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the femsibility of lowering streanm temperatures by diverting dam overa

flows direectly inte the ground.water table,

Introduction

In Hichigan during the wartime shortage of materials and labor,
e considerable portion of available facilities were expended on develope
meont of stream improvement metheds believed to be new, or at least
significant modirieations of existing methods, and on closer anelysis
of individual stresm problems. Far too much stream improvement work
has been done with 1libtle or no attempt to adapt or develop techniques
for specific results. Although pools and riffles #re generally the
most needed éhyaical featurss for trout stream improvement, a hemvily
sanded channel noeds different treatment than a rubble« or rock-bottomed
gtream, The following things are most often lacking in trout streamss
{1) pools and riffles; {2) bank erosion controlj (3} texperature control;
(i) prevention or control of sedimentaticn; (5) flecd’centrelg {6} uni-
formity of flews (7) pollution control; (8) fish foods (9) shade and
sover; and (10) spawning faoilities. This report will discuss techniques

developed to mest some of these problenms,

Pool and Shelter Development
Lack of cover snéd rest aress for trout c¢n 8 drainage diteh in
southwestern ¥ichigan wes one problem encountered. This stresm had
temperatures sufficiently low to support trout but contained few pools
and little shelter. To provide these fsatures and overcome the Gif-
fieulty of holding structures in place, 2«foot-square cement blocks
were placed on the bottom in staggered rows (Figure 1). Tach blook

weighed approximately 1,150 pounds and was cast at the site with an
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iron ring embedded in one face to facilitete handling. E‘gin pole with
an extended arm wee used for placement. In this particular water the
conventional type of double wing deflsctor with a cemter unit plased
midway between the two wings has been most effective because it incrsased
the area of backwater and the amount of cover, Sinee the water was
2 to I, feet, nll but one of the structures required a second layer of
blocks suyerimyoéed upon the foundation layer. Over a S-year p@ribd
there has been & gradual settling wiiich wes most rapid during the first
few days after installation. Now it is planned to 1ift the blocks and
readjust them et & higher elewation. The placement of these structures
in the stresm has resulted in concentration of the fishing at the devices
and, according to the anglers, an impravamaﬂt‘in catehs 4n average Of
€l; blocks was used for sach deflector, and a %ﬁtal of 512 blocks ﬁere.
east and pleced at a cost of §1,312.56. This sum included ferm lumber
and experimentution on the best methed of handlings Ths vost per blosk
of $2.50 can be redusced substantially en subseguent projsets. To date
there has been no maintsnance costs

At Hunt Creek, where the lichigan Conservation Department maintains
& resesrch laboratory, two sections of the creek have been improved on
an experiwental basis., One section wes improved in 1943 by installing
eonventionsl single- and double-wing deflectors constructed of earth-
filled log oribs with sodded tops (Figure 2). These structures have
functioned well but have required annual meintensnce to keep them at
maximun efficiency. Periodically, hizh water has overridden them and
eaused some washing. Sod and soil thus removed has haed to be replaced,
but to a lesser extent each year e&s the vegotetion has become more fully

rooted. The other section was improved in the fall of 1945 by using
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single and double wing deflectors constructed of sheet piling. Ten of

tha 13 structures placed were coustructed with triple‘%akefield sheeting
built of selveged le by l0winch pine luwsber., Thres boards are reguired
for & single piling. The center one is placed hotween two parallsl ouber
plenks so thet a 2«inch tongue and groove are formed on opposite edges,
The three planks are then fastensd together with neils sufficiently long
to permit olinehing, (me end is then cut off at a [5-degree angle with
the point on the tongue side, Individual pilings for this particular
section were cut © féi;jind Jjetted in Ly measns of & poritable high pressurs
pumps A guide and support was installsd by jebtbing in 8-foot cedsr

posts at approximately Defool interwls. On the upstresm sids bf the
posts, & log stringer was placed. This nomber was sqguared on its upe
stroamn faes, and notched snd spiksd at its Jjunetion with the posise

