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EXECUTIVE SUMMARY

Lake Metigoshe is the most popular of the fakes located in the

lurtle Mountains. The l-ake and, the land surrounding it provides an

important source of recreation.

Much concern has been raised over the fluctuating level of the

Iake. Because of this concern an alternative source of water was in-

vestigated..

Lake Metigoshe has a total drainage area of 59 square niles.

Because of the hilly terrain however, a portion of this area does not

contribute runoff to Lake Metigoshe. Instead, the runoff ponds in

several small lakes. This is the situation for a 3.8 square mile area

]ocated east of Lake tr{etigoshe. As proposed, channels would connect

these upstream lakes, allowing them to drain into Rost.-School- Section

Lake. A d.am would be constructed. below Schoo1 Section Lake to store the

runoff. In years when Lake Metigoshe falls below its control elevation,

water would be discharged from Rost-School- Section Lake into Lake Meti-

goshe. While attempting to stabitize the level of Lake Metigoshe, Rost-

School Section Lake would. be allowed to be drained completely-

Two alternatives were looked at. Alternative 1, estimated to cost

g39or00O, wouId. have channels constructed. so that aI1 the upstream lakes

would be controlled at the elevation shown on the 1956 quadrangle map.

Al-ternative 2, with an estimated cost of $825,000' consists of excava-

ting a channel to such a depth that all the upstream lakes would be

drained.

Starting in 1956, actual precipítation and evaporation records tnlere

used to determine the effect that this system would, have on the eleva-

tion of Lake Metigoshe, if it had. been in place. For Alternative I, it
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was found Èhat the qpstrean lakes provided very litt1e runoff. In fact,
nearly the same resulÈs would be obtained if the upstream channel-s were

not constructed. OnJ.y Rost-School Section Lake Dam and the short
channels connecting Rost lÊke, School- Section l,ake, Lake McDonald., and.

Lake Metigoshe would need to þe constructed,. Neither alternative would

be able to stabil-j,ze Lake Metigoshe at ìts control- elevation during the

second of two consecutive dry years. A1most all the storage of Rost-

SchooL Section Lake woul-d be discharged into Lake Metigoshe during the

firsÈ dry year. No supplemental water would be available d.uring the

second dry year. Historicall.y, these are the only years that the leve1

of Lake Metigoshe has dropped much disÈance below its control elevation.

This is the period that suppJ,ernental- water is needed the most. None

would be available.
A]so, from tests taken in May L982, the water quality of these

l-akes is poor. Phosphate and nitrogen levels are actually higher Èhan

found, in Lake Metigoshe. Conditions would be expected to improve after

the initial discharge. The water quality of this area, however, would

still not be better than the guality of l,ake Metigoshe.

If the Oak Creek ldater Resource Board decides that the main goal of

this project is Èo improve conditions when the normal elevation of Lake

Metigoshe is much more than 0.5 foot below its control elevation then

neither alternative is recommended.

If it is decided that a serious problem exists when the normal

elevation of Lake Metigoshe is within 0.5 foot of its control elevation,

only constructing School Section Iake Dam and only the short channels

connecting Rost Lake, School Section Lake, Lake McDonald., and Lake

Metigoshe would provide the rnost benefit compared to the costs. This
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construction is e,stirnated to cost Sl-00'000, S95r000 for School Secti,on

Lake Dä¡n and $51000 for the channel-s.

Only LjmiÈed be-nefi'bs could be expected by this consÈfr¡ction.

Rost-school Section r¡ould be severely drar¡n down during nany years.

Also, envirormlenlal problems and Canadian coRcerns should be taken iRto

aceount.
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ROST LAKE REPORT

I. TNTRODUCTION

PURPOSE

Lake Metigoshe is located on the U.S.-Canadian Border in Bottineau

County, which is located in north-central North Dakota. Figure I shows

its location within the state. It is one of many lakes that exist in

the Tr:rtle Mountains. Being one of the largest and, deepest, it is the

most popular. Iu1any people enjoy the recreational- opportunities the lake

provides.

Over the years, there have been numerous ti:nes when the level of

Lake Metigoshe was below its control elevation of 2138 msl. This de-

crease in water level is caused by evaporation. Due to the relatively

small area contributing runoff to the lake, in many years there isn't

enough runoff to maintain the lake's level. This causes the lake level

to fluctuate. A very dry year can lower the water level. The reduction

can be so great that a normal spring runoff will not fiII the lake.

This problem was realized as far back as 193I.

Lake Metigoshe and the land surrounding it is a popular recreation

area. At present, there are over 1,000 cabins along its shoreline.

There are also two Bible Camps, a Boy Scout Camp' and a State Park

Iocated there. The lake provides summertime opportunities for hlater-

related activities including boating, sailing, water skiing' fishing'

and swimming. Also, the forested area surround.ing the lake is good for

hunting, hiking, and, camping. During the winter the lake provides

opportunities for cross counÈry skiing, snowmobiling, and ice fishing.
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Because of these activities, the popularity of Lake Metigoshe is in-

creasing.

The fact tTraÈ Èhere are over ir000 cabins, ihree camps, and a StaEe

Park shows that there is a considerabie investment in tÌre lake. It is

understandable that the cabin owners are concerned about fluctuating

lake levels. They would like to see the lake level stabilized. This

would improve recreational activities which in turn maintains or in-

creases the value of their investment.

Cabin ohrners are also very concerned about the quality of the water

in Lake Metigoshe. They believe that providing a supplemental htater

supply for Èhe take will enable fresh water to enter the lake when it is

needed. It is fett that this would help maintain good water quality.

A hydrological investigation of the area east of Lake Metigoshe vras

performed. There are numerous small- Iakes that coul-d be tapped to

provide supplemental \^Iater for Lake Metigoshe (Figure 2). This supply

oE water, if available, could be used to help stabilize the lake levels

d.uring dry years and. help improve \,'/ater quality.

SCOPE

This report aÈtempts to identify possible areas that could con-

tribute water to Lake Metigoshe. Information was gathered from USGS

7à minute quadrangle maps. A number of surveys have been done in Èhe

area. The most recent and comprehensive survey was done Ln L962 and. is

the one used for this preliminary report. Using this information, a

hydrologic study was done of the area. This amounted to estimating

flows into the various lakes, flood routing the l-akes, and determining

the flows from the lakes for channel design. These channels would carry
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excess waÈer from these lakes into a reservoir at Schoo1 Section and

RosÈ Lakes.

A water balance stud.y was also done. The sÈudy looked at the

amount of runoff that could be col-lected by a system of channels.

