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FLOOD CONTROL STORAGE IN 
HEART BUTTE RESERVOIR 

C(lNSTRU3TED BY THE BUREAU (31F RECLAMATION 

1. Authai t~r ,  The following report on Reservoir Regulation Plans 

fcxr Heart Butte Reservoir is submitted i n  compliance with instructions 

contained i n  a l e t t e r  from the Division Engineer, Missouri Rltrer 

Division, t o  the Dis t r ic t  Engineer, Garrison Distr ict ,  dated 11 December 

1948, wbject,  *Flood Control Provisions, Operating Regulations, and 

Benefits f o r  Bureau of Reclamation Reservoirs authorized by Flood 

Control Act of 1944, ff Fi le  800.5 MRDGU, and i n  paragraph C 2 of i t 8  

accompanying inclosure, "General Procedural Outline for Accoq~ishmelrt 

of Corps of Engineers! Responsibilities fo r  Flood Control i n  Bureau of 

Reclamation Reservoirs i n  Ivlissouri Basin Plan.R The report was aleo 

prepared i n  conf mmity with paragraph 4220.01, Orders and Regulations 

and pertinent sections of the Engineering Va-1 fur Civi l  Works 

referred t o  therein. 
' .  

2. Puuoee, Heart Butte Dam and Reservoir is a dt ip&e-purpom 

project constructed bg the Bureau of Reclamation. The project was 

included i n  Sellate Document 191, 78th Congress, Second Session, with 

m o e e 8  @sated as irrigation, p.mer, flood and silt control, and Wag 



authorized by the Flood Control A c t  approved 22 Decembor 19&. 

36 Location. Tne Heart Butte dam s i t e  i s  formed by a narrow 

gorge i n  the  Heart River valley, 103.5 r i ve r  miles above the mouth. 

The dam i s  located i n  Grant County, 16 miles south of Glen Ull in ,  

North Dakota (plate 1) .  

4. Description of the basin. The 3,400 square mile drainage area 

of the Heart River, located i n  southwestern North Dako-t;a, includes most 

of Stark and Morton Counties and smaller portions of Grant, Bi l l ings ,  

Dunn, Hettinger and Oliver Counties. The basin i s  approximately 1X) 

miles long and has a maximum width of about 40 miles. The long axis  

extends almost due west from the liiouth of  the r iver ,  vrhich i s  a t  

Missouri River mile 1373 a 3  about seven mile s dovinstroam from ?landan, 

North Dakota. A m p  o f  the  bash. i s  sham on plate  1. The upland 

topography i s  f l a t  and gently r o l l i n g ,  typical  of l ~ i s s o u r l  Flateau 

p ra i r i e  land. The val ley of the main stem, which averages about mile 

in  width, l i e s  about 100 feet belmi the general l eve l  of the upland 

plains. The val ley  wal ls  a re  precipitous, and i n  some areas  have the 

appearanoe of l'badlands.lf Elevations in the basin range from 1630 t o  

about 3300 f e e t  above mean sea level.  Stream slopes are  adequate except 

near the mouth, where t he  stream traverses the broad, f l a t  plain of the 

River Valley and the  gradient negligible 

5. Climate, Precipi ta t ion throughout the basin varies widely from 

year t o  year. The average i s  about 15.5 inches annually. m i l e  about 

60 percent of the annual precipi ta t ion normally occurs during the 

growing season, agr icul ture  within the basin has suffered severely f r m  

extended periods of drought. S u m r s  are short, though sometimes hot, 



grid ovinters a m  10% and cold, Recarded temperatures range from a 

maxim of 119' t o  a minimum of -500. The mean anrmal temperature 

r"K is 41'. Surface winds are , . strong and persis tent  and evaparation r a t e r  

are high. 

6. Economic deoelo~ment. The t o t a l  population of the basin, 

1940 census, was 33,564 of which 13,684 were urban, living i n  c i t i e s  or 

towns of 500 cw aver. Two c i t i e s ,  kndan and Dickinson, have populetioaa 

of over 5,000. Principal industries are general farming, stock raising, 

mmtfacturing, and mining. The Northern Pacific Railway main l i n e  

traverses the length of the basin, and the Wea is well served trJr county, 

state, and Federal highways. 

7. Stream flow, Stream flow is erratic, varying widely f'rom sea- 

C son t o  season and from year t o  year, A large portion of the annual 

stream flow usually occurs during the early spring as a r e su l t  of melt- 

ing of the winter's accumulation of snovr. T h i i  i s  the usual cause of 

damagiq floods which are  often increased i n  severi ty  by jarmning of 

ice, The most damaging flood of record, t ha t  of March 194.3, was of the 

snow-melt type and affected nearly the en t i re  length of the r iver .  

This flood had a peak flow of more than twice the previous meximum 

nf recard but no ice  e f fec t  was noted i n  the lover reaches, apparently 

because o f  the very high discharge. Damages r e s ~ l t i n g  from t h i s  flood 

a ~ e  estimated as $.1,257,200 of which $:659,000 were d i r ec t  damages i n  the 

c i t y  of Mardan. The greatest  flood of record, t ha t  of April 1950, 

C was a l s ~  oP the snw-melt type. Had not the Heart Butte Dam and the 

Corps of Engineers' local flood protection project a t  Maadan been i n  

C operation, damage.s would have exceeded those of 1943 by a wide margin, 

The 1950 flood damages in Heart River valley ere estimated a t  $1,065,000., . . 



C The peak discharge a t  Mandan, about 31,000 c . f . s . , although reduced t 

Heart Butte Reservoir exceeded tha t  of 1943 bg about 50 percent. Ice 

experience was similar t o  tha t  of 1943, leading t o  the tentat ive con- 

clusion t h a t  stage increases due t o  ice are greatest during floods of 

maderate discharge. 

8. Stream flow usually becomes smaller as the season advancer. 

Such r i s e s  a s  occur during the  l a t e  spring and summer are the r e s u l t  of 

ra ins  or heavy local  thundershowers. These r i s e s  rare ly  cause flooding, 

and the minm damage they have caused has been confined t o  the lower 

reaches of the s t r eaw During the period when the r iver  is frozen, 

November through !.!arch, stages and 6ischarges are usually low although 

winter thaws have on occasion causeoi appreciable stream flow. Prim t o  

the construction of H e a ~ t  Butte Dam, zero discharges were experienced 

during dry years. 

