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Abstract

When wartime curtailments of labor and material forced a retrenche
ment in Michigan's stream improvement program, greater attention was
given to the desigzn and testing of new materiale and methods applicable
to speeifiec improvement problems. In a uwniform-bottomed artificial
drain, fishing was improved by installation of 2.foote-square concrete
blocks, cast at the site at & cost of §2.50 per blocks In 5 years,
there has been no maintenance cost. In a send- and rubblesbottomed stream,
deflectors were instelled made of Wakefield sheet piling jetted in with
& portable pump, and so designed as to escape damage’frum trash, float-
ing ice or flooding. The originel cost was $25.05 per unit, and no
maintenance has been regquired after 1 year of operation. High, eroding
sand banks are being protected by planting vegetation and by construce
tion of short wing jetties of Wakefield sheet piling. WNew fishing
areas have been oreated by restoring flow through old oxbows snd bayous

by the use of diversion dams, and by ereation of small ponds on minor
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springefed streams., For 200 sarthefilled log c¢rib deflectors,
original cost was §17.45 per structure snd maintensnce cost, over a
l{eysar period was $1.73 per strusture per year. Experiments are
under way to determine “l« feasibility of lowering stream tempera.

tures by diverti:; dam overflows direectly inte the groundewater table.

In Michigan during the wartime period of curtailments in materials
and labor, we expended a considerable portion of our energies on
develeoping stream improvement methods which we believe are new, or
at least represent significant modifications of existing methods, and
on & closer analysis of the varied problems individual streams present.,
Far too much stream improvement work has been done with little or no
attempt to adapt or develop teohnliques for specific results, The
old Bhotgun" method has been and still is used much too often. We
greant that for trout stream improvement pools and riffles are generw
ally oonsidered the mogt needed physical features, However, a heavily
sanded stream needs differemt treaiment than & rubble« or rock«bottomed
gtream, Following is a list of the things most often needed or lecke
ing in trout streams:

1, Pools end riffles

2. Bank erosion sanirol

%« Temperature sontrol

Lis Prevention or control of sedimentation
5¢ TFlood sontrol

6. Unifarmity of flow

7« Pollution control

8+ Food

9+ Shade and ecover

10. Spawning faeilities



Figure 1+ Reeusable wooden forms for casting cement blocks.



Pigure 2, Arrangement of cement blocks in the stream.
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This report will not includs the basic surveys but wiil confine ite
solf to a discussion o:?‘ techniques developed to meet specific problems.
One ﬁre}:blam involved the lack of cover and rest areas for tr'mrh
on & dreinage ditch in the southwestern part of Hichigen, This stream
had temperatures sufficiently low to support trout but due to conditions
inherent in a uniformebottomed artificial drain contained fow pools
and little shelter. To yrovide these features and to meet the 4iffis
culty of holding structures in place, 2efootesquare cement blocks weigh.
ing approximetely 1,150 pounds each were cast on the site, with mﬁ
iron ring embedded in each block %o fasilitate handlings the blocks
were ‘i:hen. placed in staggered rows &s indicated in Figure 2., A gin
pole with an aitemded arm wes used for placement and proved & simple
method. The conventional type of double wing deflector was used, In
this partiocular water a center unit placed midway hetwesn the two
wings has been most effective due to the inoreused srea of backwater
end cover provided. The depth of water, 2 to L feet, was such that
all but one of the structures required a second layer of blocks super-
imposed upon the foundation layer., Over the Sayear period there has
been a gradual settling, most rapid dwring the first few days after
installation. §ow‘it is our intention té 11ft the blocks and readjust
them at a higher elevation, The placement of these structures in the
gtream hae resulted in concentration of the fishing st the devices
and acseording to the anglers the fishing has been improved by them.
The average nmber‘af blocks per deflector was 6l and a total of 5l2
were cast snd placed at a cost of $1,%12,56., This sum included the
necegsary form lumber and experimentation to determine & feasible

method of handiings The cost per block was §2.50, & figure that can



Figure 3. Earthefilled logecridb wing deflectors in the experimental
gection of Hunt Cresk.



