


th• t••S.bili~ of lwering stream tfmlpffattl.t'cts by di..rerting a.m owr,ilt, 

flows directly into thft vound-water table. 

In:trod:uetion 

In XUchigan iu.ri:ng the warth."le shortage of :med,~riala and labor, 

a eoMiderable portion of avail•ble facilities were expended on decnlop• 

•eat of atreem ir.aprovetent meth~da belined to be new, or at least 

aipificant :inodir1eations o:r uiating methods, and. on closer ualJ&il 

or individual $'tl"eb problems. Far toe :much ttrew,a 1.,iprovqent work 

has been dotu!i with little or no attempt to adapt or develop techniques 

for speoifie result.a. Althouf;.h pools and riffles are genttrally the 

most needed ?hyai ea.l teaturea for trout stream 1mprovem$Ut, a hee;vily 

aan.de4 chamael needs d.if'ferent treatiacent ctchan a rubble- or r-oek ... bottQm(tcl 

stream. !he tell o-wing things a.re moat often le.eking; in trout at:r_.., 

(l) pools and rif£1•1!iJ {2) bank erosion ~ontrol,J (3) te1nperat.ure ooatl"olJ. 

(4) prevention or centrol of sedimentation,; (5) flood control; (6} uni ... 

f'orm.ity of tlcnrJ (7) pollution control; (8) tith foodJ (9) shade and 

cover; and {10) ap&WA:mg facilities. This report will c.U.ac-uss techniques 

dnelepe4 to •at som.e of. these problems. 

Pool and $helt..r Development 

Lack of oover and rest area.a tor trout o:n a drainage ditch 111 

southwestern JHchig•n was one problem encountered. This stream had 

temp•n.tures su:f'ticiently low to &upport trout but contained few pools 

and lii:-Ue sh•lte:r". To provide these features and ovarco-rn.e the dit

fioulty of holding structures in ph,ee, 2 ... toot-squ,e.re cement ·blocks 

W&re placed on the bottom. in staf;r;ered rows (Figure l). Each 'block 

weighed appro::dmately l,150 pounds and was i:uut at the site with an 



ira ring e!il.bedded in one tae♦ to faeiH:tste hazullin<.;;.. A &in pole with 

an extended a:nn aa uut\ i'~r pl&i,HM0nt. ln this partitn.:l.l!U' •ter the 

4:anv.mtional type of double wing de;flaet1'r witJri a ester unit placed. 

midway h~en the two winga has been Qst 9f'fecti:ve beca.utse it in~aaeed 

the t.rea of baak,o:ter .am the amount ot cover• Si.nee tlw water w~s 

2 to 4 feet, all but one of the strttetures :required a $eeo.nd l&yer ot 

blo0ks superhapeted upon the f'o:unation layer.. Over a 5•YEml" p«:➔:t•iod 

1:ihve ha,ii been a gradual 1'1"itltn~ W,d.ch was most rapid d.ul"int the first 

t• day$ att1tr installation. lfow it i$ planned to lilt the ~looks and 

re,u:ljust tha. at a higb.er elEtfttion, the plaeement at tb~se .att'uetve1 

in the •~ ha.a re$ult~d iJ1 e<.meGt:ratiQO of the :fishing at the devices 

and, according to the angl9rs. an im.provsent in eatch. An av~rage ot 

o4· ble>ck• W&.i:J used for each de:tleetor,. a:nd a total oi' 512 blocks wer•. 

eari and placed at .a, coat of ,1.31g,56, '.nds iu:m. ;tneluded :form lw:!iber 

and espt'l'.imfflta"&ion ~ th.• b~st m.etls.Qd of ha.):uU.in.g. '!ha cost p~ 'bloek 

o.t te.50 cu be re>d:wl~ su'l:u,tantiall.y on subaequent p:.roJeets., teo ate 

thtr• haa been no maintenance cost.. 