Runoff lras compared to expected evaporation from the proposed reservoir,
which includ.es School Section and Rost Lake. This was done to see

whether the increased level of Schoo1 Section and Rost Lakes could be

maintained.

Two alternatives were looked at for the design of the system of
drainage channels. The intent of Alternatj.ve I was to allow excess

water flowing into the numerous upstream lakes to be d.rained away. This

means that the lakes would not be entirely drained.. In order for the

lakes to d.rain naturally, they would have to be raised by a considerable

amount. The drainage channels would allow water to drain when the lakes

get above their normal level.

AI1 the lakes within Èhis upstream area would. be compJ-eteJ-y drained

with Alternative 2. Channels would be constructed with the bottom

elevation as 1o\^/ as the lowest point of each lake. Therefore, all

runoff would drain directly into Rost and School Section Lake.

Preliminary design for the channel-s, Iake control structures, and

the dam at the outlet to School Section Lake were done. Includ,ed in

this report are cost estimates for the preliminary d.esign of both

alternatives. AIso included, is a sunmary and, recommendations of what

can be done.

-5-



IT. STATEMENT OF PROBLEM

BACKGROUND

The problem of fluctuating lake levels and ínsufficient runoff into

Lake Metigoshe was realized in 1931. In that year, the State Engineer,

Robert Kennedy, wrote a report on the lake.

Kennedy began his report by describing the natural beauty that

abounds in the area around T,ake Metigoshe. He also staÈed that the

popularity of the area was increasing. This was based on statistics
showing increased. sales of fishing licenses in the area as welf as the

fact that 408 cabin sites were platted. along the lake. At the time of
his report there were already 70 cabins along Èhe lake. Much of the

lakets increase in popularity was attributed to the construction of a

new road into Èhe area.

He also mentioned that the number of fish in the lake changed with

changes in the water level. Fishing was the main activity on Lake

Metigoshe. If it was bad, the popularity of the lake decreased.. This

hurt businesses near the l-ake and, in the surrounding tov,¡ns. Therefore,

Kennedy related an economic loss to reduced water levels in Lake Meti-

goshe.

Lake Metigoshers problem, according to Kenned.y, was its lirnited
watershed. Being only about 59 square miles, ít did not have Èhe po-

tential- for a lot of runoff. The watershed. also consists of numerous

small lakes. Kennedy noted that in order for many of these lakes to
contribute water downstream, their levels would have to rise consider-

ably. Therefore, Èhere is a lot of dead storage in the watershed. The

State Engineer wanted to make this dead storage in the tributary lakes

available to Lake Metigoshe.

-6-



In order to tap some of Èhis dead storage, Kennedy proposed. two

projects. The first \^tas a drainaqe canal between Rost Lake and Lake

Metigoshe. According to Kennedyrs report, Rost Lake would have to rise

3 feet before it would start running downstream. This amounts to a d.ead

storage of 1,228 acre-feet. If this were available to Lake Metigoshe'

it wou1d raise the lake 9 inches. The second project involved building

a dam across the channel draining Rost Lake. It was to be located at

the outleÈ to School Section Lake. This reservoir would. occupy 800

acres and store 7 t39O acre-feet.

In April of L949, a petition was presented to the State lfater

Commission by area citizens. It requested the Water Cornmission to aid

in stabilízinq the banks on some roads and to investigate the stabilj-za-

tion of the l-ake level-s. This was to be accomplished by a system of

d.ams, canals, gates and general channel maintenance. During the summer

of L949, surveys were made to investigate the possibility of construc-

ting a dam in the channel between Rost Lake and Lake Metigoshe. It was

intend.ed that excess flows be impounded behind the dam and released when

water was needed in Lake Metigoshe to compensate for evaporation losses.

I¡later was seeping out of the Lake Metigoshe spillway structure in

July of 1950. At that time it was discovered that the structure was in

a state of disrepair. ït evidently was seeping at a rate large enough

to affect the l-ake level-. Therefore, in November of 1950, the original

46-foot weir was lengthened to 70 feet. This was accomplished by placing

l5-foot extensions on each end of the existing weir. These extensions

\^/ere gravity secti-ons constructed out of rubbl-e concrete and having the

same shape as the ori-gina1 weir. Seepage was also coming through the

center lO-foot length of the original weir. Thi-s section of the weir

-7-



had a notch 8 feet long and 1 foot d.eep. To correct this seePage' a

wall of sheet piling, 6 feet deep, was driven across the upstream sid.e

of the structure in this problem area. Also, this part of the weir was

replaced by a gravity section of rubble concrete and. the notch was

el-iminated. A June, 1949 survey, indicated that Èhe weir was at eleva-

tion 2138.04 msl. The notch in the weir was at elevatLon 2L37.0 msl.

In April of 1953, inquiries were again presented to the StaÈe Water

Commission regarding a retention dam. Evid.ent1y, at this time the

invesÈigation started in 1949 was looked into further. The project ran

into some problems in securing easements from landowners. There were

also problems in getting approval from State and Fed.eral concerns.

Since Rost Lake is on the U.S.-Canada bord.er and the proposed, reservoir
would raise Rost Lake, there were probl-ems with the Dominion of Canad.a.

Costs for the two projects proposed by Robert Kennedy were estimated in

December of. 1954. At that time, the drainage canal between Rost Lake

and Lake Metigoshe via Hansonrs Mead.ow \^ras estimated. to cost $9,040.

Construction of the dam between the two fakes was estimated. to cost

ç29t665. This dam had a proposed, control elevation of 2155.0 msl.

Sharpe Lake, located upstream of Lake Metigoshe on Canada Creek,

was investigated in 1955 as a possible alternative to store water for
Lake Metigoshe. In February of 1955, surveys lvere made of the Sharpe

Lake area. The pl-an was to store water in Sharpe Lake by raising its
elevation. A diversion ditch was planned to carry excess water to the

Rost Lake Reservoir if it was need,ed.. In this way, water from the

Sharpe Lake d.rainage area cou1d be stored. in both Sharpe Lake and the

proposed Rost Lake Reservoir.
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Milo Hoisveen, State Engineer, made some comments to the State

Water Commission about this plan. He mentioned that some of the farmers

around the l-ake v/ere contacted and asked abouÈ their views on raising

Sharpe Lake. The lando\^Iners generally were in favor of raising Sharpe

Lake but did not approve of draining it again for the benefit of other

l_akes. In order for the plan to work, Sharpe Lake would have to be at

least partially drained to provid,e water for Lake Metigoshe. Therefore'

MiIo recommended that the Sharpe Lake Dam not be buil-t. Instead' he

suggested that the Lake l4etigoshe watershed be improved. This proposed

improvement involved the drainage of the smaLler lakes and collecting

the runoff in the Rost Lake Reservoir.