9.' History of t b e  project. I rr igat ion poss ib i l i t ies  along the  

Heart River were investigated i n  $903 and 1904 by the Bureau o f  Reclam- 

ation. It vras recommended a t  that time tha t  no further irrvestigation be 

made. In 1922 the Micsirmi Slope Pr iga t ion  asso-iation, formed by 

people of Grant and Morton C ounties, North Do kota, first developed 

in teres t  i n  a combined i r r iga t ion  and flood control project a t  the 

Heart Butte Reservoir s i te .  In 1926 the Bureau of Reclamation made an 

investigation and submitted a report which considered mch a combined 

project. I n  1932 the Corps of Engineers submitted a report, (the 11308 

~eport") published in House Document No. 238, 73rd Congress, second 

session, which discussed a multiple-piimpose reservoir a t  the Heart Butte 

r f t e  similar t o  tha t  considered by the  Bureau of Reclamation. 
* \ 



B e  recommendation of t h i s  report  m s  unfavorable because the finding 

indicated the economic impracticabili ty of development. I n  1937 the 

Corps of Engineers submi-tted a Ireport which concluded tha t  the flood 

control  and i r r i ga t ion  project was not economically ju s t i f i ed  because 

the estimated cos ts  exceeded the benefits. The report  was returned 

f o r  fur ther  study, and i n  June 1941 a review report  v$as submitted which 

recommended construction of loca l  flood protection works a t  Mandan, but 

did not recommend construction of a ref;erv&s' st the H e a r t  B u t t e  ts&he 

because combined estimated benefits  did not excesd the costs ,  Due t o  

the unprecedented discharge and resu l tan t  damage caused by the 1943 

flood, another review report  was prepared with damage aad benefit  data  

revised t o  include 2JEormation obtained during the 1943 flood. This 

report  recommendel: sxs-Lruction of both the Mandan loca l  protection 

project and the Heart Butte Reservoir. Heart but te  Reservoir was a l s o  

discussed i n  a Bureau of' Reclamation r q o r t ,  submitted i n  1944 and 

published a s  Senate Docunent 191, 78.Zh Congress, second session. The 

Flood Control Act of l9/& authorized construction of the reservoir by 

the Bureau of Reclamation as per t  of the cozprehensive plan for  the 

Missouri Basin with purposes stated as  i r r iga t ion ,  poner, f lood and 

d ~ ~ - c o ~ r o l .  Subsequent s tudies  showed tha t  power production would 

be impracticable, and power provisions were not incorporat.ed i n  the 

construction plans. Construction of the dam was s ta r ted  i n  March ,1948 

and completed i n  December 1949. 

10, Description of the project,  Heart Butte Dam is an ea r th - f i l l  

s t ructure  p i t h  a conbined spillway amd out le t  conduit through the dam 

near the r i g h t  abutment, and a short  e e r t h - f i l l  dike closing a saddle 



about 1& miles southwest of the  dam s i t e .  The dam rises about 124 feet 

above the r i ve r  channel and has a m a f i m  length of approximately 1850 

feet .  The dam and dike c r e s t s  are  a t  e levat ion 2124.0, mean sea level.  

C The w w  consis ts  of a single 14-foot diameter corduit  having an 

uncontrolled, glory-hole intake with c r e s t  a t  elevation 2064.5 and an  

11-foot diameter v e r t i c a l  entrance shaft. The i r r i g t t i o n  ou t l e t  con- 

sists of a 63-inch diameter conduit, intake c r e s t  elevtition 2030.0, 

with f l m e  controlled by tandem 4-f oot by 5-f oot hydravlically operated 

s l i de  gates. Discharges a r e  made a t  a t r a m i t i o n  i n t 3  the u - f o o t  

spillway conduit. General fea tures  of the  dam, spillwa~~ and i r r i g a t i o n  

out le t  are sfown on p la tes  2, 3, 4, and 5. 

11. The r e s e ~ v ~ 2 r  has a gross storage capacity cf approximately 

C 426,Or)O acre-feest ~t xa~iimun pool a l e - a t i o n  2118,2. At spil.hvxy c r e s t  

elevation 2364.5, tha capacity is 75,500 acre-feet of which 63,700 acre- 

f e e t  is f o r  i r r i g a t i o 2  use and 6,800 acse-feet (reservoir  e l e w t l o n  

2030.0) is fo r  sediiilent control  and dead storage. A mi, of the 

reservoir  area i s  sho~m on plate  6. W the  350,500 acre-f oct  capacity 

above spillway c res t ,  153,900 (reser;oir e l e w  t ion  2064.5 t o  2094.5) 

is  al located fo r  flood control  storage, The remaining 200,5.30 acre-feet 

of surcharge capacity i s  provided f o r  safety of the s-tructure. Spillway 

capacity with th3 reservoir  a t  maximum f l o d -  control  pool e levat ion 1s 

4,450 c.f .s. The i r r i ga t ion  out le t  has a cepacity of 690 c . f  .s. with 

reservoir  a t  spillway c r e s t  elevation and 710 c .f .a. a t  e levat ion 2067,0, 

C the m a x i m  reservoir  elevation a t  which the ou t le t  ororks can be operated 

because of design l imitation.  Reservoir area and capacity curves, and 

C @pillway and out le t  discharga curves are shown on p l a t e  7. 



12. Basin dsveloamea$, Heapt Butte i s - t h e  only reservoir otl the 

Heart Rivet with storage capacity alloceted fo r  flood c o ~ t r o l .  Dickin- 

son Reservoir, another Bureau of Reclamation project on wWch con- 

s t ruct ion was s ta r ted  i n  1949 (plate I), w i l l  provide some small flood 

control benefits incidental  t o  operation far other purposes, The Corps 

of Engineers has constru.cted loca l  flood protection works t o  protect  the 

City of Mandan and has made investigetion8 for protection of lower H e ~ r t  

River areas downstream from Xandan. The Bureau of Reclamation proposes 

t o  construct i r r i g ~  tj on f z c i l i  ties serving 13,100 acres of the i r r igable  

lands i n  the Hesrt River Valley i n  conjunction with storage capacity 

of Heart Butte Reservoir. These lands l i e  i n  scattered t r a c t s  along 

the  Heart River between Heart Butte Dam and the mouth, Present plans 

c a l l  fo r  con~ t~ruc t ion  of 37 separate pumping units, together with several 

additional r e l i f t  pumps, t o  carry the  weter from Heart River t o  the 

i r r igable  t r ac t s .  A map shoming the locetion of i r r igable  lands i n  

the Heart River Valley, and the preliminary proposal fo r  pump and 

canal l o c ~ t i o n s ,  i s  presented on plate  8. 

