| LG8 8¥¥00 GOLE €

[T

!‘RED J. FREDRICKZ 1
_ P. 0, Box 425
Valley City, M. Dalk.

. NORTH DAKOTA
STATE-PLANNING BOARD -
5U MM ARY RFPORT_ .
OF . ... -

A-PLAN OF WATER CONSERVATION

FOR

NORTH DAKOT/\
- VOLUME S :

SLOFE AREA DR RAINAGE BASIN.
. KNFFE-RIVER” 77 "7 GRAND RIVER

HEART RIVER . -~ UTTLE MISSOURI RIVER -
 CANNONBALL RIVER YELLOWSTONE RIVER

JANUARY |, 1937



T

NORTH DAKOTA STATE PLANNING BOARD

H.E, Simpson, Grand Forks Hy L. Walster, Fargo

M,0, Ryan, Fargo Victor Freeman, Bottineau
E.A, Willson, Bismarck L.C. Harrington, Grand Forks -
H.M, Pippin, Halliday J.P, Cain, Dickinson
E.D. Ium, Whapeton Fred Vosper, Neche

Irvin Lavine,
Consultant, Grand Forks
WATER STUDY STAFF

Irvin Lavine, Director
Cherles F. Hobbs, Assistant
Oscar Becker, Assistant

ENGINEERING GEOLOGY & GEOGRAFHY DRAFTSMEN ECONOMICS
Charles F. Hobbs Fredric Voedisch Oscar Anderson Leibel Bergman
Oscar Becker Frank Foley Merril Grady Eliz. Goodnow
E,J, Thomas Sverre Scheldrup Kenneth Joslin Harry Anderson
E.F. Chandler John Peterson Lloyd Eng

M.D. Hollis B.,Pi Tyner Emmet Judge

COOPERATING AGENCIES 1/

Wc')ricsfProgress Administration, This repoi'tjwas:prepared and published under
¥.P,A. Sponsored Federal Project, No. 3, 0.P.. No. 265-6905,

U.S. Biological Survey U.S. Geological Survey

Soil Conservation, Service , . National Resources Committee _
North Dakota State Geological Survey Engineering College, Univ, of N.Dak.
dgricultural Dept., N. Dak. dgric. College Resettlement Administration

State Department of Health State Engineer

North Dakota County Planning Boards

i/ :
The Cooperating Agencies are not responsible for the opinions, conclusions,
or recommendations of the State Planning Board as expressed in this report.



-~ PROPERTY OF
ND STATE WATER COMMISSION
LIBRARY

CHARTER

N IFE SUR- RASH



GTERAL

e ——

POPULATION

FEDERAL

- AID

TOPOGRAPHY

TRIBUZARIES
OF KNIFE

RIVER

GHAPTER I
KNIFE RIVEIR STB~-BASIN

The Knife River rises in the northeastern corner of Billings
County and the southeastern corner of McKenzie County, From this
point it flows in a tortuous course eastward and slightly south-
ward to the Dunn-Mercer County line, crossing about 15 miles north
of the southeast corner of Dunn County. From here the river turns
and flows eastward and slightly northward to the Missouri River
which it enters at Stanton in Mercer County, about 65 miles above
Bismarck. The total area of 2,645 square miles drained by the
Knife River lies in North Dakota and includes major portions of
Dumn and Mercer Counties and lesser wmortions of QOliver, Billings,
Morton, and Stark Counties.

The 1930 population of the Sub~basin was 18,500 persons of
which 12,999 resided in rurel areas and 5,501 resided in incor-
porated cities and villages. Hebron, Bazon, and Beulsh are the
only towns having a nopulation in excess of 500. Hebron, the
largest town, has a population of 1,348,

During the month of peak load, lerch 1935, 5,350 porsons or
28.9% of the total Sub-~basin population were recciving federal .aid.
The state average for the same month was 31.6%. In the peak month
of W. P. A. employment 352 persons ware cmployved on works projects
in or near cities and villages and 1650 persons were employed on
rural projects, making a total of 2002 nersons cmployed in Octo-
ber, 1936.

The terrain is flat or gently rolling ~t thc headwaters of
the various streams in the Sub-basin but bacomes roughly broken
near the main stream. The source of the Knife River is at an ele-
vation of approximntely 2,600 feat ebove sen levels In its 165
mile journey, through a valley 90 miles in length, it drops to.on
elevation of approximately 1,670 feety The drop for the first 33
miles of channel is about 13.5 faet per mile. The drop of the
channel b:2low this point is 3.8 f2% per mile. The average drop
of the valley is rpproximrotely 10.4 foet per mile.

Spring Creck, th> principal tributnry of the Knife River, has
its hendwaters in the Killdser Mountains of Dunn County ~t an cle-
vation of npproximntely 3,300 feet nbove scr lovel., It drains an
aren, in Dunn n~nd Morcer Counties, of 570 squerc miles. From its
source to ¥Xilldeor, o chonnel distrnes of ~pproximntely 14 miles,
this strarm hrs o foll of 25 feot per miles From this point to
its confluence rith the Knife, ncor Beuleh, it hns nn nverrge drop
of 6 3/4 feet por mils. The little Knife Rivor rises in the north-
erst corner of Stark County and flows northwvnrd to the Knife River,
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It drains an area of 275 squerc milese Thers ~re a lnrge number
of lesscr tributnries in the Sub=basine In zeneral thesc have
their source nt high elovations r~nd descend rother rrpidly to the
main stream in o~ course nt right ~ngles to that of the latter.

The entire drrinnge system of the Sub-bnsin cuts through the
Port Union formntion vhidh hns & thin covering of glrcinl drift
except in the extreme wostern portion. Strotn of lignite conl
are charncteristic of such formations nnd denosits of great value
ore found in the Sub-besine lLignite mining on lnrge commercinl
sceles is developed at Beulnh nnd 2op. Locrl mines supply ~n
abundrnce of cheap fuel for the inhnbitnnts of the Sub-basin.

There are numerous doposits of gravel found in the glacinl
drift of the oren., These deposits are vnlurble ns surfrcing
materinl but require wnshing to meet strndnrd specificntions for
concrete nggregate. There is ~n nbundance of boulders in the Sub-
basin vhich orc suitable for the construction of rubble masonry,
riprapping ~nd other uscs.

The snndstone ~nd lignite beds »f the Fort Union Formation
furnish the nmnjor portion of the ground water suvply of the Sub-
basine Where the river ond its tributnrics hnve cut through these
stratn, springs accur nn the vnlley sides. In the valley bottoms

‘an edequate supnly of wnter of gnod quality is obtalned from the

alluvinl deposits, S-me weak flawing wells ar~ present in the
lowar part »f the Sub~basine Water obtnined from nlluvinl de=
posits is genernlly hrrd but of gnod qunlity. Thrt obtaincd from
the glreinl drift is ~ften highly minernlized. Wnter from the
Fort Union Formntion is of £nod quality excent —here it has dise
solved nrgnnic nrtter from ths lignitc conl with vhich it cones
in contnct. This gives it o discoloration, ~d~r, or trste thot
nekes it nbjoctionnble for drinking ourpnses.

The prinary water problen in_tho Knife River Sub-bnsin is
thot of stresm flov rogulntion, During portions nf each yenr there
is » large flow in the strenms but during the grentor pnrt of the
year there is n groant deficicney in strern flow, During such
periods there is n nec2d for stronm flow for recrention, pollutinn
abotement, rmnicipnl suvply, ~nd for irrigntion purpnses, Sone
hendwnter arens nre in nced »f smnll reservoirs for recreational
purpeses. Water suonly nnd sewnge disonsrl problams, nlthough
present in the Sub-basin are not ncuts and nre sec-ndrry to the
problen of strennm flo regulation,

PRTCIPITATION The 20 yonr ~nnunl nverag? of precipitntinon in the Bnsin is

14,54 inches rnmunlly. That during the growing serson, Mey
thrrugh Saptembor, 1s 10-32 inches. On the basis that npproxinate-
ly 14 inches of preeipitation during tle growing sonson is required
to produce n frir crop, it is rspperent that lrrge deficicncies of
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rainfnll prevriled during morc than hrlf of the 20-ye~r perind.
This resulted in frequent crop frilures. During such drouth yenrs
gufficient feed is nnt growm 4n the Sub-bnsin t~ sustain foundation
herds of livestock. Food is shivped in nt high cnst to the inhnbi-
t~nts and result in a los- ~f accumulated s~vings. Thore nre large
trocts of 1rnd in the Knife River Velley potentinlly well suited to
irrigation, for vhich purpnse the avnilable waters of the Sub-basin
shruld be utilized to full ndvnntage. Nnthing smpronching nnxirun
utilizantion is baing pratticed at the present time.

The run-~ff from the Sub-basin is rrpid. The slope is grent
and there r~re non sloughs, reservoirs or trecs tn retard the run-
~ff axcept in ~ very small portinn ~f the Sub-basin, the Killdeer
Mountninse The nverage ~nmunl run-nff fronm the Sub-bnsin is rp-
proxinatoly .88 inches or 125,000 acre fecte A large portion of
t-is nccurs durings the sprin. nonths nand, except irmedintely fnl-
1~wing violent storms, the strecams are virtunlly dry during the
surrmicr nonths, :

Frequent dnnrring floands nccur alons the lower renches of the
Knife Rivers During o perind of excessive rrins in July, 1935,
flonds cnused dnmase in the irmedinte vicinity ~f Beulah totrling
$15,000. Flonds such n~s this nccur nt lenst ~nce cnch five years.
It is probnble thnt the maxirun flond flow hns nnt been reached
since the sottlencnt »f the Sub-bnsin. As mentinned above, there
is n gront deficicncy »f stroan flnw during sunmer nonths. Large
reservoirs on the Knife River and its principrl tributrries =ould
result in ;rort benefits to the aren in floand contrnl, pollution
nbatement, insured water supply for citics nlong the strerms, ~nd
in incrensed recrentinnnl frcilitics. Such reservoirs would ~lso
nnke possibdls the irrigation of ampr-xin~tely 25,000 acres of river,
battn 1lrnd thus insurin, nn snmupl feed crop suf“icient to pnin-
tnin frundntion herds in the Sub-basin.

The U. S. Bureru of Biolngicnl survey h~s undertrkon the cone
struction of the Dunn Center Lnke Rescrvoir lncnted in Sec., 27-145-
94, This reservair will hnve n strrege capreity of 7100 ncre feet
with o water surfrce ~f 1000 ncress Althnousrh the use of this pro-
Jeet will ba prinnrily r~s ~ wnterfowl refure, it will nlso support
fish life ~nd -7ill be an axcellent lnke for recreontiosnnl purposes.
The Binloficnl Survey hoas completed the Myron Slourh Prnject in
Dunn County, Twp. 142-93 ns » wnterf-wl refure.

The U. S. Binln~icrl Survey rlsn contormlntes the Kren Project
in Mercer County, Twp. 145-86, for n wntorfowl refusc.

There are some dcer in the valleys of the Sub-bnsing there arc
sone fish ~nd waterfowl in the streans. These will inercase in
nunbers considernbly rith the develnpment of the Binlopierl Sur-

vey prnjocts, but the utmnst developnent ~f the wildlife resnsurces
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nf the Brsin cmn only be dzvelopad throush strenn requlotion. Fish,
in particular, find it difficult t~ survive dr~u~ht yenrs r~nd herd
winters when thore is nnt sufficiont flow in the streams t~ sustrin
theg.

There r~re linited rocrarticnel frcilitics in the Knife River
Sub-bnsine The Killdoor imuntains, bscruse of their hish ~ltitude
nnd tree 1life, nffer ~ relntivoly c~nl retrant during the exees-
siv: hoat ~f surmeor months, Varicus toms rlony the Knife River
and Spring Creck hngs develoaped sirrll oprrks ~djncent to the banks
of thesc strenms. During: surmer months such wnter ns is present
in these streans is®unfit for bathins purnns2s ~nd, ns r result,
recrentisnel Aeveloprent is lirnited. If strean flow werc rerular-
ized, recrentionnl facilities nlon;: the strenis 7~ulAd be greatly
incrersed. There is n nacd for sname smrll reservoirs in the head-
oter arers of the Sub-brsin far recrertionnl purpnscs.

The strecizs of the Sub-basin ~nre nnt acvis-nble nnd becouse »f
the lirited and internittent flow tho develrpront of wnter pover
is nnt procticrble. The powor noeds of the Sub-hnsin n~re sorved
by renerating nlents utilizing lirnite cral ns fucl.

