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INTHODUCTION

¥mter iz & scarce and veluable resource in the arid west.
Conflicts between amgricultural interesis and recreationists over
the use of water f{from our rivers and siresms are becoming more
prevalent and intense sach vsar.

One of the main focal poinits for this conflict is ths use of
hulldozers and other hesvy eguipment by ranchers asnd fermers 1o
divert water from streams for irrigastion use. Such practices can
he quite destructive to squatic habitst. Hecent dry wvears in
western Montana have brought an incresse in bulldozer diversion
activity on sitreams like the Bitterroot Hiver., with the attendant
disruption of streambed gravels, ztreambank sediments and the
ioss of much asgustic habitast.

¥hat can be done to solve the problem?

Montens water rights are based on a2 docirine of first in
time, first in right. Established rights to use water from our
rivers and sitreasms predate Montana Statehood, znd are protected
by the Constitution and Montans water law.

Montana's Naetural Stireambed and iand Preservation Act
{NSPLA} of 1875 reitsrastes +this constitutional gusrantee in its
policy staitement, and further proteciz waiter rights in the
structure of the law,.

The NSPLA is asdministered by the Scil and ¥ater Conservation
Eiairicts acrose the stiate. The Districts have adopied rules for
adminigjering the law, which further protect water rights and the

traditional methods of diveriing water from siresams.



The use of bulldozers 1To consiruci diversion dikes fion
ztreamnbed gravels reguirss & permit from the local Conservation
District under the HNSPLA. Administrative rules specifically
prohibit the use of gravels in the construction of any oproject
unlisss there is no other reasonable aiieéna%ive,

This is the challenge o which we must respond. Hundreds of
streambed gravel dike diversions are permitited each vear in
Montiana because there is no reasonable alisrnsiive for diveriing
large volumes of water from swifily flowing streams.

Froem the ranchesr’'s perspective, the purchase, operation and
maintenance of & bulldezer capablse of doing & diversion job is a
major expense. In many cases, this annual streambed disturbance
causes sitream mechanics to react, maeking the job more difficult
and costly each year,l Most ranchers would welcome a less
expensive alternative.

From the sporitsman’'s perspective, this annusl disturbance
destiroys the trouit food base of eaguaiic insects, disruptis
potential spawning and rearing areas for fish, cesuses sireambed
and bank erosion, and can cause boat portage and floating
hazards.

During the 1887 dirrigstion sesson the Clark Fork Cozlition
conducted tests on an slternstive irrigaetion diversion structure,
in cocperation with the Bititerrcot Chapter of Trout Unlimited and
two ¥Western Montans irrigation ditch companies. The purposs of
the stryctare end the tests was to develop &n alternative to the

use of sireambed gravel for diversion dikez. The demonstration



project  was  supporied with grants from Trout Unlimited's

Operation Protsct and the Montans Trout Feoundation.

STRUCTURAL SPECIFICATIONS

The alternative irrigation diversicn stiruciure rest
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series of 4 %8  base plates made from 1/4 inch thick plate steel.
The base plate has & one~foot wide flange on the upstresan sdge
which is pressed into the sireambed to cut off flow under the
structure, prevent erosion of sireambed gravel from under the
base plate, and to hold the diversion in place in the stream.
Water iz diverted by siesel slide getes supported by stesl frames
which are 3 feet in height. The frames sare supported in an
upright position on the plates by legs which pin to the frame and
set in sockets on the base plates. The f{ramez are held +to the
base plates by a channel iron socket, welded to sach base plate,
into which the base of the frame fits. Each plaete has two chain
loops for 1ifting and tremsport. Several cf the basze plates with
frames and gates are placed snd to end in the sitream to creaste a
diversion structure. The bhase plsiss overlayp zach oither by 3
inches to prevent water from flowing between the unitis. (Fig. 1}

The project is designed to solve several known problems and

fit specific criteria. I+ 15 trensportable by an ordinary farm
iractor and easily insiaslled by two pesople. It is sconomical.
gurable, repairable, strong encugh to support & 3 foot head of

water and adjustable io meet variable flow conditions. It can

.
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simbilize the s=ztream botitcm by protecting it from ercsicn and

sggradation. it does not initiate sireambank ercgion.