Posts and stringers were placsd far snough telow the water surfaes so
that they would be continually submerged, Sheet piling was then started
at the end toward the center bf the siream. The first pile, whieh ﬁad
been sherpened symetrically, was drivea with great care to keep it
vortical and then was spiked to the stringer as & guide for subsequent
pilinge The tongue of emech pile fitted into the groove of the previcus
one, and the Li5-degree angle point teaded %o wedge them all tightly
together to form a wabertight sesl. Al its outer end the bop of the
gtructure was sut off at the watsr line and gradually taper=zd upwerd
until at the bank line it wes L inches above the water. The cub was
made low to permit floed waber %o override the dovics and 8o give prsssure
rolief and clearance for any flosting trash that otherwise mizht colleet
on the structure., The deflector was Hulild well inte the bank tc redusce

the possibility of sut-arcund, Additional submergsd planks or logs te



Figure Re-usuable wooden forms for casting oement blocks,



Figure ___ Arrangement of cement bloeks in the Dowagiac River,
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Figure = Earthefilled logecridb wing deflectors in the sxperimental

paction of bunt (resk,
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Figure __ Single wing deflsctor in the Clam River with the terminal
‘end protested by sheet piling. Note the formation of bar

behind the wing.



act 88 cross current diggers were placed slightly downstresm from the
end of the wing end spiked to posts jetted in %o s depth of 7 fest
(Figure 2), Others were placed as a sulmerged downstream exbeasion to
the wing parallel with the ecuwrrent, 3BSetwssn the wings of saveral
structures & plank or log was placsed bolow the low-waber level and
parallel with the current. This particular construction has proved

mogt efficient, After being in plece & year the strueturs required

no maintenance and none is anticiéated for some time to come. The

pther three structures in the second improved section were built similerly
except that 2= by be-inch matohed sheeting wes substituted for the triple
Wekefield sheeting. HMatched sheeting reduced by two-thirds the amount

of lumber necessary per structure, and appearsd to function egqually well,
Desp holes have been cut below most of the structures and after one year
those with the additional submerged construction at the nidstream end

of the wings have ¢ut the deeper hcles.

The 13 structures cost $506.00, or 23,54 per unit, ‘Ten of the
structures were of saivaged material which has not besn svaluatsd in
the above figure, Uad new lumber at the rate of (85,00 psr 1,000 board
feot been used throughout, the cost would have been approximastely
doubled, Posts and stringsrs were ocut from adjacent wood lots and
represent only labor costs. The particular eadventages of this types of
eonstruction are water~tight sesls, long life, the ability under flood
conditions to pass floating trash and ice, and the relief of ficcd
pressure by overtopping. Such overtopping would have little or ne
detrimental effect on the deviecs, IThis structure has proven very satis-

feetory where heavily sanded conditions are encountsrsd.
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Control of Bank Zrosion

There are a number of streems in Michigen, partieulsrly in the
northern zone, that have beovame badly sanded by bank erosion. Atbempts
to control this condition are being made on portions of the Pere Har-
quette in the Lowsr Peninsule and the %Hast Branch of the Two Hearted
River in the Upper Peninsula. Considerable work was done in the 1930's
by the Civilian Conservation Corps on severel of the worst stretches
in the Pere Larquette River, This work included terracing, tree plant-
ing, and the protectiorn of the water line by log booms. iuch of the
work falled, especially at the water line., it was belisved that some of
the old construetion could be salvaged by installing a series of short
wing jetties to defloct the current from the raw bank. 4 protective
gover could then be reestablished neturally with some help in the form
of gzrasgsing or tree and stwrub planting, To carry out this plan jetties
wore constructed like the wing deflectors at Hunt Creek describsd abave,
.with the exception that the terminal ende extend about & foot above low
weter line. They weintein this height to within sbout & feet of the bank,
and then angle upwerd until at the bank end they are 3 to 6 feet mbove
low water (Figure L), All of the wood parts extending above the water
line were oreosoted. The terminal ends were braced to the bank downe
gtream with a submerged log held in plsce by posts jetted in, to &
depth of 12 feet. It is necessary VYo construct two or more of these
wings in series at esch of the ma jor bends whers ercsion is taking place.
The sngle at whiceh the jetties ere placed varies from approximately 30
to L5 degrees and depends in general on the way the main current strikes
the bank. Cost figures on this work are not yet awailable, since con

struction is still in progress., IHowever, they will approximate figures
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given for Hunt Creek plus the additionsl cost of longer sheet piling

and driving to a greater depth.
Croation of Additionel Fishing Water

& aimple methed of providing wore fishing is to ereate new water.
This plan has been tried on the Little Manistee River in Michigzen by
the construction of & diversion dam which directs the water through an
0ld oxbow and sdds 1,700 feet of new trout water, To divert the water
it was necessary to build a dam that would provide & hesd of net less
than 2 feet, This dam was constructed of two rows of triple Wakefield
sheeting 6 foet spart, braced by lij= by 6-inch oak wale shores and tied
together by 3/lLinoh steel rodss The Spacs between the sheet piling
was filled with serth and the top seeded to grass and rye {Figure 5).
Additienal sarth,for added strength, wee placed on the downstreanm side,
completely covering the sheet piling and providing 2 feet more freew
board. The slope was sodded to the water line and the approaches grassed
aend planted to jeck pine, Hesi of the heavy deposit of silt and nmueck
whieh accumulated during the many years since the oxbow had been cul off
from the main stream, wes flushed out in the first 2 days of operation.
Buring the construction of the dem a hox-type spillway was used to pre-
vont formation of eppreciable heads After eomplstion cf the dam the
spillway was fillsd with earth to strengthen the structure. The dam
has an overall lsngth of 110 feet and exiends well into the banks at
each ends Its tobal cost was §1,538.07.