There has beon 1little nr no ~ttorpt made to improve the exls-
tins chranels of the streams. The principnl strenms have well
defincd and unifeorn chranels writh considernble Arnp which coruld
nnt be prently improved ~ithout involvins oxceossive crsts.

The variorus toms in the Sub-brsin hnve ~n nmple ~round water
sumly oveilsble for Aevelopmeat. Severnl t-was including Beulrh
heve A-ep vwells for their runicipnl supply. The woter obtoined
frorm such wells contnin »n excessive rmount ~f »rinniec nntter Ais-
snalved fron the lirnite e¢~nl veins throurh vhich it nrsses. It
7oull be mngsible, in some cascs, to ch-nfe to sinllav “well sunply
or, if strenn flo resulation decrnes an ncernplishad fact, those
tomms nlongs the princinnl strerms could usz o surfrce suonly.
Beulnh wruld have ~vnilnble the Hnzen-Beulrh reservoir fron vhich
it cruld trke its supnly Aircct. Thoe vrlue to Beulah of this
reservrir far »~ rmnicival ~nter supnly —~uld be -~pproxinntely
$10,000.

Durin~ tin:s ~f ~pple flov in the Xnife River ~n? its tribu-
taries thore is not ~ serious strenm pnllution probler: in the Sub-~
brsin. However, snme ~1itionnl sowrie systems and treatment plonts
ond irmrovements in existins plents nre needed in the Sub-bnsin.
Hebrrn, Aunps its scwose intnr the Littls Knife ~ftor prréirlly
tra~ting it by nenns of sentic tnnks, Beulnh ~nd Hozen Aunp their
sewnre intn the Knife River without trentnent. During surnor
nonths vhen strecn flaw becores very 1o there is n~ considerable
prllution ~f the streans due tr nccumulnrted sev~e ~nd Aerd nninnls.,
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As clsevhere stated in this renrort, the nvern~c ~nmual dis-
charge of the Knife River ints the Missnuri River is appraxinntely
125,000 ncre feet. Prelininary surveys hrve ostimnted the irrisrble
1and in the vnlleys of the Sub-basin tn be 24,100 ncres. Below
the trwm of lrrshall in Twp. 142-92, the Knifc River batton 1lnns
are exceptionally fertile ~nA level ~nd ~ro up to 13 nilss in width.
The botton lrndAs nf Sprins Creek are nls~ fertile an? suitable for
irriration nlthourh they rre not as fovorably situnted nor as larre
ng thnse of the Knife River.

Several irriqsntinn nrnajects are located nlon; these twn strerns
nt the present timc. These n~re individurlly nvmed nnd are very
linited in size because of strean flow Aeficiency ~nA the lack »f
ndequnte storaso frcilities. Durins rvernc t~ mediun Ary yenrs
these smnll projects nperate very satisfactorily but Aurins Arourht
years there is nnt sufficient water t» su-mly tha projects r~nd
crop failures result. Larre storare reservoirs nn the varinus
streons to provide strenn flow rejulation would pernit the utili-
zation of nearly all available irrirable 1lnnd for irrination mur-
poses either by qravity flow or by punpins prnjects. There ~re
several pnssible sites for snall flond irrisntion nrojects nn the
varinus tributary stresns nf the Knife River.

The prinary nurnnse of the Aevelopnent of irrigation in the
Sub-basin would be tn rrowv sufficient feed within the Sub-bnsin
dr~urht yenrs t» sustain foundations herds withrut the nacossity
nf shippins in expensive feeds during perinds of roinfnll Aefi-
ciency. This would elininate the nccessity of Aepletins the
sovingms of nornel yenrs Auring Ary yenrs ant vould lesd to o nore
proasperous conlition ~f the entire Sub-basin. The trnnsportotion
focilities woul? permit the srowing of surar boets én irripnble
1rnd if the proposed su;nr plent is estnblished ~t Bismnrck in
connaction —ith the Bisnr~rck Irrisrtion Praject. A netonrk »f
state nnd county hish-nys serve 1l localities in the Sub-basin nnd
a railrnad line follnaws the Knife River Volley fronm the Missouri
River to Swrins: Creek nn? then follows tko vrlley »f Sprins Creck
throughout its entire lencth. Irrisation would tend to nrke the
Bub~basin self-supportins wherens &t the prosent time it requires
ennsiderable aid fron nther ~reas Auring Ar~urht yenrs.

The constructisn of several larse rescrvoirs on the principal
streans of the Sub-basin is Aesirable. Flond Armnres totelins tens
nf thousnnds nf Anllnars cvery 3 nr 4 ye~rrs ~nd lorrer but less
fraquent flnng A-~nn~es would be elininated. River rerulntinn would
provide wnter alons: the strerns for the Ailution ~f sewnre, for
rmnicipnl sunply, for the nnintennnce ~f fish in the streans, on
for recrertiom. It would n~lso nnke water nvrilrble ~t desired pnints
for irrifation nurvnnses.
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A trtal of 23 Aams nnw cnonstructed in the Sub-basin irpound
o nnxirun of 8586 ncre foat ~f wnter. These arc used for various
purpnrses such as recreatisn, stnek wntering ~nd ns aterf-wl
refures. These existing reservnirs ~rc liste? in Trble As ~nt nre
shrn nn Plerte 11,

It is proposocd;

1. Thrt several l-rso resulating reservnoirs be constructed
nn the Knife River tn c~ntrol the run-~ff ~n? tharechy nrovide -
~dequate fland contral nn? strean flow resulntion. Proper strean
flaw reruletion wruld nnke sater n¥eilable Aurin: Arouth yeors for
purnnses of pollution abrtenent, for recreatinn for the Irrisation
~f large tracts of lond in the Knife River V,1ley. Propnsed larce
reservoirs nre listed in Toble D. ~n? nre shorm ~n Plnte II.

2. Tt assistance be riven severnl torns in Aevelonins
rdequate water supply rnd sewre Aiswosrl fneilities. Wnter supnly
problens and their nronnsed snlutions arc listed in Trble B,

Sewnge Aisnnsnl problens nnd their propose? s~lutions are listed
in Toble C. Bnth rro shown ~n Plate I.

3. Thnt several snnll Arns be ‘n#trlled nt “esirnable 1nces
tions far rocrention, for flood irriration an? es nifratory water-
fowvl refures. Thése nre listed in Trble De ~nd nre shatm ~n Plate
II. All Anns constructed herenftor in the Sub-basin shruld be
provided with nutlet rntes for relensins the wrter sthred ~hen a
rrert need rrises for it “armstrean Ar vhen it hecones sn »Holluted
thot it is n Aafinite henlth hnzar? tn the comrunity. Meny cxis-
tins Arns should alsn be »nrovided with sutlet rntes.

4. Thrt the stroan ;ocine station on the Knife River r~t Hnzen
be rehnbilitnted ~nd mointninel as listedl in Trhle E, ~nd ns shown
nn Pl-~te III. '

5. Thnt n Aetnile” s1il survaey ~n? lond clrssific~tion be
berun s snon s is massidble on 1l lands thrt ~mpenr to be ir-
riable in nrder t~ ascertrin the suitability of thesc lrns for
irrirntion in e~rch of the scveral r~rons. These surveys shoull f£01-
1~z the nerirl nonping: of tho irrirnble rerions, This nrpping
7111 provide, in a”dition to ite utility cs the hnsis ~f the n»ro-
nosed snil survey ~nd lonA clrssificrtions, ruch needed Aata nn
present land use. The c~st ~f the rerial noming would approxinate
5¢ wor ncre. The cnst ~f the Actaile” survey r~n? 1lnnd classifico~
tion wnuld be an nAVitionnl 5¢ per ~cke, Thus, t~ prenerly pre-
deternine the nrens suits” to irriration woul? cntnil the expendi-
ture »f 10¢ per ncre f~r 24,100 ncres ~f irrirnble 1~nd in the
Knife River Sub=basin, »r ~mroxinctely $2,400.

A lrrpe nunber ~f snnll reserveirs hove becen propnsed for
the Sub-brsin by various nroncies. Thogs thet would serve murpnscd
~f recreation irriration nnd wnterfowl refures hnve been included
in the prrposed progrene. It is propnsed thot befare any nore snnll
Arms for stoack water mur-nses be constructed in the Sub-basin, 2
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Aetniled survey »f rural weter sumnly he undertrken tn deternine
the hHest rnl nngt econnnicrl nethnl of securins ~Aequnte nn? srtis-
frctory woter sumplics for stack aterings nurnnsas. Where on
ndequate rround water sunply is nveilcoble it is nrobable thnt this
mould be throurh the construction ~f corrmunity wellse In nther
lncrlities not havins o relisble ¢rorund water sunply the construc-
tinn of surfrce reservnirs would be the ~aly rltern~tive. Pollov-
ing such o survey it is promnascd thnt r~osistnnee be riven in
develnning ~rn adeqrute rursl vrter sumnly.

The ultinnte “ewelnpment ~f the wnter res~urces of the Knife
River Sub-<»rsin.wnuld be pr~vided by certnin storrsc reserv-irs »f
proper Aesirn.. Such reservoirs rmust he sufficiently lrrre, must
be provided with nroper sluiceways ~nd c~trnllins devicas, ~nd
st be praperly locnted ~n the nnin strerms r~nd lorger tributnries.
These would m~intain ~ remulrrized flow in the strernms and wmlA
provide woter f~r runicinal - supnly , sewcge, 4ilution, recrantion,
irrigation, ~nd stnck wnterins ~urnnses. Snnll Aons, crecting
reservnirs nf ffon § to 20 ncre feet crpneity ~r: needed nt the
herdwaters nf the vrrinus strerms t~ sunplement the well wnter sup-~
ply for stnck wnterins purpnses.

It is nronnsed thet the Bronchn reservoir in S. 35~143-90 he
constructed as snon ~s surveys con be conpleted. The lncrtion
chnsen woul? receive the run-nff from ~pnroxinntzly 1200 squore
niles or an averare nf 56,000 nere feet per yerr. There nre ap-
proxinately 5000 ncres ~f irrirnble 1lrnd in the Xnifa River Velley
betreen this reservnir nnd the propsscd Hnzen-Beulah Reservoift.

It is estinrted thrt 2000 acres »r nore would be irrisntedl by
rravity flow ~nd 3000 acres would be irrirated Tty nunping fron the
river chrnnel, The rAdit’nnrl storare over thot nzeded to irriqate
this 5000 ncres would bhe used to sunmlerment the Hozen-Beulrh
Reservoir and tn naintain stream flor rerulcrtion for murpnses »f
nnllution -abntement, recreation, ~nd water su-ply.

The second prnonnsed »nraject far construetion is the Hnzen-
Beulnh Rese~vnir. It wnuld make wnter nvailnbe at noints Aovm-
streon for pollution abatement, recrention, ~nd far the irrigntion
nf 5500 reres ~f very fertile bott~n londs. As nri~innlly sur-
veyved the Hnzen-Beulrh Reservnir w7rulAd necessitnte the relocntion
of three niles ~f railr~nd trrcks, relocrntion of » hishuny ~nd
would cense excessive flownre deninges. It is proapased that the
reservoir cnaprcity be the mnxirum that will nnt necessitnte such
relacntinn of railrands nnd hirhwnys. The capreity ns deternined
should be nmplz vhen used in conjunctinsn mith the Brnancho Reservair.

The third aropnsed nrnject is the construction »of the Albert
Koesel Irri-ntion Dom in 'S. 15-141-01. This is n~riicularly
recommended for c-nsiderntinon bv the Roesettlement Ad:inistrrtion
ond shavld he constructed nt onces
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The Broncho nnd Hazen-Beulah Reservoirs should be constructed
at the enrliest possible dates, Following a demonstration of the
practicability of irrigation in the Basin, in connection with these
reservolrs, other reservoirs should be constructed to provide ad-
Aitional strean regulation, pollution abatement, recreation and
water for the irrigation of approximately 13,000 ~ddiitional acres
of irrigable land.

The proposed reservoirs for the inproved use of surface water
in the Sub-basin are listed in Table D. The storage crpacity pro-
posed for these reservonirs is that which would control practically
all the run-off from the tributary drainage aran dbut yet would not
be 8o large as to cause excessive flownge damnres and the reloca-
tion of highways and rallroads at an additional expense. By limit-
ing the pronosed size of the reservoires tn the nmeximum storage
capacity needed, a great reductinn in the estimoted cost of the
propoxed reservoirs is made possible.

