r g e s t  
snowmelt runoff  augmented by r a i n f a l l  a s  recorded a t  t h e  B a r r e t t s  gage 
(occurred i n  1917 wi th  a  15-day volume of 61,000 acre- fee t )  p l u s  t h e  
runoff from a 24-hour r a i n f a l l  of 5.58 inches over t h e  1,755 square  miles 
above Clark  Canyon damsite and below Lima Reservoir .  Routing of t h i s  
f lood us ing  t h e  f lood c o n t r o l  r egu la t ion  curves is  shown on P l a t e  18. 

10-04. Flood of 1908. The g r e a t e s t  f lood of record along t h e  Beaverhead 
River occurred i n  June of 1908 a s  a  r e s u l t  of r a i n  combined wi th  snowmelt. 
Di l lon ,  Hontana, repor ted  13.04 inches of p r e c i p i t a t i o n  f o r  t h e  A p r i l  through 
June per iod  (0.34 inches i n  Apr i l ,  9.16 inches i n  May and 3.54 inches  i n  
June) .  A t  B a r r e t t s ,  t h i s  f lood had a peak flow of 3,720 c . f . s .  and an 
est imated 60-day volume of 220,000 acre- fee t .  Routing of t h i s  f lood us ing  
r egu la t ion  curves is  shown on P l a t e  19. 

10-05. Flood of 1944. The g r e a t e s t  f lood on t h e  Beaverhead River of which 
t h e r e  is a record  of monetary l o s s e s  occurred i n  June 1944, a l s o  a s  a  r e s u l t  
of r a i n  combined with snowmelt. Di l lon ,  Montana, repor ted  9.51 inches  of 
p r e c i p i t a t i o n  f o r  t h e  A p r i l  through June period (0.46 inch  i n  A p r i l ,  2.14 
inches i n  May and 6.91 inches i n  June) .  A t  B a r r e t t s ,  t h i s  f lood had a peak 
flow of 3,060 c . f . s .  and a 60-day volume of 151,000 acre- fee t .  A r e s e r v o i r  
rou t ing  f o r  t h i s  f lood event  i s  no t  presented h e r e i n  inasmuch a s  inf low 
peaks and volumes were s i g n i f i c a n t l y  l e s s  than during t h e  1908 f lood 
descr ibed  above. 



10-06. Regulation During 1975. High runoff i n  1975 a l s o  came a s  a r e s u l t  
of r a i n  combined with snowmelt. Di l lon ,  Montana, repor ted  8.36 inches of 
p r e c i p i t a t i o n  f o r  t h e  Apr i l  through June period (2.55 inches i n  A p r i l ,  
2.54 inches i n  May and 3.27 inches i n  June).  Forecast  of seasonal  runoff 
indica ted  near  normal runoff both above Clark Canyon and above For t  Peck 
u n t i l  1 April .  Then t h e  f o r e c a s t  of April-June n a t u r a l  runoff above Clark 
Canyon increased from 134% on 1 Apr i l ,  162% on 1 May t o  156% on 1 June. 
May-July f o r e c a s t  above For t  Peck increased from 110% on 1 Apr i l ,  148% 
on 1 May, t o  175% on 1 June. The inc rease  i n  f o r e c a s t  r e s u l t e d  from t h e  
above average p r e c i p i t a t i o n .  This r e s u l t e d  i n  buildup of t h e  mountain 
snowpack. Because of (1) t h e  high For t  Peck pool l e v e l  (2243 on 12  May), 
(2) t h e  almost assurred  prospect  of eventual  s p i l l  pas t  t h e  For t  Peck 
powerplant and (3) t h e  increas ing runoff f o r e c a s t s ,  t h e  dec i s ion  t o  
r egu la te  Clark Canyon f o r  main s t e m  replacement s t o r a g e  was made on 12 May. 
Releases from Clark Canyon were then set t o  t h e  minimum conservation r a t e  
u n t i l  t h e  replacement s to rage  space was f i l l e d  t h e  f i r s t  week i n  Ju ly .  
On en te r ing  t h e  exclus ive  f lood con t ro l  zone, r e l e a s e s  were made up t o  
downstream channel capaci ty  l e v e l s  i n  an e f f o r t  t o  maintain t h e  pool a t  
t h i s  base. The maximum pool e l eva t ion  achieved was 5556.87 f e e t  on 
11 July .  About 2,100 of 22,615 acre- fee t  of exclus ive  f lood c o n t r o l  
s to rage  was u t i l i z e d .  Clark Canyon had a peak d a i l y  inflow of 2,800 
c . f . s .  on 20 June and a 60-day inflow volume of approximately 160,000 
acre-feet .  The peak inflow was t h e  maximum s i n c e  t h e  p r o j e c t  was 
completed i n  1964. The maximum n a t u r a l  d a i l y  flow a t  B a r r e t t s  rnTas esti- 
mated a t  3,900 c . f . s .  This  would have exceeded t h e  previous 1908 peak 
flow. When i t  became evident  t h a t  s p i l l  p a s t  the  For t  Peck powerplant would 
cease,  evacuation of t h e  Clark, Canyon replacement s t o r a g e  was i n i t i a t e d  
(28 J u l y ) .  Releases were made a t  downstream channel capaci ty  l e v e l s .  I n  
October, when heavy r a i n s  occurred and major i r r i g a t i o n  d ive r s ions  ceased, 
high water occurred i n  t h e  a r e a  of Bla ine  t o  Twin Bridges. Releases were 
then reduced and f i n a l  evacuation of t h e  lower por t ion  of t h e  f lood pool 
was prolonged u n t i l  t h e  end of t h e  year .  P l a t e  20 i l l u s t r a t e s  t h e  regula- 
t i o n  during 1975. 

10-07. During t h i s  year ,  use  of t h e  Flood Control  Diagram did  no t  r e q u i r e  
any s p i l l  above conservation r e l e a s e  l e v e l s  u n t i l  t h e  pool entered  t h e  ex- 
c l u s i v e  f lood c o n t r o l  zone. The reason being t h a t  t h e  pool l e v e l  was a t  
much below normal l e v e l s  a t  t h e  beginning of year  and conservation r e l e a s e s  
were such t h a t  t h e  pool l e v e l  remained below t h e  diagram f o r e c a s t  parameter 
va lues  r equ i r ing  s p i l l  f o r  l o c a l  f lood con t ro l .  The beginning of t h e  year  
pool e l eva t ion  was a t  i ts  lowest l e v e l  s i n c e  1967, pr imar i ly  because of 
t h e  l o b  runoff and high i r r i g a t i o n  demand during t h e  previous year .  The 
1 January (1975) pool e l eva t ion  was about 60,000 acre- fee t  below t h e  top 
of t h e  conservation pool l e v e l .  Forecas ts  of remaining April-June Clark 
Canyon inflow (For Diagram Use) i n  percent  of normal were 72 percent  on 
1 January, 88 percent  on 1 February, 96 percent  on 1 March, 122 percent  on 
1 Apri l ,  168 percent  on 1 May and 97 percent  on 1 June. 