13, P e r t i n e d  data, Pertinent @ata regarding Heart Butte Dam and 

Reserv0i.r are given i n  the follov~ing te.ble: 

TABU I --Pertinent Data. 

Erainage Area Controlled . 1758 square milea 

Reservoir 

of storaae Pool e l  -' ~ o l v m e d ~ . ~ .  1 : &cl Area (ncres) 

Surcharge 



Table I - Pertinent Data (~ontd)  
< . a  , 

Flood Control 150,000 

Irrigation 68,700 

Dead and Sediment 
St orage 

2000 

rZ)am 

Type Rol ledeath  1CP embankmelrt 

Crest elevation 2 a 9 0  he%, m . s , l .  

Base width i n  river channel 858.5 f ee t  

Top width 40 f ee t  

bpgth 

Height above stream bed 

&illway 

Tspe 

124 feet  
_- 

Ungated glory-hole shaft dis- 
chargiqg into  a l4-fiwt dia- 
meter conduit 

Crest elevatkon 2064.5 feet, m.s.1. 

Diameter a t  crest 27 f ee t  

Diameter of vertical entrance 
shaft 11 fee t  

Capacity a t  elevation 2094.5 
feet 4,450 second-feet 

(top flood control pool) 

Outlet works 
, ' ,  

-9 Gated 63-inch diameter conduit 



Intake 

Discharge 

Table I - Pert inent  Data (~93-:d)  

Bellnouth opening 

Capacity ( a t  reservoir  
level 2064.5) 

Capacity ( a t  reservoir  
l eve l  2067.0, m a x i m  
pool elevation under 
which out le t  works 
can be operated) 

Gates, s l ide ,  hydraulically 
Operated 

Control house 

S t i l l i ng  besin 

Length 

Width (winged section a t  
tunnel por ta l )  

Transition in to  spillway 
conduit 

@0 second-feet 

710 second-feet 

2 - 4.0 rt. by 5.0 ft. 

11.5 f t .  by 17.5 f t .  

216.0 feet 

14.0 f e e t  

Width (rectangular section 
a t  end s i l l )  26.5 f e e t  

B PROPOSED OPEBTLON OF HEART B U T m  RESEaVOIR 

14. Reservoir regulation section. Heart Butte Reservoir w i l l  

a t  all times be operated under direct ion of the  U. S. Bureau of Reclam- 

ation. When flood conditions ex i s t  or  a r e  imminent, the Corps of 

Engineers w i l l  be responsible fo r  regulations governing such operation. 

k t  the present time, no reservoir regulation section e x i s t s  i n  Garri- 

son D i s t r i c t  and the  organization of such a section i s  not contemplated 

i n  the near f i tu re .  The only reservoir  completed or nearing completion 

in the  D i s t r i c t  which has flood control storage i s  Heart Butte. I ts  



consequently, there  a re  normally no operating inst ruct ions  t o  be issued, 

C Until the time t h a t  a reservoir  regulation sect ion i s  needed, the 

Reports and Hydraulics Branch of the  Fmgineering Division w i l l  perf orrn 

the functions of a reservoir  regulation sect ion i n  addit ion t o  i ts  

regular dv.ties. Plate  9 shows the present reJationship of Heart Butte 

Reservoir t o  the D i s t r i c t  organization. 

15. Reservoir r e m l a t i o n  orders. It does not appear t h a t  

reservoir  regulation orders w i l l  be required. However, i f  unanticipated 

conditions should make necessary t h e i r  issuance, the procedure sill be 

as follows: 

a, Normal procedure, Orders w i l l  be by memorandum and w i l l  

conform t o  the following procedure: 

(1) W i l l  be i n i t i a t e d  i n  the Reports and Hydraulics 

Branch, 

(2) N i l 1  be numbered s e r i a l l y  with t he  year following 

the order number, f o r  example, Subject : Heart Butte Flood C ontr61 

Regulation Order No. 1. 1950. The first order of each calendar year 

w i l l  be number 1, 

(3 )  V : i l l  be routed through the following channels: \ 
(a) Chief, Reports and Hydraulics Branch, through ) 
(b) Chief, Engineering Division, t o  the  &at~oh-uy  
( c )  Dis t r i c t  Engineer, t o  be forvi'ardsd t o  the 

A 
I 

Regional Director and h i s  representative a t  Bismarck, N. Dak., and t o  

the Water Ut i l i za t ion  S,ection, Missouri River Division. 



b. Emergency procedure. During flood ernergenaie s orders 

w i l l  be transmitted directly from the Chief, Engineering Division by 

radio or telephone t o  the Regional DirectorT s representative a t  Bismarck, 

or in the event of fa i lure  of rapid comrrmnications with tha t  opfioe, 

direct ly t o  the reservoir operating personnel by whatever means avail- 

able. Confirmation memoranda w i l l  be firnishacl by normal procedure. 

c. Permanent records. Any reservoir regulation orders 

issued t v i l l  be transmitted t o  the Water U-tilization Section, Ifissouri 

River Division, a t  the same time they are transmitted t o  U. S. 

Bureau of Reclamation, or as  soon thereaftor as possible, with a brief 

explanation of the reasons for  changing from the previous operation. 

The orders t v i l l  a lso be entered i n to  a permanent record a t  the District 

Off ioe  . 
16. Plan of o~era t ion .  The 3ear t  Butte Reservoir w i l l  be oper- 

ated primarily f o r  i r r igat ion and i n  the in teres t  of f l ood  control i n  

aecordance ~v i th  the "Flood Control Regulations, Heart Butte Dam and 

Re servoir , Heart River, Grant County, North Dakota, " appended hereto 

as exhibit I. Operation of the reservoir through several f lood  periods 

is shown graphically on plates  10 t o  13, inclusive. 

17. sediment observations. Surveys and office studies for the 

purpose of preparing e s t h t e s  of volume and location o f  sediment 

deposits in the reservoir w i l l  be made by United States Bureau of 

Reclamation i n  accordance with paragraph 2 of "FieldYJorking Agreement 

Between Department of the Inter ior ,  Bureau of Reclamation and Depart- 

ment of the Army, Corps of Engineers, Regarding Operation of XeartButte 

Dam and Reservoir, Heart River, Grant County, North Dakota," appended 

hereto as exhibit  11. 