Although the reservoirs in themselves are justified for pur-
poses of flood contrnl, river regulation, municipal supply, pol-
lution abatement, and irrigation, an additional justification for
their construction in the near future is the present financial con-
dition of the inhabitants., The number receiving federal aid will
increase during the coming year because of a complete crop failure
during 1936. During the pnst two years approxinmntely $600,000 of
felernl aid, exclusive of Farm Credit Administration Loans, has
been ¢iven to tle inhabvitants of the Sub-basin. This has not made
the Sub-basin more self-sustaining. If conditions continue as at
present, 1t is tn be expented that this amount af outside aid will
be necessary during the oxpented twn droucht years in ench fivo-
year period, which rec~rrds indicate is characteristic of this Sub-
basin, On the other hand if these reservnirs are installed the
Sub-basin would tend t~ become self-sustaining and would not require
a large nmount of outside aid at any time,

The pronosed rehabilitation of the gaging station on the Knife
River together with the existing weather recording strtions in the
Sub-basin are shown in Plate III. It is strongly urged that these
facilities be maintained in o satisfactory nnnner.
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CRAPTER 1

HEAKT SUB-BASIN



GENERAL

TOPO

ON

CHAPTER LI
HEEART RIVER SUB-BASIN

The Heart River rises in Billings County near the north-
western corner of Stark County. It flows eastward in a tortuous
course to its confluence with the Missouri River near Mandan,
almost directly east of the source. At its most southerly point,
where it crosses the Grant-Morton Covnty line, it is perhaps 20
miles south of a straight line between the source and the mouth.
The Sub-basin is approximately 120 miles in length, east and
west, and has an average width of approximately 28 miles. The
total area draiqgg by the Heart River, all of which is in North
Dakota, is 3,329 square miles and includes most of Stark County
and parts of Billings, Dunn, Hettinger, Grant, Morton, and

~ Oliver counties.

The total population of the Sub-basin in 1930 was 31,913.
14,477 persons resided in incorporated cities and villages and
17,436 versons resided in more rural areas. Mandan and
Dickinson, the two largest cities, have a population slightly
in excess of 5,000 each.

During the month of peak load, March 1935, there were 10,805
persons receiving federal ald in the Sub-basin. This was 33.9%
of the total Basin population, an amount greater than the State
average for the samo month, which was 31.6%. In the peak month
of W.P.A. cmployment, 785 persons were employed on works pro-
jects in or near cities and villages and 2,602 persons were
employed on rural projects, making e total of 3,387 vpersdors
employed in October 1936.

The entire Sub-basin lies in what is known as the Missouri
Plateau. In the upper two-thirds of the Sub-basin the drainage
courses are cut through the geological formation known as the
Fort Union Formation. In the lower one-third thev are cut
through the Lance Formation. Part of the lower portion of the
Sub-basin is covered by a thin layer of glacial drift.

The terrain varies from gently rolling prairies in the head-
water areas to somowhat rough regions near the water courses.
In some places the terrain becomes very hilly near the larger
tributarics and the main stem. In the lower part of the Sub-
basin the elevation of the upland is about 300 feet above the
river channel. In the upper portion, the differences 1n
elevation are not so great.
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The elevation of the Heart River at its confluence with the
Missourl River is approximately 1,615 feet above sea level, and at
its headwoters it is cpproxmately 3,000 feet above sea level. The
total valley length is 130 miles and it has a drop of about 10 feet
per mile, The length of the river channel is twice that of the
valley. Although the cverage drop of the channel is.5 feet-per
nile, it is grently in excess of this necr ihe headwaters and be-
comes legs as the ctrean aprroaches the Missouri River, Thé Heart
River neanders from side to side through a velley chout 1-5- miies
in width. : :

. The upland arens of the Sub-hasin have good soil for agri~
cultural purposes, It is corpnsed of loam and sil} "oan, with
patches of sondy loam. Tha boitops are usually sandy loam to clay
loans clay to c1ay locnm predominates in vhe trecks: Subsoils cons
sist mainly of shale and sandstons. Natural Jdrsinnge is good, a.nd
surface suils are generally free from excescive ancunts of alkoli,
The forning lLands arc fertile and produce good grain crops in years
of favorable precipitation,

There are several tributarics of the Heart River that are of .
importance in the devsaloprent of a water rrogram for the Sub-basin,
On the north side of ike river from west to east these are!: Green
River, Spring Creek, Muddy Cree¢l, and Sweethriar Creek. Those an
the sonth side of the river are Antelope Cregk of Stark County and
Antelome Crsek of Grant Ccunty,

Valuable deporsits of lignite coal, bentonite, and clay are found
in the Fort Union formation. Deposits of sand and gravel which are
suitable Tor ccacrete aggregate are found in the Snb-basin, There
are largs quariities of vouliders available for rubtle masonry and
ripropplng DUXTOIES,

Weter is found in the local alluvial deposits of the valley
bottoms in the Heern River Sub-basin, The. two importent aquifers
are tha Fort Umar exrd the Lance formations, Springs on the valley
sides and desves wells on the uplands gscrure their water from these
sources,

The water problem is primarily one of stream flow regulation
for purposes cf 1404 preveniicn, for peliuvtion abatement, for
irrigetion, and for recrsational purposes.

There is a nsed for strean flow reguwlation in the Heart River
Sub-taein, During Hortioas of each year ubere is a large flow in
the feart River ~nd its tritutarics, However, during tze.grea.ter
portion of each year thers is great stream fiow deficiency.
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PRECIPITATION

RECREATION

Several towns in the Sub-basin are in need of improvements
in their water supply aund sewage disposal facilities. There is
a necd fer several adéitionsl small reservoirs in the arsa for
recreational purposes. Irrigation projects are needed to supple-
ment upland farming and grazing operaticns and thus avert tho
feed shortage problem that is present during drought years.

The 20 year average of preceipitation in the Sub-basin is
14.83 inches annually. That durlng the growing season, May
through September, is 9.98 inches. On the basis that approxi-
mately 14 inches of precipitation during the growing sceson is
required to produce a falr crop in the Sub-basin, it is apparent -
that there was a deficiency of moisture for growing crops during

at least one-half the twenty year period. There are several

areas in the valleys of the Heart River and its tributaries that
are potentially suitable for irrigation. Large storage roser-
voirs wouvld have to be constructed to orovide water for irriga-
tion of these areas. This has not been done.

The run—-off from the Sub-basin is rapid. The slope of the
channels is great and little resistance to run-off in the form
of sloughs, resecrvoirs or vegetation is present. The average
run-off from the Sub-basin is about 0.80 inches or 152,000 acre-
feet annually. A large portion of this occurs during spring
months. The streams become very low and sometimes completely dry
during the summer period.

Frequent damaging floods occur along the Heart River, parti-
cularly at Mandan where, it is estimated by the U. S. Army
Engineers, the average annual flood damage done by the Heart
River is $5,000. It is reasonable to expect a much greater flood
at some future time than any that has been experienced since the
settlement of the Sub-basin.

The possibilities of developing the resources of the Heart
Sub-basin are limited. The U. S. Bureau of Biological Survey has
constructed only one project in this area because of the limited
number of sloughs and shallow lakes suitable for development.
Fish 1life in the strecams would be greatly benefited by stream
regulation.

There are no natural lakes in the Sub-basin suitable for
recreational purposes. A number of reservoirs have been con-
structed in the Sub-basin in recent years. While a few of these
are suitable for recreational purposes the greater portion of
them become stagnant pools during the summer nonths. This is
particularly true during drought years.
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) There is no. water power or nawigation development 1n the
Sub-basin .The stream flow.is 80 erratic that no developments.
of such: character are contemplated. The U. S. Army Engineers
gave sone CdH?iﬂCT&tiOﬂ to- the. developnent of power in.connection
with the Proncsed. Heart Butte and Gladstone Reservoirs. There
is an abundauce of cheap fuel in the formation of lignite coal

in the Sub-basin and the developrnent of water power, even as a

bi-product of proposod reservoir installations, . would not be
economical : . .

_ There hae been no attompt nude to 1mprove existing stream
channels in the Sub-basin, The streams have well defined.and
uniform channels which have considerable slope. These -could not
be greatly improved without involving excessive costs.

The water supply problems of the towns in the Sub-basin are
not acute. Scveral towns have inadequate supplies but in all
probability a reliable source can readily be obtained by
deepening existing wells or digging new wolls at more favorable
locations. Several towns are in need of assistance in installing
water distribution and treatment systems for municipal supply.

During surmer months there is an accurmlation of dead
aninals and municipal sewage in the streams which results in a
health hazard to the inhabitants. Dickinson, in particular, is
confronted with this problem. Their sewer outlet is just below
a dam and the strean flow at this point is not sufficient for
dilution purposes. A larger reservoir provided with gates is
needed at Pickinson for purposes of sewage dilution. Improve-
mente "ini‘the seéwage fredtmént ‘plans -ard also neéded: = Other™
towns In” the’ ‘Sub-Basin are’ b1§o~£n 1Heed of-e 2téms “and -treatnent
plants’ for didposal 6f -theéiriséwage. ‘Adequate stréam fléw Fegu-
lation is needed for sewage diluxién purposes along ﬁhe streans"
of the Sub-basin o .

As potnted ‘out ! dbove there are ‘a nunber of ardas’ in the
vaIIeys of the ‘Heaft River and trivutary stréams ‘that aré po-
tentially ‘well suited to irrigation. There is a deficiency in
stream flow during periods when water would be needed for this
purpose. lafge ‘tegilating Feaérvéirs propérly’ Ydeatéd wodld™
providé water for-irrigation: ‘of many of thése areas by gravity
flow. “"Additional - #réas '‘could be ‘irfigited by pumping’ from the
strearn chdnnéls which would be provided -with an addquate flow.

A number of proposed irrigation projects in the Sub-basin have
been - 1nvesei+atad by the U.'S. Army Engificers, ‘the State - "
Eng1neer, the U S Bureau of Reclamabxon and other agenciee.
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The main objective of irrigation in the Heart River Sud-
basin would be to supplement livestock and grazing operations
carried on in the upland areas. During drought years sufficient

~ feed would be grown on the irrigated areas to sustain foundation

herds without the necessity of shipping in expensive feeds. If
a sugar factory is established at Bismarck, as a result of the .
irrigation of Missouri River bottom lands, sugar beets could be
profitably grown on irrigated areas in the Heart River Sub-basin.

The construction of several large reservoirs on the Heart
River and its principal tributaries is desirable. 1In addition
to nreventing damaging spring floods these would provide a re-
gulated strean flow for purposes of pollution abatement, re-
creation, and irrigation. The reservoirs would provide much
needod lake areas in the Sub-basin.

A total of 51 existing dams in the Basin impound a maximum
of 2,308 acres feet of water. These are used for the purposes
of recreation, waterfowl refuges, stock watering, and railroad
supply. The existing dams in the Basin are listed in Table A,
and are shown on Plate 1I.

It is proposed:

1. That several large reservoirs properly located and of
suitable design be constructed on the Heart River and its
principal tributaries to control the run-off from the Sub-basin
and thereby provide adequate flood control and stream flow
regualation. Proper stream flow regulation would meke water
avallable for rurposes of pollution abatement, for recreation,
and for the irrigation of large tracts of land in the stream
valleys of the Sut~basin. Proposed large reservoirs are listed
in Table D. and are shown on Plate II.

2. That levees be built to give additional flood protection
to Mandan and the State Training School at Mandan. These are
also listed in Table D. and are shown on Plate II.

3. That several small dams be installed at desirable lo-
cations for recreational purposes. Proposed small reservoirs
are also listed in Table D. and are shown on Plate II. All dams
constructed hcreafter in the Sub-basin should be provided with
outlet gantes ror releasing the water stored when a great need
ariges for it cownstream or when it becomoes so polluted that it
is a definite health hazard to tune community. Many existing
dams should also be provided with nutlet gates.

4. That assistance be given several towns in Aeveloping
adequate wator supply and sewange disposal facilities. Water
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supply problems and their proposed solution are listed in Table
B. Sewage disposa’ problems and their proposed solutions are
listed in Table C. Xoth are shown on Plate I.

5. That stream gaging stations be installed and maintained
for the recording of stream flow in the Heart River. There are
no gaging stations maintained in the Heart River at the present
time. Proposed stations are listed in Table E. and are shown
on Plate III.