Despite Mr. Hoisveents recommendation, the Sharpe Lake DaIn h/as

constructed in 1958. It raised. the level of the lake l-0 feet. The

proposed diversion to Rost Lake was not buj-It since the Rost l¿.ke Dam

t'¡as not constructed.

In 1960, the Lake }4etigoshe Improvement Association requested a

stud.y of the Lake Metigoshe watershed. The purpose of the study was to

find additional water for the lake and, evaluate the feasibility of

providing this water. It was proposed. to improve a portion of the

watershed that entered Lake Metigoshe from School Section Lake and Lake

McDona1d. This would have involved ditching or clean up of the natural

drainage \¡/ays from Lake McDonald through School Section Lake and Hanson's

Meadow to Rost Lake. A1so, included was the improvement of the channel-

between Mud Lake and School Section Lake. Gates rtrere to be installed in

the control structure on the outlet to School Section Lake. (This

earthen embankment has since washed out. ) This would allow a drawdown

of School SecÈion Lake to an elevation of 2135 nsI. A gated structure

-9-



lvas also proposed for the outlet to Hansont s Meadow. Rost Lake was to

have a t\4ro-way control structure. This would enable flows into Hansonrs

Meadow to be d.iverted into Rost Lake. It would also allow water to be

released from Rost Lake when it was needed in Lake Metigoshe.

The watershed area of Lake Metigoshe \^ras surveyed during the winter

of. 196I-1962. This survey included profiles between many of the lakes,

a site topography f.or the Hansonr s Meadow control structure and a site

topoqraphy for the RosÈ Lake control structure. This informat.ion was

used to develop costs for the proposed improvements and therefore eval--

uate the project's feasibility.

It was determined that a drainaqe system would not be feasible.

The amount of work required to achieve this drainage was more than the

benefit that could be derived. from it. l,IerríI Rivinius, Investigation

Engineer at the time, stated. that accelerated drainage in the noncon-

tributing areas would increase the yield of water from the basin.

According to him, this would. be equal to the amounÈ of normal evaPora-

tion of the areas which he estimated to be 1260 acre-feet. This is not

necessarily true.

In the fall- of I96L, a new outlet structure was constructed for

Lake Metigoshe.

During the l-ate 1960's, cabin owrrers along Lake Metigoshe started

to be concerned about the quality of water in the lake. The North

Dakota v\tater Resources Research Institute did a study of the lake in

L97I. They looked at the amount of bacteria present in the water over

the course of the summer. lt was found, thaÈ large concentrations of

bacteria exisÈed in the lake. this was especially true during periods

of heavy use. An aÈtempÈ was made in L9'72 lo l-ocate the source of the
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bacteria. The North Dakota Water Resources Research Institute started. a

f ive-year stud,y to d.etermine the lake's water quality-

The lake has had problems with excess nutrients and stagnate \ntater.

This problem is quite evident during low runoff years. Many areas

become very weedy and the surface sometimes is covered with algae. A

major source of the nutrients was thought to be the numerous cabins

along the lake. Therefore, a se\^ter district \das Proposed in L972- The

plan was finally approved in l-980. In order to freshen up the water in

the south 1ake, it was proposed in 1973 to install a pipe Èhrough the

Rugby point narroT¡/s. ft was hoped thaÈ this would. alLow some circula-

tion in the southern part of the 1ake. The pipe was never installed.

fn the fa]1 of 1972, there v/as some concern over what the lake

Ievel- shoufd be. Some people wanted flashboards added to Èhe outlet

structure to increase the level by a half-foot. They fel-t that this

would improve boating and fishing. This proposed use of flashboards

brought up questions as to how the lake level should be managed. It

al-so brought up questions as to how the Sharpe Lake Reservoir should' be

managed to benefit Ï,ake Metigoshe. During the discussions of using

water from Sharpe Lake to maintain the level of Lake Metigoshe, Canadian

interests claimed that the Oak Creek Water Resource Board d.id. not have a

valid license to operate the Sharpe Lake Reservoir. This licensinq

question has been brought up many tj¡nes since L972 and has not been

resolved.

fn June of l-979, the Oak Creek lVater Resource Board. requested the

State l¡tater Commission to investigate the feasibility of getting addi-

tional \^rater for Lake Metigoshe from the School Section Lake drainage

area. A copy of the agreement is inctud.ed in Appendix A.
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III. ROST-SCHOOL SECTION LAKE

HYdrologY

The portion of the non-contributing Lake Metigoshe watershed located.

east of the lake has a total drainage area of I0.3 square miles (Figure

2). Even after completion of the proposed, project' 1.3 square mil-es of

this will not contribute runoff during most years. Therefore, the in-

crease in the normal contributing d.rainaqe area will amount to 9.0

square miles. Presently, 5.2 sguare miles of this area runs directly

into Rost Lake or School Section Lake. The remaininq 3.8 square miles

consists of numerous lakes that presently contribute little' if any,

runoff. By constructing channels, this 3.8 square mile area is proposed

to be drained. into Rost and School Section Lake. It would, then be

available to provide \^Iater for Lake Metigoshe.

Under existing conditions the lakes within the 3.8 sguare mile area

would have to rise significantly before any outflows would. resul-t. At

the levels shown on the quadrangle map (1956), there are 543 acres of

lake surface in the area proposed to be d.rained.

The 3.8 square mile area was broken into a number of subbasins.

For Alternative 1, runoff from each subbasin was estimated for the l0

year event by using the tabular hydrographs in the North Dakota Hydro-

logy Manual. These are based on a 2â-hour, type I' distribution storm.

The hydrograph ordinates listed are for an area of 1 square mile and. are

based on time of concentration and hydrograph family. A hyd.rograph

family was chosen by determining the rainfall depth for a 24-hour storm

and the curve number for the subbasin. îhe rainfall depth, varying

according to the frequency of the storm, was determined from rainfall

maps includ.ed in the North Dakota Hydrology Manual. A curve number was
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determined. from the physical features that affect runoff from the sub-

basin.

Flows from the subbasin are greatty reduced due to the effects of

sÈorage in the numerous lakes. Peak flows discharging from the lakes'

in the area proposed to be d.rained, range from 0.2 efs to 1.8 cfs for

the lo-yeaï event. This compares to peak inflo\^/s to the lakes ranging

from 3 cfs to lO3 cfs for the lQQ-year event. These flow rates, of

course, are d,ependent on the ind,ividual subbasin areas and the con-

ditions found in them. The ftow rate in the channel-s beÈween the lakes

was estimated by adding runoff from the land between the lakes to the

d.ischarge from the upstream lakes.