STUDY AREAS

The Spooner Ditch Compasny diversion on the ssst channel of

the Bitterroot RBiver, near VYicior, was one of itwo experimental

sites chosen for this project. At this location the stiresambed
was composed of cobbles, up io about four inch diameter mixed
with sand and gravel. The hottom contour sloped sway from thse

mouth of ditech to  the deepest point of the channel, which was
spproximately in the center of the channel, and then sloped up ic
the gravel bar on the side opposite the irrigation ditch. This
channel configuration proved to be nearly ideal, and the poriable
diversion was placed perpendicular to the stream flow. {(Fig 2}

The French Grass Valley Ditch, west of Missouls on the Clark
Fork RHiver, waes the second site used for testing. The streambed
was composed of mostly cobble up to appreoximetely 6 inches in
diameter mixed with a small amount of gravel and sand. Streambesd
material had been deposiied in the mouth of 8 north channel of
the Clark Fork River, where the irrigation diversion is located,
forcing much of the river’'s flow 1o the south channel. This made
it difficult for the irrigation company to geit sufficient amounts
of water down the north channel to their headgate during pericds
of low river flow.
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Bottom contour of thsz site sloped both north and south from
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a high point at the junction of the two channels. The diversion
structure was placed at the junction, perpendicular to flow in
the south channel and parsllel 1o flow in the north channel.
{Fig. 23}

The fabrication and installation of the 1887 irrigation
diversion project was recorded on videostape for future

educational purposes,

RESULTS
Bitterroot Site
Onn June 23, 1887 four bazse plate sections, with frames and
slide gsties, were piaced in the Bitterrocoit RBiver at the head of

the Spooner Ditch. In the past, ditch operators had used s
tractor/loader to construct a gravel dike 8l1 the way across the
stream channel. A4t the end of sach irrigetion ssesascn & gravel
plug was normally pgaced in the diich and the gravel diversiocn
dike was laft to be washed away by the river during spring run-
off.

Balph Simonsen, one of the Spooner Ditch users, and Dennis
Workean placed the portable diversion étruciures using & John
Deer farm tractor with frontend loader to 1ift the sections from
a dump truchk and transport them intc the siream. The base plates
were gu%éed into place by hand as they were lowered into place by

the tracicr. Even though the plates weighed approximately 500
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pounds each, the sirong current of the sireasm made i1 necesssry
to place them approximately 3 fset upsitrear of their intended
final resting plsce. Once a1l four plastes rested on the botiom
of the stream the tractor was driven on the upstream edge of the
pilates to press the 172~inch flange into the sitreambed.

A problem was encountered at this point. As the tractor
drove on the plaites they moved out of position relative 1o one
sanother. They are designed to overlap one anocther by 3 inches to
prevent water current from eroding gravel benseath the sitructure.
A pry bar was used to reslign the plsites as they were pressed
into the gravel. They could only be pressed approzimately 8
inches inic the grevel because of ihe hardness of the sitrcambed.
This apparently was adeguate bscause they remained stable
throughout the irrigation season.

Frames and gates were put in place. Once this was done
water began flowing down the ditch and around the outer end of
the siructure. The flow around +the outer end of the structure
began eroding the streambed under the outer section, and the
cutside slide gpate was removed fto sliminate this erosion.

During the irrigation season the gates were manipulated to
adjust flows in +the diteh and 1ihe river as nesded, ¥ater
purchased from Painted Hocks Reservoir by the Montana Depariment
of fish, ¥ildlife and Parks for minimum instresm flow was allowsed
to remein in the river. The portabie diversion struciure
provi§e§ the necsssary flexibility to allow instream flows to

pass. Gravel diversion dikes do not have thizg flexibility. Once

o



e
.

the integrity of a gravel dike ig partislly broken it  tends
wash awey entirely.

A problem at this site developed in July when & heavy
rainstorm and 8 regservolir release combined fto raise the lavel of
the river significsntly. This caused the river to overiop the

structure and erode away a gravel plug beiween the ditch ovening

[

and the siructure. This grave plug was instelled before the
tegt structure was put in place, serving as s diversion dike in
early summer when the river level was higher. The gravel plug
was washed away. buit the test structure was unaffected.