At Runt Creek, where the )l.icb.igar. eonservatic;n Depa1tti"'~nt maintains 

• reaeu-ch laboratory, ho eectionf of the ereek have bean improved cm 

a;n experim-ental basis• Orl11· isection wru~ improved in 1943 by inste.l.U.ng 

oQn.v.mtioml singl.,_ a.n.d dou.ble...win.g de!'le'ltor, cons:1truet..d. of earth.

filled l♦g oribs nth sodded tops {Figure 2)., Thee& structures h•'N 

fu.netioned well but haw reiquired ann.ual maintenance to keep them at 

maximum eftieiency. Fer1od.ieally1 high water has overridden them and 

oaused aoma washing• Sod and SQil thus removed has had to be reple:oed. 

but 'tto a leaser extent each year as the veg6tation has beeome :more fully 

rooted. 'the other section was i!l'.rproveHi in th® fall or 1945 by using 
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the 13 t1.l"uetut'H pla.ecid were eo~stru~trJd. w:1 tl-:. triple :,wruce:f'1el4 she♦tinf; 

built o:f aJt.lvaged l• by 10-inch pine lmaber. Three b•rds are required 

The three planks e;r$ then fasten.ad together Yith nails &uff'icien:tly long 

w ,emit eltnehing• 01Ae end. it 'then cut 4ff at a 145-d~gr♦e angle With 

the point on the ton.gue aide. Individual pilings for this partioulJa 
long 

section w•r• eut 5 teatl\and jettad in by m.wans ot a. portable high pl"est_.fi 

pump. A guide and support was i11stall,)d by Jetting in e ... :root eeda.r 

th~ upstream. side ot the 

vertical and then -mts epiked to the stringer as a fc;tude for subsequen:t 

piling. '.l:'he tougue or each pil• fitted into the €:,"l"Oove oi' the previo~• 

one, and the 45•degr&e angle point tended t,> wed6e them all tightly 

until at the bank line it was 4 inches ~bove the water. The eut was 
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Fipl'4' _ 31.n,gle 1fini$. deflect.Sr in· the CJ.a, Ri v•r wi'th -phe iierrainl 

•nd protect"- by sn .. t piling;. Note i.ha t~t:t<m ot b&l" 

behind the. wing. 



aet aa oroe• current diggara were plae~d di~htly downstr~ trom, the 

end ot the wing and spiked to post, jetted in to a depth of 7 feet 

(Figure 3). Others were placed as ·a. 1ubn1erged downstream extension to 

th• ring paralld with the eurr001t. Iieween. the win&s of several 

str~tures a plank or log waa plaeed 1.:;el• the low-wat.e.r level and 

parallel with the ow-rent. 'l'.hie partieular construction haa proved 

most e.ffioient. A1'.'t$r being m plaea a year the structure requir~ 

no rr.ain:tenane$ and none is ~ntieip&tad for some time to coro.e. The 

other three struet,Jl"eo iu the second improved section ware built si'fJ.i11:trly 

exe•pt that 2 .... by 6-ineh. ma.tohad $heeting 'i.Va.a substituted fc-r the triple 

rlakefi&ld sheeting♦ 1\llatehecl sheeting .red.need by two-thirds the amourrt, 

of 1!.1lli.b,u• naoessa.ry per stru.oture, ~d appared to function equally well. 

Deep holes have been cut below most of the struQtUX'es and after on~ yet:U" 

thotHJ With the a.ddi'tional 1n,hm.erg;tHi .eonstruction at the '.,1idstream enc 

of 'the Wings ha:v-1i cut the dee:per 1tQ1ae. 

The 13 structures cost J3o6 .• 00,. or $2:;.,.54 per unit. ~- of the 

struetures 1NR'$ ot ealv-.ged aterial 11ilioh ha• not been 01.ra.luated in 

the above i'iture., ll&d nft' l~uher at the rate of CS5.00 per 11 000 board 

feet been ued throughout, the cost wo.uld have been approximately 

doubled. Posh Md stri~ers lll'ttre cut :f'rom adjaoent wood lots and 

repreeent only labor oo.sts. !rhe particular ad:vantages of this type ot 

oon.atrt.1ction are water-ti§ht sea.la. long life, the e.'biU,ty under flood 

conditions to pass floating trash and ice, and the relief' of flood 

pressure hy overtopping.. Such ovettopping would h.13.ve little or no 

detrimental effeot on the device. This structure has proven very satis ... 

factory -where heavily sanded conditions a.i-e e.ncounter&d. 