A similar method t{as used to determine the peak discharge during a

1O-year event for Alternative 2. A peak d.ischarge curver based on a 24-

hour, type I distribution storm, was used from the North Dakota Hyd'ro-

Iogy I'Ianual . The d.ischarge is dependent on tjme of concentration and

hydrograph family. Both the 24inour rainfall amount and curve number

aïe used to d.etermine which hydrograph family to use. V'ihen determining

the curve number, it was assumed that the lakes were completely drained.

At the upstream end. of the drainaçJe area, peak flows during the l0-

year event are as l-ow as 3 cfs. Ho\niever, because there are no lakes to

provide storage, the flows join and rapidly increase as they proceed

downstream. Near the entrance to Rost-School Section Lake, the peak

d,ischarge is as high as 80 cfs. The flow rates for each alternative

\¡/ere used to design the proper channel width.

Water Budget

As with any proposed. reservoir project, the major concern is

- 13-



h¡hether the proposed resen¡oir will receive sufficient runoff to main-

tain the \nrater level . fühi1e precipitation falling directly on the

reservoir, and running off the watershed, add.s to the water stored. in

the reservoir, evaporaÈion from the waÈer surface is constantly taking

water a\^¡ay. If the l-osses from evaporation are greater than the runoff

coming into the reservoir, the lake level- will- not be maintained.

Therefore, there would be little or no \n¡ater available to supplement

Lake Metigoshe.

Each year has varying amounts of precipibation, thus varying the

amount of runoff expected. Erzaporation rates also vary from year-to-

year. In order to determine whether there is enough runoff to maintain

the level of the proposed reservoir, it is necessary to decide what

frequency event should be looked at. Normally, in reservoir design, the

runoff having an 80 percent chance of occurring in a year is compared to

the estimated evaporation. If evaporation is less than the 80 percent

chance runoff, Ehe reservoir wil-l realize a net increase of water and

the v¡ater level- will- be maintained.

The amount of runoff flowing into the Rost-School Lake reservoir

was estimated by looking at the precipitation records for the City of

Bottineau. These records were available since 1955 (See Appendix B).

Evaporation records, during this same time period were available

for Devils Lake and Langdon (Appendix B). It was assumed. that the

evaporation at the project site would be sj-milar. From Èhis informa-

tion, a Log Pearson Type III method \^/as used to calculate the 80 percenÈ

and 50 percent chance of annual evaporation and precipitation. Also,

the average values were calculated. The results are as shown below:

-r4-



80c 503

L6-4
26.O

Average

17 -7
26.L

Much of the precipj-tation falling on land is lost to infiltration

and transpirat.ion. Therefore, not all of this water would contribute to

the lake volume. As shown on the annual yield map in the North Dakota

Hydrology Manual, runoff from land contributes 15 acre-feet per square

mile for an 80 percent chance event. Land. runoff r^ras assumed to relate
to precipitation by a runoff factor. This factor r^¡as found by dividing
the runoff obtained during the 80 and 50 percent chance by the precip-

itation obtained during the same frequency event.

Inflow to a lake consists of precipitation falling directly on the

Iake and runoff from the surrounding land. Evaporation is responsible

for the majority of the losses. These l-osses are dependent on the

surface area of the lake. A larger surface area will cause a greater

vol-ume of \^¡ater to be lost to evaporation.

According to the ltlay 1977 report by the North Dakota !üater Re-

sources Research Institute, approximately two percent of the total
inflow to Lake Metigoshe is due to groundwater infiltration. Most of
this infiltration occurs at the shal-Iower depths of the lake. lrlater

fl-ows away from the lake at the deeper sections. It is possible that
the same cond.itions occur at Rost Lake and the upstream lakes. This may

stabilize the level of these lakes during dry periods. These dry period.s

could. also cause the elevation of the water-tabIe to decrease. Ground-

water may then flow away from the lakes, causing the lake levels to

recede. Due to these uncerÈainties, ground.water inflow is neqrlected..

Precipitation (in.)
Evaporation (in. )

I
1

I2
24

- 15-



Alternative I

A drainage channel would. connect each of the numerous lakes within

the 3.8 square mile drainage area. The lakes would not be drained, but

rather control-led at the elevation shown on the quadrangJ-e rnap and

Figure 2. Arry excess water would then be discharged. into Rost-School

Section Lake. Assuming that these lakes are at the elevation shown on

the quad map, they would comprise 543 acres of the 3.8 square mile area.

For this alternative, a determination of the water balance for the

upstream area was made separately. This was done by using the actual

yearly evaporation and precipitaÈion amounts, compil-ed since 1955. On a

yearly basis, the amount of d,ischarge obtained was d.etermined by cal-

culating the change in lake elevation due to precipitation and evapora-

tion.
Optimum conditions were assumed for these lakes. It was assumed

that each lake was at its control elevation at the beginning of 1955.

Thereforer êDy increase in the water el-evation would cause outflow to

Rost-School Section Lake. The effects of precipitation and evaporation

were determined by using the surface area which the lake had at the

beginning of each year.

As shown in Tab1e 1, runoff from these lakes will only be received

during 6 of the 26 years. This runoff, occurring only during the wetter

years, would contribute to Rost-School Section Lake. During the drier

years, the upstream l-ake's elevation gets as much as I.8 feet below the

control elevations. Nearly 14C0 acre-feet of water, equivalent to an

elevation change of 1.8 feet, must be added to these lakes before any

runoff to Rost-School Section Lake would occur.

The elevations shown on the quad map, for these lakes, are the

- l6-



TABLE 1

Lakes Upstream of Rost-School Section Lake
AlLernative I

Lake EI Storage Discharge
End of Year

Storage
Year msl

Area
acres (ac-f

Runoff
(ac-ft

Evap.
(ac-ft (ac

269

1039
25

99r
460

L448

ac-fÈ

Its\¡
I

1955
1956
L957
1958
1959
1960
1961
L962
1963
1964
1965
1966
L967
1968
L969
l.970
L97L
r912
l.913
L914
L975
L976
I977
L918
r979
1980

r000*
1000
999.5
999. 0
998.4
999.4
998.8
998.2
998.6
998.9
999. 0
999.5
999.6
998.9
999.9
999.9
999.9
1000
1000
1000
1000
1000
999.3
999.3
998.8
998. 3

543
543
449
360
25L
421
322
213
297
351
362
455
475
339
529
520
527
543
543
543
543
543
4L7
4L4
322
244

2300
2300
1905
I528
1066
IAL2
1366

908
I262
T49L
153 5
L929
20L2
1438
224r
220L
2234
23 00
23 00
23 00
2300
2300
r766
L760
L367
l035

1431
638
472
2A9

I28l
467
286
74r
813
842

IL28
962
s57

L464
r063
LL74
22A5
L239
2239
I74T
2629

872
947
64L
401

1408

IL62
1033

849
75r
541
913
744
387
584
19e
734
879

1131
66r

1103
LI4L
1180
T2I4
L248
I28L
1181
1406

9s7
1034

733
545

2300
1905
1528
1066
I8I2
1366

908
L262
l49l.
153 5
L929
20l-2
1438
224r
220L
2234
23 00
2300
2300
23 00
2 300
l.766
l.760
1367
1035
1898

*Assumed elevation



elevations where a natural balance exists between inflow and evapora-

tion. During very wet years, the lakes may be at a slightly higher

elevation. However, during dry years the lake elevations woul-d decrease.

