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drain, fishing wae improved by installation of 2 ... foot..square concrete 

blocks, oaat at th• site at a cost of $2.50 per block. In 5 years, 

deflectors were ineta.lled made of Wakefield. sheet piling .jetted in With 

a portable pWtlp • and so designed a.s to eaoape damage i'rom trash, float­

ing ie• or flooding. The original cost was $23.05 per unit, and no 

maintenanee has been required after l Je&r of operation. High, •roding; 

sand banks are being protected by planting vegetation and by construc­

tion of abort wing jetties cf Wake:field sheet piling. 1'1ew fishing 

by the use of diversion dams., and by creation of mall ponds on minor 



.. 

1prtng.fed atreue. For earth ... ftlled log crib detle<ttors, 

f.U'igina.l c,u.rt ns jl7.45 per str~tv• and. m,.intentuio• eost• over a 

4,-year pR"ioti lffl.$ ,$1.,:58 pw structure per yer. hperi:m.ents ar• 

und♦:r •Y to d•rt}11:1t'ld.ae ~. teaai'bility of lowering gt:reus. t~era ... 

ture1 by d.iv1Wtin(; dam overflows direotly into the uound ... wat01"' table• 

In )Aiehipn during the wartime period of curtailments in materials 

and labor, we experuied a. considerable portion of ow.- energie• on 

cl•v•lep:.lng atreu improvement methodewhiehwe believe are new• or 

a't lea.at l"Gpl"e$ent ad.gn1f'1eant mc,,difieations ot t::tisting methods, and 

o.a a oloa♦r ualy1ia of the var:l.4'Jd. problems irulivid.1$1 stream, preee.t. 

Far too aoh atream h.l.prov••nt wort ha.1 bHn done wl'th little or no 

a:t1i~t 'ho a.apt or dewlop teohniquec1 for qecitie r•111~lt.1. flu, 

old 'fhotgun" method baa bean and still is 1;t11ed much too •tw:n. We 

grant that for trout stream improvement pools and riffles are gener• 

all7 oonaidere<l the m.011t needctd pqsic&l teaimree. Howevw, a heavil7 

and.et stream need.a ditterent v-.aent the.n • t'Ubbl•• Ol' rock-bott.om♦d 

atr••• Following ie t. lia:t ot the things mo,t <>fton needei or le.ok• 

mg in trout str•a:ina t 

1. .fools and r iftlea 

a. Bank erod.tm oa.trol 

;. temperature control 

4. · Prevention or control ot ae4ime:ntation 

5. Flood control 

6. h1tQnit, of tlow 

1 • Pol.lutioa control 

8. Food 

9• Shade an4 oover 

10. Spawning faeilitiee 







cn a drainage dito-h in the tottthwesten pa.rt of Michigan. This rir'Mm 

had tE.t:nrperatures gu.ffioiently low to support trout but due te conditions 

' inh••n:t in a unifOl"m•bottomect ut1ficia1 drain oon:t.auutti fmr peol.a 

and lclttle ehelt•r• fo vrodd.e these f-eatur1ui and w meet th• 4tt'1"i• 

eulty ot holding struoturea in place., a_..toot ... aquare eemen:t blooka wM.p ... 

ing &p;pllexiately ltl.50 p.o~ ach were '-l••t on the tite. with u 

irtm J-ing embed<l• m ft.Ch 1:)1-k to f'aciU:ta'te handlingj the bloeka 

pole with an extended armwe..a usod for .placement a:nd :proved.A aim.ple 

nuirtho4• .. the c~tional typ(t t:Jt. double wing. deflect• Qli use«• IA 

thb particular W'&ter a oenter unit placed midwl.7 between the two 

wings bas beg inost effective due to the iner•ae4 area of backwater 

and oowr proTiiri.. f'.ae depth of •ter,. a to. 4 f'•et• •• au.ch thla.t 

been a gndwa.l ••ttllng. moat rapid durihg the first t• days attv 

inatallaticui. Now it is our intentie,n to lif't 'the blocks a:nd readjust 

thftl. at a higher elevation. The placement of these strueturee in the 

and aeOOl"ding to the lUlglffa the fishing has been im:prOffd. bJ them. 

the average number of blocks per deflector was 64 and a total of 512 

were •a1t md placed at a coat of $1,312.56. '.l'his sum included the 



Figure ;S. iarth...filled log ... criowin.g def'leotora in th• •xperUaental 
seeti.on &f Hunt Creek. 