Figurs L. Double wing deflector of matched sheeting in Hunt Creek,
shéwing the transverse submerged "diggzer-log" below the
deflevtor wings.
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Figure 5, Singleewing defleector of triple Wakefield sheeting with
submerged log tailing downstream from the end of the wing.
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be reduced gubstantially on subseguent projeets. To date there has
been no maintenance cost,

At Hunt Creek, whers the Department maintains & research laboratoery,
two sections of the ereek have been improved on an experimental basis.
The results in trout production, food, and physical changes are the
subject of a separate paper and will not be discussed here. One section
wes improved in 1§h3 with the conventional single and double wing
deflectors constructed of esrthefilled log cribs with sodded tops.
These structures have functicned well but havp required annusl maintens
anse to keep them at maximum effieleney. Periodiecally, high water has
overridden them causing some weshing. The sod and soil thus removed
has had %o be replaced, but to a lesser extent each ysar as the vege-
tation has become more fully rooted. The other seetion was improved
in the fall of 1945 using single and double wing deflectors counstructed
of sheet piling. Ten of the 13 structures placed werse of triple
Wakefield sheeting built of selvaged 1 by 10 pine lumber. Three boards
a&re required for each single piling, the center one placed between
the two parsllel outer planks so that s tongue end groove are formed.
This eenter plank extends laterally 2 inches beyond the outer boards
en one side, the opposite side forming & Z2-inch groove. The three
planks are then nailed together using nails sufficiently long to enable
them to be clinched. Ons end is then cut off at & L5-degree angle
with the point always on the tongue side. The individual pilings for
this particular section were 5 feet long and were jetted in, using s
portable high pressure pump. A guide and support was installed by
Jetting in Befoot gpdar posts at approximately S-foot intervals, On

the upstream gide of the posts, & log stringer was plaoced, squared on
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its upstream side, and notohed and spiked at its junotion with the
posts, The posts and stringers were placed below the surface of the
gtream so that they would be continually submerged. The sheet piling
was then started at the outer end, toward the center of thé stream,
and special omre wag taken to drive the first ome vertieaiiy. Cutting
& symmetrioal point on the first piling facilitated this. It was then
epiked to the stringer and provided a guide'for subsequent piling. The
pointed tongue gide fits into the groove and the LS+degree angle cut
tends to wedge it tightly againet the other piling te form a watertight
senl, At the oubter end the top of the strusturs was cut off at the
water line and gradumlly tapered until &t the benk line it was L inches
above the water. The cut was made purposely low to permit flood water
‘to override the device, in order to give pressure relief and clearance
- for eny floating trash that otherwise might collect on the strusture.
The deflector was built well into the bank to reduce the possibility
of cutearound. Additional submerged planks or logs were added as
eross durrent diggers pleced slightly daﬁnatream from the end of the
wing, spiked to posts snd Jetted in to a depth of 7 feet, che:s were
placed as a submerged downstream sextension to the wing paéallel with
‘the surrent., Between the wings in several of the structures a plank
or log was placed below the low.water surface parallel with the current.
This particular constraction has proved most efficient. After being
in plsce a year no maintenance has been necessary and none is anticie-
patad for some time to come., The other thres structures were comnstructed
similarly exoept that 2 by 6 matched sheeting was substituted for the
triple Wakefield sheeting, reducing by two-thirds the smount of lumber
nscessary per structure, and appear to funotion equally well., Desp

holss have besn cut below most of the structures and after one year
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those with the additional submerged construction at the midetream end
of the wings have out the deeper holess The 13 structures cost
£306.00, or $23,05 per unit. Ten ¢f the structures were of salvage
materiel whish has not been evaluatediin the above figure. Had new
lumber been used throughout the figurse would have bsen doubled approxie
mately figured at the rate of $85,00 per 1,000 beard feet. A wing

20 feet long of He-foot piling (matched sheeting) would take 200 board
feet of lumbser, The posts and siringers were cut from the sdjucent
wood lots and represent dnly labor costs. The particular advantages
of this type of construction are: A water-tight seal, 1éng life, the
ability under flood senditions to pass flosting trash and ice, and
the relief of flood pressure by overtopping. Such overtopping would
have little or no detrimental effect on the deviece. This structure
has proven very satisfactory when hesvily sanded conditions are ene
countered,