10-08. Pas t  Regulation. Actual r egu la t ion  from 1964 through 1975 is 
i l l u s t r a t e d  on P l a t e  15. I n  a l l  years  except 1975, r egu la t ion  f o r  
f lood con t ro l  has r e su l t ed  i n  only minor s to rage  above t h e  top  of t h e  
j o i n t  use  zone. When s to rage  has been accumulated above t h i s  l e v e l ,  
i t  has been evacuated a s  r ap id ly  a s  dotmstream condi t ions  permit.  
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FACTUAL DATA FOR EAST BENCH UNlT 

WATER SUPPLY along the northeaet elde of W o n  Vdey. About - . - -. - - - . . - - 
East Bench Unit, an ldgation development with 

other incidental beneath makes maximum u t i b -  
tion of water of the Beaverhead Rlver and trlbu- 
taries. Stored water released from Hap Hawklns 
Lake (formerly Clark Canyon Reeervolr) is con- 
trolled by Barretts Mversion Dam about 12 mlles 
below the reservoir. The area of the watershed 
;pstreGof b a r k  Canyon Dam 1s appmxhately 
2,315 square mlles. An addtionel 422-equare 
mile dralnage area between the dam and divereion 
works contributes runoff b Ule river whlch su ple 
menta storage releasea and is alaa availabye 
meet downstream demands. Streamflows are 
mainly derived from predpltation wlthln theee 
drainage areas; however, many underground 
sprbgs contribute to the water nupply. Average 
LIIIIIU~~ runoff a t  the U.6. Geological Burvey age 
above Barretta Diversion Dam for the pehod h 7 -  
1970 was 266,500 acre-feet, and the wmputed 
average above Clark Caqyon Dam for the same 
period was 201,000 acre-feet The tots3 au ply of 
water, wlth storage regulation, and lncrudlng 
return flows, 1s adequate for lrrlgatlon demands 
except for a few critical yeara of extended dmught 
when minor ahortagea mey occur. 
FEATURES OF THE UNIT 

Clark Canyon Dam, the prfnclpal feature, Is an 
earth and rockaJl atructure rlaing 132 feet above 
the streambed The crest d the dam la at eleva. 
tlon 5678 feet above mean eea lev& Creet length 
1s 2,960 feet, and the width ofthe crest is 36 feet 
which provides a base for the Horse Prairie 
secondary highway to cross the river. Total 
volume of materlal in the dam, including riprap 
facing, 1s approximately 1,874,000 cubic yarda 
An Ggated-&mete n&lway on the left (west) 
abutment 4 t h  crest a t  elevation 5560.4 feet 1s 
surmounted by a concrete bridge. Spillway design 
capacity is 9,500 de (cubic feet per second) a t  
maxlmum reservoir water surface elevation 5571.9 
feet The river outlet structure, alm near the left 
abutment, is a cut-and-cover, 9-foot diameter mn- 
duit a t  the upstream end and a B-foot diameter 
flatbottom conduit downstream from the gate 

31 d e a  of burled asphaltic and plastic membrane 
lInlng are lnetalisd ln areas whereporoue mated& 
are crossed Inverted dphona conrtructed of wn- 
crete pipe are ueed br msglng n w t  al the larger 
coulees and numeroue other cross-drainage 
etreams. I~lltlsJ and termlnal designed capadties 
are 440 and 61 de, respectively. 
PLAN &nstruction OF OPERATION 08 #to- and distribution works 

was completed i 1964 ln t h e  for Laitla1 dellvery 
of lrrlgatlon water In the spring of 1WU The 
reewvolr le aperated for flood oontrol as well as 
irrigation. This operation maxlmke the recuea- 
tlonal use of picknloklng, boatlng, flehing and 
camping. Wlntdr releasea are made to austaln 
flnhery and to 6aWy other dowartro~m requlre- 
mente. The ird taon season arten& from May 
thxxwb mtemE r normally, and full Ird atlon 
service 0 21,800 acres of lrrigable land ly&g on 
the bench Is provided by Elrnt Bench Canal and 
Its lateral ayetan. Releases from the reservoir 
aleo provide Irrigation water for 28,004 acre9 of 
presently Irrigated land In the valley, including 
25.560 acres for supplemental service. 
SOIU 

Surface a d s  of arable lands are loam or rflt 
loam, wlth local areas of fine sandy loam. Most 
subealls are stratlfIed sUt loam and b e  eandy 
loam deposited over gravelly loam, and grade lnta 
clean sand and gravel. 
ALTITUDE 

The elevation of the irrlgabls area rangelr from 
4700 to 5450 feet above mean sea level. 
CLIMATIC DATA -- 

Averaae annual predpltation reported for the 
period 1940-70 a t  the airport weather etation 4 
mUes northeast of Dlllon (on benchland) Is 9.57 
Inches. Average annual temperature for January 
a t  the airport is 20.2-F. and for Jul ia 68.SSF., 
with a My-September a v e r T  of $8.1 Tern; 
perahre extremes have range from -40" b 101 
E The average bet-free period has been 110 
.la... 

chamber and access ehaft. Within the gate cham- "'" 
ber are two 3-foot by 6-foot high-pressure regula- WATER REQUIREMENTS 
ting gates and two 3-foot by 6 X o t  high-pressure Annual consumptive use of Irrigation water, in 
emergency gates. The outlet capacity la 2,660 cfs Mest  years, ie estimated a t  1.3 acre-feet per acre. 
a t  maximum reservoir water surface elevation, The eatimated dlverelon requirement lar about 3.1 
discharging into a stilling basin separate from that acre-feet per acre or 63,600 acre-feet annually for 
for the enlllwav. and flows from both are carried the full irrlaation service area of 20,470 acres. 
back to -&; d;br &ugh a 675-foot long outlet The diverel<n requirement for the valley l a d s  is 
channel. estimated at  4.0 acre-feet per acre or 112,000 

Ha Hawkina LaLe has a total stora e capadty acre-feet -*- The amount of su ~ l e m m t a l  
of 28,152 acre-feet a t  apfflway crest &vation, of water h d n h e d  from atorage d e a  wigthe Water- 
wmh 25615 acre-feet are allocated aa exdudve dght priorltiea of Indtvlhd water users; however. 
flood storage space, 46,476 replacement flwd 1-12 acre-feet Per acre annually estimated as 
storage apace. 50.436 acre-feet as Joint-uae space, the average m ~ ~ l e m m t a l  Water reqdremenk 
126.117 acre-feet as  wnservatiou storage, and ECONOMY OF W E  UNlT 
the remainder as  inactive or dead storage. At 
maxlmum water surface elevation, 5671.9 feet, the 
resew& has an area of 6.600 acres and extends 
6.4 mnes up the Beaverhend River. The maximum 
width in the main valley is about 2.7 miles, but 
fncreases to_ about-4.3-miles at  the am1 extending 

-. -..- 
$id1 Irrigation has reaulted in more intensive 

land use and greater etablUty and improvement of 
farm operation In the unlt and surrounding area. 
This waa accomplished through improved feed pro- 
duction supporting livestock feedlng programs, 
moetlv beef cattle. and from hcreasea in caah 

lnto Home ~raine creek ems: such as mkn hay, and eome wtatoea 
Barre& teveralon Dam a compact A iiCu~turai pr&sding plants,  etoreri, senrice 

embankment wfth concrete Wmn4 sluice- h$usMea, and community mrvices ere sharing in 
way, and cand headwork The %-foot wide SPU- the d u t y  of irrigation farming. 
way is equipped with a %foot by 10-foot radial 
gat4 and the &foot wide dd-ay hm an a-foot The Canyon Wakr has a 
by l o - h b  *te; their capadty is 40-~ear contract for water to lands 

2,600 cfa a t  water eurface elevalion 5265 feet requlrigg a eupplemental wat8r eupply' The 
Water to the headworks structure, whlch M M ~  ~ $ t f ~ c e M ~ t ' " , ~ $ ~ ~  ~ T I ~ C ~ w l ~ $  

East nowe over a broad-created Canal and two welr pdvate tapped canal4 wtthgavel, United States to repay a portion of the cost of the 

M) dedmd to exclude 5&. The outlet works to water ~ P P ~ Y  and dlstdbut~on fadutiee. F a m  units 

East Bench Canal have two 10-foot radlal gabs. been largsly The Canyon outlet one lefoot by siderationa. Almost one-half of the District lands 
gate. me nt..~, 24-lnch diameter Were owned by the State of Monwla have 

outlet controlled by two elide on an been sold b individuals for development as  lr- 

inlet box Maximum capacities of these outlete in 
rigated farm unite. 

the headwork* structure are 444  200. and 12.5 cfs, ADDITIONAL INfORMAnON 
respectively. Address lnqulriea to. 