FltUf~ 4. Double wing c:letleotor of matched sheeting in llunt Creel!:,. 
ihowi.ng tht tranaverJ♦ submerged. "diiger-log" below thtt · 

· tieflector win.gt. 

.. 



Flgure 5. Sing;l;~g 4.tleetor of tripl• Wak11d'i♦ld eheettag with 
eubmerged log tailing do•1tream f'rom the •nd of the wing. 



two seetiona of the creek have been im.proved on an expe:d.mental basis. 

•• hlprat'ad in 1943 with the .eonvutioul ehlgle ud double wtng 

defleotvs eonst.ruoted of •rth-tilled log orJ.ba with sodded tops. 

These atructtll'ea have functioned well but have requirea amiual mainten-

overridden them causing some washing. The sod and toil thus removed 

haa hl.-4 to be replaced, wt to • le11er ut•t •ch year a.a the ftge.­

tation. haa become more .fully rnt.ed.. fhe other aeot!.m.t ns ilnpove4 

b. th• :tall ot 1945 using eagle act toable tfi.ng deflectors t:Hm.etrl.16"4 

of sheet p;ilmg. T• of the 1; structures placed were of tPiple 

Wakefield sheeting wilt of salvaged l by 10 pine lum:ber. fbree boards 

are required for each single piling, the center one placed between 

th.ta eet-er plank extend• laterally a hohea beyond the outer ttoarda 

a one side• the oppod:be tide fonain.g a 2.moh groove.. The thl"ee 

planks are then :nailed tegether 11ud.ng naila sufficiently long to &!Ul'ble 

them to be clinehed. OAe end is then. cut oft at a 45-degree angle 

with the pob.t a.lwa1• a the tongue tide. The indiTidual pilings for 

this particular aeotion were 5 feet long and were jett•d in, using a 

p•k•l• high pressure P•P• A guii.e Ud eupp°" was installe4'by 

jettb.g ta 8.t"oot c•clar poataat appt---tely 5-foot intervals. Oil ,' 



its u1urtrea.m EJide, and notehed. and spiked at its junction 11vith the 

p•sts. the posta e.ild ••agers we;te placed. 'below i:b.t surfa.oe of tu 
stt"eam. ao that they would be continually su~•ra•4• '?he sheet piling 

•• then ~arted at th& •utctr end, t~d the center of' the ttrea.m,. 

and speeie.l ca!"ce ftS taken to 4:-iva the first one vertically. Cutting 

spiked to the string♦r and provided a. guide for aubaequ,w:t pilbg. 'l'he 

poin.tetJ tongue aUe fits lt1to the groove ani the 4;-4•0'ee ucle cut 

tencia to wedge it tightly againtt the other pil~ to form a. \Wlt.rtigh't 

teal. At the ol.ltef' end tu top ot the s-tr•ture •• cut ott at the 

wate» line and gradually taper-4 until at thEJ bank line it was 4 inches 

a)ove the water,. the out aa ~4• purpoHlf low to permit fl•od •ta 

tor u7 .tl~ating wash that o.thel'Wite might eolleot on the etfiuctur•.• 

!he, def1;~or- •• built well into.••~ 'blmk• to red•• the pQalbil.i"V 

wing, SJ>iked to posts and jetted in to a depth of 7 feet. Others were 

_. log na plac•d below th• low--•tei- surface parallel with the ot.U"ztut. 