By constructing a drainage channel, wiÈh the control elevation to

be the same elevation as shown on the quad mapsr âDy excess water is

drained off. Therefore, the lake level is never allowed to get much

higher than this control elevation, as it could und.er normal cond,itions.

During dry years, evaporation may draw the lake level down lower than

under the normal condition.
The amount of land runoff, precipitation falling directly on the

lake, and evaporation from these lakes was determined to be:

80r 50t

Land Runoff (acre-feet)
Precipitation on Lakes (acre-feet)
Evaporation (acre-feet)

89
409
691

276
529
927

Evaporation would exceed total inflow by 193 acre-feet during the

80 percent year and by I22 acre-feet during the 50 percent year.

For the 4.5 square mile area which contributes directly to Rost

Lake, a water budget was also calculated. It was assumed. that the water

elevation at the beginning of l-955 would. be 2144 msl, as shown on the

quad map. At this elevation, the lake would have a surface area of 360

acres. (en area-capacity curve for the lake is shown in Figure 3.) Tt

was also assumed that the proposed dam, on the d.ownstream side of School

Section Lake, was in place. It would have a control elevation of 2150

ms1. The amount of water obtained, from the 3.8 square mile area up-

stream, would be ad.ded, Èo the total inflow of the lake.

Starting in 1955, the elevation of Rost-School Section Lake was

determined, assuming that Alternative l- was in place. As shown in Table

-18-
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2, ¡.or the 26 years of record, there would be 5 years when water would

overflow the spiIlway. These are 1971 through 1975, all very wet years.

Other than these wet years, the elevation of the lake varíes widely.

Total inflow and evaporation for the 80 and 50 percent chance years \,{as

d.etermined to be:

80u 50r

Inflow from Upstream lakes (acre-feet)
Land. Runoff (acre-feet)
Precipitation on Lakes (acre-feet)
Evaporation (acre-feet)

0
L23
484
a27

2
380
694

r030

Evaporation would exceed total inflow by 22O acre-feeÈ during the

80 percent chance of occurrence. This shows that the lake would not be

able to maintain itself at its control elevation. Drring the 50 percent

chance, inflow would exceed evaporation by 46 acre-feet.

Al-ternative 2

For this alternative, all the upstream lakes were completely d'rained'-

Rost-School Section Lake was assumed to have an initial elevation of

2L44.0 msl, and a water surface area of 360 acres. The total land area

contributing to the lake is 8.3 square mites. By using the historical

evaporatign and precipitation values, starting in 1955, the water budget

can be determined as if this alternative was in place.

Table 3 shows Èhe water balance from 1955 to 1980. As shown' all

but one of the years from l-965 to 1975 have water discharging over the

spiltway. This was a period in which the precipitation was much higher

than normal. The lake elevation is fairly erratic during the remaining

years, changi-ng in elevation by several feet during a 1 year period.

In order to see if Rost-Schoo1 Sectíon Lake could maintain its

-20-



TABLE 2

Rost-School- Section Lake
Including Upstream Lake Runoff

Alternative 1

Year Lake EI Area Storaqe
Upstream
Discharqe

Rost L. Runoff Spíllway
Discharge

End of Year
StoraqeLand Lake Evap

I
N)ts
I

1955
r956
195l
r958
1959
1960
r961
1962
I 963
L964
1965
L966
L967
r968
L969
L970
L97L
r9t2
L913
r974
I9t5
L976
L9l7
I978
L9t9
1980

2L44
2146.2
2145.5
2L44.8
2L43.5
2L45.8
2l-45.O
2143.6
2L44.7
2L45.4
2145.1
2L47.O
2L47.4
2L46.2
2L48.5
2148.6
2L48.8
2r50.0
2150.0
2150. 0
2150. 0
2150. o
2L49.O
2148.9
2148.O
2146.7

360
438
4LO
383
349
423
392
350
382
408
420
414
494
438
540
560
579
618
618
618
618
618
576
515
530
462

I000
I872
1587
1263
779

1786
13 58

804
l_249
I572
t_690
2258
245A
ra79
2950
3031
3 187
38 50
38 50
3850
38 50
3850
3282
3263
27L2
2l-48

269

1039
25

99I
460

l-448

763
75
55
32

1099
57
38

545
499
448
7L6
426

69
1087

420
5L7

1s7 0
529

1453
977

L84I
235
444
L82

7L
1198

611
473
396
2A3
660
420
3L4
536
575
597
704
689
529
838
786
867

1258
969

1338
1168
L459

797
859
704
57r
913

17l-
833
775
799
752
905
906
636
75r_
927
852
915

II77
854

1125
1228
r276
1381
L420
1458
1344
1600
L322
I437
L206
103 2

1928
L42

2362
LT47
3404

r872
1587
L263
779

1786
1358

804
L249
I572
1690
2258
2458
L879
2956
3031
3187
3850
3850
3850
3850
3850
3282
3263
2712
2r48
3227



TABLE 3

Rost-School- Section Lake
IncJ-uding Upstream Area

Al-ternative 2

Runoff Spillway
Discharge

End of Year
StorageYear Lake El A.rea Storage Land Lake Evap.