6. That a detailed soill survey and land classification be
begun as socn as is nossible on all lands that appear to be
irrigable in order to ascextain the suitability of these lands
for irrigation in each of the several areas. These surveys
should follow the aerial mapping of the irrigable regions. This
mapping will provide, in addition to ite utility as the basis of
the proposed soil survey and land classification, much necded
data on present land use. The cost of the aorial mapping would
approximate 5¢ per acre. The cost of the detailed soil survey
and land classification would be an additional 5¢ per acre.
Thus, to properly predetermine the areas suited to irrigation
would entail the expenditure of 10¢ per acre for 19,500 acres of
irrigable land in the Heart River Sub-basin, or approximately
$2,000.

A large number of small reservoirs have been proposed for
the Sub-basin by verious agencies. Those that would serve pur-
poses of rocreation, irrigation, and waterfowl refuges have been
included in the proposed program. It is proposed that before
any more small dams for stock watering purposes be constructed
in the Sub-basin, o detalled survey of rural water supply be
undertaken to determine tho best and most economical method of
securing adequate and satisfactory wanter supplies for stock
watering purposcs. Where an adequate ground water supply is
available, it is nrobable that this would be through the cons-
truction of community wells. In other localities not having a
reliable ground water supply the construction of surface reser-
voirs would be only alternative. Following such a survey it 1s
proposed that assistance be given in developing an ndequate
rural water supply.

The Feart Butte dam site would be located on the Heart River
in section 13-136-89. Surveys and investigations have been made
by former State Engineers, by the U. S. Bureau of Reclamation
and by the U. 5. Army Engineers. Plans and estimates were pre-
pared by the Bureou of Reclamation and by the U. S. Army
Engineers. Plans and estimates prepared by the Reclamation
Bureaun provide for a reservoir storage capacity of 180,000 acre
fect. This would require a dam 89 feet high having a concrete



o

parapet wall three feet above the crest, a concrete lined horse-
shoe tunnel 14 feet in dirsmeter with control works, and a con-
crete spillway equipped with five 16'.x 174' motor operated
radial gates. The cost of this structure was estimated at one
million doilars.

The ?rimary objective of this reservoir would be to store
water during periods of excessive run—-off and to release it
during periods of strecm flow deficiency.

. The Heart Butte project has not received favorable con-
sideration.in the past because of the high estimated cost of
construction. The average annual run-off from the drainage area
tributary to the proposed reservoir during the past 30 years was
72,000 acre feet. It is proposcd that the Heart Butte Reservoir
be designed and constructed to have an estimated storage ca-
pacity of 75,000 acre feet. This would provide ample flood pro- .
tection for Mandan when supplemented by the proposed Gladstone
and Green River reservoirs. It would also provide sufficient
storage, to permit ample carry-over to provide adequate stream
flow regulation during drought years, as the minimum annual run- -
off to the reservoir would be approximotely 14,000 acre feet. .

A further reduction in the cost of the dam could also bo
effected by the elimination of the radial gates and the 14 foot -
concrete tunnecl. The tunnel was proposed to divert the river
flow during construction. A conduit of 20 to 25 feet cross
sectional area with proper control works would permit the re-
lease of sufficient water for use downstream: A study of the
run-off graph shows that, with the proper planning of the cons--
truction program, this would also take the river flow during the
construction period. The radial gates are unnecessary as the
total combined storage of the proposed reservoirs would be 1%
time s the average annual run—~off from the tributary drainage
area and the water would seldom reach spillway crest elevation.

The height for the dam, as proposed in this plan, is 65 feet.-
This is 24 feet less than that originally planned and would re-
sult in a considerable reduction in the cost. Other items
would contribute to economical construction of the dam. There
are sufficient boulders within a ten-mile radius of the dam site
to provide stones for the riprapping of the dam. These would
also be suitable for concrete aggregate if crushed. Sand from
the river bed would be satisfactory for concrete if washed. .
Gravel could be secured from nearby gravel pits for a gravel
blanket under the riprap. The reduced water level would
materially reduce flowage damages.

e e v e Bbb Sl e e
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A detailed estimate has not been prepared but a consider-
ation of the reductions that would result from the redesign of
the dam along the lines outlired sbove would indicate that
$500,000 would be a liberal estimate. A mcre accurate estimate
will be available upon completion of studies now being made by
the U. S. Army Engineers.

A preliminary survey oi the proposed large reservoir site
on the Heart River above Dickinson was first made in 1924 by the
State Engineer. This is an excellent natural reservoir site and
has been proposed at this time by the Dickinson City Engineer.

The Gladstone Reservoir site is located on the Heart River
in Section 26~139-94. This dam was also surveyad by the U. S.
Army Engineers and the U. S. Bureau of Reclamation. The reser-
voir capacity proposed was 75,000 acre feet. A reservoir
having 75,000 acre feet storage capacity would inundate about
3 miles of Northern Pacific tracks in the vicinity of Gladstone
and would submerge the valley crossing of a main county road
entering Gladstone from the south.

The tributary drainage area of 800 square miles has an
annual run-off of 33,600 acre feet. The proposed storage on
Green River and other present and proposed uses of the water-
above the reservoir site would probably reduce the average
annual yield to the Gladstone Reservoir to 25,000 acre feet.
It is proposed to construct a reservoir having a storage capa-
city of 35,000 acre feet in the Heart River near Gladstone.

The proposed dam would be equipped with a controlled outlet
conduit of =pproximately 20 square feet cross-sectional area.
This outlet would take the river flow during construction and
would maintain & satisfactory stream flow in the river below the
reservoir after the completion of the reseivoir for purposes of
pollution abatement, recreation, and irrigation.

It-is proposed that the dam be located above rather than
below the mouth of Antelope Creek. This would confine the re-
servoir to the Heart River Valiley and greatly reduce flowage
damages. A better site is available here than below Antelope
Creek. Local supnlies of materials are available for cons-
truction.

The site for the proposed Groen River dam has been field
inspected by a representative of the North Dakota State Engineer.
It is proposed to supplereni the Heart Butte and the Gladstone
reservoirs and would provide water for 1rrigation of 1,500 acres
of bottom lands.
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The proposed large rescrvoirs are necessary to the Sub-bacsin
for purnoses of stream flow regulation and to avert a possible
major flood disaster to Mandan. Irrigation is necessary if the
area is to become entirely self-sustsining. During the post
two years more than $800,000 of federal aid, exclusive of Farm
Credit Lcans, has beon necessary for the inhabitants oif the Sub-
basin. As stated elsewherc, 10,805 persons in the Sub-basin re-
ceived federal aid during the ronth of March, 1935. This
followed the drought of 1934. It is expecied that the number
roceiving aid during the coming yvear will exceed this amount
because of the extreme drought of 1936. The construction of
these reservoirs would be an cxcellent form of work relief and
the far-reaching results of their construction would tend to
make the Sub-basin self~sustaining. Livestock and grazing
operations of the farmers would be supplemented by the raising
of winter feed on the irrigated areas.

Records show a crop failure due to drought during two years
of each five-ycar period. Irrigation would greatly stobilize
the farm industry within the Basin.

Proposed stream gaging stations on the Heart River and
present weather recording stations in the Sub-basin are shown
on Plate IIX. It is recommended that the State cooperate with
the U. 5. Woather Bureau and the U. S. Bureau of Geological
Survey in establishing adequate facilities for the recording
of weather and stream flow datc in the Sub-basin.
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CHAPTER 1

CANNONBALL SUB-BASIN



GENERAL

POPULATION

FEDERAL AID

CHAPTER III

CANNONBALL RIVER SUB-BASIN

The Cannonball River rises in the Northeastern corner of
8lope County. Its main tridbutary, Cedar Creek, rises in the
southeastern corner of Slope County., The tvo streams flow
gsoutheastward, and joln on the Grant-Sioux county line, Cedar
Creek and the Cannondball river form the north boundary of Sioux
County and they flow northeastward in this area to the confluence
with the Missouri River about 30 miles above the North Dakota-
South Dakota state boundary line, The total area drained by the
Cannonball River is about 4,600 square miles of which 4,513 are
in North Dakota. The major part of Hcttihger and Adams Counties,
a large part of Grant County, portions of Slope, Sioux, and Mor-
ton Counties one or two townships in Stark County, and one or
two townships in Bowman County are included within this Sub-basin,

The total population of the Sub-basin in North Dakota in
1930 was 24,925 of vhich 5,185 persons rcsided in incorporated
cities and villages, Mott, the largest torn in the Sub-basin,
had a 1930 population of 1,036 persons; New England, second in
size, had a 1930 population of 911 persons, The other towns in
the Sub-basin had populations of less than 500 persons each., The
major vart of the inhabitonts are dependent, directly or indirectly,
on agriculture for a livelihood. The production of small grains,
poultry, and livestock are the chief occupations,

During the month of peak load, March 1935, 9690 persons or
38.,9% of the total Basin population wcre receiving federal aid.
The state average for the same month was 31.6%. In the peak
month of W, P. A, employment, 440 persons vere employed on works
projects in or near cities and villages and 2,741 persons were
employed on rural projects making a total of 3,181 persons employ-
ed in October, 1936.

The total length of the Cannonball River is 295 miles and
that of Cedar Creek is 221 miles., The headwater areas have an
average elcvation of nearly 3,000 feet above mean sea level. The
elevation of the main stream at its confluence vith the Missouri
River is 1,592 feet above mean sea lovel. The Cannonball River
thus shows the greatest variation in elevation of the rivers flow-
ing eastward to the Missourl River,

The Cannonball River meanders through an irregular valley
of from 4 to 1} miles in width. This valley has an average slope
of approximately 8 feet per mile, The river channel,which is ap-
proximately twice as long as the velley, has an average slope of
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about 4 feet por mile, The slope of most of the tributary stream
channels is about 10 feet per mile,

The terrain is a comparatively ruggcd platcau area in the
upper portion of the. Sub-basin, There are numorous conspicuous
buttes in this area, Black Butte rising to an elevation of
3,468 feet above mean sen level, is the highest point in the
State. Much of the headwnter arcn is a gently rolling prairie,

There are two important tributarics in addition to Cedar
Creck that are of importance in prepnring a vater program for the
Sub-bnsin, Trimmer, Fredes, Raleigh, and Brisbane are located
along Dogtooth Creek, and Flasher snd Lark arc located along its
northcrn branch commonly cnlled Louse Creek. .

The Fort Union formntion is exposed in the northern portion
of the Sub-bnsin, Numerous deposits of lignite coal are found
in this formntion. The quality of the lignite from some of the
deposits is said to be equal to any found in the state,

Fiecld stonecs, suitable for rubdle masonry, riprepping, and
for concrete aggregzate after crushing, are numerous in the uplond
arecrs of the Sub-basin, Gravel suitable for road material is also
present but in most cases this 1s not suitnble for concrtte aggre-
gate,

Adequate ground water supplies of fair quality are present
in most portions of the Sub-basin, In some cases thie water 1s
discolored and has a strong taste and odor due to the dissolved
orgrnic matter obtrmined os it pnsses through the lignite coal
voins, This is objectionadblec but usually not hnrmful, Springs
rre found on valley slopes in the Sub-basin snd artesian wells
con be obtnined in the main valley. :

The water problem of the Sub-basin is primarily onc of stream
flow regulation for purposes of flood prevention, for irrigation,
rnd for recreationnl purposes. During portions of each year there
1s a large flow in the Cannonbnll River and its tributnries, How-
cver, during thc grenter portion of the year therc is a great
stream flow deficlency. '

Severnl towms in the Sub-brsin are in need -of lmprovements
in their wnter supply nnd seurge disposnl facilities, There is o
meed for several additional smnll reservoirs in the area for re-
crentional purposes, Irrigntion projects are nceded to supplement
upland farming ond grazing operntions, and thereby avert the feed
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~ ' ghortage problem that is present during drought years,

PRECIFI- '

TATION The twenty year average of annual precipitation in the Sub-
basin vas 14,87 inches; that during the groving season, May
through September, was 9,96 inches. On the basis that approxi~-
mately 14 inches of precipitation during the growing season is
required to produce a fair crop in the Sub-basin, it 1s apparent
that there wes a deficiency of moisture for growing crops during

: more than one half the tventy year period. There are several

’ areas in the Cannonball River Valley that are suitable for irri-
gation, Large storage reservoirs would have to be constructed
to provide water for the irrigation of these areas,

RUN-OFF The average annual run-off for the Sub-basin is 0.59 of an
inch or 133,000 acre feet per year., The run-off is not as large
as other Missouri Slope areas because of the many level bench
land areas along the valleys, The major portion of the run-off
occurs during the spring break-up period. The streams are vir-
tually dry during summer months except during and immediately

T folloving violoent storms,

* = FIO0DS The Cannonball River frequently exceeds flood stage., There
are no towns located on the river bottom lands and therefore the
flood damego is limited to that done to the farms in the valley.