Thb partiettlar eonavuetion has proved. m.oet efficient. After being 

holes have be• cut below most of the ati-ue'l;urtui and after one ,-ear 



thoae with the addi tiona.l 11nihmerged ooastruction at t-he midetr~ en<l 

of th• Wings hav& cut the 4•:Ptt hol«Uh ii't• 1; structures cest 

t,o6.oo, or $23.05 per unit. Ten ot the structures were ot salvage 

material which has not been evaluated in the above figure. Had n" 

lumber been used throughout the figure would :have been doubled approxi­

matel1 figured at the rate 9f $85.00 per 1.000 board feet. A wing 

20 teet long of 5-foot p:Ubg {Ultchctd sheeting} would take 200 board 

t-eet of laber • The posts and tjl'mgere were cut from the adjacent · 

,roo4 lots and repre,ent only lab« eosts. The particular advantages 

of this type ot construction are, A water-tight seal. long lite. the 

a.bility under flood conditions to pau floating trash and ioe, and 

the relief of flood presaure by 01rertopping. Such overt.opping would 

••• U.ttl• or no 4etriMa•l e:tf•t on the deviCHJ. This etruoture 

h«a prov• very satisfaet..-y wbexi heavU.7 ea:at'l.4'4 eondi t1ons are •a. 

countered. 

We ha.n a number of a.trealQ in Michigan, particularly in the 

nor1;hffll &one, that have "beome badly sanded. tnrough the erosion of 

'blmQ. We are attempting to control thia condition on portions of 

two streams, !he Pere Marquette in the Lower Peninsula and the East 

Branch of 'the Two Hearted River in the Upper Peninsula. Considerable 

work was done in the 1930' s by the CCC o:n. several of the worst stretches 

on the Pere Marquette River. !hi• work involved terracing. tr♦e 

planting, and the protection ot the water line by log booms. Som.e of 

th.is work is salvageable, the :major tailure being at the water line. 

We believe that by the construction of a series of short wing jetties 

the current oan be deflected from the raw bank. Thia will give liatur~ 

a chance to reeetabliah a protective oover with some help in the form 



F1gui-e 6. A view ,ehfiing tlHt oollsi'irueti.on ot short wblg .... jetty ol 
at<,h..t aheetmg tn the P♦re. lfeu•quet-\e ti'lrer. 



11~•7.- ~• wina;•J•ttiea ~ the Pet'e .!ili,arquetu liv•r deai'1'ted to 
prevtmt ba.n.k· erMion. Nottt <the h.td.ght dit.ferm.i.tUl htwMn 
the Btt'ep and bank end•• 



gtfltlJlti ♦:t tFee and ah:tu'b puatug♦ lfh.eae j•tt1e, were e$15t~"4 

like the wing d.efl•nor• at !iunt Oreek desoribed. above. with the 

exc•;tion that th• -term.l.u.l ends extttnd itbout • tori above low water 

line, maintaining thi1 height to within about6 teet of the, bank., and 

~• angl• uptu'ii until at the b• ad th.,- are 3 to 6 teet al>cwr the 

1• · •:tw lb•• All of the 'Vt04)it part:t ·eatai.U.ng above the we.tel" 11-t 

Wft'tt *"•otN. The terminal ad.a.._._. bN.oed to ttt.fil bank down,tr1'D 

by • 1ut-»M~pd log held in Jlaee lr<J posts j♦tte-.i a. •• the shen 

piling, to a da,th ot 12 t♦n. It ia :nEK:u:1ssu-1 te •otJ.struet one or 

'!IW'e or thtaie ia ••1•• at •oh of the major bads where .-osion is 

te.ld.ng plaee. !he angle at which these jetttea are ple.<utti depend.a in 

g..-al 4ffl. th• fty the main e\ir-J>4mil. :aavius the bank• vary:tng·btween 

afpl'!'fl>$i:mate17 30 and 45 deO"•••• ca,, f'i&W-"•• on this work•• n.(lt 

1•t. &fld.la,11.l•• the work being still iii ,ropeu. Hewtver • :l\ nll 

appro:x::lmate fi~•• given tt:r Hunt Greek with proport.tou.1 additional 

eharges for the l~•r thfft piling and the addiid.oal labor in driving 

it to a greater i•pth. 