East Bench Canal, a contour alignment 44.2 Bureau of ReclamatioqP.0. Box 2563, - miles long, carries Irrigation water to benchlands BWnge, Montana 59103. 
I 





OPERATING INSTRUCTIONS 

(1)  Follow regular  f lood control  regula t ion procedures u n t i l  l a r g e r  
re leases  a r e  required by t h i s  schedule. 

(2) When curves ind ica tes  a l e s s e r  re lease ,  than t he  current  re lease ,  
continue re leas ing current  re lease ,  provided it is  l e s s  than 1500 c . f . s . ,  
u n t i l  r ese rvo i r  e levat ion recedes t o  e leva t ion  5546.1. 

(3) When rese rvo i r  e leva t ion  is between 5546.1 and 5542.1 re lease  a s  
indicated by the  curves o r  between 800 and 1500 a s  necessary t o  maintain 
a f a l l i n g  pool. 

(4) When rese rvo i r  e leva t ion  i s  below 5542.1 re lease  a s  indicated by 

-.+-- L . .-- - -  , 

-A .* - - - 

6,000 8,000 

DISCHARGE C. F.S. 

C L A R K  C A N Y O N  RESERVOIR 
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Ctiopler II-Corps of Engineers, 
. Depurtment of ~ h c  Army 

bc deve1o;ied frotn time to time as neces- 
lsnry by the Corps of Engineers and the.  
Burcnu of Reclamation. Fxzch such rebid 
sion shall t c  effective upon the  date 
slxlcificd in the ai~proval  tllcreof by the  
Chief 01 E n g i ~ e e r s  and  the Comrnis- 
sioner 0 2  Rcclnniatioa arid from tha t  dzte 

.  PAR^ 203-FLOOD CONTZOL 
JtEGUL!iTIONS 

Clark Canyon Dam and Reservoir, 
Beavcrttcad River, l leaverhead 

" County, Edont. 

P ~ r s u a t i t  to the applicable provisions 
of sections 5 afid 9 0: the Act of Cor,;ress 
approvtd Deccrll3er 22.134: (58  St3t. 833. 
891; 33 U.S.C. 7531 ,  t h e  fol:o~s.ir,g r c s -  
lat iom a re  I;~i-eSy prescribed to govern 
the use of storilze capacity for Eood coil- 
trol purt.oses iii C:ark Csnyon Rcscrcoir 
by the  o;ierzttfon o i  Clnrl; Can:;on iSam 
on the  )?oa.;eri;cad Riv;er. Beat-ci-hcnd 
COCII~_F, I iol~t- .  
$ 20G.-I3 Cl;atk C:tt:rrl?.on D:ln~ nrltl Rr.cr- 

voir. ncavcrl~cad I i ivr  r, I!c:tvcrilc;~d- 
G > I I ~ [ ~ ,  31011t. 

Tile Bureau of Recinmstion. D ? a ~ r t -  
mcllt of tiic Interior, repre:entel? b:.. rile 
R e g i ~ n a l  Direc;or in c i l a r ~ e  of iiie Iwcll- 
ity, hcrrina:ter refe~red to as  t!le Re- 
g i o x l  UI?CC;C~, six;: rerd:,-.;e C,zr;i 
Caliyon I3s.m aiid Zescrvoir in ihc inter- 
est of flood cantrcl i n  accord3nce with 
'instructiorls fumlshed by t'ce mpart- 
mcnt  of :he A m y ,  represented by the 
District Enfitlctr in chsrgc! of the lozal- 
Ity. hcrcin;r:ter referrcd to as the District 

- Engineer. aj follons: 
(31 Re;c=es will be made 2s necessary 

to achieve tile foI:oa-in2 cori trol: 
(1) Loccl flood control. To  restrict 

ptojcct reieases to the  amount u-nich, in  
conjunction with iilcremenwl inflows 
below the darn. will not resuit in d3rnzg- 

. ins dischnrgcs on  the Beave:iie?-d River. 
(2) Replcccment flood cor.tro1. In 

years when the Cood control nnd mui- 
, tiple-use storage space within the doxn- 

s trcnm Fort Pcck Rcscrvoir may bc fully 
. utilized, Clark Cnnyoi'l Reservoir will 

assist i n  flood corltrol along the  hlis- 
souri Rivcr by wiihl~olcbng floocitvster 
fro111 Fort Pcck Reservoir. 
. (b) To achlcvc the cotrtrol spcclfled In 

paragnph (a3 of this sectlon. storage 
apace in Clnrk Canyon ftcservoir snnll be 
kegt nvni1.1bIc in  ~cccirdancc 1~i:n the  
Flood Conircl Storace EZe.;cr~?.tion Di8- 
grnm curre i~ t iy  i11 force. T h e  Ecwd Con- 
trol Storage Resei-vncion Dizgrzrn in 
force RS of the p r o m u i ~ a t i o : ~  of this sec- 
tion is t ha t  datsd Octobcr 14. 1371. a:id is 

until replaced shall be the  Fled Control 
Storage l?cr,ervation D i n ~ r a r n  for  pur- 
poses of this section. Coi~ies o l  tke Fiood 
Control Storage Rcserva:ion Diagram 
currcntiy in  force sliall be ke;it on fi!e in 
and m a y  be obtained from ii;; Oi2ce of 
the District Enginec~-. Corps of Engi- 
neers. and the  Regionni Director. Bureau 
of Reclnmation, in cherge 0:' tile imality. 

(c) Any water temporarily s tsrcd in 
the space bet..vcen elc;-aticn 5,560.4 (crest 
of spi1ltva.v) and the  elevation corre- 
sponding to the  flood control a1loca:icrn 
a s  indicated bv thc F'iocd Cclrltrol D13- 
pram, shall be rcienscd a s  rapidly as 
dounstrcam cotldltions ycrrnit. T1:c Dis- 
t.rict Enzitleer ~ : i l  de~ern l ine  releases 
undcr thtsc conditions. 

(d l  TAC discharge chnractcristics of 
the river rcgu1n:ioil outlet ~vorks ! ha:-jsg 
a capacity of 2.160 cubic fect  per second 
with reservoir lcvel a t  elcva tion 5,535.7 1 
 hall bc mairitained i l r  nccorclmce *~;iih 
t ?c  as-constructccl draq.vin,cs (B:lreau of 
Reclar,ation DraV:;ing So.  639-5-253 
d ~ t e d  F e b r i ~ a ~ y  6. 1962) .  

(e) Proposed schedides of co!lscrva- 
tion releases and  storage ch:nges. if 
ava i l~blc ,  a:ld current  0p:rairr.j. d:,:n 
shall be provided to tile Dis:rict Eticinesr 
by the  R e s i o n ~ l  Director. 0pcrntir.g d ~ C a  
shall bc tabu!sted dnily and f u n ~ i s i ~ e d  
periociically a s  required and silall incicdc 
6uch i t c n ~ s  as: Rzservoir elevation, rcscr- 
voir atoracc. ixlflo-.v, d i s c i l ~ r ~ e ,  8t:d 
other  pertinent availzble hydrologic 
data. 

(1) O ~ R I  instructions i s u e d  by the 
Dhtrict  Ehat7ccr to the Regional M- 
rector shall be co:lfirrned in wri:ing 
under the date cl t he  cay l.uucd. 