We have a number of streams in Hichigan, particularly in the
northern zone, that have become badly sanded through the eresion of
banks., We are attempting to control this condition on portions of
two streamst The Pere Margquette in the Lower Peninsula and the East
Branch of the Two Hearted River in the Upper Peninsula., Considerable
work wes done in the 1930's by the CCC on several of the worst stretches
on the Pere larquette River, This work involved terracing, tree
planting, and the protection of the water line by log booms. Some of
this work is salvegesble, the major failure being at the water lins,
¥We believe that by the comstruction of a series of short wing jetties
the eurrent can be deflected from the raw bank. This will give Hature

a chance to reestablish a proteective cover with some help in the form



Pigure 6.
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A view showing the oconstruction of short wingejetty of
matched sheeting in the Pere ilarquette River.
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Figure 7. Two wingejetties in the Pere Marquette River designed to
revent bank erosion. Note the height differemtial between
he stroawm and bank ends.
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grassing or tree and shrub planting, These jetties were comsiructed
like the wing deflectors at Hunt Creek desoribed above, with the
gxeeﬂtian that tho‘tsrminal ends extend about & foot ebove low water

| line, m#inzaining this height to within aboét é feet of the bank, and
then angle upward until at the bank end they are 3 to & feet above the
low water line, All of the wood parts extending above the wﬁter'lin&
were creosoted, The terminal ends were braced te the bank downsgtresm
by & submerged log held in place by poste jetted in, was the sheaﬁ
piling, to & depth of 12 feet. It iz necessary to construct one or
more of these in seriss at each of the major bends where erosion is
tﬁking place, The angle at which these jetties are placed depends in
goneral on the way the mein current strikes the bank, varying between
approximately 30 and L5 degrees. Cost figures on this work ere not
yot available, the work being still in progress, However, it will
approximste figures givem for Hunt Cresk with proportional additional
charges for the longer sheet piling and the sdditional labor in driving
it to & greater depth.

4 gimple methed of providing wmore fishing, erestion of new water,
has been followed on the Little Manistee River in Michigan by the
oongtruction of a diversion dam whiech direocte the water through an old
oxbow and provides 1,700 feet of new trout water, To divert the
water it was necessary to bulld 2 dam that would provide a heed of not
less than 2 feet., The dam was consiructed of double rows of triple »
Wakefield sheeting & feet apart, breced by L by 6 ocak walers and tied
together by 3/L.inch steel rods, The space between the sheet piling
wag filled with earth and the %top seeded %o grass and rye., Additional
dirt was pleced on the downstream side for added strength, sompletely

covering the sheet piling snd providing 2 feet additional freeboard.
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Figure 8, PBarthefilled sheet piling dam on s tributary of the Fox
Biver, &4 series of thess dems have been placed on this
gtream to form Yrout ponds.
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Figure 9« Single wing deflector with the terminal end protected
by sheet piling. Note the formation of bar behind the

‘Wing.
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The slope was saﬁdsé}te the water line and the approaches grassed snd
planted to jeok pines The considersbie amounts of silt and muek
accunmalated during the many years since the oxbow had been cut off
from the main stream, wers largely flushed out in the firet 2 days of
operation. In the construction of the dem a box-type spillway was
used to permit the driving of the sheet piling with but slight increase
in head. Since then the spillwmy has been filled with earth to give
the strusture sdditlonal strength. The dam is 110 feet overall,
and extends well i#tu the banks at sach ends, The total cost was -
$1,538.07.

We have in Michigan a large number of smell, springsfed tributary
streams, many of which are in the southern part of the state where
trout fishing fecilities are most meagre, The mejority of these are
so small thet 1ititle or nothing has been done in the way of develops
ment or stoeking. At present we are sembarked on & program to develap
them where the physieal and biologieal oconditions justify, Dwring
the dapreséian period & rearing pond for warm wabter fishes was developed
in one of the southern counties by the V. S, National Parks Service.
This pond functioned ss originmlly designed for & short period and then
wag abandoned as a reering pond. Invesbtigstions by the Hichigan
Institute for Fisheries Research revealed that the pond had possibili.
ties for trout. In 1943 it was stocked with legal trout and opened
to the publie for fishing during the regular tro:t sessoms Special
rogulations were invoked limiting the ceteh to two iegal fish, pers
mitbting only artificial flies to be used, and allowing nc boats and