WILD LIFE The U, S Bureau of Biological Survey is presently develop-

, ing the waterfowl resources in thc Sub-basin. -In addition, theprs
-4s & reservoir vhich vas constructed dby the Statc Game and Fish
Department as a waterfowl refuge. Several of the small reservoirs
in the area assist in the conservation of the wildlife of the area.
-However, thc ultimate dovelopment can come only with the develop-
ment of adequate stroam flow regulation.

RECREATION Several resorvoirs in the Sub~basin scrve the recreational
noeds of surrounding communitics. Thesc have not becn ideal dur-
ing rccent drought ycars due to the early pollution of the water.
Stroam flow regulation is neccssary to adcouately develop the
water resources of the Sub-basin for recreational purposes, Sev-

_ eral additional small reservoirs at desirable locations would

- moke water available for a larger portion of the Sub-basin for
recreational purposes and vould be particularly useful during
normal years,

POWER AND
NAVIGATION The streams of the Sub-basin are not navigable and, because
of the limited and intermittent flow, the development of water
power is not practicable, The power needs of the Sub-basin are
. served by generating plents utilizing lignite coal as fuel,
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There hes been some rock revetment work done on stream banks
edjecent to the Northern Pacific Rellway fills in the Sub-basin,
No additional channel improvement is contemplated or proposed.

The mupicipal water supply oroblem is not acute in the Sub-
basin, Amidon reports an inadequate supply for fire protection
end needs an additionsl well or wells for this purpose. Flasher
has acaouired the use of the raillway rescrvoip located nearby for
fire orotection, There is a nced for a pipe line to this reser-
VOirc

There is a serious stream pollution problem present in the
Sub-basin vhich is particularly aggravated during drought years,
New England end ifott dump their scwage into ncarby streams which
are virtually dry during summer months, This results in a ser-
ious health hazard, particularly dovmstrecam from Mott., In addi-
tion to pollution from scwage there is an accumulation of dead
animals and other debris in stream channcls vhich causes a con-
taminated eondition of the small amoint of vwater usually prescnt
in the streame cduring surmor months, Stream flow rogulation
would greatly alleviate thce pollution problem in the Sub-basin,

Approximately 26,000 acres of bottom lands in the Sub-basin
ere potentially irrigeble. Irrigation on a small scale has been
tricd by pumping from small reservoirs. This has been highly
successful for small areas such as gardens, However, the irri-
gation of a large area would require the construction of a number
of small reservoirs at considersble cost. large reservoirs can
be tuilt st sultable locations and would store water much more
economically then would a series of small reservoirs.. Water could
be released from these reservoirs as needed into ditches for ir-
rigation by gravity flow snd into the stream channel from which
it could be pumped for projects farther downstreamn,

The main objective of irrigation in the Sub-basin would be
to supplement the livestock and grazing operations of the upland
areas, During drought years sufficient feed would be grown on
the irrigated areas to sustain foundation herds without the ne-
cessity of shipping in expensive feeds. This would lead to a more
prosperous condition throughout the Sub-basin,

A total of 38 existing dams in the Sub-basin impound a maxi-
murt of 6,561 scre feet of water. These are used for purposes of
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recreation, stock vatering, railroad supply, waterfowl reiufes,
end fire protection. Existing dams in the Sub-basin are listed
in Table A and are shotn on Plaia II,

It is pfobosed:

1, That three large rescrvoirs be constructed in the Sub-
basin to provide strcam flov reguletion for purposes of irrigation,
recreation, and pollution abatem'nt. Proposcd Projects arc listed
in Table D and are shown on Platc II.

- 2. That several edditional small rescrvoirs be crcated vhere
there is a definitc nced for them for recercation, stock watering,
or othcr purposcs. Proposcd projects arc also listed in Table
D and arc shovn on Platc II. All dams constructcd hcreafter in
the Sub-basin should bc provided with outlot gates for relcasing
the vatcer stored when a great neced ariscs for 1t downstreanm or
then it becomes so polluted that it is a definite health hazard
to the community. Many existing dams should also be provided
with outlet gates.,

3. That assistance be given several towns in developing
adequate vater supply and sewage disposal facilities. Water supply
projects are listed in Table B and serage disposal projects are
listed in Table C and both are showvn on Flate I,

4, That veather observation stations be established at
Amidon and at Stowers, These are listed in Table B and are shown
on Plate III.

5, That a deteiled =o0il survey and land classification be
begun as soon as is possible on all lands that appear to be ir-
rigable in order to ascertain the suitability of the lands for
irrigatior in each of the several areas. These surveys should
follow the aorial mapping of the irrigable regions. This mapping
vill provide, in addition to its utility as the basis of the pro-
posed soil survey and land classification, much needed data on
pregsent land use. The cost of the aerial mapping would approxi-
mate 54 per acre. The cost of the detailled soil survey and land
classification rould be an additional §¢ per acre. Thus, to prop-
erly predctermine the arcas suited to irriszation would entail the
expenditure of 10¢ per acre for 26,000 acres of irrigable land
in the Cannonball River Sub-basin, or approximately $2,600.

A large number of small reservoirs have been proposed for
the Sub-basin bv various agencies. Thoge that vould serve pur-
poses of rocreation, irrigation and reterfowl refuges have been
included in the proposecd program. It is proposed that before
any more small dams for stock vatering purposes be constructed



in the Sub-basin, & dotailed survoy of rural watcr supply be under-

- taken to detcrminc tho best and most cconomical mcthod of seccur-
ing adcauatc and satisfactory wntor supplies for stock watcring
purposes. “herc an adequatc ground water supply is available it
is probabdle that this vould bc through tho construction of com~

- munity wolls, In othcr localitics not having a roliable ground

- vater supply the construction of surfacc rcscervoirs rvould be the
only altcrnative. Following such & survey it is proposcd thet
assistance be given in developing am adequnte rural water supply.

PROPOSTD A .dam located in scetion 14-131-86 and ~nothcr in section

STORAGE 8-129-87 would intcrecpt large amounts of run-off. The sites

- BESTRVOIRS vould provido largc amounts of storage with minimum flowage dam-
8gcs. - Sultable local matcrirls arc availnble for construction,
Only preliminary invostigntions of the sites have becn made dut
thesc sccm to offor dofinite possibilitics,

SOLEN
RESERVOIR The U. S. Army BEngincers have investigrtcd the Solon Reser-
voir site and have found it to he feasible for a reservoir of
storage capacity up to 160,000 acre feet. The cost was estimated
at $1,749,000 for a 160,000 acre feet reservoir. In addition,a
. reservoir of such large capecity would flood the torn of Solen,
approximately 12 miles of the Northern Pacific track, and 1 mile
of State Highway No. 12, This would result in enormous flowage

. -damages.

A study of the run-off data for the Sub-basin has resulted
in the conclusion that a reservoir of 50,000 acre feet capacity
vould amply serve the needs for vhich the project is intended,
namely, the irrigation of 15,000 acres of Cannonball River bottom
lands, The reduction in the size of the dam would materially re-
duce the flowage damages and would allow a more economical design
for the dam., It is believed a liberal estimate of the cost of
such a reservoir, including flowage damages, Tould be $500,000,

ECONOMIC - A total of 38 small dame have been constructed in the Sub-

JUSTIPICATION basin at an estimnted cost of $279,100. . In March of 1935, 38.9%

FOR LARGE -of the population were dependent upon the federal government for

RESTRVOIRS subsistance, During the coming year there will be a great need
for a‘ditional vork relief within the Sub-basin due to the severe
drought of 1936, A water program such as proposed here would
tend to make this entire area self-dependent,

The -irrigation thet would dovelop in the Sub-basin as a re-
sult of the construction of the proposed large reservoirs would
makce the projects largely self-financing. However, in vicw of
the large amount of work reliof requirecd in the Sub-basin and tho
great value to tho entire Stete of devecloping a prosperous arca,
it is pronosed that a large part of the cost of the resorvoirs
be chargod to the rehabilitation of the Sub-basin,



o

WEATHER Existing weather obscrvation and stream geging stations to-
OBSERVATION gether with the proposcd new weathrr recording stations at Amidon
AND STREAM end Stowocrs arc shown on Plate III. It is also strongly urged
GAGING that all existing facilities be maintaincd.

STATIONS
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CHAPTER IV

GRAND SUB-BASIN
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CHAPTER IV

GRAND RIVER SUB-BASIN

The Grand River Sub-basin in North Dakota consists of an
area of 927 square miles drained by the north fork of the Grand
River. This area lies in the eastern two-thirds of Bowman Coun-
ty and the southwestern one-~third of Adams County. The north
fork of the Grand River rises near the North Dakota~South Dakota
boundary line about 20 miles southwest of Bowman, North Dakota.
It flows within 1, 2, or 3 miles of the state~line for more than
40 miles. It leaves the State in the southwestern corner of
Adams County and flows souvtheastward to its confluence with the
Grand River near Shadehill, South Dakota. The north fork of
the Grand River will be referred to merely as the Grand River
in the following paragraphs, .

The general elevation of the headwaters area of the Grand
River is approximately 2,950 feet above sea level and at the
point where the stream crosscs the State line into South Dakota,
the elevation is 2,570 feet above sea level,

The 1930 population of the Sub-basin was 6,490 persons of
which 3,146 resided in rural areas and 3,344 in the several in-
corporated cities and villages., Hettinger with a 1930 popula~
tion of 1,292 persons, Bowman with 888 pcrsons, Reeder with 395
persons and Scranton with 381 persons are the larger communities
in this area.

The principal in&ustry of this Sub-basin 1s agriculture
which engages the greater portion of the population.

During the month of peak load, March 1935, 1315 persons or
20.3 per cent of the total population were recelving federal aid.
The state average for this month was 31.6 per cent. In the peak
month of W. P. A, employment 54 persons were employed on work
projects in or near cities and villages and 418 persons were em-
ployed on rural projects, making a total of 472 persons employed
in October, 1936.

The Grand River Sub-basin lies entirely outside the glaci-
ated region. For the most part, the uplands consist of flat to
gently rolling terrain in which the water courses have quite
thoroughly dissected the plateau surface. At the lower end of
the main tributaries the valleys are deeper and, in general, have
a fairly small drop p~r mile. The valley of the Grand River
averages about 13 miles in width through which the stream flows
in a meandering course. The average slope of the valley floor:
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is 8 feet ﬁer mile.

Several tributary streams converge at a point approximately
12 miles west of the east bouhdary line of Bowman County to form
the main channel of the Grand River in North Dakota. Spring
Creek, one of the major tributaries, has its headwaters near
Griffin and drains an area of approximately 220 square miles.
Lightning Creek origilnates about six miles south of Buffalo
Springs, drains an areda of about 80 square miles and joins the
Grand River near the North Dakota-South Dakota boundary. Other
tributaries of some importance are Buffalo Creek and Hidden Wood
Creeok.

Extensive deposits of lignite coal are found in the Fort
Union formation which comprises the geologic bed rock of the
eastern part of Bowman and the southwestern part of Adams Coun-
ties and in the Lance formation of the upper reaches of the
Grand River. Many of these coal deposits appear on side hills
and mining is not difficult. Both strip mcthods and tunnelling
are practiced in the production of this fuel. Lignite mining
on commercial scales are developed at Scranton and Haynes. Sev-
eral small mines, operated individually by farmers and others,
are located throughout the northern portion of the Sub-basin,

Scattered throughout the Sub~basin are ridges and buttes
that are covered with field stones of good quality. These stones
can be used as material for rubble masonry construction, revet-
ment work and can be crushed for use as concrete aggregate.

Very little run-off occurs in this Sub-basin, except during
rapid spring thaws and during excessive rains, because of the
flat to gently rolling terrain. The average run-off here is 0,57
of an inch. - As a result, the streams are virtually dry during
a large part of each year. -

All of the towns in this Sub~basin are located near the
drainage divide and as a result there has been but little flood
damage in the past. This problem, therefore, is not serious in
the Grand River Sub-basin.

Because there are only a very limited number of reservoirs
that retain water throughout the year in this Sub-basih, only a
limited number of waterfowl frequent this area. There are no
projects constructed or contemplated at present in this Sub-basin
by the U. S. Biological Survey. The construction of additional
reservoirs as contemplated in the program proposed here will add
to the waterfowl resources of the Sub-basin.

The recreational facilities within this Sub~basin are very
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limited, The few dams that were constructed under the F.E.R.A.
and C.C.C. nrograms have provided little increase in swimming
or other recreational facilities because of the limited supply
of available water to fill these during the past three years.