(g) h'othing in this section shall be 
construed to require t ha t  reienses shall 
bc made a t  rates  or in a ri-innr?cr incon- 
sistent n i t h  requirements for proieccing 
the dam and reservoir froin major dam- 
age or  incorlsistctlt with t h e  safe routlng.  
of the spillbvap desiga llood. 
All elevations stated in tlGs scc tion are a t  
t he  Clnrk Canyon Dam 3r:d rcc reicrred 
to n dat r~nl  a v i n p  5,560.4 ns thc clevntion 
of tlrc spl11wny crest. 
{Regs.. Oct. 14. 1971. DAEN--C\VE-PI 8cc. 
tlotls 7 and 9 .  53 Stat. 890. 831; 33 U.S.C. 70-3) 

'For the Adlutnnt General. 
o n  file it1 thc Oi?ice of tnc Chief of Er;gi- H. D. L ~ L L N A P .  
nturrs. m~)nr tn lcn t  of the Army. JYash- - Special Adrisor lo  TAG.  
tngton. D.C.. nnd in the  O a c e  of the 

i -  [FX n(x.71-16015 Fllrd ll-3-71;8:45 am]  
1 Conlrni~5ior:cr of Reclnn~,?  tic!\. L V ~ s h l  t ~ c -  
. ton.  I.3.C. Iicvisions cf t!ic d i : i ~ r ~ . : ~ ~  :L..:Y - 

- .  
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19 November 1971 

Regional Director . 
Region 6 
Bureau of Reclamation 
P. 0.- Box 2553 
Bi l l ings ,  Montana 59101 

Dear S i r :  

Flood Control. Regulations governing regulation of Clark Canyon D a n  
and Reservoir, Beaverhead River, Montana, having been completed and 
published i n  the  Federal Register, a t  pages 21190 and 21191 Volune 36, 
No. 213, i s sue  of ?7ovember 4 ,  1971, it i s  agreed t h a t  the Clark Canyon 
Dam and Reservoir w i l l  be regulated i n  the  i n t e r e s t  of flood control 
under the  following ru l e s ,  unless and u n t i l  such ru les  s h a l l  be nodi- 
f i e d  by mutual agreement. This Field Working Agreenent supersedes the  
previously signed interim agreenent dated 5 October 1970. 

Storape Capacity Allocations. The storage capacity a l locat ions a* 
of Clark Canyon Reservoir, exclusive of surcharge storage ca2acity daove 
elevation 5560.4, which i s  provided i n  conbination with spillway and 
o u t l e t  capacity t o  insure safe ty  of the  s t ruc ture ,  a re  defined i n  the  
following sub3aragraphs : 

(1) Exclusive - Local Flood Control Storage. The exclusive- 
loca l  flood control storage capacity s h a l l  include the  storage capacity 
between elevations 5556.5 and 5560.4 ( i n i t i d l y  amounting t o  22,615 acre- 
f e e t ) .  

(2)  - Replacement - Local Flood Control S to rwe .  The replacenent- 
l oca l  flood control storage capacity s h a l l  include the  storage capacity 
between elevations 5546.1 and 5556.5 ( i n i t i a l l y  amounting t o  56,475, scre- 

. f e e t ) .  

(3 )  Jo in t  Use Storaqe. The jo in t  use storage capacity s h a l l  
include the  storage capacitybetween elevations 5535.7 and 5546.1 
( i n i t i d a l l y  amounting t o  50,436 acre-feet) .  This  space s h a l l  normally 
be available f o r  conservation usage, but w i l l  be used f o r  l oca l  f lood 
control and replacement storage purposes as per Flood Control Diagram 
i n  force. 

( 4 )  Conservation S torwe.  Conservation storage capacity a l lo-  
cation s h a l l  include the  storage capacity between elevation 5470.6 
elevation 5535.7 ( i n i t i a l l y  amounting t o  126,117 acre-f ee t  ) . 



Regional Director 

(.5) Inact ive Storage. Inact ive s torage capacity a l loca t ion  
s h a l l  include the  s torage capacity between elevat ion 5455.0 and elevat ion 
5470.6 ( i n i t i d l y  mounting t o  1,448 acre-feet ) . 

(6) Dead Storage. Dead storage capacity a l loca t ion  s h a l l  in- 
clude the  storage capacity between streambed elevat ion and elevat ion 5455.0 
( i n i t i a l l y  mounting t o  61 acre-feet) .  This capacity i s  es tabl ished by 
t h e  elevation of  the  i nve r t  o f . t h e  o u t l e t  works. 

b. Storage Reallocations. The Regional Director s h a l l  a t  reasonable 
intervals make necessary f i e l d  surveys and o f f i c e  s tud ies  t o  prepare e s t i -  
mates of  the  volume and locat ion of sediment deposits  i n  the  reservoir .  
If the  r e s u l t s  of these s tudies  show t h a t  t he  t o t a l  storage avai lable  f o r  
f lood control ,  j o in t  use,  o r  consematicn ( i n i t i a l l y  amounting t o  79,090 
acre-feet , 50,436 acre-feet , and 126,117 acre-feet respect ively)  i s  re- 
duced by an amount exceeding 10 percent of the  a l loca t ion  f o r  such pur- 
pose, the  regulation plan described herein with respect t o  t he  e levat ion 
limits of t h e  storage a l loca t ions  s h a l l  be reviewed with the  view of 
equitably d i s t r ibu t ing  the  l o s s  of reservoir  
r y  reservoir  uses. Any red is t r ibu t ion  of 
i s  t o  be contingent on subparagraph f .  

c. Plan of Re,gulation. The Regional Director s h a l l  regulate  Clark 
Canyon Dam and Reservoir i n  the  i n t e r e s t  of f lood control  i n  accordance 
with t h e  attached P u t  208-Flood Control Eegulztions and Standing In- 
s t ruc t ions  t o  D a n  Tender, when the  pool l e v e l  i s  i n  the  exclusive flood 
control  zone o r  i n  t he t  portion of t he  jo in t  use zone required f o r  flood 
control .  When the  reservoir  l e v e l  i s  i n  the  surcharge o r  conservation 
storage zones o r  i n  t h a t  portion of t he  jo in t  use storage zone which the  
Flood Control Storage Reservation D i a g r a  ind ica tes  i s  not required f o r  
f lood cont ro l ,  t h e  D i s t r i c t  Engineer may malke recommendations t o  t he  Reg- 
i o n d  Director f o r  operation i n  the  i n t e r e s t s  of flood cont ro l ,  but such 
recommendations s h a l l  not be considered mmdatory, inasmuch as  operation 
of such storage i s  the  respons ib i l i ty  of t he  Regional Director. However, 
t h e  Regional Director s h a l l  regulate  t o  maintain nondmaging releases  in- 
sofar  as possible.  Further regulat ion procedures a re  as  follows: 

(1)  Estimates of flood season inflows i n t o  t h e  !fissouri River 
Main Stem System (mede by t h e  Corps of Engineers, Missouri River Division 

. Reservoir Control Center, Omaha, Nebraska, normally between Janusry 1 and 
March 1 )  along with main stem storage conditions w i l l  determine i f  replace- 
ment regulation i s  required. Forecasts of April-June inflow i n t o  Clark 
Canyon Reservoir (made by the  D i s t r i c t  E r ~ i n e e r  on January 1 end monthly 
t h e r e a f t e r )  w i l l  deternine i f  evacuation of jo in t  use storage space f o r  
replacement and o r  l oca l  f lood control  purposes i s  required. The Regional 
Director s h a l l  schedule and coordinate i n  advance with the  D i s t r i c t  Engineer 
re leases  from the  jo in t  use zone required t o  a t t a i n  the  necessary evacuation. 
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0 (2) Forecasts referred t o  i n  (1) above a r e  presented i n  Exhibit 
IV (seasonal Forecast procedure) of the  current Preliminary Inforrat ion 
Report on Flood Regulation f o r  Clark Canyon G a m  and Reservoir dated 
1 October 19'i'O. They w i l l  be exchanged with s i a i l a r  forecasts  rcade by 
t h e  Regional Director as soon a f t e r  t h e  f irst  of each month as pract icable .  