The suceess of %trout planting in several old rearing ponds in

southerm Miehigan stimulated intersst in developing similer ponds on
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watere formerly considered teo small to warrant wuch attention, In the
aibumn of 1945 a dem was constiuatéﬁvin the Waterloo State Park Ares on

a stream whose flow wae approximately 120 gallons per ninute, This dam
forms & pond of sbout 2 scres which was stocked with logalesized trout

in the winter of 19451946 and enjoyed eonsiderable public use during

the summer of 1945, Two additionsl ponds will be construeted during the
fall of 1946, one of 6«1/2 mores, the other of 5 acres., The possibilities
of expanding this program are great and will provide trout fishing in a

section of the state most deficient in this type of sport,

TEMPERATURE REDUCTION BY CHANNZL AYWD HAWX DEVELOPMENT

The Clam River whose source is Lakes Mitchell end Cadillae near
the elty of Cadillac lies in the north.central part of the lower
Poninsula and flows southeastward into the Muskegom Biver. It is cone
sidered marginal for trout because relatively high water temperatures
may ocour during warm weather. There are at least two causes for this
condition. One is the warm water from the source lakes, and the other
is the widening and the shoaling of & considerable portion of the stream,
Seepage runs conducted with the c¢ooperation ét the U, S. Geological
Survey in the summer of 1945 during a period whem no water was spilling
over the dam from lake Mitehell into the river indicated a pickeup of
22 second-feet of water between the source and 2 point approximately
20 niles downstrean, Iilost of the time this large volume of spring and
seepage water maintains a stream temperature sufficiently low to support
trout, DBecause conditions in the stream sre marginal, it was considersd
desirable to attempt temperature reduotion by narrewiﬁg the channel and
planting the banks. With the cooperation of the Cadillac Rod and Gun
Club easements permitiing public access and the right to construct and

maintain improvements were obtained slong the greater portion of the
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Figure Single-wing deflector of %triple Wakefield shesting with
submerged log tailing downstream from the end of the wing

(Bunt Creek).
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Figure A double-wing, shestwpiling deflector in Hunt Creeck,
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Figure Two wing=jetties in the Pers Warquette River designed to
prevent bank erosion. HNote the height differential be-

tﬁecm the stresm and bank onds.
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Figure Forthwfilled sheet piling dam on a tributary of the Fox
River.s A series of these dams have been plzecd on this

gtream to form trout ponds.
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20emile wtretochs To date 200 devices, mastly single wing deflectors,
have been installedy Harrowing the ehanmel hes been accomplished by
placing the structures so that bars could form behind them. In the
Seyear periecd sinece the first deflectore were installed, portions of
the stream have been narrowed by twowthirds of their former width, By
careful maintenance and the addition of auxiliary devices where needed,
it has been posgible in some ingtmnces to extend the bar formation fron
one structure to the next, All but 12 of the struetures were made of
materials taken from the adjacent gtremnm hanks and consist of earthe
filled log oribs with spdded tops, The terminal ends of 20 wings have
baen protected szainst cutting by 6 %o 8 feat of sheet piling and in
many cases the banks opposite the single wing deflectors have been pro-
tected either by boom logs or sheet piling. Treeless banks have been
planted with whits e¢edar, spruee, pine, and mixed hardwoods, The total
cost of these 200 struetures has been $3,590.00 or $17.45 each. Their
maintenance for the lLi.year perioed cost $1,092.00 or $1.38 per structure

each year.

Inerease of Groundwater Flow

In addlition to the control of temperaturs by narrowing the strean
channel and 9lanting the banks, data are being obtained on the fsasi-
bility of augmenting spring flow, This objeetive would be atteined by
introducing all or a portion of the siresm flow nesr the source of the
Clam River dirsctly into the ground-water ressrvoir which it is be-
lieved feeds the springs that now contribute most of the cold water %o
the stream. It is presumsd that the greater wolume of spring flow would

reduce the water tempersiure materially in the warm summer months,
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Introduction of surface water into the ground-water reservoir would

be aeoqmpliéheé by installation of a low-head dsm to divert a gariian
of the flow through distribution ditches, or te flocd an afea large
enough to absorb the diémrtad ua%a?. ?hs:sﬁream flows through a large
glacial outﬁnsh plain of highly pervious sand snd gravel of considerable
deﬁth.