A railroad dam near Hettinger has been used by residents in
the vicinity for swimming during years of average run-off,

The W.P.A. has completed the repair of an abondoned railroad
dam at Buffalo Springs and this may make excellent swimming

and picnic facilities available. An excellent growth of cotton~
wood trees adjoins the reservoir.

The streams of this Sub-basin are not navigablé and because
of the limited and intermittent flow the development of water
power is not practicable. The power needs of the Sub-basin are
served by generating plants utilizing lignite coal as fuel,

There has been little or no attempts made to improve the
existing channels of the streams., The principal streams have
well defined and uniform channels. Any additional improvements
would involve large costa,

Bownman and Hettinger, the two largest towns in this Sub=
basin, have wells over 1,000 feet in depth for their mmnicipal
supply. Other towns have drilled wells ranging from 60 to 100
feet deep. '

Two of the towns in this area, Scranton and Reeder, have
reported an inadequate water supply. Scranton has apolied for
W.P.A. help to improve this situation and Reeder will probadly
have to do likewise,

The pollution problem on the Sub~basin is especially serious
during periods of drought. Decay of organic matter, such as fish
and animals, in many of the streams cause stagnant and polluted
pools to form and present a health hazard to the inhabitents.
Hettinger discharges its sewage into Hidden Wood Creek and, due
to the extremely low flow for dilution purposes during the
greater portion of each year, serious pollution of the stream
results, ‘ -

There are available approximately 8,000 acres of land in
the valley of the Grand River that could be used for irrigation
farming if sufficlent water were provided by a large storage
reservoir on the Grand River., Surveys of these areas, in 1909
by W. A. Stebbins of the U. 5, Bureau of Reclamation, in 1926
by G. E. Stratton also of the U, §. Bureau of Reclamation, in
1931 by the U. S. Army Engineers and in 1931 by the North Dakota
State Engincer, have found this feasible from an engineering
standpoint.,
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hese .r3 no reservolrs oronosed in the program for the
mininizing of .Jicods in this 3ub-basin in Nortk Dakota, A
large reservoir on the Grand River and one on Lightning Creek
are proposed in this rrogram for the storiung of sufficient
water to irrigate £,000 acres of land in the Grand River Valley.
The retention of floyd waters and the return flow from the )
ir:igable lands would have & very beneficial effect on the strean
flow below.

‘s total of 7 dams now _éonstmcted in the Baain impound a
maximm of 1,712 acre feet of water. Reservoirs are listed in
Table A end are shown on Plate II,

It is proposed;

l, That a large reservoir bc construzted on the Grand River
and possitly another on Lightning Creek for purposes of comsarving
flood waters for irrigating several thousand acres of bottom lands,
These reserroirs -youla havz a beneficial effect or streem flow
down ctream. Proposed projecis are listed in Table D and are shown
on Plate II.

2., That meveral smull dans be constructed at desirable loca~
tions for recreation and stock watering purposes. Proposed projectes
are listed in Table D and are shovn or Plate II. All dams construc-
ted hereafter in the Sub-basin should be provided with outlet gates
for releasiug the water stored when a great need arises for it
domnstrear or when it becomes so polluted that it iz a definite
health hoza¥d to the community. Somo existing dams should also be
provided with noutlet gates.

3. That assistance be given towns in securing cdeguate water
supnly and sewage disposal facilities, Projects are listed in
Tavlss B and € and arc shom on Plate I,

4, That a detailed g0il survey and land claegsification he
begun as sonn A8 is nossiblc sn ald) iande that aprear to be irrig-
able in orier %o asccertain the suitabllity of theee lancs icr
irrigation *n cach of the sevoral sreas. These surveys scovla
follow the ~eriel mavving of the irrigable regions. ¥This napping
will provide, ir addition to its utility as the dasis of thc pro-
posed soil survcy and land claceificntion, much nceded data on
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prescnt land use, The cost of the aerial mapning would approximate
5¢ per acre. The cost of the detailed soil survey and land classi-
fication would be an additional 5¢ per acre. Thus, to properly
predetermine the areas suited to irrigation would entail the ex-
penditure of 10¢ per acre for 8,000 acres of irrigable land in the
Grand River Sub-basin, or aporoximately $800.00. _

A large number of small reservoirs have been proposed for the

Sub-basin by various agencies, Those that would serve nurposes of
recreation, irrigation, and waterfowl refuges have been included
in the proposed program, It is proposed that before any more small
dams for stock watering purposes be constructed in the Sub-basin,
a detailed survey of rural water supply be undertaken to determine
the best and most economical method of securing adequate and satis-
factory water supplies for stock watering purposes, Where an ade-
quate ground water supply is available it is probable that this

would be through the construction of community wells. In other loc-

alities not having a reliable ground water sunmmly the construction
of surface reservolrs would be the only alternative, ¥Following
such a survey it 1s proposed that assistance be given in develop-
ing an adequate rural water supply.

The ultimate development of the surface water resources of this
Sub-baein would be provided by the two large storage reservoirs of
proper design to make possible the irrigation of suitable lands and
by emall dams and reservoirs to supnwlement the mell water supply
for stockwatering and recreation purposes,

It is proposed that the Bowman Irrigation Reservoir, located
in Section 24-129-101, be placed under construction immediately.
The surveys mentioned are comvlete enough to make possidble the
start of work on this project immediately. Soundings for the dam
gsite were made by the F.E.R.A. and the results are available in the
V.P.A. office at Bigmarck, North Dekota.

Sufficient water to irrigate 8,000 acres of land by gravity
flow would be provided by this reservoir. The irrigable acreago
is limited to approximately 8,000 acres by the available water

supply.

An additional project on lLightning Creek, located in Section
19-129-98 1s also recommended to supvlement the supply of wator
obtainable from the main reservoir for irrigation purposes.

Becent events have materially sltered the significance and
Justification of the Bowman Project. During the past three years
about $125,000 of Federal Ald, exclusive of Farm Credit Administra-
tion loans have been advanced to the inhabitants of this area.

Such aid is continuing at present because of the protracted drought
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of 1936. Although many worth while and necessary projects have
been—constaected -throughout- the federal work relief program, the
people have not been provided with a means of becoming more self- ..
sustaining in the event of continuing drouth years,

The construction of the Bowman project would change this
situation té a very marked degree. This project, if constructed,
would insure an adequate feed supply for the livestock in the area;
it would increase the value of taxable property in the Sub-basgin,
and adove all, it would etabalize the income of the inhabitants so
that federal or local aid would become a mattcr of far less cone-
ccern than at present., '

‘ It is proposed that a definite part of the. esst of this pro-
Ject be allocated for the rehabilitation of the veople of this
area,

The U. §. Army Engineers estimated the cost of construction
of the Bowman Dam at $997,000, Detailed information concerning
the design proposed by the U. S. Army Engineers is not available
but it is the belief of the North Dakota State Planning Board that
a dam adequately sufted to the present and anticipated needs of
the area could be constructed for approximately $350,000,

In a review of Mr, Stebbin's report, Mr. Stratton gives the
estim~ted cost of storage at $10.80 per acre foot. The estimated
storage capacity of the reservoir would be 19,500 acre feet, accord-
ing to the U. S. Army Engincers. This would give an estimated cost
for the dam of$210,600, The unit prices used by Mr. Stebbins in
calculating the cost of the dam were:

Embankment ' $ 0.40 per cubic yard
Rock Rip-Rap 5.00 per cubic yard
Reinforced concrete 20.00 per cubic yard
Lumber in place for spillway and .
flumes 50.00 per M.F.B.M.

The unit price for earth fill is high for present construction costs,
The contract price for construction of the U, S. Bureau of Biologi~
cal Survey Upper Souris Project —as 11 cents ver cubic yard for
earth fill embankment: A large vortion of the work consisted of
construction of a large dam for impounding 112,000 acre feet of .
water in the Souris River Valley:' The total construction cost of
the entire project was approximately $300,000.

A rough estimate of the cost of the Bowman Dam has been made,
The design would include a 437,500 cubic yard earth fill dam with
clay or timber cut-off wall, a gravel blanket on the upstream face
covered by 18 to 20 inches of rock rip-rap, a rubble masonary and
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reinforced concrete spillway and the necessary outlets and controls.
Cost items would be:

437,500 C. Y. earth fi11° ®  $0,35 $109,375
20,000 C. Y. rock rip-rap © 5.00-commccccann- 100,000
6,000 C, Y, gravel blanket @ 1,00 *.6,000
Spillway, control gates etc. . 80,000
Foundation preparation, .cut off

wall, engineering, and incidentals 84,6235

This gives a total cost estimate of $350,000, No flowage dam-
ages would result as the area was reserved for irrigation develop-
ment at the time of the original land survey,

No estimates are included for irrigation developments other
than water storage, There is a definite need for irrigation in the
area and irrigation districts will be formed and will construct
their irrigation projects when water iz made available,

Active weather recording and stream gaging stations in the
Grand River Sub~basin are shown on Plate III, . No additional stae
tions of either type are included in the proposed program bdut it
is strongly urged that all existing stations be maintained.;
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CHAPTER V

LITTLE MISSOURI SUB-BASIN
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CHAPTER V
LITTLE MISSOURI RIVER SUB-BASIN

The Little Missouri River rises in northeastern Wyoming. It
flows in a northerly direction and drains portions of northwestern
South Dakota, southeast~rn Montana, and southwestern North Dakota.
It enters North Dakota in the extreme southwest corner of the State.
It flows northward in a very tortuous course to a point in south-
central McKenzie County, approximately 30 miles south of the Mis-
souri River, and then turns abruptly and flows to its confluence
with the Missouri River near Elbowoods, about 65 miles to the east.

At the point where the Little Missouri River enters North
Dakota, it has a tributary drainage area of 2,360 square miles,
Between this point and the mouth the tributary drainage area is
7,100 square miles, 4,665 square miles of which is in North Dakota.
The Little Missouri Sub-basin in North Dakota includes major parts
of Slope, Golden Valley, and Billings Counties and lesser parts of
Bowman, McKenzie, and Dunn Counties.

The 1930 population of the Sub-~basin was 16,758, 3,328 per-
sons resided in incorporated cities and villages, and the remainder,
13,430 persons,resided in more rural areas,

During the month of peak load, March, 1935, 6,141 persons or
36.6 per cent of the Sub~basin population were receiving federal
aid. The State average for the same month was 31.6 per cent, 1In
the peak month of W, P, A. employment, October 1936, 3,328 persons
were employed on works projects in or near cities and villages and
13,430 persons were employed on rural projects,making a total of
16,758 persons employed in October, 1936.

Much of the area drained by the Little Missouri River in
North Dakota is the so called "Badlands." Although the headwaters
of the tributary creeks drain a prairie region, the rapid fall to
the main stream has caused the formation of many gullies in the
ar.:as closer to the Little Missouri River, These gullies have
slopes mostly barren of ¥Yegetation which erode very easily, The
water picks up silt in these areas and deposits this on the river
bottome as it loses its velocity.

The total length of the Little Missouri River channel is ap-
proximately 530 miles. 1Its averago grade is approximately one foot
per mile, The vallevy is approximately 300 miles in length and
averages about 4,000 feet in width. The river meanders from side
to side through this valley and cuts the bottom lands into numerous
tracts, These tracts of land vary in size from 50 to 700 acres.
They are composed of dark fertile loam.
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TRIBUTARIES Ther~ are numerous small tributaries on both sides of the
Little Missouri River, Two tributaries originating in Montana are
of importance in preparing a watcr plen for the Sub-basin., These
are Big Beaver Creek entering North Dskota in northwestern Golden
Valley County and Little Beaver Creek having its conflucnce with
the Little Missouri River at Marmarth, North Dakota,

NATURAL There are considerable lignite coal deposits in the Subdb-basin,
RESQURCES There are a number of natural gas wells in the vicinity of Marmarth,
. and oil has been struck in paying quantities in Montana just across

the state~line from Marmarth, Bentonite is also present in the
Sub-basin. Gravel, satisfactory for surfacing material, is found,
but it contains impuritics rendering it unfit for use as concrete
aggregate,

GROUND

WATER Artesian wells from 90 to 600 feet in depth located in the
lower portion of the various tributary valleys furnish surrounding
areas with an ample supply of fair quality water for human con-
sumption and stock watering. In the areas more removed from the
main stream water is secured in the stream valleys from wells 40
to 60 feet in depth and, in the prairie areas, from drilled or
bored wells up to 200 feet in depth. Thare is a shortage of water
for stock watering purvoses in some areas, Wells in theso areas
need to be deepened, or new wells nced to be dug,

THE WATER There is a necessity for stream flow regulation in the Little

PROBLEM Missourl River Sub-basin, During the spring run-off period and
after heavy rains the river is taxed to capacity and often over-
flows its banks and causes considerable flood damage. During
drought seasons the flow in the various streams is reduced to
zero. There is a need for water for recreation, for pollution
abatemcnt, and for irrigation during such periods. In addition to
damage caused by flooding during spring run-off, considerable dam-
age 1s done by benk erosion, The flood danger is particularly
acute because of the rapid fall of the tributaries in the areas,
These froquently bring in sufficient water to raise the river
from normal to flood stage within a 24 hour period, ‘

PRECIPITATION The 20 year average of annual precipitation in the Sub-basin
is 14,40 inches, That during the growing season, the period May
through Sevntember, is 9.86 inches, On the basis that approximately
14 inches of precipitation are required during the growing season
to produce a good crop, it is apvarent that there was a deficilency
of moisture for growing crops during more than one half the 20
year period. During drought ycars, expensive feeds are shipped into
the Sub-basin to sustain foundation herds of livestock, This
results in a loss of accumulated savings, There is approximately
20,000 acres of land along the Little Missouri River that is
potentially suitable for irrigation to supplement upland farming
and livestock operations.