- (3) The replacement-local flood control  storage space w i l l  be 
regulated as directed by the  Di s t r i c t  k g i n e e r ,  within the l i m i t s  indica- 
ted  by the  Flood Control Storage Reservation Diagram. 

(4) Updating and/or revisions i n  the  c r i t e r i a  per t inent  t o  regu-. 
l a t i o n  of the  jo in t  use storage space m y  be made from time t o  time as 
changing circumstances o r  experience gained i n  the  operation of the  reser-  
vo i r  warrant. 

d, Instruct ions issued by the  D i s t r i c t  Engineer f o r  l o c a l  flood. con- 
t r o l  regulation s h a l l  be issued simultaneously t o  the  Regional Director 
and t o  operating personnel a t  the  dam. The operating personnel a t  the  dam 
shall a c t  upon the  order of the Di s t r i c t  Engineer a f t e r  c o n f i n a t i o n  of 
the  order by the  Regional Director. In  the  absence of such conf i rmt ion ,  
the operating personnel shall a c t  upon the  order not l a t e r  than s i x  hours 
a f t e r  issuance. 

e. Collection and Assembly of Hydrclogic P-ta and Reporting Arrange- 
ments. Available reports  from prec ip i ta t ion  and strearnflox s t a t ions  per- 
t i nen t  t o  the  flood control  regulation of t he  C h r k  Canyon 3esemoir  which 
a r e  collected by e i t h e r  t h e  Regional Director o r  D i s t r i c t  Engineer w i l l  be 
relayed t o  the  other  by t h e  most expeditious rceans of comrizunication, under 
such detai led arrangemznts as m y  be made from time t o  time. 

f, Design Limitations. It i s  recognized t h a t  any changes i n  the  d is -  
charge charac te r i s t ics  of the  spillway s t ruc tures  resu l t ing  from realloca- 
t i o n  of storage capaci t ies ,  o r  f o r  any other  reason, which otherwise a r e  
mutually acceptable t o  the  Corps of Engineers and the Bureau of Reclaua- 
t ion,  aust  be approved by the  Director of Design and Construction of the 
Bureau of ReclsLmtion. 

Sincerely yourz, 

B. P. PE?TDERGRA!SS // 
Colonel, COTS of Engineers 
D i s t r i c t  Engineer 

U. S. Bureau of Reclamation 





INSTRUCTIONS TO DAM TENDER FOR 
FLOOD CONTROL OPEX?ATION OF CLARK CANYON DAM AND HESEIIVOIR 

SECTION A 
GENERAL 

A-1. Purpose of Instructions. These instructions are issued f o r  use 
as a guide t o  procedures t o  be used in resenroir regulation by the Dam 
Tender, both under normal and emergency flood control operation condi- 
t ions. A copy of these instructions o r  an acceptable abbreviated 
version thereof should be posted by the Dam Tender in  such a manner t h a t  
it is readily accessible a t  all times. It will be the responsibili ty of 
the Dam Tender t o  make cer ta in  t h a t  any person temporarily charged with 
the operation of the reservoir is familiar with these instructions. 

A-2. Agency Responsibility. The Corps of Engineers is responsible f o r  
regulation of the reservoir when storage is  i n ' t h e  zone reserved exclu- 
s ively f o r  flood control (EL 5546.1 - 5560.4). The Corps of Engineers 
and Bureau of Reclamation are joint ly responsible f o r  regulation when 
storage i s  in the joint use pool (El .  5535.7 - 5546.1). l%e Corps of 
Engineers has the responsibili ty of the joint use storage space when it 
is required f o r  loca l  flood control and/or replacement-flood control as 

0' 
indicated by the Flood Control Diagram. The Bureau. of Reclamation i s  
sole ly  responsible when storage is below elevation 5535.7 o r  above 
5560.4. It i s  a lso  responsible, regardless of pool elevation, whenever 
safety of the  project is  affected. 

A-3. Routine Observations and Reports. Weekly reports of da i ly  reservoir 
pertinent data (pool elevations, storage, discharge, precipitation, inflow, 
etc .)  will be forwarded by the  Dam Tender through the Regional Directorls 
Office t o  the Dis t r ic t  Engineer. 



SECTION B 

NORMAL EEGULATION FGX FLOOD CONTROL 

El. R e d a t i o n  0b.Iectives. Clark Canyon Reservoir w i l l  be regulated 
t o  maintain non-damaging flows (currently estimated a s  l e s s  than 1,500 
cfa a t  Barretts) on the River below Clark Canyon Dam to  the maximum 
extent possible. In addition, regulation will be based on providing 
the  maximum service t o  the  other purposes f o r  which the project was 
intended insofar  as t h i s  regulation is consistent with the pr-ry flood 
control function. 

B-2. Definition of Normal Flood Control R e d a t i o n .  F o r t h e  purpose of 
these instructions,  normal flood control regulation is defined t o  occur 
at all times when personnel of the ~ i s t r i c t - ~ n ~ i n e e r ' s  of f ice  and/or 
Regional Directorts of f ice  can be contacted within a reasonable time. 
The Dam Tender should arrange t o  report t o  the Dis t r i c t  Ecgineerts of f ice  
and the Regional Reservoir Pegulation Branch within 3 hours when any of 
the  followir~g conditions occur: 

a. Whenever the pool r i s e s  in to  the storage space reserved by 
the  Cory  of Engineers f o r  flood control a s  indicated by the Flood Control 
Diagrem. 

be The pool is above elevation 5535.7 and a sudden increase in 
the r a t e  of r i s e  occurs, equal t o  o r  greater  than 0.2 foot  in 6 hours. 
(A r i s e  in pool elevation which, in the opinion of the  Dam Tender, exceeds 
the above l i m i t  only a s  a r e su l t  of w i n d  e f fec t s  w i l l  not be used a s  a 
bas3 s for  not if icat ion)  . 

c. W a l l  a t  the  dam exceeds 1 inch in  6 hours and/or 
knowledge ex i s t s  of heavy runoff downstream. 

5 3 .  Personnel. Section D of these instruct ions lists off ices  and 
personnel t o  whom reports and questions related t o  flood control regulation 
may be directed. 

. ' .  



SECTION C 
FAEXGENCY REGUTIONS FOR F W D  CONTROL 

C-1. Definition of Ekner~encv Flood Control R e d a t i o n .  For the purpose 
of these instructions an emergency is defined t o  begin with a f a i lu re  i n  
c o d c a t i o n s  between the Dam Tender and the personnel of the Dis t r i c t  
Engineer o r  the Regional Director l i s t e d  in Section D a t  the time when 
a report  from the Dam Tender is required by paragraph 5 2 .  Fmergency 
regulation procedures w i l l  be in i t ia ted  only if c o ~ i c a t i o n s  cannot be 
established within 3 hours a f t e r  such time t h a t  not if icat ion is required 
by paragraph B-2 and it has been determined t h a t  the commmication outage 
may continue f o r  an additional 12 hours. (Every possible e f fo r t  w i l l  be 
made by the Dam Tender, while remaining a t  o r  near h i s  post, t o  establ ish 
communication w i t h  the Dis t r ic t  Engineerts o r  the  RegiondL Director's 
personnel, including use of any available Federal, commercial, o r  private 
means of communication media o r  use of a courier traveling by any available 
means of transportation t o  the nearest point where such rapid means of 
communication is available ) . 
C-2. Emergency Procedures. Emergency flood control regulation instructions 
f o r  Clark Canyon Reservoir a re  a s  foUowa: 

a.  Follow the l a s t  regulation instruction received f o r  6 hours a f t e r  
the conditions in  paragraph B-2 occur ( d e s s  conditions under d below 
occur) before adjusting releases a s  provided below. 