In Hareh 1945, fourteen test wells wers jetted 2 to 5 feet below
the level of the ground-water table in the ares that may be flooded.
The water level in these wells was ohecked at bi-menthly intervals up
to June 1, 19L6. After Jung 1 weekly checks have been made and will be
eontinued for an indefinite periods These date indicate fluctuetions
in the lgvel of the grenndawatér table, and to a degree, the speed of
percolation through the aguifer, Varistions in the water level betwesn
welle indioamtes the gréundawatar gradient, and the direction of flow
of gubsurfaee waters, The level of the ground.-wster table in the test
area has remained consistently bslow the level of the strean, with the
difference increasing in proportion to the distanoe of the well frem
the stream. These data show & flow from the stréam to the underground
waters and also the ability of the ground.water reservoir to absorb
additionsl weters. An effluent flow is indicated further by the above
mentioned seepage runs wherein the section under diseussion lost one
sscond-foot of water in & distance of 1-1/2 miles., Three miles below
the site of the proposed spreading operation is ths first tributary.
This springefed stream is believed to be the first outeropping, other
than the Clem River itsell, of the water table thet would be augmentsd
by the spreading operation. If the foregoing easuzptions are sorreect,

& rather simple method of temperature reduction for many streams of
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similar charscter has heen found, So far as the author can determine,
the propesed plan will be the first application of this priusciple %o |
improve trout stroams by temperature redustion,

The prineiple of recharging sroundewsber reservoirs is not new., It
has been used for many years in California and other western states for
irrigation purpeses. Many pleaces in the eastern states of Chio, Hew
dersey, Wew York, West Virginia and others are using this methed to main
tain underground reserveirs for cceling water in air conditioning plants,
and for industrisl areas where heavy pumping has depleted the ground
water supply., Y¥einger (19i6) sbtates that "The plan involves recharping
the water from the publie supply in winter wheu the surface water is
gold, thus inoreasing the supply of egol ground water in suamer when the
surfaca water is too warm %o be satisfaectory for ecooling purposss,®
The suesess of artifiecisl rechsrpging bes been demonstraled maany times
both in Furope and the United States and its application %o the improve
ment of trout stresms is merely & new use for & proven methods

The hiigh internal friction of oven the most permeable aguifers
assurss & considerable time lag between recharging operation and dis-
charge through seepage and spring flow into the streams This time lag
is determined by the distance through which the ground water percolates,
poresity and permeability of the aquifer, and the ground-wmter pgradient.
Time lag is of great value from a stresm improvement stsndpoint fer
gonerally the period of greatest recharge would be at the time of the
spring bresk.up. The water thus stored would be released gradually at
low temperature during the eriticel period in July and August,.

A recording thermograph was pleced L} mileos downstream from the site

of the projected spreading operation and has been runaning continuously
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since June 3, 1G6L45. The meximum water tempsrature reeordéd in the summer
of 1946 was 51° F. on July 193 it romained st that figure for a 3-hour
period., The air temperature on that day remained sbove B88* F, for 5 hours
and reached 8 maximws of 91° F, Comparisons will be made between the
average sir and water tesmperatures fer a econsiderable peried both before
and after the spreading cperstion. In coopsration with the U. 8. Geologieal
Survey & stream gage was installed near the site of the thermograph and
Sedayeasweek recordings indicating the volume of flow have bson made since
Jume 3, 1o,

A1l deta eollected sinsce 1GL5 will be analyzed and the resulting
eonolusions will determine the nature of the spreading operation and the

time of ite initiation.

During the war period of materisl and labor curtailment Hichigzen's
stream improvement program has confined itself largsly Yo the following
developments:

1. Cement block installation for cover and rest areas.

2. Single aﬁd double wing deflectors of sarth.filled log eribs
‘and sheet piling.

Z+ Bank sontrol by jettles and vegstation cover,

Lis Creation of new water by e diversion dam,

%« Construetion of ponds to provide trout fishing in tThe southern
part of the state.

6, Redustion of water temperatures by means of channel nervoewing
and bank planting.

7+ Collsotion of date oo whieh to base m proposed project for

augnenting ground-water flow to improve trout stresm temperatures.
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