no night fishing, This pond proved extremely popular and az a reault
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several sdditional rearing ponds have been made aveilable for publie
fishing. Their suseesss stimulated interest in;devsloéing similar
ponds on waters formerly considered too small to warrant much attene
tion. In the fall of 1945 a danm was constructed in the Waterloo State
Park Area on a stream whose fléw was approximately 120 gallons per
minute. This dam forms a poud of about 2 sores which wae stocked with
legal trout in the winber of 19l5.Lb a#ﬁ enjoyed considerable publiec
use during the summer of 19lf. Two additional ponds will be somstrusted
during the fall of 1946, one of 6=1/2 meres, the other of 5 acres.
A1l will be subjesct to the same regulations as outlined above. The
gsssibilities of expanding this program are great and will provide
trout fishing in & seetion of the state most deficient in this type
of asport,.

In the north central pert of the lower peninsuls we have the
Clam River whose source is lekes Hitehell snd Cadillac nesr the city
of Cadillsc, The siream flows southeastwsrd inte thavﬁnﬁkegon River.
1% ie considered marginel for trout because of the rela?ivaly high
temperatures that may ocour during warm periods. There are at least
two causes for this, one the warm weter from the soureé lakes, the
other the widening end tﬁe shoaling of & considerable portion of the
stream, Seepage rune conducted with the cooperation of the U, 8,
Geological Survey in the summer of 19h6, a period when no water was
spilling over the dam from lLake Hilchsll inte the river, indiecated &
pickeup of 22 second«feet of water between the gsource and a point
approximately 20 miles downstream by river. This rather large volume
of spring and sesvpage water has meintalned a temperature sufficiently

low most of the time to support trouk. Beceause of the marginal condition
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of the stream it was considered a worth.while praject to atbempt
tamperature reduction by narrowing the stream channel and planting
the stroam backs., With the cocperation of the Cmdillae Rod and Gun
Club, easements were obtained elong the greater portion of the
20-mile skretoch permitting puhiic access and the right to construot
and maintain improvements. To date 200 devices, mostly single wing
deflsctors, have been instelled. The narrowing of the shannel has
been aocomplishsd by so plaéing the struectures thst bars could form
.behind them. In the Seyear period since the first structures were
installed, portions of the stream have been narrowed by twoethirde of
their former width. By carefully checking and maintaining the struce
tures each yeer, with the addition of auzlliary structures where
neoded, it has been possible in some instances %o extend the bar
fcrmaﬁioﬁ from one structure o the next. 41l bub 12 of the sgtructures
were msde of materials garnered from the adjacent stream bank and
econsist of sarthefilled log oribs with suodded tops. The terminal
ends of 20 of them have been protected against sutting by 6 te 8
feot of sheet piling and in meny ceses the banks opposite the single
wing deflectors hmve been protected either by boom logs or sheet
piling. The treelsss portions of the banks have been planted to white
cedar, spruce, pine, and mixed rardwoods. The total cost to date éf
 thess 200 structures has been §3,.90,00 or §17.45 per struecture. Their
mintensnce for the L.ysar period cost {1,092.,00 or $5.46 per structure,
or $1.38 per strueture per year.

in addition %o the control of tempsratures by narrowing the
stream chamnel and planting the banks, date are being obtained on

the feasibility of introducing all or & portion of the stresm flow
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nesr the source of the Clam River directly into the groundewater
reservoir which we halieﬁa feeds the springs that are now contribute
ing most of the eold water to the stream. It is presumed that the
greater volume of spring flow will reduce the water temperature
materially in the warm summer months. Introduction of surfasce flow
into the groundewater reservoir would be accomplished by & diversion
dam of low head designed to divert any desired particn of the flow
through distributing ditehes, or by direct flooding of an ares
sufficiont to absorb the ﬁivertad}watar. The stream fiawsvthraugh a
rather large glaeial outwash plain of highly pervious sand and grevel
of considerable depth, In March 1945, fourteen test wells were jetted
in 2 te 5 feet below the level of the ground.watsr ftable in the area
thet may be flooded. These wells have been checked at bi.monthly
intervals up to June 1346, From June 1 to date weekly checks have
been made and will continue to be made ench wesk for an indefinite
future period. The data thus obtsined indicate the flustuation in