. b. Pool elevations will be observed hourly but releases will not be 
adjusted more often than a t  6-hour intervals.  

c. With the pool above 5535.7, with no ra in  of consequence a s  defined 
in ltd" below, and a f t e r  the waiting period a s  described by "att above, 
releases w i l l .  be adjusted t o  the l eve l  given in the following schedule. 
However, releases w i l l  not be decreased t o  below the l eve l  specified by the 
l a t e s t  available regulation order. 

Reservoir 
Elevation 
5535 07-5542 

Pool Rise ( ~ e e t )  in 
a 6-Hour Period 

-0 

Less than 0.5 
Over 0.5 

Less than 0.3 
Over 0.3 

Less than 0.2 
Over 0.2 

Stationary o r  Falling 
Pool 

Stationary o r  Falling 
Pool 

Release Schedule 
Latest Regulation Order 
Latest Regulation Order 
800 c.f.s. 
900 c.f.s. 
1,000 c.f as. 
1,200 c.~.s .  
1,500 c .~ . s .  
Latest Regulation Order 

Maintain &ximum Gate Opening 
attained u n t i l  pool f a l l s  
t o  elev. 5546.1 



Schedule Continued 

Reservoir 
Elevation 
3560.4-5571 09 

Pool Rise ( ~ e e t  ) i n  
a 6-Hour Period Release Schedule 
Stationary o r  Rising Opem gates as necessarg 

Pool t o  pass inflow 
Falling P w l  Maintain maximum gate 

opening attained during 
rising pool 

Wperation of the pool as directed by the  Bureau of Reclanation. 
I 

d.  In case of rain in excess of 1 inch in 6 hours at  Clark Canyon 
Dam and/or knowledge ex i s t s  of heavy runoff downstream reduce releases 
t o  conservation requirements if above tha t  rate .  Maintain t h i s  rate fo r  
24 hours, then return t o  release based on above table.  

0 3 .  Safety of Dam. The foregoing regulation procedures are not intended 
t o  r e s t r i c t  the Dam Tender from taking such additional measures as are 
necessary t o  insure the safety of the dam. 

0 C-4. Report of Emergency Re~ulat ion.  The Dam Tender shall r epo r t  a l l  
emergency regulation t o  the Dis t r ic t  Engineer and/or Regional Director 
of f ice  personnel a s  promptly as practicable as communication f a c i l i t i e s  
w i l l  permit. 





CLARK CANYON DAM & RESERVOIR (FLOOD CONTROL IEGULATION PERSONNEL) 
(1f more than one name shown, c a l l  i n  order l i s t e d )  

I CORPS OF ENGINE23RS - OMAHA DISTRICT 

I WSEilVOIR RFGULATION SEC'JION - OMAHA 

OFFICE PHONE HOW3 PHONE MAILING ADDFESS 
402-221-4608 402-451-6397 Dis t r ic t  Engineer 

I 
R. H. Williams 402-22 1-4606 402-553-7273 U.S . Army Engineer Dis t r ic t  

FTS-Dial 864-Las t 4 Digits 6014 U.S. Post Office and Courthouse 
Omaha, Nebraska 68102 

FIl3LD OFFICE - FORT PECK AREA 
Eon beckman, Area Engr. 406-526-341 1 406-367-4381 Fort Peck Area, C.E. 

FTS- Dial 585-5011 Ask f o r  Number Fort Peck, Montana 59223 ' d m  M M  - 
E 2  

EU'rlEkU OF +?ECLAMATION UPPER MISSOURI I'U3GION 014 z o  
212 

RZSZRVOIR REGULATION BRANCH - WGIONAL OFFICE 
E v a n  J. Edwards ba5-245-6416 

F u  

406-245-7771 Regional Director, Upper Missouri Region 
Go ~d on Ayc oc k 406-245-65 16 406-245-3505 U.S. Bureau of ' Reclamation 

FTS-Dial 585-Last Four Digits P. 0. Box 2553 , 

Billings, Montana 59103 

CLARK DANYON DAM TZNDER 
Dick Kennedy 

OTffiH - 
Gary Wicks 

406-683-5517 East Bench I r r iga t ion  Dis t r ic t  
FTS-Dial 585-5011 Ask f o r  Number Dillon, ~ o n t a n a -  59725 

- 406-4.49-3712 
FTS-Dial 585-Las t Four Digits 

Montana Department of Natural Resources 
and Conservation 
Helena, Montana 59601 





SEASONAL FOWCAST PROCEDURE 

1. General. Since Cl-ark Canyon Dam i s  located i n  a mountainous area,  
a major >ortion of i ts  annual inflow normally occurs during the  April-June 
period as a r e su l t  of mountain snowmelt. I n  years when the  snow accumula- 
t i o n  i s  high it i s  necessary tha t  reservoir  storage space be made avai lable  
i n  advance of the  anticipated runoff. To determine the  amount of space 
needed t o  control this runoff a seasonal volume forecast  i s  developed. 

2. Development of Forecast Procedure. Multiple correlat ion s tudies  were 
made which related independent variables (antecedent runoff , f a l l  and 
winter precipi ta t ion,  winter or  April  temperature, spr ing and summer pre- 
c ip i t a t ion  and snow water content) t o  the  dependent variable (April through 
June runoff volume). Using a e lectronic  computer d i f fe ren t  combinations of 
independent variables were correlated t o  the  April-June runoff. After 
examination of the  computer r e su l t s  t he  forecast  formulas given below were 
selected as the  most re l iable .  

Two basic formulas were developed, one t o  be used f o r  forecast  made 
before 1 March (1 FeSruary basic formula) and one f o r  forecast  made on and 
a f t e r  1 March ( 1  Ju ly  basic formula). Two were developed, because pr ior  
t o  1 March there  a re  insuf f ic ien t  snow course measurements taken within the 
basin. 'Rrerer ore, the  'basic 1 February f o r m l a  was developed u t i l i z i n g  
snow courses outside the  basin. The snow courses used i n  the  basic 1 J u l y  
formula a re  a l l  within or  near the  basin boundaries, however, most of them 
were not measured on 1 January and 1 February i n  the  past. The 1 February 
formula is  based on a correlat ion analysis f o r  the  35-year period from 1941 
through 1975. The 1 July  formula is  based on correlat ion analysis f o r  the  
28-year period from 1948 through 1975. Variables used i n  the  analysis a re  
given i n  Table 111. It is f e l t  the  forecast  eqv-ation should be updated 
using additional acquired data every f i v e  years. 

3. 9 p l i c a t i o n  of Basic Forecast Formula. The formulas are  bas ica l ly  
1 February and 1 July forecast  since a l l  the  data is  not known unki l  these 
dates. Before these times, observed values will be used t o  date of forecast  
with average values used f o r  remainder of period, Average values are  given 
i n  Tables I and 11 t o  a id  i n  computing the  forecasts  a t  any time. Tables I 
and I1 also give the  average value of variables used i n  t h e  formula. This 
t o  enable the  forecaster  t o  determine what percent of average the  current 
forecast  and each of i t s  variables may be. . -  

As no past record of streamflow a t  the Clark Canyon damsite i s  available,  
the  nearest stream gaging s t a t ion ,  of suf f ic ien t  record, was used t o  develop 
the  runoff. The observed streamflow on Grasshopper Creek near Dillon was 
subtracted from the  5eaverhead observed flow a t  Barretts .  This difference 
along with the  storage holdoct from Lima was used 2s the  dependent variable 
) Therefore, t o  obtain the  forecasted ac tua l  flow a t  Clark Canyon Dam, 
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fur ther  adjustments need t o  be made t o  the  value computed from the  formula 
a s  follows: 

Actual Inflow = 0.9 (xl -ASt r  Lima) 

Actual Inflow = April  through June estimated inflow t o  Clark Canyon 
Dam i n  1,000 acre-f eet  . 