On September 24th, the diversion structure wag removed from
the river. By this time irrigstion from the Spooner Ditch had
stopped and all slide gates had been removed from the structure
te allow water to flow tithrough the frames, and over the hase
plates. This flow had eroded =a depression in the streambed
approximately one foot deesp and two to three feet wide along
the dewnsiream edge of +the base plates. This was the only

noticeable chanzge in channel configuration as a result of the

structure.

Clark Fork Site

On July 7, 18987, 8 base plates with frames and slide gates
were placed in the Clark Fork Biver, at the head of Kelly Island
{?igureﬂ 3). Because of increasing difficulty in obtsining

adequate flows in the north channel, and the irrigation ditch,



the ditch compsny had planned to hire 8 contrescior to bulldoze
the gravel desposition out of the mouth of the north channel,
¥hen presenited with the opportunity to wuse the alternastive
diversion structures. the company agreed not to bulldoze the
river channel.

A rubber tired tractor wiih loader and backhoe was used to
place the structure in the river. Woter velocity and depth were
much greater at this site than they were at the Bititerrcot site,
and the heavier iractor was nesded for stability. The loader was
used to transporit the siructure from s goose nech trailer 4o the
river.

The backhoe was used +to drive the base plate flsnges into
the river bed, instead of driving on the plates as was done at
the other site. As on the Bitterroot site, it was difficult 4o

press the flanges into the river bed and maintsin alignment of

the base plate seciions relative to one another. Hardness of the
streambed was the primary cause of this problem. Becesuse of
excessive overlap besiween some of the base plates, some

difficulty waes experienced in attaching the slide gate frames to
the base plates, but it was accomplished by using a pry bar to
realign the plates.

Water velocitiy in the south channel was high. When slide
gates were placed in the southern most seciion, erosion of ths
stresmbed began immediately as a result of increased water
velocity around the end of the diversion. Pressure on the gates

of this section was too high for us to remove them by hand, and



= section to keep it from washing
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grave) nad ito be piled on th
downstream. Ercsion of the streambed from under this seciion was
very rapid. The section tilied and slid away from the line of
the structure, and eventually washed down stream sbout 100
vards. It was later retrieved with = %a%€=

Despite the loss of the southernmosi section, the remaining
structure served 1t intended purpose. Y¥mter flowed parallel to
the structure in the north channel. It eroded a trench,
epproximately 18 inches deep, along the front of 1he siructure,
exposing the base plate flanges which had been pressed inte thse
streambed. There was no apparent effect on structural stability,
and excepit for the southern most base plate 11 was siable and
effective in diverting water from the south channel 4o the norith
channel where the irrigation headgaite was located.

The Clark Fork siructure was removed from the river on
September 24, 1887 using a small trmcior and long chain to drag

the sections to the edge of the river where they could be picked

up and loaded on a trailer.

Disecussion

Both projects zerved their intended purpose of diverting
water for irrigation wuse without the gconstruciion of damaging
gravel dikes, However, seversl Shertésmiﬁgs were noted during
the course of  the tests, Pressing the base plate flanges 1%

inches intoc the stresmbed was nearly impossible bscause of the

i0



hardness of the streasnbeds. Howsver, no particulsr problem
resulted from this difficuliy except the expenditure of time in
the attenpt. Once assembled, there was no apparent erosion of
the zitreambed under the structures. 14 seems important to press
the flanges into the sireambed as far zs possible but the full 12
inches does not appesar to be necessary. It was difficult to kssp
the plates in alignment witith one another while pressing the
flanges into the gravel. This caused some difficuliy in mounting

the gate frames on the plates. The slide gates and frames were

heavy and cumbersome to handle in fast moving water on slippery

footing., Because of their weight, the slide gates would not
remain partially open without being propped up. This somewhat
reduced the Tflexibility of +the diversion. The gasites were too

tall, creasiting a problem at the Bitterroot site when high flow
was forced around the end of the structure, washing away the
gravel plug between the diversion and the ditch opening. Had
they net been se  tall, pressure from high flow could have been
relieved by flowing over the gates at s lower stage., possibly
preventing washout of the gravel plug. The sockets which held
the frame legs were constructed of ssctions of box stieel. These
sockets filled with =2mell gravel that, in some instiasnces, was
difficulit fto remove,

In order to be effective an alternative diversion siructiure

must meet cerisin criteris:
1. Ii must be portable, durable, repairsble and economical.