11 



18. Hydrologic network. The -t?eather s t a t i ~ i l s  forming the 

hydrologic network i n  and surrounding Heart Basin are  shown on plate  1. 

s ta t ions  i n  t h i s  nehrorl: making regular reports  are  l i s t e d  i n  table  

2 below: 

Table 2 - R e ~ o ~ t i n r  P r e c i ~ i t a t i o n  Stations 

Type of 
gage (1) Station T p e s  of reports  made 

ifiihenever prec i p i t a t i  on 
of 1" or more occurs 

Snow reports  (2) - i n  2b hours Daily - 
1 

I - 
Almont 

Belf i e ld  N 

Bismarck R X 

Car son 

Dickinson R 
t 

Glen Ul l in  R 

Mandan 

New Hradec N 

New Salem 

Riohardton 

(1) R - recording gage and N - nonrecording 

(2) Snow reports include depth and moisture content or' snow end are  

made weekly a f t e r  1 February and da i ly  during melting period. 

(3)  April through September. 

The reports  from the  above s ta t ions  w i l l  be collected d a i l y  by the U. S. 

Weather Bureau off ice  a t  Bismarck, Iforth Dakota and transmitted by 

telephone t o  Garrison Di s t r i c t  office. The other s ta t ions  shown on 

plate  I w i l l  furnish,  by telephone, available supporting data as needed. 



19. -%po,rtinp; proffrarn o  f  s t ream-gagi~g and r iver-s tage s t a t i o n s ,  

Reports of r i v e r  s t ages  and discharges a t  t?!e U. S,  Geological Survey 

gaging s t a t i o n s  i n  t h e  Heart River B a s h ,  under t h e  d i r e c t i o n  of t h e  

D i s t r i c t  Engineer of t h a t  agency, w i th  o f f i c e s  a t  Bismarck, North 

Dakota, a r e  made a v a i l a b l e  d i r e c t l y  t o  t h e  Distri c t  Engineer, Garr ison 

D i s t r i c t .  Reference i s  made t o  t a b l e  3 f o r  t h e  s t a g e  r e p o r t i n g  program 

now i n  operat ion i n  t h e  Heart River Basin, Hydrographs of p a s t  d i s -  

charges a t  t h e  Glen Ul l in  gage (near  Heart Butte  Dam s i t e )  ape shown 

on p l a t e  14, Locations of stream gaging s t a t i o n s  a r e  shown on p l a t e  1. 
' 91 

Rating curves f o r  p r i n c i p M  s t a t i o n s  a r e  shown on plate 15. 

20, Forecas t ing  of  r i v e r  s t ages  a.nd flows, I n  view of t h e  l a r g e l y  

automatic  opera t ion  o f  t h e  o u t l e t  works a v a i l a b l e  f o r  f lood c o n t r o l  

r e l e a s e s  and of t he  use of a l a r g e  amount of supers torage  i n  l i e u  o f  a  

sp i l lway the  f o r e c a s t i n g  of r e s e r v c i r  inf lows i s  not a s  urgent  o r  

important a s  i n  some o t h e r  types  of p r o j e c t ,  Iimever, i n  connection 

wi th  f lood f i g h t i n g  operat ions a t  t h e  Ifandan Levee p r o j e c t  downstream, 

s t a g e  and flow f o r e c a s t s  v 6 l l  be made f o r  t h e  r e s e r v o i r  a s  we l l  a s  f o r  

t h e  downstream uncont ro l led  area ,  To d a t e  these  f o r e c a s t s  have been 

made on the  b a s i s  of rou t ing  flow w a n t i t i e s  derived from r i v e r  s t a g e  

. r e p o r t s  ( see  page 1 4  and P l a t e  1 ) .  S tud ie s  a r c  under way t o  develop 

procedures f o r  t he  q u a n t i t a t i v e  fo recas t ing  of runoff  from snow melt 

or  from the  r a i n f a l l  from summer storms, 
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21. -s f o r  r e p o r t i n g  d m .  

a ,  Tllonthly r e s e r v o i r  opera t ion  cha r t ,  It i s  planned t o  

u t i l i z e  F o n  R b 1 ,  "!'ionthly Reservoir R e g ~ l a t i o n , ~ ~  t o  show graphica l ly  

t h e  complete day t o  day operat ion of Heart Butte  Reservoir,  i nc lud ing  

t h e  inflow, outflow, r e s e r v o i r  e levat ion ,  s torage  i n  acre-feet,  and 

p rec ip i t a t ion .  Canpleted copies of t h e  Form w i l l  be furnished t h e  

Chief of Engineers, IJashington, D. C., and t h e  Division Xngineer, 

l l i ssour i  a v e r  Division, Omaha, Nebraska, a s  s e t  f o r t h  i n  paragraph 

4220.01d, Orders and Regulations, P l a t e  16 i s  a completed ve r s ion  

of tkie above form showing re se rvo i r  operat ion during t h e  record 1950 

f lood* 

b. Monthly r e s e r v o i r  opera t ion  tabulation;. A f o m  e n t i t l e d  

lVllonthly Reservoir Opera t i o n "  showing t h e  d a i l y  r e se rvo i r  e levat ion ,  

outflow, s torage ,  evaporation, and inflow i n  t a b u l a r  form will a l s o  be 

prepared. A sample of t h e  form i s  sho~rm on p l a t e  17. 

22. Flood c o n t r o l  regula t ions  and f i e l d  worlcing agreement, The 

"Flood Control  Regulations Heart Butte  Dam and iGservoir,  Heart River, 

Grant County, North Dakota ," and t h e  "Field 170rking Agreementtf regard- 

i n g  operat ion of Hedrt Butte  Dam and Reservoir reached by rep resen ta t ives  

of t h e  Corps of Engineers and t h e  Bureau of Reclamation a t  a conference 

held i n  t h e  Office of t h e  Division Znginecr, Corps of Engineers, 

~ ~ s s o u r i  Diver Division, Omaha, Nebraska, on 2 l h r c h  1950, a r e  included 

as e x h i b i t s  I and I1 of t h i s  manual, 





23. The f lood c o n t r o l  s to rage  i n  IIeart  I3utte 3escrvoir:  and the  

I,hndan Levee P r o j e c t  were designed a s  a team t o  provide t h e  most 

e f f e c t i v e  f lood p r o t e c t i o n  t o  t h e  g r e a t e s t  p o t e n t i a l  damage c e n t e r  on 