I
N)
t\)

I

1955
1956
L957
I958
1959
1960
1961
I962
1963
L964
r965
l-966
196'7
1968
L969
L970
L97T
L972
L973
LO14
r9t5
r97 6
L917
L978
r979
r980

2L44.O
2147.O
2L46.5
2L45.9
2L44.7
2L48.8
2147 .7
2L46.2
2L48.O
2L49.2
2L49.4
2150.0
2150.0
2L48.8
2150. 0
2150.0
2150. 0
2150.0
2r50.0
2r50. 0
2150. 0
2150. 0
2L49.4
2150. 0
2149.3
2L48.2

360
473
450
427
384
565
5L5
434
528
582
6r0
618
618
570
618
618
618
618
618
6I8
618
618
s94
618
590
540

t_000
2248
2 081
I770
L256
3 138
2598
1891
2139
3394
37l.9
3850
3850
3l.64
3850
385 0
385 0
385 0
3850
3850
3850
3850
3499
3850
3410
2A36

1408
22I
LO4

61
r984
ro7

7L
97L
898
796

L286
766
L24

L976
77r
936

2953
1020
2800
1883
3547

452
845
347
133

2205

611
511
435
316
726
561
412
665
795
852

LO23
898
662

1090
900
956

L364
969

1338
1168
L459

797
883
757
635

IO67

77L
899
851
891
828

120A
1190

788
1038
13 23
I237
1193
I472
ILL2
1288
1355
1384
1381
I420
1458
1344
1600
1363
L544
l-342
L206

94r
47l-

2248
208L
I770
L256
3138
2598
1891
2739
3394
37l.9
3850
3850
3l-64
3850
3850
3850
3850
3850
3850
3850
3850
3499
3850
3410
2A36
3850

l-268
383
537

2933
608

27rA
1593
3662

1052

L4



level, the inflow and evap,oration were deternined for the 80 and 50

percent occtrrences-

508

Land Runoff (acre-feeÈ)
Precip!-tation on Lake (acre-feet,)
Evaporat,lon (aere-feet)

80r

580
236

L000

7L7
815

1,2l-9

Evaporation would exceed total lnflow by 1-84 acre-feet dirring the

$O percent chance. Acconding to thê usual guidel-ines, this woul-d show

that there is not. adequate ínflow to nraintain the water surface eleva-

tion of Rost-school secti,on Lake. During the 50 percent, chance, total
inflow pr,ovides a rsulplus of onJ-1' 313 acre-feet over evaporatíon.

-23-



IV. STABILIZTNG LAKE METIGOSHE

By looking at Rost Lake by itself, \,"iÈhout being concerned with

d.ischarging into Lake Metigoshe, insufficient inflow is available -
during the 80 percent chance to maintain its control elevation of 2150.0

msl. This is true for both Alternative 1 and 2. This is the normal

procedure to determine whether adequate waÈer is available for a pro-

posed, reservoir. Using these guidelines, the project should. not be

constructed due to an ínad.equate volume of inflow.

Because of the nature of this project, calculations Í¡ere carried
further. The entire system was looked at. It \^Ias determined. how much

water was required to raise Lake Metigoshe to its control elevation,

2138.0 msl. Through the use of a low level drawd.own system, installed.

at an elevation of 2L4O.0 msI, the water level in Rost-School Section

Lake, could be d.ischarged into Lake l4etigoshe. In this manner, the

level of Lake Metigoshe coul-d be stabilized.

Under existing condiÈions, Lake Metigoshe receives a small amount

of discharge from the 4.5 square mile area around Rost Lake and. School

Section Lake. VÍith the proposed dam in place, this water would. be

stored in Rost-School- Section Lake, rather than entering Lake Metigoshe.

This volume of water would have been accounted for in the earlier cal-
culations for Rost-School Section Lake. Therefore, if the proposed dam

was in p1ace, and no d,ischarge from Rost-School Section Lake, the level
of Lake Metigoshe would. have been slightly red.uced., due to this reduc-

tion in flow.

In order to determine the volume of flow which Lake Metigoshe had

received from this area, since 1955, a water balance \^¡as performed..

School Section Lake was assumed. to be at an elevation of 2L44.0 at the

-24-



beginning of this period,. This is the elevation shown on the quadrangle

map and also was assumed to be the elevation which water will begin to

outflow to Lake Metigoshe.

As shown in Table 4, Lake }4etigoshe should have received flow from

School- Section Lake during the majority of the years. During the d,rier

years, the level of School Section Lake recedes. Then Lake MeÈigoshe

woul-d not benefit from any inflow from this area.

Tabl-e 5 shows the historical end of year elevations of Lake Meti-

goshe. Even during the l-owest period of this 26 yeats of record' 1958'

the elevation of Lake Metigoshe was only 1.5 feet below its outlet

el-evation. For several- years of record during the early 1970's, the end

of year water el-evation was higher than the outlet elevation of 2138.0.

Either the lake was still discharging or flashboards were in p]ace.

The elevation of Lake Metigoshe was adjusted by subtracting the

inflow which it had received from the School Section Lake area. This

amount of inflow woul-d. not have entered Lake Metigoshe had the proposed

dam been constructed,. During some years, this flow had no effect on the

end of the year elevation of Lake Metigoshe because water was going over

the outlet structure. Even without this additional flow' much water

would have discharged from Lake l"letigoshe. For these years, no aÌtera-

tion to the water level \^/ere necessary. For years when Lake Metigoshe

d.id. not overflow its outlet structure, a correction was mad.e to the end

of year water surface el-evation. The elevation was lowered according to

the volume of water that would have been retained in the proposed Rost-

School Section Lake. The area-capacity curve for Lake Metigoshe, Figure

4, was used to determine the altered el-evation.
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TABLE 4

School Section Lake
Runo f f -vs-Evaporat ion

Lake El.
(ms1)

Area
(acres )

Discharge To
Lake MeÈígoshe

(ac-ft)
End of Year

Storage
(ac-f t)

Runoff

Year
Storage
(ac-ft)

Land
(ac-ft)

Lake
(ac-ft)

Evap.
(ac-ft)

I
N)o\

I

1955
r956
L957
1958
1959
1960
1961
L962
1963
1964
r965
L966
l-967
1968
L969
I970
I97I
t 972
r973
L974
L975
I976
L977
L978
L979
1980

2l-44.O
2L44.O
2143.5
2L42.5
2L37.5
2L44.O
2143.L
2l-38.7
2143.4
2L44.O
2L44.O
2144.O
2L44.O
2L42.8
2L44.O
2L44.O
2L44.O
2L44.O
2L44.O
2L44.O
2144.O
2L44.O
2L43.5
2144.O
2143.3
2L4r.5

360
360
349
320
40

360
335
5I

342
360
360
360
360
330
360
360
360
360
360
360
360
360
348
360
349
180

IOO0
1000

781
515
11.8

1000
645
L78
755

1000
1000
1000
1000

599
1000
1000
1000
1000
t-000
1000
1000
1000

790
994
13I
389

763
17
51
33

1195
58
39

592
510
448
732
436

70
1136

439
554

1682
581

1595
107 3
202I

258
485
195

16
13 07

611
389
337
231

76
357
268
7a

515
527
604
523
386
631
524
557
79s
565
780
680
850
464
5].7
44L
376
356

7LL
685
660
667

86
770
774

93
672
818
130
695
857
644
750
190
806
805
827
849
783
932
199
899
794
402

603

303

108
L57
606
264

722
2L3
32L

L61I
34L

1548
904

2088

650

1000
781
5r5
I18

r000
645
178
755

1000
1000
1000
1000

599
1000
1000
1000
1000
r000
1000
r000
1000

790
994
731
389

1000



TABLE 5

El-evation of Lake Metigoshe

Year
December Elevation
of Lake Metigoshe

Maximum
Elevation of

Lake Metiqoshe

Overflow
Over

Weir (ac-ft)
Inflow From

School Section
Lake (ac-ft)

Lake Metigoshe EI
w/o SS Lake

Inflow
Volume Required to*

Raise Lake Metigoshe
to EI. 2138.0

u
z/4!/
1/u
1/
1/u4u42/
Z/uu4uu4u4!/
1/3/

1597

I
l.J
!