RUN-OFF The run~off from the Badland portion of the Sub~basin is very
rapid., The average annual run-off over a thirty~one year period
from the Sub-basin is aporoximately 1.43 inches or 356,000 acre
feet. A large portion of this occurs during the spring months and,
except immediately following violent storms, the streams are virtu-
ally dry during the summer months,

F100DS As noted above, floods cause considerable damesge in the Sub-
basin, Wibaux, Montana on Big Beaver Creek suffered $600,000dam-
ages and the loss of 3 lives during the flood of 1929, Marmarth,
North Dakota has suffered serious flooding both from the Little
Missouri River and from Little Beaver Creek. Levees were started
by C.W,A. and F.E.R,A, and completed by W.P.A. to give flood pro-
tection to Marmarth., The Little Beaver Creek channel has been
straightened through the town to give additional protection, How-
ever, this development will not give complete flood protection to
Marmarth. Some additional flood protection should be provided in
the form of storage reservoirs both in the Little Missouri River
and in Little Beaver Creek,

WIlD~-LIFE
The U, S. Biological Survey has no projects in the Basin be-
cause there are no sloughs or lakes suitable for the development of
waterfowl refuges. Projects for the conservation of wild life are
not proposed, but some wild life benefits would be derived from
projects proposed primarily for other purposes.

RECREATION There are no natural lakes sultable for recreational purposes,
Several reservoirs have been constructed for this purpose, and
several additional dams are proposed. Two state parks have been
developed in the Badland areas, Stream flow regulation would in-
crease recreational facilities in the Sub-basin,

POWER AND There is no development of water power or navigation on the

NAVIGATION Little Missouri River. It is unsuited for either purpose. Cheap
fuel in the form of natural gas and lignite coal is available for
the production of power in the Sub-~basin.

CHANNEL There has been no channel improvement in the Sub-basin except

IMPROVEMENT for the short length of the Little Beaver Creck channel through .
Marmarth which has been straightened to allow quicker exit of flood
waters, Channel erosion is a problem along the Little Missouri River.

MUNICIPAL The towns of the Sub~basin in general have an adequate water
SUPPLY supply. A reservolr upstream helps maintain the water level in

the wells of Beach. Sentinel Butte has a reservoir available for
fire protection, Marmarth needs some improvements in its water
system,
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STREAM
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During summer months an accumulation of debris and sewage
in the streams causesserious health hazards, Sultable sewage treat-
ment plants and adequate stream flow regulation would greatly al=
leviate the situation,

There are approximately 27,000 acres of bottom lande in the
Little Missouri Sub-basin that might be irrigated by pumping from
the river with a maximum 1ift of 35 feet if water were available
for the purpose. Adequate stream flow regulation would stimulate
the development of irrigation projects,

Irrigated land would be used to supplement farming and graz-~
in; on the upland areas. The Resettlement Administration is now
engaged in developing the Badlands for grazing., Irrigation would
greatly assist in this development by insuring a supply of feed
within the Basin for needs during winter months and throughout
drought periods,

A total of 18 dams now constructed in the Basin impound a
maximum of 1,879 acre feet of water, These are used largely for
stock watering and recreation. Existing projects are listed in
Table A and are shown on Plate II.

It is proposed:

l, That three large storage reservoirs be constructed for
flood control and stream regulation through the cooperation of
North Dakota, Montana, the federal government, and interested local
agencies. One reservoir would be located on the Little Missouri
River in Bowman County; one would be on Little Beaver Creek in
Fallon County, Montana; and the other would be on Big Beaver Creek
in Wibaux County, Montana. These reservoirs would permit the ir-
rigation of approximately 27,000 acres of bottom lands by pumping
and by gravity flow, These projects are listed in Table D and are
shown on Plate II, ‘

2. That several additional small reservoirs be constructed
for recreational and stock watering purposes. Proposed small
projects are also list O in T:BY: D »md -~ =" v an Plrtoe I3,

All dams constructed hereafter in the Sub-basin should be provided
with outlet gates for releasing the water stored when a great need
arises for it downstream or when it becomes so polluted that it is
a definite health hazard to the community. Many existing dams
should also be provided with outlet gates,

3. That towns in the Sub~basin bde given assistance in
developing adequate water supply and sewage disposal facilities.
Projacts for improvement of water supply are listed in Table B
and are shown on Plate I. Projects for improvement of sewage
disposal are listed in Table C and are also shown on Plate I.
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4, That a detailod soil survey and land classification be
begun as soon as is possible on all lands that appear to be ir-
rigable in order to ascertain the suitability of the lands for
irrigation in each of the several areas, These surveys should
follow the aerial mapping of the irrigable regions. This map-
ping will provide, in addition to its utility as the basis of the
proposed soil survey and land classification, much needed data on
present land use, The cost of the aerial mapping would approximate
5¢ per acre, The cost of the doetalled soil survey and land clas~
sification would be an additional 5¢ per acre, Thus, to pro-
perly predetermine the arcas suited to irrigation would entail
the expenditure of 10¢ per acre for 20,000 acres of irrigable
land in the Little Missouri River Sub-basin, or approximately

$2,000, .
LITTLE There 1s an excellent location for a large reservoir on the
MISSQURI - Little Missouri River in Section 28/29“130-106 in Bowman County.
RESERVOIR The Pierre Shale exposed at the silte would permit a minimum of
PROJECT foundation preparatinon and would make oxcellent embankment mat-

erial. This reservoir would prevent excessive flow in the Little
Missouri River in North Dakota with its accompanying flood dam-
ages and excessive bank erosion. It would regulate the flow in
the river and thereby provide water in the valley during summer
months for recreation, for pollution abatement, and for possible
irrigation developments,

LITTLE BEAVER A large reservoir located just across the Montana~North

CREEK Dakota state line on Little Beaver Creek would provide protection

RESERVOIR for Marmarth from floods produced by that stream. It would reg-

' ulate the flow in the stream and thereby provide water for re-

creation, pollution abatement, and for the possible irrigation of
3,000 acres of land in North Dakota. The Pierre Shale is also
exposed at this site,

THE BIG BEAVER

RESERVOIR There is a suitable location for a large reservoir on Big
Beaver Creek in Section 30~12-60, Wibgux County, Montana, This
would give flood protection to Wiboux, Montana and would provide
a regulated flow in the creek for purpnses of recreation, pol-
lution abatement, and for the irrillation of several thousand
aecres of bottom land, some of which would be in North Dakota,.

The construction of these reservoirs within the next one
or two years would provide a large amount of work relief which
1s especially needed at this time due to the extreme drought of
1936, Their construction would tend to make the Sub-basin self-
sustaining, Farming and grazing operations of the upland areas
could be supplemented by the irrigation of river bottom lands.
This would permit the growing of feeds for winter months and for
drought periods,
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WEZATHER
OBSERVATION
AND STREAM
GAGING

STATIONS

Active weather observotion and stream gaging stations in
the Little Missourl Sub~basin arc shiown on Plate III. No ad-
ditinnal stations of either type are included in the proposed

progren, dbut it is strongly urged that all existing stations bo
maintained.
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CHAPTER VI
ELLOWSTONZ RIVER SURSBASIN

The Yellowstone River rises in the northwestern corner of the
State of Wynming and flows in a generally norincastward direction
to its confluence with the Missouri River near Buford, Noril. Dukota.
The length of the main stream is 871 miles. The average clore of
the river is 13.3 feet per mile from an elevation of 10,800 feet a-
bove mean sea level at the headwaters to 1,859 feet above mean sea
level at the mouth. That portion of the stream which lies in North
Dakota has a slope of less than one foot per mile of channel.

The total area drained by the Yellowstone River in Wyoming,
Montana, and North Dskota is 69,820 square miles of which 718
square miles are.in %hi fortheastern corner of McKenzie County
and in the northwest corner of Golden Valley County, North Dakota.

The total population of the Yellowstone Sub-basin in North
Dakota in 1930 was 2,630 persons. This population was entirely
rural. The largest town was Alexander which kad & population of
386,

In the peak month of W,P.A. employment approximately 20 per-
gons were ernployed on work projects in or near cities and villages
and about 300 persons were employed on rural projects, making a
total of about 320 persons employed in October, 1936.

That portion of thc Yellowstone Sub-basin lying in North
Dakota ie & glaciated area with the drift and valley alluvium rest-
ing upon the Fort Union formation. The river valley is several
miles wide and slopes gently toward the river, In the upper por-
tions of the Sub-basin thes rolling plateau country rises to an
elevation of about 2,400 feet mean sea level. This region marks
the divide between the Little Missouri and the Yellowstone Sub-
basin.

The soil of the Sub-basin, for the most part, is valley al-
luvium. This alluvium is also found in terraces and benches along
the sides of the valleys. Alkali is prcsent in the soil but not
in sufficient quantities to affect agricultural development excepnt
where concentration has taken place due to the gencral topography
of the local area or to the application of irrigation water with-
out sufficient drainage.

The North Dakota tributarics of the Yellowstone River are
Benne Pierre Creck, Horse Crocek, and Charboneau Creek., These three
streams are rather small and are not capable of much development
because of the rapid drop in elevation of their channcls. Of these
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Benne Pierrc Creek offers the greatest possibilities for develop-
nent.

Lignite coal is present in the Fort Union formation of the
Sub-basin. It is not mined on a large commercial scale in this
region but affords an abundance of fuel to the inhabitants at low
cost.

The main sources of water in the Sub-basin are the valley al-
luvium and the base of the upland drift which is tapped by shallow
wells, VWater is also secured from wells and springs in the lignite
and sandstonc beds of the Fort Union formation, This water is of
fairly good quality, nlthough that coming from the sandstone and
some of that coming from the drift is highly mineralized,

Therc is a marked dcficieney of rainfall in the Sub-basin for
the production of growing crops. The average annual precipitation
is about 14 inches, and that from Mey through September is about
9% inches.

There are several thousand acres of bottom lands along the
east gide of the Yellowstone River that are potentially well suited
to irrigation. There is also a considerable area in the valloy of
Benne Pierre Creck that could be irrigated by the construction of
o storage dam and o system of irrigation ditches. The necessity
for irrigntion in this arean is mande evident by the fact that, dur-
ing the: last twenty years, two crop failures have, on the aver-
age, occured in each five year period duc, primarily, to rainfall
deficiencies. However, on the west side of the river where the
river bottom lands are irrigated, crop failures are unknown. Crops
of vheat w7ith a yicld as high as 54 bushels per acre have been
growvn on the Yellowstone River bottom lands aftcr spring flooding.

There arc scveral sites for small dams which would create
spring fed reservoirs suitable for stock watering and possible
rcereational use, The Resettlement Administration is presently
develoning such projects in the area.

Several thousand acrea: of land on the west side of the river
are water logged and saturated with alkali. This land needs to be
rehabilitoted and provided with suitable drainnge ditches to be-
come a valuable part of the Lower Yellowstone irrigation project.