. . 

X1 = Flow of ~eaverhead River a t  Barret ts  minus Grasshopper C r e ~ k  
near Dillon plus storage holdout of Lima Reservoir, from forecast  
equation i n  1,000 acre-feet. 

A S t r  Lima = Estimated storage holdout by Lima Reservoir during the  
April-June period i n  1,000 acre-feet. (~xample - Lima capacity of 84,000 
A.F. minus estimated 1 April  storage a t  t h a t  project) .  

For Forecast Pr ior  t o  1 March 

Basic Equation XI = 0.548 X2 + 9.92 X3 - 1.64 (corrected R Bar = .51) 

1 January Forecast 
X1 = April  through June reference runoff i n  1,000 acre-feet 
X2 = September through November runoff i n  1,000 acre-f ee t  i ~ c p r e s  ents 

same flow conditions as above and may be computed from actual  runoff 
records o r  estimated from average streamflow conditions given i n  Table 11) 

X3 = 1 January snow water content plus average gain of 3.3" t o  
1 February ( ~ v e r a ~ e  of three s ta t ions  Hebgen Dam, Ten Mile Upper and 
West Yellowstone). 

1 February Forecast 
XI = r e f e r  t o  1 January forecast  

= refer  t o  1 January forecast 
= 1 February snow uater  content ( ~ v e r a ~ e  of three s t a t ions  use& 

f o r  January forecast) .  

TABU I 

Snow Stat ion January 
(water Content ) Ave. inches 

Hebgen Dam 
Tern Mile Upper 
West Yellowstone 

Average of 3 s t a t ions  5.5 

February 
Ave. inches 

Variable Ave. Value 

X1 119.8 
x2 63.2 
x3 8.8 



For Forecast on After 1 March 

Basic Equation X1 = 1.00 X2 + 13.5 X3 + 18.7 X1, - 223 (Corrected R 
Bar = .92) 

1 Maroh Forecast 
X1 = refer  t o  1 January forecast 
x2 = re fe r  t o  1 January forecast 
X3 = 1 March snow water content plus average gain of 1.9" t o .  

1 April (~verage  of f ive  s tat ions Goldstone, Lakeview Canyon, Lakeview 
Ridge, Lernhi Pass and T r a i l  creek) 

xl, = 5.68 ( ~ p r i l  through June average precipitation) 

1 April Forecast 
X1 = re fe r  t o  1 January forecast 
x2 = refer  t o  1 January forecast 
X3 = 1 April snow water content (Average of f ive  s tat ions used 

fo r  1 March forecast)  

x4 = 5.68 ( refer  t o  1 March forecast) 

1 May Forecast 
X1 = refer  t o  1 January forecast 
X, = refer  t o  1 January f o r e c ~ s t  

= refer  t o  1 April forecast 
= April precipitation plus average precipitation of 4.48" 
June (Average of three s tat ions Dillon WMCE, Lakeview and 

Lima) 

1 June Forecast 
X1 = refer  t o  1 January forecast 
x2 = refer  t o  1 January forecast 

= re fe r  t o  1 April forecast 
= April-May precipitation plus average precipitation of 2.54" 

of three s tat ions used of 1 May forecast) 

Precipitation April May June 
Station Ave. inches Ave, inches - Ave, inches 

. .. Dillon 1.12 
Lakeview 94 
Lima 1.53 - 

Average of 3 stat ions 1.20 1.94 2.54 



Snow Sta t ion  March 
(water Content) Ave. inches 

Goldst one 15.5 
Lakeview Canyon 1027 
Lakeview Ridge 9.3 
Lemhi Pass 8 2  
.Trail Creek 
Average of 5 Stat ions 

April  
Ave. inches 

Variable Ave. Value 

Average streamflow values: 

For the  April  through June period the  average contribution of 
flow a t  Barret ts  from areas above are: 

'72s - k . e a  above Clark Canyon Dam 
2@ - Area above Grasshopper Creek near Dillon 

8$ - Incremental area between above two areas and 
Barret ts  S ta t ion  

For the  September through November period the  average contribution 
of flow a t  Barret ts  from areas above are: 

85% - Area above Clark Canyon Dam 
1 6  - Area above Grasshopper Creek near Dillon 

596 - Incremental area between above two areas and 
Barret ts  S ta t ion  

4. Pertinent Data. Table 111 gives a tabulat ion of the  values used t o  
compute the  forecast ,  along with the  computed forecasts  of runoff. T h i s  
is then compared with the  actual  The difference between t h e  two 
is a lso  tabulated. This t ab le  i s  included mainly (1) t o  i l l u s t r a t e  t h e  
accuracy of t he  forecast  and (2) as a out l ine f o r  continuation of corn- 

' puting future  f oecast . 



-1 )JANUARY A P R  IL-JUNE T O R B C ~ S ~  
; 9 4 8 ( ~ 2 )  4 9 , 9 2 ( X 3 )  f 1 , 6 4  ? X I  

Y E A R  



. - .  - . - 
llAs~e IIX ' (cont * d ) 

1 FEeRUARY P P R  IL-JUNE F O ~ ~ E E A S T  
! 5 4 8 ( X 2 1  t 9 * 9 2 ( X 3 )  ; 1 : 6 4  8 X I  

ACTUAL. 
RUNOFF YE A R  DIFFERENCE 

-15. 





ACTUAL 
Y E A R  X2 X3 . X 4  X 5 X 6 X 7 X8 X 1 RUNOFF DIFFERENCE 



ACTUAL. 
RUNOFF 

174. 
124 e 

109. 
9 6 .  

1-46, 
116. 

4 4 .  
56. 
7 7 .  

164. 
116. 

4 4 .  
4 7 .  
1 4 .  

107. 
87. 

165. 
203. 

3 2 .  
111. 
110. 
180. 
163. 
2 3 7 ,  
158. 
1 0 2 .  

9 6  e 

207  a 



. . . . - . . .  
TABLE I11 (~ont ;d) 

I ,JUNE APRIL-;lNE FORECAST 
l . O O ( X 2 )  1 3 . f f X 3 )  1 8 . 7 ( X 4 )  - 2 5 2 .  = X I  

ACTUAL 
RUNOFF DIFFERENCE 



- - - . - - .  - .  
TABLE I11 (conttd) 

1 JULP APRIL-CLNE FORECAST- 
1 , 0 0 ( X 2 1  * 1 3 . 5 ( X 3 )  + 1 8 , 7 ( ~ 4 )  - 221 .  % XI 
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STORAGE RESERVATION DIAGRAM 

1. General. Corps of Engineers Reservoir  Regulat ion pol icy  promotes 
t h e  use of a diagram, mvtually signed by t h e  Commissioner of Reclamation 

f 

and t h e  Chief of Engineers,  a s  t h e  o f f i c i a l  instrument  des ignat ing  f lood 
c o n t r o l  s t o r a g e  a l l o c a t i o n s  i n  Bureau of Reclamation p r o j e c t s  b u i l t  w i t h  
a seasonal  f lood c o n t r o l  purpose. Flood c o n t r o l  b e n e f i t s  were used i n  
t h e  f e a s i b i l i t y  s tudy of Clark Canyon Dam. These b e n e f i t s  r e s u l t e d  from 
r e ~ l a c e m e n t  of Missouri River main stem dam s t o r a g e  a s  w e l l  a s  t h e  preven- 

A 

t i o n  of l o c a l  downstream flooding.  The Flood Control  Diagram was con- 
s t r u c t e d  t o  r e a l i z e  these  two ob jec t ives .  See diagram a t tached t o  Flood 
Control  Regulat ions,  Exhibi t  I. 