A litllpl• m.ethod of providiag m.ore tiffhing1 oi-eation of n.- wat•t• 

baa bea followed on the ld.ttl♦ ~atitM Jtiver in Michigan by· the 

ooaatrue,1on of a diveraion .d&Ja whioh d.ire.ots the water tht'ough .a.a •14 

a'bew m.t4 pre"l'id•• 11700 feet ot n• trout water. To d:lv$l"t the 

water it wa.s necessary to build a dam that would provide a head. of 11ot 

lea• t-.n 2 t•et. nte dam waa eonttruete4 of double ras ot triple 

Wuetield the.ting 6 fe•t ap&r't• Ol"aoed 'by 4 b;y 6 a.k wal•r-• e.n4 tie4 

together by 3/4-ilioh steel r1.>ds. The spaoe between the sh•et piling 

was :filled with earth and the top seeded to gra,s end r:r•• Additional 

dirt was placed on the downstream side for added strength, completely 

eo....-u,,g·the •ne•t piling and prov14ing 2 f&et additicm,a;l tr'Mboard.. 



figure e. i&rth ... filletl ,saee:t piling ·iam en a · vi'but.,-y ot the F• 
ti:WJI' • A seritua ot 'thee• a.amt ha1re bi!tti.tn pla.eed on this 
stream. to fona ~out ,on••• 
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i'1gU'• 9• Single wing a.etleotOI' with the te~l end protect•d 
by shi,et piling. Mote the :f'or.matio:n c;t bar behind the 
wing. 
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flu~ dope a& &oid.e:4 to th~ water 11n$ and th• e.pproe.oh~s grass•d tuid 

plu.'tff to ja.ok pil'l.•• the oonaldwa.ble amounts or sil.t ud mu~k 

aocuml&ted d.vui the~ yeare since the ubow ba.d ~ eut ott 

tt• the main •tream, w•e largely tluahed out in. the first i eytt ot 

o,wation. In im♦ construction ot the da a 'box•t)"P$ e:pillny wa• 
u••d to permit the driving of the rfh.eet piling with. but ;light inc:rnae 

1n h•d• Since then the spill.way baa been tilled with earth 1::o giw 

the rrwuet'Ql"e a4ditional atrcmgth., Th• de la 110 ten ov•nll. 

and ex.tend.a well into the 'baua at each •nd. '?he total coat wa.a · 

t1,53s.01. 

W• ha•• ln lU.ehiga». a large numb•r of .-u, aprlng..f&d tril:n.itary 

str-eai, l'!IU1Y ot which are bl the touthe.r&i part ot the atate whee 

trout fi,ihiag tatiliti1111 are moat map-ch ~• ajerit7 of the•• are 

eo aall tht.t U:ttle or mothing baa bettn done in the way ot fl♦nl~• 

ment or atoq1d.ng. At present ~ are ~barke:4 on a Jl"Ogf'l.m . to d:efflOp 

them where the p7aieal e.nd biolegieal c:u:m.d.i;tion1 justify. Dm-ing 

the de.pl"essioD. pertoa. a reariq pon4 for warm water fishes was develop•d. 

in one ot the eathern <H:>'Wlties by the U, s. National .Parka Serviee. 

Thia pond. functioned aa origi?.l&llf d•aigne4 !'or a short p•r1ad and then 

•• abandoned as a r•u-hg po.ml. Inveatig11tlona bf th• Mi.ohigu 

Institute for Fisheriea Reaearch revealed tha:t the pond had possibiJ.i• 

ties fot' trollt. In 1943 it •• •tocked with legal trout fL"}.d opened 

to the public tor fishing 4ur-ing the regular trc·c:t ,1,1iuon. Special 

r.gulationt were invoked limiting the catch to two legal fish. p•r• 

mit'ting only artificial fliea to be u•d• and allowing no boats ar.td 

no night fishing. thia pond prOTed extremely popular and a.a a r,Hul t 
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sev-aal aidltioa•1 rearing pads J:,.e.ve been FJ:lda a.1/'ailable for publi~ 