t h e  Heart Itivcr. I n  a d d i t i o n  t h e  operat ion of t h i s  f lood c o n t r o l  

s to rage  has i n  l a r g e  p a r t  been coordinated wi th  t h e  f lood c o n t r c l  

operat ion of o t h e r  r e s e r v o i r s  i n  t h e  Ilfissouri Basin through t h e  al-most 

f i l l y  automatic design of t h e  o u t l e t  works a v a i l a b l e  f o r  f lood c o n t r o l  

r e l eases ,  
b 

24. Estimation of  Flood Damap;es_, The Corps of Ehgineers v r i l l  make 
v 

t h e  sva lua t ion  of damages presented immediately subsequ-ent t o  hydrologic 

events  ~ f k d c h  under n a t u r a l  condit ions would have caused overf lov  of 

va1lc.y lands. The r e s u l t s  of such detcrminat ion 7 v i l l  be re leased  t o  

t h e  Bureau of 2eclarnatj.on and furnished t o  t h e  publ ic  i n  appropr i a t e  

news r e l e a s e s  a s  soon a s  poseiSleo 





EXHIBIT I 

TITLE 33MAVlGATlON AND 
PlAVlGABLE WATERS 

Chapter Il-Corps of Engineers, 
Department of the Army 

PART 208-fi00~ CONTROL REGULATIONS 
HEART BUTTE 'DAM AND RESERVOIR, HEART 

RIVER, NORTH DAKOTA 

Pursuant to the applicable provisions 
of sections 7 and 9 of the act of Con- 
gress approved December 22, 1944 (58 
Stat. 890; 33 U. S. C. 7091, the following 
regulations are hereby prescribed to gov- 
ern the us? of storage capacity for flood 
control purposes in the Heart Eutte 
Reservoir on Heart River, Grant County, 
North Dakota, and the operation of 
Heart Butte Dam for flood control 
purposes. 

3 208.36 Heart Butte Dam and Reser- 
voir, Heart River, N. Dak. The Bureau 
of Reclamation, Department of the In- 
terior, represented by its appropriate 
Regional Director, hereinafter referred 
to as the Regional Director, shall oper- 
ate the Heart Butte Dam and Reservoir 
in the interest of flood control as follows: 

(a1 The flood control storage capacity 
of the reservoir, which initially amounts 
to 150,000 acre feet between elevatisns 
2064.5 and 2094.5, will be operated to 
restrict discharges to the capacity of the 
ungated glory-hole type shaft spillway 
except as necessary for irrigation re- 
quirements, unless otherwise directed by 
the District Engineer, Corps of Engi- 
neers, Department of the Army, in 
charge of the locality, hereinafter re- 
ferred to as the District Engineer. 
Whenever the reservoir is above eleva- 
tion 2064.5 and below elevation 2067.0, 
the Regional Director will at the request 
of the District Engineer make supple- 
mentary, releases up to the full capacity 
of the irrigation outlet for the purpose 
of expediting evacuation of the flood 
control storage. Oral instructions of 
the District Engineer to the Regional 

Director shall be confirmed in writing 
under date of the day iss~ed. ' 

(b1 The discharge characteristics of 
the ungated glory-hole type shaft spill- 
way (having an estimated capacity ~f 
4,450 c. f. s. with water surface at max- 
imum flood control pool elevation 
2094.51, shall be maintained in accord- 
ance with the construction plans (Bu- 
reau of Reclamation SpeciAcations No. 
1992 1. 

(c) Proposed sohedules of irrigation 
releases and storage changes, if abil- 
able, and current operating data shall 
be provided to the District Engineer by 
the Regional Director. These data shall 
be tabulated daily and furnished pe- 
riodically as required, and shall include 
such items as: reservoir elevation; res- 
ervoir storage ; inflow; discharge ; ' and 
pertinent available hydrologic data. 

(dl Whenever the reservoir level 
reaches or exceeds elevation 2064.5 or 
flood discharges appear imminent, the 
Regional Director shall report at  once 
to the District Engineer by telephone, 
telegraph, or radio and ris requested 
thereafter until the reservoir level falls 
to elevation 2064.5 or below and flood 
discharges cease. 

(el Nothing in the regulations of this 
section shall be construed to require that 
releases shall be made at  rates or in a 
manner that would be inconsistent with 
requirements for protecting the dam and 
reservoir from damage. 

( f )  All elevations stated in this sec- 
tion are a r t h e ~ e a r t  Bate-Dam and are 
referred to the datum in use at that 
location. 
[Regs. Jan. 11, 1051-ENCIWE] (8eo. 7, 68 - 

Stat. 800; 83 U. 8. 0. 700) * ' d  

[SEAL] EDWARD F. WITSELL, 
Major General, U. S. A. 

The Adjutant General. 
[F. R. Doc. 61-1970; Filed, Feb. 7, 1051; 

8:53,a. m.] 

*Publicrhed in the Federal ~ e ~ i s t e k  on 8 February 1951. 



 





EXHIBIT 11. 
F@Ul WRKmG AGLZ~ZEXE~JT B E T J ~ E G ~ ~  

t DEPARrnrnT OF m IN!l'XrnOR, BUREAU OF RECLM'TIOIJ 
DEPAR'I&EIvT OF THE AMY, CORPS OF Ef3G~rEF,RS, 

E A R D I M G  OPElUTIOIt OF 
W T  EUTTE DAJ; AND RESERVOIR, 

HEART RIVER, GWqT COUhTY, EiORTH DAKOTA 

AND 

THIS ,PGRBEhZlJT, made and entered i n t o  t h i s  15th day of 

1951 between the  Bureau of Reclamation and the  Corps of Xngineers. 