I

1955
1956
L95l
r958
1959
I960
196r
L962
1963
L964
1965
1966
L967
1968
L969
I970
I9l)-
L972
r973
r974
L975
r976
r97l
L978
L979
1980

2131.95
2L31.96
2L31 -57
2L36.47
2L37.76
2L37 .53
2L36.71
2137.47
2131.32
2137.92
2138.02
2L37.44
2L3t.7r
2138.05
2L37 .82
2L3l .14
2I38.18
2137.66
2138. l0
2138.10
2138.25
2)-31 .59
2131.34
2l_36.80
2136.7 0
2136.16

2l_39.00
2138.54
2L38.28
2L37 .87
2L37 .7 6
2139. 01
2L37.81
2137.12
2138.7L
2138.43
2138.64
2138.45
2138. 11
2138. 33
2139.25
2139.OO
2r3A.96
2139.05
2138.r7
2139.L3
2139.70
2L39.60
2137 .86
2137.15
2)-37.9L
2r36.91

11, 660
4,82O
L,22Q

0
0

4,84O
0
0

L,4OO
130

2,67O
2,35O

0
364

6,29O
1, 5gO
L,94O
5,ggo

36
6, 9l_0

L7 ,52O
10, 520

0
0
0
0

2L37.e5 r/
2L37 .96
2l.37 .57
2136.47
2L37.56
2L37 .53
2L36.77
2t-37 .41
2L37 .32
2l-37 .90
2138. 02 L/
2L37 .44
2L37.7L
2L37 .8L
2137.e2 r/
2L37 .'74 I/
2138.18
2L37.66
2L37 .IL
2l_38.10
2L38.25
n37.59
2L37.34
2136.80
2L36.70
2L36.20

603

3Q3

108
r57
606
264

722
2L3
32L

L67l-
34L

t54B
904

2088

650

9I
73

l7a
1960

0
850

1600
373

L222
18r

0
1009

524
344
326
468

0
6L4

o
0

740
776

14I7
1800
sso 3/

* Assuming that the Previous Years requirements were met.
L/ lnfLow from School Section Lake as
2/ WaLer had discharged over weir dur
3/ IñaLer had not discharged over weir

December elevation of that Year.

sumed not to affect l-ake level. It is discharged over weír.
ing that year. Water required is from top of weir (nf. 2f80) to Dec. Level

V,later required is the difference in the maximum el-evation and the
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The yearly volume of water required to raise Lake Metigoshe to its

control elevation was determined by looking at its end of Èhe year

elevation. If the lake discharged during the year, the volume of \,rater

need.ed to raise it from its end of year elevation to its control eleva-

tion of 2l-38 msl was found from the area-capacity curve. An increase in

the previous yearrs elevation would, have no affect on the present yearts

elevation, during these years, because excess r^¡ater was discharged

an)rway. During the years Èhat the lake had not d.ischarged, however, an

increase in the previous yearts elevation would also cause the present

year's elevations to increase. The additional increase in elevation

required would then be the difference between the maximum elevation and

the December elevation of that year.

The main goal of this project r^ras to stabilize the l-evel of Lake

Metigoshe. This \^ras to be accomplished by discharging the stored. water

in Rost-School Section Lake into Lake Metigoshe. The low level drain

would be opened during the late sunmer in hopes of bringing Lake Meti-

goshe up to its control elevation. The yearly volume of water required

to d.o this was shown in Table 5.

For both Al-ternative 1 and 2, a v¡ater budget analysis was run,

starting in 1955. Rost-School Section Lake was allowed to be drawn

completely down to elevatíon 2),40.0 msl. This v/as done whenever Lake

Metigoshe was in need of this much water. Due to the uncertainty of

conditions, no additionat inflow was assumed to be availab1e from Sharpe

Lake. The water budget analysis was run on a yearly basis. The area of

Rost Lake at the end of each year was used to determine the amount of

evaporation for the following year. This would. tend to paint an opti-

mistic picture of the entire project. In the actual wor1d, spring
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runoff v¡ould increase the size of Rost-Schoo1 Section Lake. This in-

creased area \^¡ould cause more evaporation which would reduce the volume

of water available to Lake Metigoshe.

Alternative 1

As shown in Table 6, during years in which a small amount of inflow

is needed. by Lake Metigoshe' Rost Lake is capable of providing it.

However, during the years when Lake l4etigoshe is in the most need of

additional runoff, very little is available from Rost Lake. As can be

seen, the level of nost Lake is drawn down severely during a relatively

d.ry year. If the fol-Iowing year is d.ry, Rost Lake will have no surplus

\^rater for Lake Meitogshe. This is the time when the surplus water is

most in demand. During the very dry years, Rost Lake is only capable of

providing a very small amount of water. Figrrres 5 and 6 show the effects

on the elevations of Rost-School Section Lake and Lake Metigoshe-

During the average year' the level of Lake Metigoshe d'oes not

suffer much decline in elevation. Additional- water for Lake Metigoshe

is needed. only d.uring the more extreme years when evaporation greatly

exceeds inflow. It is during these dríer years that the level of Lake

Metigoshe is the lowest.

A water balance was determined for Rost-Schoo1 Section Lake. With

units of acre-feet, the results for the 80 and 50 percent chance of

occurrence are shown bel-ow.

80* 50?

Inflow from Upstream Lakes
Land Runoff
Precipitation Falling Directly on Rost Lake
Evaporation from Rost Lake
Volume Required, by Lake Metigoshe

0
I2A
I67
269

L362

2
398
398
6L2
242
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TABLE 6.