=3

The siructure tesisd was emsily portable by an cordipary farm
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tractoer. Conditions imposed by the siresm would determins t%%
size of machine needed to do the job in most cases. Because it
was consiructed of steel i1 was very dursble and would be easily
repaired. Steel is expensive and probably makes this particular
model less attractive than gravel dikes 4in the shori term.
Recommendations will be made 1in the next section of this report
to reduce construction cost.

2. It must be easily installed by two pecprle and a farm
tractor with & front end loader in one day.

Ease of installation probably does not compare favorably
with building & gravel dike with & bulldozer or trsctor. The
most difficult part of the installation was carrving and placing
the heavy frames and gates. Agsin, recommendsations will he made
to zorrect this problem. Alsc, krnowing that the flange probably
does not need to be fully seated will reduce the amount of time
and effort expended attempiting to accomplish this.

3. It must be cepable of supporting =z 3 foot head of water.

Experience from the Bitterroot site indicates that +the
structure is stable and strong enough to support a 3 foot head of
water, In most situations, the wagter level actually need to bhe
raised by & foot or less to accomplish & diversion to an
irrigation ditch.

4. it should be easily adjustabls to match water supply and
demand.

The slide gates proved fto be easily adjustable but becauss

of their weight they lacked some filexibility, as noted sbove.



This can easily bhe overcome by modifying the structure design and
materials {ses Recommendations).

in =ddition to @mssting the above criteria the struciure
should solve ceritain hvdraulic problems.

It should minimize unnaturasl streambed ercsion and

Ponors

aggradation.

The structiure caused smsl} smounts of streambed erocsion at
both tesi gites. The asmounts of erocsion were not significant,
especially compared to the huge disturbance associated with
building & large gravel dike. The base plates functioned well,
under a wide range of flows including overitopping, and prevented
undermining of the structure. There was no aggradation
associated with the portable diversion.

Z. It shsuﬁd minimize diversion-associated sireambank
ercsion.

No streambank erosion occurred st either of the tfest sites.
This should, however, be watiched in future tesis.

3. i1t should develop sufficient hydraulic head to sstisfy
variable water demand.

The test structure appears to sclve this problem.

Recommendations
The Clark Fork Coalition plans to continue this
demonstration prolject in 1888, modifyving the stiructurse. and

testing the improved design at two new locations.

Ta reduce construction gcosis, incresase the sase of



installation and improve flexibility of the diversion we
recommend the following chenges fo the frame and sglide gate
arrangement. {See Figure 4]
1. Heplace the slide gate frames with post uprights, and
replace the leg supports that were ussd with the frames. The
new posts would hsve box steel ftubing welded to the end so
they can be hooked to the plates in the same manner as the
frames.
zZ. Replace the slide getes with wood boards, probably 27z8"
dimensional lumber, which would be placed scross the post
uprights to divert the waeter, Boards wouid be sitacked edge
to edge to the desired height, and held in place by the
upstream water pressure.
3. Heplace the box steel support leg sockeis with = channel

iron support full lengtih of the base plate.

The Coalition plans to modify the existing structures with
these changes, and test them again during the 1888 irrigstion
Es&ason. The oproposed modifications should improve many
characteristics of the project, including ease of installation,
flexibility, and cost. The modifications and 1988 installations
are expected to add sabout $500 4io this demconstration projecti's
total cost. The Ceoaslition plans £o szeek conitributions from
interested donors for this additionel cost in 1988.

The modified design would cost roughly half as much as the

design tested in 1987, Each s®ight foot section would cosi
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appreximaitely 3200, instead of 3400 as in this project. An
averasge diversion on & small, toe medium sized sitream could
reguire the idnstallation of five modified structures, costing
approximately $1.000. The comstruction of & gravel diversion
dike =8t a similar sifte would reguire the operation of a
bulldezer, or similar heavy eguipment. At the going rate of 550
per hour and 3100 +to 3200 egquipment transportation charges, an
average gravel dike could cost from 3500 to 81.000 o install.,
Actusl <cosis are highly dependant on site-specific conditions.
Hanchers at the %Webfoot Ditch on +the Bitterrocft River estimate
their annusl gravel dike installastion cost at $700. Additional
mainitenance is often reguired on gravel dikes, since they are
susceptible toc erosion during water level fluctustions. In
addition, gravel dikes should be removed from the sgtream
following an  irrigation season, incurring additional costs. But
the Conservation Districts in Montana do not typically reguire
dike removal as a part of ths 210 permit. or enforce such a
provision if it is included in the permit.