IKCThmSZTH, THAT : 

ImIBAS, The Departaent of the  Inter ior ,  acting thraugh the  Bureau 

of Reclamation, represented by i t s  appropriate Regional Director, hereinafter 

referred t o  as  the  Regional Director, has cmstructed the  Heart Butte Dam and 

Reservoir on Heart ~Piver near Glen U l l i n ,  Itorth Dakota and i s  responsible f o r  

CJ safety of t he  s t ructure  and f o r  i r r igz t ion  ooerations of t he  Heart River U n i t  

of t he  Kissouri River Project, of which said d m  gnd reservoir a r e  a par t  and 

wHl3REM, The Department of t he  acting through the  Corps of 

Mgineers, represented by i t s  appropriate Dis t r ic t  Engineer, hereinafter re- 

ferred t o  as the  Di s t r i c t  Xngineer, i s  responsible f o r  flood-control operations 

of said dam and reservoir and 

WHEAS, Flood Control Regulations, prepared i n  accordance with the 

Flood Control Act of 22 December 1944 and attached hereto a s  Appendix A and 

made a par t  hereof, .have been agreed t o  between the  par t ies  hereto and 

2ublished i n  t h e  Federal Register and 

there  i s  a need f o r  a working agreement t o  implement the  Flood 

Control Regulations in order t h a t  there  w i l l  be a c lear  understanding between 

C t h e  Dis t r ic t  Zngineer and the  Regional Director a s  t o  reservoir operation for  

C flood control, including de ta i l s  of storage dllocations and possible realloca- 

0 
t ions,  hydrologic data collection and reporting arrangements. 

3 



ICOW, THEREFORE, it i s  nlutually understood and agreed by and between 

C t h e  par t ies  hereto a s  fo l low:  

1. Storare cawci ty  allocations .-  he storage capacity allocatian s 

G of Heart Butte Reservoir, exclusive of surcharge storage capaciiiJ aulw-; 

elevation 2094.5 m.s.l., which i s  provided i n  combination with spillway 

capacity t o  insure safety of the  structure,  a r e  defined in the  following 

subparagraphs: 

a. Flood-control storane.-Flood-control storage capacity :!dl 
A 

include the storage capacity between elevation 2064.5 a. s. 1. and elevatit.,n 

2094.5 m.s.1. ( i n i t i a l l y  amounting t o  150,000 acre-feet) and f o r  which there  

have been constructed sui table  out le t  works t o  provide discharges a s  

expressly indicated herein, 

C be I r r iga t ion  storage.-Irrigation storage capacity allocation# 

0 
sha l l  include the  storage capacity between elevation 2030.0 m.s.1. and 

2064.5 m.s.1. ( i n ik i a l ly  mounting t o  68,700 acre-feet). 

c. Dead. storage.-Dead storage capacity includes the  storage p"'"' 

capacity between streambed elevation and elevation 2030.0 me s. 1. ( i n i t i a l l y  

amounting t o  6,W acre-feet). This capacity i s  established by the  elevation 

of the  out le t  works. 

2. S t o r a ~ e  reallocations,-The Xegional Director sha l l  a t  reasonable 

in te rva ls  make necessary f i e l d  surveys and of f ice  studies t o  prepare estimates 

of the volume and location of sediment deposits i n  the  reservoir. I f  the  

r e su l t s  of these studies show tha t  the  storage available f o r  flood control 

and i r r igat ion,  respectively, i s  reduced by an amount exceeding 10 percent 

C *of the  allocation f o r  e i ther  purpose, the  operating plan described herein 

C with respect t o  the  elevation lirdts of the storage allocations sha l l  be 

0 revicwed with the  v i e w  of equitably dis t r ibut ing the  l o s s  of reservoir capacity 



between the  primary reservoir uses. Any redis t r ibut ion of storage capacity 

allocations i s  t o  be contingent on paragraph 6. 

3. Plan of operation.-The Regional Director sha l l  operate the  Heart 

~ J -  

contra1 operation.,, When the  reservoir leve l  i s  above 2094.5 m.s.1. o r  below 

2064.5 rn: sale,  the  Dis t r ic t  Ehgineer may make recommendations t o  the  ~ e g i o n a l  

Director fo r  operation i n  the  in t e res t  of flood control, but such recommendations 

5. Collection and asswnbly of hydrolodic data and reportina arran~aments.- 

Available reports from precipitation and stream flow stat ions pertinent t o  the  

operation of Heart Butte Beservoir which are  collected by the  Itegional Director 

will be relayed t o  t h e  Dis t r ic t  Engineer by the  most expedjttious method of 

comlunication under detailed arrangements as inay be made fram t i q e  t o  time. 

6. Design limitations.--The i r r iga t ion  out le t  wil l .  be closed f o r  reservoir 

leve ls  above elevation 2067.0 m.s.1. because of l imitat ions i n  design of the  

outlets.  It i s  recognized tha t  any changes in the  discharge character is t ics  

of the  spillway structure resulting f r o m  reallocation of storage capacities, 

o r  f o r  any other reason, which otherwise are mutually acceptable t o  the  Corps 

of Engineers and the  Bureau of Reclamation must be approved by the  Chief mgineer 

of the  Bureau of Reclamation. 



7. IN WITNESS WHERFXIF, The parties hereto have caused t h i s  memorandum. 
C of agreement t o  be executed as  of the day and date f i r s t  above written. 

Garrison District Region 6 



FIELD VI-ORKING AGREE:!!EFT E;ETV:TEN 
DEPARTilENT OF THE INTERIOR, BLRFkU OF REC LAl\kTION klTD 

c DEPARTRBNT OF THE AR:.E, C ORPS OF EKGZhmRS 
RLGARDIRG OPERATION OF 

HEART BUTTE DAM AILID RESI;RVOIR, 
HEART RIVE;R, GFif.iNT COUNTY, NORTH DAKOTA 

THIS AGRGEMENT, made arid entered fn to  t h i s  N' day of hdrrh. 

 between the  Bureau of Reclamation and the  Corps of E n g i ~ e e r s .  

RHEREAS, the Department of the  In te r io r ,  ac t ing  through the  Bureau 

I of Reclamation, represented by its appropriate Regional Director, 

here inaf ter  r e f  er red Oo as the  Regional Director,  has constructed the  

Heart Butte Dam and Reservoir on Heart River near Glen Ullin,  North 

C Dakota and i s  responsible f o r  safe ty  sf the  s t ruc tu re  and f o r  i r r i g a t i o n  

operations of the  Heart River U n i t  of the  

which said dam and rese rvo i r  a r e  a p a r t  and 

VHEREAS, the Department o f  the  &mg, ec t lng  through the  Corps of 

Engineers, r q r e s e n t e d  by i t s  appr ~ p r l a t e  D i s t r i c t  Engineer, here inaf ter  

r e fe r red  t o  as the  D i s t r i c t  Engireer, i s  responsible f o r  flood-control 

operations of said dam and rese rvo i r  and 

RrHEREAS, Flood Control Regulations, prepared I n  accordance with 

the  Flood Control Act of 22 December 1944, and at tached here to  as 

Appendix A and made a p a r t  hereof, have been agreed t o  between the  

pa r t i e s  here to  and published i n  the  Federal  Register  and I 
WHEREAS, the re  is  a need f o r  a workily: egreement t o  implement the I 