the level of the ground-water table, and to a degree the speed of
parcolation through the aquafer, by reflecting changes following
precipitations The lateral variations in the table depth between
wells indicates the ground-water gradient, which in turn is en indiestor
of the direction of flow of the subsurface waters, The level of the
ground-water table in the test area has remained consistently below
the level of the stream, the degree of difference inersasing in pro=
portion te the distanee from the gtream at which the well is l8eeted,
These data indicate & flow from the stream to the underground waters
and also the ability of the groundewater reservoir to absorb additional

waters., An offluent flow is indiceted further by the above.mentioned
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seepags runs wherein the section under discusaion lost one second«foot
of water betwesn two stations, a distance of & mile and a half, Three
miles balow the site of the proposed espreading operation is the first
tributary. We believe that this springefed tributary msrks the first
oubtorepping, other than the Clem River itself, of the watsr table that
we propose to sugment by the spreading operations If this be true

we may have arrived at & rather simple method of temperature reduction
of many streams of similar character,

8o far as the auvthor can dstermine, the proposed plan will bs
the first applieatlon of the artificisl recharging of the ground.
watar table for the improvement of trout streams by temperature
reduotions The prineiple invelved is not new, It has basen used for
many yesrs in California aﬁd other western stetes for irrigatian purs
poses, oonserving water in one of the cheapest end most efficient
types of reservoirs, the ground-water table., liany places in the
esatern states of Chio, FHew Jersey, Hew York, West Virginis sud
others are using this methed of returning water to the underground
reservoirs for verying purposes, such as‘tha cooling of water for air
conditioning, and the recharging of reservoirs in industrial arcas
where heavy pumping hes depleted the ground water supplys. Heinger
(1946) states that "The plan involves recharging the water from the
pudblic supply in winter when the surface water is cold, thus increase
ing the supnly of eeol yround water in summer when the surface water
is too warm to be satisfactory for cooling purposes.” The suecessful
uge of the prineipls of artifioial recharga has beeon demonstrated

many times both 4n Burope and the United States and its applieation
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to the improvement of trout streems through temperature redustion
is merely a new use for a proven method,

The high internal friction of even the most permeable of aguafers
assures & considerable time lag between the recharging operation and
the discharge throuzh sespage and spring flow into the stream. This
time leg is determined by the distanee~thr§ugh'which the ground water
percolates, poroeity and permeability of the aguafer, and the ground.
water gradient., This lag is of great valus from & stream improvement
standpoint for generally the period of greatest recharge would be at
the time of the spring bdreakeup, The water thus stored would be
rdeased gradually at low temperature during the eritical period in
dJuly and August.

A recording thermograph was placed I, miles downstream from the
gsite of the prospective spreading operadion asnd has %eeﬁ ruming
continucusly since June 3, 146, The maximum temperature recorded
for the water in the summer of 1946 was 81* P. onr July 19 and re=
“mained at that figure for a 3-hour pekied. The meximum air tempersw
ture on that day was Ol° P, and remained above 88° F. for 5 hours.
Comparisons will be made between the average air and water tempera«
tures for & considerable period both befors and after the spreading
aperation.  In eooperation with the U. 5. Geologieal Survey & strean
gage wes installed near the site of the thermograph and S-day-s-week
recordings indiecating the volume of flow have been made since
dune 3, 1646

The wverious data collected since 1945 will be amamlyged and the
resulting conclusions will debermine the nature of the spresding

operation and the time of the initiation of the project.
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During this war period of material and labor eurtailment
Kichigant's Stream Improvemsnt Program has confined itself largely
to the Following developmsuts:

ls Cement biosk instellation for cover and rest areas.

2, dingle and double wing deflectors of esrthe.filled log eribs
and sheet piling,

%s Bank control ‘by jetties and vegebatiun vover.

L. Creation of new water by & diversien dam.

5« Construction of ponds to provide "srouﬁ fisghing in the southern
part of the state,

€. Reduction of water tempersbures by moans of channel narrows
ingz and benk planting.

Te Ge‘lleatian of data basie %o the proposed sugmentetion of
the water table by means of a spreading operation with its attendant

temperature reduction.
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