The modified structure design to be tested in 1988 should
require much less installstion time than the structure tested in
1887. We exzpect that the time reguired 4o insiszsll the modified
design will compare favorably to the time reguired to construct a
gravel dike. Equipment costs would be much lower than necessary
for a2 gravel diks, since light duty farm eguivment can be used
for ins%allatisn in place of heavy duty bulldozers.

As noted above, actual costs for the installation of gravel
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dikes are dependant on site-specific conditions, and it is
difficult to gensralize about the comparable esconomics of gravel
dikes and our alternative diversion structurs. I41 is possible.
however, to consider the economics on & csse~by~case basis. The
Webfoot Ditch Company on  the Bitierrcot, for instance. spends
about $700 per year to install & gravel dike. They have noit been
required to remove the dike following the irrigation season.
slthough this could be reguired by the Comservation District.
Annual installaiion and removal cosis for the Webfoot Ditch could
total about $1.000 per vear. The same diversion could be
acconplished with eight secticons of our modified slternative
structure, which could cost 31,800 for materials and fabrication.
Assuming thet the Diitch Company could provide itz own farm
tractor for the installastion, equipment costs would be minimel.
Thus, the Webfoot Ditch Company could pay for the fabricetion and
materials costs of the alternative siructure in less than two
vears with the savings from bulldozer renial fees reguired icoc
install & gravel dike. If the Ditch Company waes able to do its
own welding sand fabrication, the cest of +the saslternative
structures could be reduced to about $1.000 at +today’'s stesel
prices. Thus, the Webfoot Ditch Company could pay for thse
materials for the alternative structures within one year' s time,
from the savings of bulldozer rental fses. The Diteh Company
would incur minimel additional cosis for the use of 1ts farm
tracior. SBoms additional time might be reguired 1f the Conpany

performed iis own welding. The modified siruciures are not
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expected 1t regquire more time to install than & gravel dike.
Onoce purchased or febricated, the alternative diversion
structures can be wused yezar after year with only minimal
maintenance,

it appears that the ecconomics of the modified mlternative
diversion struciure would be guite favorable. The costis and
berefits should be carefully considered on =2 case-by~case basis.
The benefits of the aliernative struciures for aguatic resources

are, of course., difficult fo guantify. but substantial.
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The Clark Fork Coalition plans ifo complets a 15 minute vidso
production on the 1887 project, and +to use this production to
provide information and education to interested groups, including
ranchers and conservationisis in 1988. Video production services
have been domated to the Coalition for this project, and the only
additional costs to be incurred by +the production in 1838 are
expected to be about $500, for video duplication and
transporiation for presentation to interested groups.

The 1887 Aliernetive Irrigation Diversion Demonsiration
Project was & success. Both instsllations served their intended
purpose of diverting irrigation flows without the construction of
damaging gravel dikes, Many lesscns were lesrned which will

low improvements to the ztructure design. Continued

ot
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damenatg&%ien will be conducted in 1988, using a modified desisn

which is less costly and more efficiently installed.
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EXPENSE REPORT

Fabricaetion snd shippinsg $£5,1060
Communications

Telephone 3 72

posiages % 28
Publicity

Hewsletter {Clerk Fork Coslition] $§ 100

final report, typing. reproduction,

digstribution $ 100

TOTAL 5,400

Donated Services and Expenses
Project S5taff Time {600 hours! Peter Nielsen,
Clerk Fork Comlition, and Dennis ¥Workman,
Dept. Fish, ¥ildlife and Parks.

Instellastion Time - Spooner Ditch Co. and
Frenchtown Grass Valley Ditch Co. {40 hours}

Travel to meetings, and project sites
approximately 1,000 miles

Videos EBecording - {40 Thours) Biil Thomss, Deparimsnt of
Figh, ¥ildiife and Parks.

Project Grant administration and BReporting
{Clark Fork Coalition}
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