The flow in the Yellowstone River at its confluence with the
Missouri River is about equal to that of the nain stream. The
average annual run-ofi is apnroximntely 10,500,000 acre feet, and
the flow varies from 5,000 to 160,000 cubic fect per second. The
local run-off in the Sub-basin in Forth Dekota is about one inch
per yeor.
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The Yellowstonce River bottom lands are subject to frequent
spring flooding duc to the fact that the Yecllowstorne River brenks
up before the Missouri River, and the resulting icc jams back the
wvater over the valley. This flooding does no particular damage.
In fact, the siltsso deposited and the thorough soaking given the
land arc of definite value,

The rapid spring run-off that occurs in this Suo-basin is ac-
companied by excessive bank erosion. As & result pumping plants
for irrigntion projects must be protected by revetment work or by
the construction of suitable concrcte walls and intake pipes. The
latter would elininate the dangcr to these plants by removing them
sufficicntly far from the river.

Wild life rosources of the Sub-basin consist largely of deet
vhich arc prosent in the wooded arcas. No particular developments
are present or are contemplated to increase the wild life resources.

The C.C.C. dams on Charboneau Creek create reservoirs which are
available for reccreational purposcs. The onc in section 26-151-103
is of particular value for this purpose. However, the shores of
this rcservoir should be developed for picnic and camping facilities.

Previous to the construction of the railroad into Montana,
there was considerable navigation on the Yellowstone River. From
the year 1882, vhen thc Northern Pacific Railway reached Billings,
Montana to 1910 o small smount of river traffic continued between
Glendive, Montana and the mouth of tne river. However, there has
been no commercial navigation on the river since that time except
during rccent years vhen a small boat has plied botween Sidney,
Montana and the mouth. In 1930 this boat handled approxinately
60,000 pounds of produce. Thore are no large pleasure craft oper-
ated on the river. No dovelopnent of navigation is contemplated in
¥orth Dokota.

There is no proposal for the development of water power on the
Yellowstone River in North Dakota. Cheap power is available fronm
stean generating stations utilizing lignite coal ~nd natural gas as
fuels.,

There are only a few snall towns in the Sub-basin, and these
have not revortcd a water supply problen.

There is no scwage discharged into the streamns in the Sub-basin
in North Dakota., There nre a number of cities in Montana which dis-
charge their sewagc into the Yellowstone River. Data on the number
of these and the type of sewage treatnent are not available. This
probably causes no serious pollution problem, however, because of
thc high minirmuan flow of the Yellowstone River. During drought
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years dead aninels and debris in tributary streans cause the great-
est strean pollution in the Basin.

The Unitcd States Bureau of Reclamation Lower Yellowstone
Irrigation Project on the west side of the Yellowstone River irri-
cates approxinatcly 20,000 acres in North Dakota. Small grains,
alfalfn, and sugar beets arc grown on this land. That this project
has becn o success is attested by the following fisures furnished
by the manager of the Lower YellowstoneProject for that portion
lying in North Dcokota:

Year Valuc Per Acre
Irrigated Crop Dry Land Crop
1935 $ 37.50 0.50
1930 - 1935 $ 29.87 3.50
(average)

On the east side of the river there arc approxinately 5,000
acressof botton land capable of being irrigated in a nanner simi-
lar to that practiced by the Lower Yellowstone project. Thais
arca is divided into thrce natural project sites by two high bluffs
along which it would be difficult to carry irrigation canals. The
upper project would be a portion of the Sidney pumping project now
being developed by the Water Conservation Departnent of Montana.
Some clearing would have to be done before the naxirmnm area could
be irrigated. Irrigated land on the east side of the river could
be usced sirilarly to that under irrigntion on the west side. Sugar
beets grown in the area would be niled in the fields until the
river was frozen over and then hauled across and shipped to the
sugar factory at Sidney, Montana.

Five rcservoirs have been constructed in this Basin. When
full, these reservoirs store about 60C acre fect of water.

It is proposed:

(1) That surveys and designs be made for the upper and lower
Cartwright irrigation projects and the Sidney pumping project on
the east side of the Yellowstone River in North Dakota and that the
bottorm lands in this area be placed under irrigation as soon as pos-
sible.

(2) That a series of relatively small dons be built orn Benne
Pierrc Creck for irrigating apwroxinately 2,000 acres of land in the
valleir.

(3) That the Resettlement Administration build dans to con-
serve the water produced by springs in the area for stock watering
and recreational purposes. All dams constructed hereafter in the
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Sub-basin should be provided with outlet gates for releasing the
water stored when a great nced arises for it downstrean or when

it vecones so polluted that it is a definite health hazard to the
coxrmunity. Some existing dams should also be provided with outlet
&ates.,

(4) Thnt o detailed soil survey and land classification be
begun as soon as is vossible in order to ascertain the suitability
of these lands for irrigation in each of the several areas. Thesc
surveys should fcllow the aerial napping of the irrigable regions.
This mapping will nrovide, in addition to its utility as the basis
of the propored soil survey and land classification, much needed
data on prescnt land use. The cost of the aerial mapping would ap-
proxinate 54 per ncre, The cost of the detailed soil survey and
land classification would be an additional 5¢ per acre. Thus, to
pronerly nredetermine the areas suited to irrigation would entail
the experdditurc of 10¢ per acre for 6,600 acres of irrigable land
in the Yellowstone River Sub-basin, or approxinately $660.

Proposed nrojects are iisted in Table B. ZExisting dams are
listed in Tnble A, Plate I shows the present and proposed develop-
rnents of the water rosources of the Sub-basin.

Therec are no weather rccording stations located in the Yellow-
stone River Sub-basin in North Dakota, but a first class weather
station is located at Williston just to the north and cooperative
stations are located at Arnegard just to the east and at Beach just
to the south of the Sub-basin. There are no streanm gaging stations
in the Sub-basin, but a good record of strean flow at &nd near Glen-
dive, Montana is available. In 1934 a goging station was established
in the Yellowstone River at Sidney, liontana. WNo weather recording
stations or strecan gaging stations are included in the proposed
progran for the Sub-hasin.



UOTAVAJOSUOD I84ulh PUL SUTI0RiL HO098

Al

xcod
Ited
pO0DH
JueTTooxT

Mo

NOILVEDISEQ

PO4ONIL SU0O AT03vATId

UOTHROIOSI UOTFTaJOSUOD Jojul pue FUTIOIUM Xocqg III Yd. 20 VERL Aq Poj1ONIASUOCD sue(d *”“
UoTIBITIIT 11 090 £q P93oNILSUOD SUB( *
$ESN T ENEDETT

006°0¢$ 209 _ iSEICATISEH v

SYA ORILSIAE TVIOL
*90 N0 UO Liu( d AT 000°¢ b2 40T ofT HT oTzUSYOW  °§
*3p0a) odoojuUy U0 Qg D AX 000°¢¢ 24 TOT O0ST 2¢ oTzZusHOM  *f
(xx) (&) *3[00I) MBSUUOQIBVYY JO UYIU.'IJ WO Tey AT 009'2T 29 10T 04T l2 otzuoy¥ol  °f
* *MUAULIOGI . ) IuOU Nood) MBOUUOQILYH U0 Liuvg o IIT COR* 1T 6t 0T 16T 9z etzueyoll °2
ok *suspiv? JurqvSTaar X0 °98TNOOD ¥ U0 wR(Q ) I1I 0064 $ ot ot 04T I oTzuojyoHd *T
puefo] sS¥IVIeY TUL UOT3UTIOS9T TOIGuU asn 89 "I eY ea%g ..nw...a 2208  £qTmo) *ol

o -31s9Q 1800 98%vJa018
HISYE HEATHE ETOLSMOTTEX

SYIOAYESEY GNV SiVQ OHILSIXE Y TI9VL



000°26$ :sjoafoxd uHu SSUTD TE0L
*x eqoofoxd Butdimd LoupTtsS JO uotag0d
w}0¥RC YIJION JO UOT}ONIFSUO) e 000‘2h auoN H0T 04T  oTzuel)oN "¢
e s300f0xd wuot3eITIII 01 16T
yStang Juv) JoddFo UOTIONIFSUOD s 000°0% ouoN MOH 06T  oTZUSYON °2
% . «700{0Id UOTRUTTIII
QUSTIAGIR) J8iL0T FO UOTFONIFSUCH q 000°02 ouoN Hot TGT 8TZUSYO} 1
TSXEAENS 40 MOI1LWId 100 NOdN MOILMELLY PNIQNYNEQ SLOTLOMd ufu SSYVID TES0d0¥d
000°9%$ tsqoafoad 4Vu SSTD TEIOL
*% suoTyuPTIIT Jo L3TTTATISSOd SUTRISG - H0T  IfT
-ap 0% ¥8oJ) 9JIIoTd OUUSH JO Losansg Jo0'2 GOT SHT  oTZud}oN "t
- *q00foad Butdimd £Loupis
J0 uotgxod ejoxu( YIION I0F soJn}
-onIgs Jo uSTsep pue Loadns 930 Td10) 000°T 0T 06t 9TZUsy ol ¢
ook *S0IN}ONIGS
Lrussooeu Jo uStsop puwe 3oefoad 0T  T4T
WOTUITIIT JUSTIAJI«) Xoddn JO Laamg 0002 ¢or O0GT ©tzua)dl *2
o .*S2JINFONI} S
Aressooou Jo USTSSP pue aosfoad
UOTFeSTIIT JYSTILGIU]) 980T JO Loamg 000°1$ 10} 16T 2T2ZusloN °1
THOTLNEZLLY ZIYICe sl DNICITHEQ SLOALOTEd uVu SSVID
“Keaang 70000ad jO uOIgdTIOsSe(Q UOTIVU *qsq 15T 199 8oV 9% °*On] Kqunod “oN dvH
~$tseg 380D 7puel oTqedtaxl AL31oede)d a80I048 1 91v1d
NISYE EFATE EIOLSAOTTER
g TIEVE

SLOTLOVd @ESOIOUL



I1o00d 4
ated £
pood D
QUSTTROXT H Jooutdum o3u3s £q pojoodsul PIOTL  wue
SMOILVNDISEC +AHAENS
000°¢22$ 009°9 0Ge‘ty *SIOEPOEd GHSOJOHd TYIOL
000°G21$ 000'2 0G2*f; :s3o0efoad uDu SSBID TeIOL
* ok ‘Y44 pue
UOTIRIFSTUTIPY 1UOTOT338S0H TBJINY
oY) £q pedoysasop Jureq st twiFoad
STUL °*ulsyg oyl ur spuod Jutasjva
yoo3s puw sBurads Jo quetidoTaad( H 000°G2 ] OTZUOYON *G
ek *a1qIs®BaJ 9q 04 3oefoxd ayj smoys
Léaxns ouyg JT NO8I) 9aX9Td auusg uo ol NJH
S}IOM UOT}BITILT PUV SUCP 3ONI}SUOD D 000‘00T$ 000‘2 000 MOH 2T OTZUS)OR f
. T —
C TaEn QNY.uva SASSYIO NI QUWNTONI LOM .NYId MI SIOHLOEL slu mm¢ﬂu
Karang 708(0xJ Jo uoT3drgossg uoI}BU *3SH “1S§  *s0Jd0Y  "364 4694 oJoy o8y edaf  £3unod .cm“&&h
-S1se@ 9s0) pueT oTqreSTail £310vdn) 0521038 I @5¢Td

NISYVE HIAIY UNOLSHOTIHA

SLOELOEd @ESOJO¥d

-

(*ps3u0d) € HTIEVEL

o~



nbrosaomémmronmmu .

‘-- -‘

I

 PROPOSED IRRIGATED Qnéns

! sxm’me RESERVOMS
. 15

LEGEND-  /

IRRIGATION ;

ri
MissoY ¢
™ Y
A
1 A
Q
l Nl
b A
61 I
S

151

R T

S 1=}

149

!
N

N
147 N 7€

v

Q

PROPOSED IMPROVEMENTS
IN USE OF

146

105 “od T Tos
PREPARED IN OFFICE OF.C ONSULTANT

NGS

101

SURFACE WATER RESOURCES
145

NORTH DAKOTA
“4 YELLOWSTONE RIVER

DRAINAGE BASIN
STATE PLANNING BOARD
W.PA. PROJECT NO.!463
143
L Tl Ho h——dlo

‘:(‘Al(‘ IN N'ILES PLAT I

s



i}

Volume

Volune

Volume

Volune

Volume

NORTH DAKOTA
STATE PLANNING BOARD

SUMNARY REPORTS
OF
A PLAY OF WATER CONSZRVATION
FR

NORTH DAKOTA

Lettor of Transmittal

Foreward

Red River of fthe North Drainage Basin
James River Dreoinnge Basin

Souris River-Devils Leke Drainnge Basins

Main Stem Missouri River Basin

Slope Area Drainage Besins

BUY *DAKOTA MAID" ¥LOUR




	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1
	Page 1