Flood Control  Regulations in order t h a t  the re  w i l l  be a c l e a r  under- 

standing between the  D i s t r i c t  Engjneer and t h e  Regional Director as t o  



reservoir  operation for flood control, including d e t a i l s  of storage 

a l loca t ions  and possible real locat ions ,  hydrologic da ta  co l lec t ion  and 

repor t ing arrangements, 

, TH3EFORE, $6 is mutually understood and agreed by and between 

the  p a r t i e s  hereto a s  follows: 

1. Storege capacity a l locat ions .  --The storage capacity a l l o c a t i o m  

of Beart Butte Reservoir, exclusive of surcharge storage capacity above 

e levat ion 2094.5 m,s.l . ,  which is provided i n  cqtnbination with s p i l l -  

way capacity t o  insure sa fe ty  of the  s t ructure ,  are  defined i n  the 

following subparagraphsr 

a. Flood-coztrol storage ,--Flood-control storage capaci ty  

ude the  storage capacity beteween e levct ion 2064.5 m. s. 1. and 
f i  

elevat ion 2094.5 m.s .l ( i n i t i a l l y  amounting t o  15@, 009 acre-feet ) and 

f o r  which there  have been constructed 8ui table  m t l e t  works t
k 

discharges a s  expressly indicated here%n, 

be I i i i a a t i o n  s torase  .-wkrigation storage capaci

a l loca t io#  s h a l l  include the  storage capacity betv~een e levat ion 2030.0 

m.e.1. and 2064.5 m.s.1. ( i n i t i a l l y  amounting t o  68,700 acre-feet) .  

c .  Dead storage.-Dead storage capacity includes the  s to r -  

age capacity between streambed e levat ion and e levat ion 2030.0 m.s.1. 

( i n i t i a l l y  amounting t o  6,800 acre-f e e t  ) . This capacity i s  es tabl ished 

by the  e leva t ion  of the  ou t le t  works. 

2. Storage reallocations.--The Regional Director shall a t  reason- 

able i n t e rva l s  make necessary f i e l d  surveys and off ice s tudies  t o  pre- 

pare est imates of the  volume and locat ion of sediment deposits  i n  t he  

reservoir ,  If the  r e s u l t s  of these s tud ies  show t h a t  the storage avai l -  

able  f o r  f locd con t ro l  and k r i g a t i o n ,  respectively,  i s  redwed by a n  



amount exceeding 10 percent of the al locat ion fo r  e i ther  purpose, the 

operating plan described herein with respect t o  the  elevation limits 

of the storage allocations sha l l  be reviewed with the view of equitably 

d is t r ibu t ing  the lo s s  of reservoir capacity between the primary 

reservoir uses. Any red is t r ibu t ion  of storage capacity a l locat ions i s  

t o  be contingent on paragraph 6 .  

3. Plan of operation.--The Regional Director sha l l  aperate the 

arrangements.--Available reports  from precipit.a.tion and streem flow 

s ta t ions  pertinent t o  the operation of Heart Butte Reservoir which are 

collected by the  Regional Dl-rector w i l l  be relayed t o  the Dis t r ic t  

Engineer by the most expeditious method of commur.cation under detai led 

arrangements a s  my be ~ a d e  f'rom t ixe  t o  time. 



C 6. Des,ign limitation=.--The i r r iga t ion  out le t  w i l l  be closed f o r  

reservoir leve ls  above elevation 206'7.0 me 6.1, because of l imi ta t  ions 

i n  design of tke outlets.  It i s  recognized t h s t  any changes i n  the 

discharge character is t ics  of the  pillw way e t r rc ture  resu l t ing  from 

real locat ion of storage capacit ies,  or fo r  any other reason, which 

otherwise a re  mtxa l ly  acceptablg t o  the Corps of Engineers ar,d the  

Bureau of Reclanation must be approved by the Chief Engineer of the  

Bureau of Reclamtion. 

7, I N  WITNEES V.%EREOF, The par t ies  hereto have cawed t h i s  

memorandum of agreement t o  be executed as of the day axd date f i r s t  

above written. 

C CORPS OF EhrCIrnERS 

BY -*-- 

~ i s t r  ici-$nginee< 
Garrison Di s t r i c t  

BUREAU OF BEC Lh$,@-T I ON 

BY-- -. . J-. - . -- 
Lagio~al  Director 
Region VI 
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EXPLANATION 

- CANALS - POWER TRANSMISSION LINES 

- HIGHWAYS 

- - IRRIGATION DISTRICT BOUNDARY 

IRRIGABLE AREA 

¤ PUMPING PLANT SITE 

HEART BUTTE UNlT 

DICKINSON UNIT 
INFORMATION OF INTEREST . 

Location: South Weetern North Dakota, extending westward along 
the Heart River from Mandan. 

Sauree of water eupply: Heart River and Tributariee. 
Climate: Average annual precipitation 16.7 inches with 10.7 inches 

from April to Auguet* mean annual temperature 40° F;  average 
frost free period is 12Q daya. 

Principal products: Alfalfa, oata,. barley, cam, pasture, potatow 
and truck crop. 

Chfuacter of eoil of inigable m.: e d y  loam and silt l ~ .  
Imgable area of Heart Butte U n ~ t  la 13,180 aaxa and of the 

Dickineon Unit 916 acres. 
The imgation plan of the Heart Butte Unit provides for the 

etora of water for ldgation in the Heart Butte Reeervoir 
and imtallation of a number of pumping unita to serve the 
kipable below the Heart Butte Dam. In the Dickinson 
Unlt the D~cldnson Dam and Reservoir will provide municipal 
and irrigation water and furniah flood protection and other 
benefits.-&patate pumping unita will aerve the irrigable areas. 

The capacities of the pump vary from 3 eec. ft. to 60 sec. ft. 
Statua: Construction etarted. 

U N I T E D  S T A T E S  
D E P A R T M E N T  O F  T H E  I N T E R I O R  

J. A. Krug, Secretary 

BUREAU O F  R E C L A M A T I O N - R E G I O N  6 
Michael W. Straur, Commirrioner 

M I S S O U R I  R I V E R  B A S I N  P R O J E C T  

H E A R T  D I V I S I O N  
D I C K I N S O N  A N D  H E A R T  B U T T E  U N I T S  

N O R T H  D A K O T A  
Prepared in the Regional Office 

Billingr, Montana 
Kenneth F Vernon, Regional Director 
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INFORMATION OF INTEREST . 