2. Replacement Regulation. To achieve replacement b e n e f i t s  t h e  diagram 
was constructed t o  have 76,674 acre- fee t  of space vacant  below e l e v a t i o n  
5556.5 (or 99,289 acre- fee t  of space vacant below t h e  sp i l lway c r e s t )  
p r i o r  t o  winter  r i v e r  f r e e z e  up each year .  Then i f  replacement s t o r a g e  
is needed a t  l e a s t  t h i s  amount of space (76,674 ac re - fee t )  w i l l  b e  a v a i l a b l e  
f o r  f i l l .  I n  add i t ion ,  more d e t a i l e d  s t u d i e s  of r egu la t ion  of t h e  main stem 
r e s e r v o i r  system i n  conjunct ion wi th  t h e  t r i b u t a r y  r e s e r v o i r s  have shown 
t h a t  t h e r e  i s  a reasonable assurance t h a t  t h e  e n t i r e  j o i n t  use zone 
(50,436 acre- fee t )  p lus  t h e  lower 56,475 acre.-feet of t h e  f lood c o n t r o l  
zone (below t h e  l o c a l  f lood c o n t r o l  only zone) w i l l  be  a v a i l a b l e  a s  re-  
placement s to rage .  Once t h e  dec i s ion  is made f o r  t h e  need of replacenent  
r e g u l a t i o n  ( t o  be determined by t h e  Missouri River Divis ion  Reservoir  
Control  Center normally sometime between 1 August and 1 March) f i l l  of a s  
much of t h i s  space a s  poss ib le ,  a f t e r  March, is  requi red .  However, f i l l  
of t h i s  space must no t  exceed t h e  l i m i t s ,  a s  r e f e r r e d  t o  below, necessary 
f o r  l o c a l  downstream f lood p ro tec t ion .  I f  j o i n t  use s t o r a g e  is  requi red  
f o r  l o c a l  downstream flood con t ro l ,  i t  must be vacated by 1 March ( a s  con- 
s t r u c t e d  i n  t h e  diagram) when replacement r egu la t ion  is requi red .  

3. Local Flood Control  ~e~ulat ion.  To provide f o r  l o c a l  downstream f lood  
c o n t r o l  t h e  amount of s t o r a g e  needed t o  s t o r e  excess runoff o r  c o n t r o l  an 
a n t i c i p a t e d  f lood is  determined a s  the  d i f f e r e n c e  between inflow and normal 
conservat ion r e l eases .  I n  developing the  diagram t h i s  d i f f e r e n c e  is sub- 
t r a c t e d  from t h e  s to rage  a t  e l e v a t i o n  5556.5 ( t h i s  being t h e  t a r g e t  eleva- 
t i o n  t o  f i l l  t o  during yea r s  replacement is needed) t o  determine t h e  minimum 
f lood c o n t r o l  a l l o c a t i o n .  The po in t s  of minimum f lood c o n t r o l  a l l o c a t i o n  
a r e  then l abe led  a s  t h e  corresponding inflow, only i n  percentage of normal. 

4. To develop t h e  parameter l i n e s ,  average inflow d i s t r i b u t i o n  was assumed 
a s  100% f o r  April-June, 73% f o r  May-June, and 43% f o r  June. These va lues  
were developed from t h e  runoff records  a t  t he  B a r r e t t s  s t ream gaging 
s t a t i o n .  Corresponding outf low (normal conservat ion r e l e a s e )  d i s t r i b u t i o n  
was assumed a s  52,000 acre- fee t  f o r  April-June, 40,000 acre- fee t  f o r  May- 
June and 25,000 acre- fee t  f o r  June. Values of 78,000 acre-feet  f o r  Apri l-  
June, 57,000 acre-feet  f o r  May-June, and 34,000 acre- fee t  f o r  June were 



assumed a s  t he  ac tua l  normal runoff i n t o  Clark Canyon a f t e r  ana lys i s  of 
(1) t he  fo recas t  equation, (2) pas t  Lima Reservoir April-June water 
s torage holdouts and (3) the  converting of flow a t  Ba r r e t t s  t o  t he  
Clark Canyon damsite. An example of determining t he  s torage a l loca t ions  
f o r  an inflow of 160% of normal is a s  follows: 160% of 78,000 acre-feet  
gives a April-June inflow of 125,000 acre-feet ,  with the  corresponding 
3 month outflow of 52,000 acre-feet ,  the  s torage a l l oca t i on  is then 
73,000 acre-feet  of space below the  t a rge t  e levat ion of 5556.5 o r  96,000 
acre-feet  below elevat ion 5560.4 f o r  1 Apri l .  To determine the  1 May 
a l l oca t i on  May-June inflow is  73% of 125,000 acre-feet  o r  160% of 57,000 
acre-feet  o r  91,000 acre-feet ,  outflow is  40,000 acre-feet ,  s torage 
required is then 51,000 acre-feet  below elevat ion 5556.5 o r  74,000 acre- 
f e e t  below elevat ion 5560.4. To determine the  1 June a l loca t ion ,  June 
inflow is  43% of 125,000 acre-feet  o r  160% of 34,000 acre-feet  o r  54,000 
acre-feet ,  outflow is  25,000 acre-feet ,  s torage required is  then 29,000 
acre-feet  below elevat ion 5556.5 o r  52,000 acre-feet  b2low e leva t ion  
5560.4. S t ra igh t  l i n e s  drawn connecting these  values represent  t he  f lood 
con t ro l  s torage a l loca t ion  f o r  a an t i c ipa ted  inflow of 160% of normal a t  
t he  damsite. The parameter l i n e s  were drawn horizonal  from 1 Apr i l  t o  
1 March t o  s a t i s f y  replacement c r i t e r i a  and t o  provide f o r  o rder ly  
evacuation of storage.  A minimum reservat ion l i n e  was a r b i t r a r i l y  drawn 
from 1 March t o  1 May and from 1 September t o  1 December. 

5. Operating c r i t e r i a  with Bureau spec i f i e s  t h a t  space j o i n t l y  used f o r  

C f lood control  and conservation be assured of f i l l  p r i o r  t o  the  end of t he  
runoff season. A t  Clark Canyon s i nce  the  joint use  space l i e s  56,475 
acre-feet  below the  targeted f i l l  e levat ion of 5556.5, t h i s  provides ample 
assurance of r e f i l l  (agains t  t he  fo recas t  e r ro r )  of the  j o i n t  use space. 
I n  o ther  words, the  pos i t i ve  fo recas t  e r r o r  (when ac tua l  runoff is l e s s  
than fo recas t )  i s  not s u f f i c i e n t  t o  warrant regula t ion using an assured 
runoff fo recas t  (most probable fo recas t  l e s s  fo recas t  e r ro r  allowance). 
It is  noted on t he  other  hand, i n  preparation of years when negative 
fo recas t  e r r o r s  (when ac tua l  runoff is  more than fo recas t )  may occur, f i l l  
of space must be l imi ted (as  developed i n  the  diagram) t o  prevent agains t  
too rapid a f i l l ,  which could impair the  flood con t ro l  function of the  
rese rvo i r .  To o f f s e t  t he  negative fo recas t  e r ro r  when f i l l  i s  targeted 
t o  e levat ion 5556.5 f o r  replacement regula t ion,  t he  d i f fe rence  between 
normal conservation re lease  (52,000 acre-feet  f o r  April-June) a s  used i n  
constructing t he  parameter l i n e s  and the  permissible flood r e l ea se  
(controlled t o  1,500 c . f . s .  a t  Bar re t t s )  provides s u f f i c i e n t  allowance. 
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