Control et Bl.llk !tro•i• 

There are a ml1\1ber of strea:ms in Miohi6an1 partioula:rly in t.he 

no:rthern zone~ thnt J;-;.ave bect'm'• ha.dly e1u:uied "b'j' bank erosion. At-t;empt• 

to eo.~trol this oonditicm are b•b.g made on portions ot' t)le. Pere 1'1.r,.,. 

quette in the Low,er Pex1msula nmi the life.et .Bt"a:nch cf the Two 11.Etarted 

Ri:ver in the Upper .Peninsula. Co.;1.sidera'ble WQrk vnut done in the 1930•~ 

by the Civilian Gon.ser"ft.tion Corpe on l!H'Jveral ot 'the •or st stretches 

in the Pere Marquette River. ihis work included terraeix'.l.g, tr$e plant

ing, ud the protecti<m. or the water U.1ie by log booms. ~t.a,eh of th& 

work taile<t, espeeially at the •ter line. lt •s believed. that some of 

th~ old. eon.struotion could. be salvaged by installing & series of short 

wing jetties to deflect the eurrcu1t from the raw bank. A pi-oteotivt 

covel"' could. then be. reestablished naturally w;l:th •ome help in the form. 

of grassing or tree and ,m-ub planting. to oarry out this plan jetties 

were eonatru.eted like t.lui1 Wing tief'leetors at ibant Creek aEi.fUib•d abov•, 

, :with the uoeptien that th.@ te~nal ends •zte4 about a foot •bove 1.

tra:ter line. fheJ maintain this height to within abo~t c feet ot th* bank, 

an.4 then liUlgl~ u.pard uatil at the bank end th.Ely u& ; to 6 feet e.bt>Ve 

low watff (Figure 4}. All of the lJ®d parta extending above tho wa.ter 

line were oreoaoted. The tent1tinal ends were braced to the bank down

stream with a su~erged log held in plaee by pons jetted in, to a 

depth of 12 :raet. It b neeessa.r.1 to oonstruct two or znore of these 

win.gs i..'1 series at. eae'h of the major bends where erosi<:m is taking pl.Ace. 

The a11gle at which the ietties are placed varies trow. appro:xiraat~ly 30 

to 4B degrees and depend• in ~eneral on the way the main current strikes 

the bank • .Oost figur•s on this work are not yet a1m.ilabl•• &inoe con. ... 

et.ruction is still in progre$s. Bmwever. they will approximate .figures 



A simple mtJth<td of providinG more fieh:i.ng b to create n.ffl'1 water. 

This plan has l:>Mn triad on the L:l ttle !\:ifinistee River in l\Uchig:;an by 

the construetion of a. dinrd.on dam whioh directa the •t~r throuf::h ap, 

old oxbow and t\dds 1,700 flllet of nff trout nter. fo d.ivex-t the •t• 
it•• neo1t&sa:ry to build a dUt that would provide a head of ..-t lea• 

than I feet. fhiB db was eonstrttcted ot two rows ot triple Wake:fielf 

shtHtting 6 feet a.part, bre.eed by 4 .. by 6-inoh mt.k •le ah<u•es and t:1.ed 

tot;ether by ;/4 .. ineh steel rl)ds.. 1'he t:paoe be1;!Ne$1 the aheet piling 

was :f'illed with earth and the top ieed.ed to gra.H and rye (Figw-~ 5). 

4dd:iUona1 E1Uth 1 for added i:rtr~gth., •• plaeed on the down,str.a: 114•• 

completely oovert.ng th& t;,heet piling axi.d pro1'iding 2 ff¾ttt l!tore free. 

board. Xlle slope •s sodded to the 111ater lin~ an.d the approaehea grassed 

ud planiied to Jack pine. Most of the heavy deposit tr1f silt and muok: 

'1hioh aecuraulated during the :::'ltl,tty years sifl-4$ the o:xbow had b(t11m cut o.tt 

from the m.td.n strea."n., was flu.sh~d out in the first 2 days of oper1J1tion. 

During the oonstruotion of the da."n a box-type spillway was used to pre

vent formation of appreciable head. .Af'·ter completion of th.a dam the 

spillway ·~ae filled with ea:rth. to stre:ni-the.n the atrueture. The dam. 

hat an O"Vru.'"a..ll length 01" 110 feet 1iu1d a-tends well into the banks a\ 

each end ♦ lte total cost was $1,538•07. 