fiah.in&• Their aue•••• stimulat.t illte"ett la dilv•lopiag sim.il.u­

pead.s on •ters fobtOrly consld.-u too -11 to ~rut much atten­

tion, In the fall ot 1945 a da.l'A was oonttructed in th• Waterloo State 

Fai-k u• on a etreu whr.use tlow •s appruiffl8.tely 120 gallons per 

minute. fhia dam toms a pond of abou't .2 aef'ee whieh was atoekff. with 

legal 'trout in tb• winter of 1945 ... ,46 Md enjoyed conciderable public.-. 

lld dulag the Swmtel' of 1946. two additional P~• will be QOB&truated. 

duri~ th.El tall of l9!i6t one 0£ 6 .. 1/2 .Ql'tui1 the Qt:her ot j a.e~••• 

All 'll'lill be subject to the sau ragulatioas as ou:tlined abovth The 

pottdbilitiea of expuding this ~gram. are gN,at arui will pl"0'\1'ide 

wout tiah:lng in a SMtion of tb.• stat• most .. aeficleat a. this type 

or apart. 

In the n•rtb eontral part d th~ lower penin.eule. ~ have .-tht, 

flea Riv.- whe1Je s:e•ee ia l.ak:ea ~tehell anfl Ce.dill•• n,ea,:- th~ oi ty 

ot Ct.dill&i'h The itr$am flowa southeastward int<> the llusk$go.n River. 

li; ia eoaeidered l1'lal'g~l tor tr•t beeauae of the rela.ti1'el1 high 

'ta:peraturea that lfJa'I' ooov d.uriag warm perie«e. illere ~• at. l•st 

two cause• for id:d,e, i:me the warm w.'ber from the •our•• lakes. the 

other the wideid.x1g and. th• shoaling ot a conaiderable pQrtion •f the 

-~am. Seep•~ run.a C()ll~t•d Yith the COQJUR"ation of tbe u. s. 

Geological Survey in. the sUl'lDfflfr of 1946, e. period when no water wa• 

•pilling. over the ~ from Lake l.Utehell into the ri:ver, indieated e. 

pick-up ot 22 seoond-:f'eet of' water betwee.u the source and a point 

approxbately 20 miles d()lQ'latreu by rlvm-. fhis n.ther large volume 

of spring and aeepage water has me.intlil.µied a t«mpvature au.t'f'ieietly 

lO'W most ot the time to support trout. Because of the marginal eondition 
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Club, easement• nre ootained a.long the greater portJ.on of i}he 

~-mile .vetch pend tting publle a.ee•aa tmd ·tha right to ometruot 
' 

en4 •hJ.tah im.pr(ft'ement,. To date 200 d•ioes, mostly liagle mng 

detleotw,. hav• been mstalltnl. The nwrowing of the c~•l he.a 

Men e.oeom.plished by ao 1laoing the nruetttres that ba.ra could tot'ffl. 

behind them.. In th• ,:.y.-r period a.ince the first atr'llOtures werEt 

installed, porticms of thft atream have been tlArrowed by two-thirds ot 

-.ed.«• i'b has i,een potud.ble in ••• la&tantHts to extend thil bar 

tol"m&t!on. from onEJ a,truetm-e to th• nsxt. All w't li of ~he l'lnwturoa 

eoti.sist of s&rth..irtilled log cribs with s-0dtied :topa.. the terminal 

<t11da. of 20 of thu have 'otten proteeted again.st outting bJ 6 to 8 

teet o:t •lt11.u,t piling and in m1u1::, oases the banks opposite th.$ ti1tgl• 

nttg 4Ul$1toTS have 'been ,r"Ot•ett:td ♦i.thw by boom logs o'I!' ah••t 

piling. the treeless portions of ttl• ··'bf.mka nave been planteti ~o 'lfhit• 

oear, aprun. pin•, and mixed .bard\Yood-♦ The total cost to date of 

these 200 struct11res has been $3,490.00 or $17 .45 per structure., Their 

the tn•ibility of introducing f.ll or a portiQR ot th~ streaa f'low 
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near th• eourc• of the OJ.am Rivu liU-.ctly ba.to the uou.nd..,.ter 

reaervoir whieh w♦ believe f•eds the 1p.ru~s trJAt a:re l'UM contribut ... 