Location: South Western North Dakota, extending westward along 
the Heart River from Mandfm. 

Source of water supply: Heart River and Mbutaries. 
Climate: Average annual precipitation 15.7 inches with 10.7 inches 

from April to Ausuet; mean annual temperature 40' F; average 
froat free period is 129 day. 

Principal product.: Alfalfa, oata, barley, corn, pesture, potatoes 
and truck crop. 

Character of soil of imigahle area: Sandy l m e  and silt lomy. 
Imgable area of Heart Butte Unit is 18,180 acres and of the 

Dickineon Unit 915 a m .  
The irrigation plan of the Heart Butte Unit provides for the 

of water for irrigation in the Heart Butte Reservoir 
Z d T e  inatallation of a number of pumping unit. to a rve  the 
irrigable areas below the Heart Butte Dam. In the Dickineon 
Unit t+e Dickineon Dam and.Rewvou ml1 p m d e  municipal 
and irrigation water and furnuh flopd protection and other 
benefits.-Sepamte pumping unit. ml1 serve the imgable areas. 

The capacities of the pump vary from 3 ea?. ft. to 60 sec. ft. 
Statua: Conahchon etarted. 

HEART BUTTE UNIT 

DICKINSON UNIT 

U N I T E D  S T A T E S  
D E P A R T M E N T  OF THE I N T E R I O R  

J .  A. Krug, Secretary 

BUREAU O F  R E C L A M A T I O N - R E G I O N  6 

EXPLANATION 
Michael W.  Straua, Commiarioner 

M I S S O U R I  R I V E R  B A S I N  P R O J E C T  - CANALS H E A R T  D I V I S I O N  - POWER TRANSMISSION LINES 
D I C K I N S O N  A N D  H E A R T  B U T T E  U N I T S  

N O R T H  DAKOTA 
- HIGHWAYS Prepared in the Regional Office 

- - IRRIGATION DISTRICT BOUNDARY 
Billings, Montana 

Kenneth F Vernon, Regional Director 

IRRIGABLE AREA MAP NO. 43-0-124 
SCALE OF MILES 
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Regional Direct or 

. 

G A R ~ ~ S O N  DISTRICT 
BUREAU OF RECLAMATION EXECUTIVE OFFICE 

r I 

L 
' 

I Colonel F. M. Albrecht 
District Engineer 

L t .  Col., R.J.B. Page 
Aeeistant District' Engineer 

# L 

I t 

Hesrt btte Dam Engineering Division 
Rojdct R e  He Hayes;Chief, GS-15 

- P L 

A w 

Reports and Hydreulics Branch 
H. K. Pratt, CMef, GS-13 
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Reservoir ~ssumed to be full  
to ' spi//w oy lip . (el. 206 4 3 ,  
storope 15,500 acre, feet) - 

a t  stort of fl0o.d. 

I 







U.S. ARMY CORPS OF ENGINEERS 

MARCH AND APRIL 1947 

NOTES: 
Releoses from reservoir through 

spillwoy only (irrigation out- 
lets c/o sect)* 

Reservoir ossumed tz, be full 
to spillwoy l ip  (el.  2064.5, 
storoge 75,500 ocre feet)  
at start of flood. 

RESERVOIR REGULATION 
u . M A N U A L  I 

HYDROGRAPHS 8 STORAGE 
CURVES AT HEART B U T T E  

RESERVOIR FOR 1947 FLOOD 

I GORPS OF ENGINEERS GARRISON DlSTRlGT 
BISMARCK, N. DAK. I 

I .  I PLATE NO. 



[U.S.ARMY , . ' CORPS OF ENGINE- 
cuy 

-1. 

I - - . - - . - - - - - - 

HEART RIVER BASIN, N. OAK. 
HEART BUTTE RESERVOIR,[ U. S. B. R. 

- 
-- - 

1 RESERVOIR REGULATION -MANUAL 
I >  

GLEN ULLlN 
HYDROGRAPHS . 

SCALE: AS SHOWN 1 , .- I / CORPS OF ENGINEERS GARRISON 

BISMARCK, N. DAK. 

I 1948 1947 JANUARY 1950 PLATE NO. l4 
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US. ARMY CORPS OF ENGINEERS 
I 1 

MANDAN LARK 
e 

HEART RIVER BASIN , N. OAK. 
HEART BUTTE RESERVOIR (u.S..B.R) 
RESERVOIR REGULATION MANUAL 

HEART RIVER: 
RATING CURVES 

SCALE : AS SHOWN 

CORPS OF ENGINEERS S A R 3 I S O N  DISTRICT ' 

BISMARCK,  N. S A K  
GLEN' . ULLlN , . . . . . . . . .-. ..-. ....--,-.,.. . --.-.-. LEHIGH 

, . . . . .  . ,, . 
JANLJARY 1950 PLATE h0. I5 

- - 



U. S. ARMY , -  .' -- --.-- ...- .-. ..-*- 

. '7RRS OF ENGINEERS 
7-- . ' -  -?, t 

Top of Deod Storoge P o d  2 0 3 0 . 0  7 006 HEART BUTTE RESERVOIR 
Top of Irrigation Pool 2 0 6 4 . 5  75000 HEART RIVER BASIN, N.DAK. 
Top of Flood Control Pool 2 0 9 4 . 5  225000 6. A. 1750 SQUARE MILES 
Moximum Pool 2 1 1 8 . 2  426000 MlSSouRl RIVER DIVISION 

Spillway Copocity ot Morirnum Pool 5650 c.f.s. GARRISON DISTRICT 
PLATE 16 

REPORTS CONTROL SYMBOL ENGKW - 51 , 

-C" "̂.--.-w%++,.-p' - .--'- "",-.x ' a 9 A ,--.*,&A 



E U l T  BUTTh: DAM - mSERVOIR KWUUTION 
CORPS rn nTGImmS, U.S,ARMY 

GARRI SON DISIIRICT 

MONTHLY RBSERVOIR OPERATI CET 

PROVI SICNAL =CORD OF RESERVOIR DISCHARGES 
INGLOWS AND WATER SURTACE ICEVATIONS 

1 I 

- Diech. Mean ' Storage 
mis.1. cOf , s ,  Disch. A.F, 

Plate Ho. 17 
I*lrrrr .. Ilb 
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