The auc<tess or trout planting in several old reari.ng ponds in 

southern r/liehigan atiinu.lat•d interest in d1'7v~lcping similar ponds on 



... i2.,, 

wat~~• f!'.»'."merl,- coneideredt(ao .-11 tGW8.l"~fW.'t neh e.ttenticn. I1:i the 

,att~ •f 1945 a a. Wi\8 co:ri.muetet.t in thG W,aterloo &ta'• Park Area ·on 

a atree.m wh,ute flow was 9,ppro:id1na"Gely 120 gallons per m.L"'1ute. this dam 

:torm,c, a pond of about 2 e.eree whieh n1 ltook~ 11ith J,,sia.l..ab!KI. trout 

in tllt 'Wintttr of 1916.1946 and. ajoyod casiclerable ;polio u,e •llll 

th• summer of 1946. ho 1uiditional ponds will be oonstruoteo. during the 

t•ll of 19,46., one of 6-l/2 acres. the other of 5 &Ol"EHh fh.e poesibilitiea 

of -.part.ding thia pl"4.JgrM are graat and. will p1rovide trout fiahil1g in a 

section ot the atate mo1t clefioient in this t~vpe ot sport. 

!Em'ERAPU UDUCTIOI Bl ~lilt .um P..l!iK n~FMEN! 

ft• Clam lliver whose solll"ot ia La.Jee• JU'tohell u.4 Gadillao neu 

the city of Os.dillao liea in the north...central :,ari <:>t th& lower 

Peninsula and. fl.ow• aouthu.atwvd into the MQsksgon iiver. It ia OOJ:1,i,, 

sidered marginal f• 'trout btto&'U.tte relat:lfll1 M.gh watff temperatw•• 

m&:y occur during -warm lf98;ther.. Thae are at l•aat two ct11.usea for this 

ocmd.ition. One is tile warm water fr'• the sourott lakes,. dd the other 

is th• Widening ucl. the shoal.lng ot a conaid..-a.ble portion ot the etrn.m. 

Seepage runs conducted with the coopG.ration of the u. s. Geological 

Survey in the summer of 1946 during a period when no water •• apilling 

onr the dam from Lake Mitehel.1 ID.to the river indicated a piok ... up ~, 

22 aeoond-teet or watar between the source and a point approximately 

20 miles dawnstrea..--n. )lost Gf the time this large volume ot spring and 

s"page nter mainta!l'H a atr•• te:inperatUJte sufficiently low to 1upport 

trout. Beeause conditions in the atreu, are marginal, it •• considered 

4•aira.ble to attempt temperature reduotion by narrowing the channel and 

planting the banks,. With the eooperatioa of the Cadillac Rod and Gun 

Clu.b eaee.r1utnt1 permitting public access a.'"ld the right to construct and 

maintain impro'9$:m.enta wert obtained along the greater portion ot the 









li\rEtr• A series of thflJS$ um.a Mff bEun1 placed. on th.ta 

1triMm to form trout ponds. 



20-tdle atr•tch11 to ate- 200 dede~s:, iit0itly single wing ietleotor•• 

haD been in11talle4.. :Narr#ing the ehannel has 'bee.n e.oe•plished bf 

plaeing the structures so thl.t bare could :f'or111 'behind th&'!h In the 

S•year periotl aince tho ttrat defleetct!-1 wr• irustalled, portione ot 

tu stream have be•.a narrow•d oy two•th.!rds of their fon:a•r Wi4th, BJ 

earetul taaintena.ne• and the addition cf awcilie.ey devices mi•re n$$ded,. 

it 1-.ia.s been poseibl• in ._. !n1tanees to extend the ball:" fonnatto:n tta 

oiw stnoture to the next. All but 12 ot th• Gtr•tures. were •o.e ot 

mterials ta.ken tr·cm. the adjac•nt st.ream banks and eonsbt of a@U.'th. ... 