$.ng m.e#t ot the cold. n1utr to the str-.m. lt is pr•~d that the 

u•ter volWM of apring tlow will reduce the wa:ter tem,-rature 

mt:tel"'Ully in the warm ~er :aumth1h Introd.uetion of surf\\oe fl.ow­

iato the ground-we.tel" resM"voir v1ould be aeeomplishad by a di vei-eion 

um. et low heiut deaip•4 to di,,..rt azq desired pG:rtion of ti. flow 

throu{;h dist:ributblg di tcl:uu11,. or by direct :t'loodiag of u area 

•·uttici•t to a.1'1torb th• 4ivertt:d. Wl\\ter. The stl"en flows tht'eush a 

rather large glacial outwa.eh plain of hijh.ly per'fious sand and gravel 

of coasi.tlenble 4trpth. 1n Mar•h 19451c fourteen teet 9"tJlle were jetted 

in 2 to 5 feet bel• the level of the gt-ow:id-water table in the area 

that •7 'b♦) tloo4ed. theae well, ~ff been ~heeke4 at.. bi--.thly 

intervals up to JW1tit 1946. F.:rom Ju.• l to da.t♦ weekly eh.-ks ha.ve 

been •tt• and will eont.iuue to be tnads each week f v an ind•tai:te . 

futµre period. Th~ data thus obtained. indie&te th.e fluqtuation in 

the level of th• vouna.-•ter table• ud to e. deg" tl1e apeed of 

percolation through the a.quater. by reflecting changes following 

precipitation. :rne lateral variatimui in theta.bl• d~pth bet.we«&n 

w•lls indict.we the ground-water gradi~nt. which in turn is a:n indicator 

of the direoti®. of flow o:t the 111u.bsiir:f'a0e "IR.ters. The level ef the 

grou..1\d.water table in the test area ha.a remained consistently below 

the 1 nel of the strttam, tho degree ot dif terencO" incre,u;i.ng in pro­

portion to the distance tram the stFee.m. at which the well is l6eated. 

these da• indicate e. flow trom the •tr•am to thE: undergrowrl watera 

and also the ability of th.e grcru: .. ,id ... water reservoir to e.b&Ql'b a,dditiPUl 

ntera.. An effluent flow is i.ndieated further by the abova...m$%1ti<:>ned 



• 

se&pe.ge runs Wher'e:tn the sfftion u:ader diseua•ion lost one 1eoond.fo9t 

ot •tef 'btttlfe-en two •~iiions, a dista.neff Qf • milEl and • half. three 

!d.1•• ~low the site &t tllft proposed i.rprndi.ng opffati111n iii! the first 

vibutary. We l:telle'ff tmi.t '\bia spring.,.fe4 tril>u'bary lt!U'ke th• firt't 

outcl"<1ppi.ng, ott\&r tun· the Ole.m !U:ver itself, ot the watff table that 

ft propos• to augment 07 tM spreading o~ration. lf this be vu• 

we u::, have arrived at a rather sis.pl• method ot tt,mperatu;re reo.uetion. 

et !Ja:BY stream11 of aimilAr obaraqter. 