tille4 1og or-fba with sodded. tops. !he termirutl ends of !O wings have 

kc pr(rteoted agaiatt eu.tting 'by 6 to 8 fJ$et of ab.Ht piling and in 

•any ea&ea the banks opposite the single wL"'lg d.efleotors have been pro

teeted either 'by boom log• or sh~et piling. '!'re..,1•as ba:nke haff b$e 

pl..uited with whit• O:ftDl", •pruoe1 pin•• and mixed hardV#'oodl, The to1-l 

cH>st of these 200 mtru•tu.res h•s been $;,490.00 er $.17 .45 eaeh. their 

maintemt.uca tor the 4-year p$1"10d eott t1.o,e.oo or $1.,S pe:r stru.ct~ 

••h year .• 

IM:r:ean ot Grouaaa-tier !'low 

ln addition t• the control ot ten1pffatu.re 'by ruu•rawing t:he st,ream 

channel Md planting the banks, data a:r-e being; obtained on the feasi

bility of au~nting spring flow. Thia objeetive would be attained b7 

introducing all or a pol"tion of the str.am fl• neat' th• source t>f' the 

Clam River di.Factly into the grotmd...,....ter reeerYoir which it it be

lieve4 feeds the springs that now eontribute moat of the cold ffllter to 

the stream. l'i: is presumed. that the greater '9Glum.e of 'Jpring flowwou14 

l"'ecluee the water temperature materially in tne nm aummer months. 



Introduction of surface •ter i:nto the groun~tff' re11HtF'\foir would 

k •••apl.i,ehed. by i:netallati♦a ot·a .l01t-.h•d dam to diver't a f'OJr\ion 

of Vt• tlow through distributlmt fitchet., • to flood an ·U8 large 

enough to a,'b1torb th* diverted ,-t_.. !he 1tream flowe t.ht-ollgh a large 

glaeial outwa.eh plain of highly pervioua sand and gravel of eoi,.siden'ble 

depth. 

In March l94S, lout'teen test wells were j♦tted ! to 5 feet below 

the level o.f the gi-otm.d.•nter table in the ar11111 that 'ff!ill.y be fleod~d. 

t'h.ent•r lewl 1n these well••• obeke4 at bi-monthly int...,_l,. up 

to Jmw l.., 1911>. After June l Yeekly oheett have been made, amt Will be 

••·U.nuei fOI' an in4etinite p♦l"10"4, th••• data indicate fluetuatl-. 

in the l~vel of the groun<i••ter table, ax:i.d t@ a degree, the speed of 

percolation threugb. the aq.uiter. Varb.tio:ns in the •t•r lewl between 

wells indieates the gl'O'W'l.d••t~r gradient, and the dirff"U,cn of flow 

ot 1u1J-.taa1t waters. th• lewl ot the ground-nter table at.he tee, 

&I'• baa ..._bled ccm.sietently Ml# th♦ l•vel ot the etreh,, nth th• 

ditftt•n•• :bltl'eaidng in propOl"ti.en to the· d:istance of th.e •U tr• 

the stream. '.These data show • i'low f'ram th• st.ream to the un4ergrGUn4 

waters and also the ability of the uou.nd ... wa.ter reservoir to absorb 

additional waters. An effluent flow is indicated further 'by the al:u>ve-

m.entioned seepage r~t wherein the seotion under dis,n.ussion lost one 

1Nond ... foot of water in a dittance of 1 ... 1/2 miles. Three milea below 

the site or the proposed. aprn.din.g~ operation is the f'irat tributary. 

Th.is spring.fed 1tr1lfam ia believed to be the fil"at outcroppin£.~, other 

than the Clam River itself, of the water table that would be aupentetl 

D1 the apr-.ding opera.tio:a.. If the foregoing e.ssuniptions ue oorreot, 

a ra.thw ample method ot tem.p•n.t.ure !"eduction f'or many atr-• of 



thtilar eh~aotEI!' he.a been fcnmd... So tu a.:i the authoi" ean det.rntlne, 

the p.-.posed pl111, will the first applioe:tfo:n of this principle to 

mpl"<>Te i1Pout streUlB 'by temperatttJ>tt reduction. 

!h&prinoipla ot recharging gi-ound...-..ter ttese.Pvoire is not n•• ?t 

has been used for -.ny y.,.rs in California and 0th.et" wea~l!iirn ete.tes tv 

irrigation purpo•e•• Many pl~eee in the astern states 11t Ohio,. Un 

Jersey, m~w York, West Virginia and others are U:$1.:ng this methoti. to main

tain wdergrou:i:ld reservoirs tor eoollng water in air co:nditionu.g plants, 

and f<Jr industrial areas whm-e hea"'tiy pumpiag hlla deplli-ted the groun« 

wat• supply. .Meaz.er ('1946) state& :rrTh:e plao. involves r•ohU(iug 

the water tran. the puhU . .z su.ptly h wint_. · w:hen ·the surf'aee •ter ii 

cold,. th.us inereaein.g 1'£h.e iiUpply of eool g:ro'l.md '.fi\t.r in s~r 111hfn th♦ 

aurt'ace •t•r is too warm 'to oo ~m:tiafact◊ry i'or eool$n~ »ur»os•$•" 

The su.oeess Gf u-tif i•bl reoll&l'ic;in,g ~5 been demoi1:s.wated n~n.w time$ 

both in ivopEt tr.ncl the United St-.tea arid its a.ppliq.tion to 'ihe ~ov..,. 

:ment ot trout irtreems ie :M.'9:rely a nn use tor e. prQveu matlUl<it 

The h1g:;i':i in:t;ernal fricrtion of even the li'l.Ost permeable aqui.ters 

as.&ttr$1 a consid.e.-a.ble t:i.me lag beween r-echarg:ing 0P4tration and dis ... 

ohal'ge 'thl"ough 1ee,a1• ud e:pring flow in\-0 th• irtrearn. i'hie time lag 

is 4♦te:rmined by the diata:nee through whioh th• gl"Ound •ter pereola:tes-. 

poroaity and perm.eabiU.ty of the aquif'er, and the lf'ow:ui-n"h•r gPadien;t;. 

1'1.m.e lag is o:f great value from. a $tr~ ilnprovement lrt;andpoint for 

generally the period or grotest reeharie would b• at the t:Lm.e of the 

spring bNak•up. The water thus st.or(Hi would be released gJ"adually a.t 

low temperature during the eritical period. in July and August .. 

A reeording thermopaph was placed 4 miles domstream from th• si:t;e 

of the ps-ojeoted spreading opffation and hat been running oontinu-oualy 



since June ; , 19,46 • fh♦ -.xtma water tamp@rttva rno.rd.ed. i11 the s1muaer 

ol 1~6 ,_. s1• 1. on July 191 it l"'eatn~l •t that figur• tot a J-hO\W' 

,-SH. thAJ air tqpera.tu:re on that u7 reaineci above as• ,. fOf' S h0-1#1 

ad r-.heci a maxim:am of 91• F. O ... riaona will be made mattr•• thil 

&ftn.ge rd.r and water temperature& for a Cffl'lsidera.ble p~riod. b'Yth before 

and a:f't~r the spr•ding operati<>n. !n cooperation wi:th the- u. s. Geologioal 

Survey a stream gage •• installed near the si:te of the thermograph and 

5 ... day ... a .... week reeording& indicating the velum• ct flow ha.ff be11Jn mad.$ sine• 

, •• ,. 1--. 
All ute. oolleetad tlino• 1., will be ualyz.ed and the ra,ul'&i.ftg 

t-onolu•~ will det~ine the natur♦ of the spreading oper4tion u4 th• 

ti.,ne of its initiation. 

During the nr J-ff'i<>d of material and labfi" evtailaent Miohig;an' s 

,tree improvement prci:;rwn lffla 04iu'ined 1 tffl:t' l&,rgely to the to:tl.owing 

cft!'8l.••t•, 
1• Ceent block inetalla.t.ion ter eo...,. fUld rest a.reas. 

a. Single and do11ble wing deflectors of earth ... fi.lled log criba 

and sheet piling. 

,. Bank control by jettiet:; and vegatai.ion covet'• 

4. Creation of new •tar by e. diversion dam. 

;. Ccnttruction of pond• to provide trout fishing in the southern 

part of the state. 

6. Reduetion of wat.er temperatures by means of ebau.el narrowing 

Di bank planting. 

1 • Collection of data on whieh to base a proposed project fO'I! 

attpentug g-ou:nd ... nt&r flow to improve trout stream. temperatur••• 
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