So fa'I! tu the author can detEJrmil':H:t, the propollild plu will be 

the firn applioatlon et the a.ri.ifi.eial reobArging of the voumt• 

n:t~ ta.bl• tor th.tit j.mpro'Nmffl'lt cf trout atl"-.ms 'by -t.empeo.ture 

r•duotd.on. The principfe :involved is not n.e•• It has been US'EU!I: for 

:wu.iy y:aa.rs :ta C•li:f'ornia ~nd. other west•rn ti.ates ;t'or ;i;ri.,.t1m:i pur ... 

poses, oona•1'Ting ws:t..- in ou o.t th.ti ehiiape.$t c4 mo3t ettioiffit 

type1 ot reservoir•, ~h• gro~-•t•r te.bl•, ~ plaees in th• 

ee.stern states ft)f Ohio. lMtW Jer1rJ.e1,. Wew York,. West Virgina U1d 

Gt.here ere using thie :met:hO,. al r&tUMting nt.r to t,he udergx-ound 

reHl""Voirs for '7llrying purpose,, auch as the cooling of water for &ir 

oondi tionin&, .$.nd the rEtCharging of reaervoira in industri-.l area..s 

whtn"e heavy pumping has depll!liied the gx-•und we.ter aupply. Meinzer 

(194') e:tates tm.t •1ne plan involve• reeharging 'the •ter from the 

publie supply bl winter when the eurtaoe n'ter ia oold, thus increa,_ 

i:ag th♦ e1.1pply et oool g,l"ound. wate1" in •~r when the surface nter 

ic too 'W&:-m to be fatistactoey for coolbg purpos•••" The sU;eceesful 

uite of the pri.noiple of artificial rechi\rga has been demo1u:1trated 

tna'!'JJ thnea bQth in Eur-ope e..nd the United Sta.tea 4md its application 



• 
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!he high int.,.mal t'ri.et:lon. ot aven the mt)st permeable ot a.quaf'e.re 

assures a eondderal>l$ time lag between the recharging operation and 

pereol:e.te11# poroeity and pemeability ot the aquate-r, and the gromul.,. 

•ter gradittllt.. 'lhis lag it of gl'Gat ,value t\'-om a stream aprovaent 

the time of the spring brtua.k-u.p. 'rh• wat•r thua stored would be 

••a•ed gradua.1ly at low temperat\U"'e t'h.u-ing the critical period ill 

July flnd Au~st. 

A l"ecorcling 'therm.ognph was plaa.urd. 4 miles 4~wee.m h('Jf& t.l'.1$ 

aite of the pi-cu11pttotiY& sp.-Mding openttifln &nd has blt&:p. rtmnin:g 

«t'Ctttinuoualy dnoe June 31 1946. fhe ms:d.m.ttm tempore:ture reeorded 

tor the.'Wate in the $llmiu,r ot 1~ wa.1: e1• P. • July 19 and re. 

• n&d 11.t t-t:At flgw."e for a 3-h•ur period. !he nuimum air t~1u•a,.,. 

tve on th.at. day was 91° F. and r._inod. a~ se~ F. for j h.ow:-1. 

Comparison.a will be made betwee<n tM •verage air ~nd Q.ter tepera. 
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S~y 

During this 1'1ar pWioi 0£ mterie.l an-.\ labor ewtaihlent 

l.ieldgants ltream lmFev~~r:d, b-eira hi1 eonfined itaelt largely 

4. Creation of nEnV wa:tar by a ti vsr sion dam.. 

· 5• O:e1u1iiruct;iGn ot p~ to pro'ridie 't.ir-(t\l.t ta.sntng in thtil touthern 

part .ot 'th• state. 

6. !lBiuctioa r,t ntw t•PEt~atw"&& by· mb&.n.ti of qbamel nN"li"ff ... 

7 • Cll)llect:ion of d&.ta. baei• to -the fl"()J>Otu<td aup~utation ot 

th• nter tabl• by ~~s of a eprea.diag oper•t:ton with :its •t:tftt:Wlt 

19116. Gen•r•l pr:tneiples ot ut1tioial grouni•water recharge. 

Eoonomio G$ology, May• 1946 

Moffitt• J).. t. 

194J• .b>tif ioial flooding builds up ground.at.. yield. Water 

Works Engin,.-ing• Vol. 96, PP• 1230-12;2. 

O. "-·• Clark 
Typed by: s. E. :Sommer 
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