Rost-School Section Lake
Supplementing Lake Metigoshe

Alternative l-

Rost Lake Runoff into Rost Lake Discharqe
End of

Year
Storage
(ac-ft)

Possible EI.
of Lake

Metigoshe
(msl )

Elevation
(msl )

Area
(ac-ft)

Storage
(ac-ft)

Upstream
(ac-ft)

Land
(ac-ft )

Lake
(ac-ft)

Evap.
(ac-ft)

lVeir
(ac-ft)

Drawdown
(ac-ft)Year

778
6

L6
772

0
373
5L2
181

0
1009

7
344

I(,
I

1955
L956
I957
1958
1959
I960
I96I
L962
1963
L964
1965
r966
r967
1968
L969
L970
I97L
L972
L913
L974
L975
r976
r977
r9l8
L979
t 980

2144.O
2L45.8
2L45.2
2r4L.2
2140.o
2145.O
2L40.O
2l-38.1
2L4L.5
2L40.O
2L42.3
2144.4
2r4r.5
2L40.O
2144.4
2L44.O
2143.1
2149.5
2L4A.7
2150. 0
2150.0
2150. 0
2L47 .6
2146. O

2L40.O
2140.o

1000
1781
r436

344
225

1387
225
r14
378
225
492

IT29
317
225

t_r14
993
846

3 556
3 109
3850
3850
3850
2548
1814

225
225

269

103 9
25

99r
460

l_448

763
75
55
35

LI95
58
42

592
510
498
748
436
15

L235
439
554

r682
542

I489
953

1886
24I
454
191

16
128 0

611
456
387

B1
LL7
388

50
78

494
9L

528
545
180
119
543
5s9
777
94I

L222
1168
1459

197
758
552

67
L23

]LL
803
756
229
L34
836
L43

93
645
14r
639
724
400
T2T
777
792
788

134L
L296
1458
L344
1600
ILTO
LI27

T4L
I38

r665
l_I23
3449

91
73

326
468

0
614

o2/
o
0

740
776

r2os r/
2L/

).265 r/

t7B1
r436

344
225

1387
225
L74
378
225
492

LI29
377
225

TLL4
993
846

3 556
3109
3850
3850
3850
2548
1814

225
225
225

2138. 00
2138. O0
2138.00
2L36.90
2138.00
2L37.96
2L36.90
2138. 00
2L31 .66
2138.00
2L38.O2
2138. 00
2137 .7r
2t38. 00
2138.00
2138. 00
2138.18
2138.00
2138.00
2138. 10
2L38.25
2138 . 00
2138. 00
2137 .86
2L36.7 9
2l-37 .I3

360
422
400
IIO

62
391

62
51

168
62

315
375
168

62
313
361
352
600
564
618
618
618
5r0
430

62
62

L/
vv
L/

v

r/
2/

d.ischarge would be required. The el-evation of Lake Metigoshe wouId still be 2138.0 msl.
Adequate discharge was not availabe to raise Lake Metigoshe to 81. 2138.0 msl.
The large spring discharge increased the level of Lake Met igoshe enough so that no additional faIl
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Only 26 acre-feet, when 11362 acre-feet \'vere reç[uired, would be

available to Lake Metigoshe during the 80 percent chance of occurrence.

This small amount of inflow would have no affect on the waÈer surface

elevation of Lake Metigoshe. During the 50 percent chance of occur-

rence, 186 acre-feeÈ of l-he 242 acre-feet required by Lake Metigoshe

would be available. There seems to be no urgent need for surplus r4rater

during this frequency evenÈ. when requiring 242 acre-feet of water, the

water elevation of Lake Metigoshe would only be 0.2 foot below its
controL elevation.

Evaporation losses were very small for Rost-School- Section Lake.

Through the use of its low leve] drawd.own system, the water surface

elevation of Rost-School Section T,ake was greatty lowered. Therefore,

its surface area was arso greatly reduced, causing this red.uction in
evaporation. Because very little could be maintained in RosÈ-School

section Lake, surplus \¡¡ater availabre to Lake Metigoshe would arso be

greatly red.uced.

Because such a small amount of runoff is normally received from Èhe

upstream lakes, almost identical results would be achieved if the up-

sÈream channels were not constructed. Only Rost-School Section Lake Dam

and. the channels connecting Rost Lake, School Section Lake, Lake McDona1d,

and Lake Metigoshe would. need to be constructed to get these results.

Alternative 2

By using the same procedure, a water balance was d.etermined for the
case in which all the upstream lakes were drained.. All units are in
acre-feet.
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PrecipiÈation Falling Directly on Rost Lake
Land Runoff to Rost Lake
Evaporation From Rost Lake
IVeir Outlet From Rost Lake
Lake Metigoshe Demand

80r

353
23L
615

0
1362

50r

646
720

1063
2

242

Lake Metigoshe requires Lt362 acre-feet of excess runoff during the

80 percent chance. Yet, evaporation from Rost-School Section Lake

exceeds total inflow by 31 acre-feet. Rost-Schoo1 Section Lake could

provid,e Èhe entire demand of Lake Metigoshe d.uring the 50 percent chance.

But, again, there is no real- need for surplus water during this event.

As shown in Table 7, there would be a sufficient supply of water to

raise Lake Metigoshe to its control elevation for most years. During

these years, however, Lake Metigoshe does not require much surplus

\¡rater. It is during the period of two consecutive dry years that the

level of Lake Metigoshe is greatly reduced.. Because the level of Rost-

School Section Lake would. be d.rawn down during the first of these dry

years, there would be no surplus water available to stabilize the level

of Lake Metigoshe during the second dry year. This is the time when the

surplus water is needed Èhe most. It would not be available. This is

what happens during 1958 | I96L, and l-979. The effects on the elevations

of Rost-School Section Lake and Lake Metigoshe are shown graphically in
Figures 7 and 8.
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TABLE 7

Rost-School Section Lake
Supplementing Lake Metigoshe

Alternative 2

Rost Lake Runoff Spillway Discharge End of Year
Storage
(ac-ft)

Revised El. of
Lake Metigoshe

(msl)
Year Elevation

(msl )

Area
( acres )

Storage
(ac-ft)

Land
(ac-ft)

Lake
(ac-ft)

Evap.
(ac-ft)

wer-r
(ac-f t)

Drawdown
(ac-ft)

195 5
1956
1957
1958
1959
1960

2l-44.O
2L46.A
2)-46.r
2143.4
2140. O

2L47 .r

360
465
432
342

62
480

f000
2r5'7
IA42

761
225

23II

f40B
L40
101

6T
2LO3

106

611
502
418
253
IL7
476

77r
BB4
816
7L3
L34

1026

91
73

178
L43 r/

0
850

2L57
]-842

767
225

23D.
1017

2138. O0
2138.00
2138. 00
2136.98
2138.00
2138. 00

196L
1962
1963
L964
1965

2144.2
2L40.O
2L43.8
2r4L.9
21,43.7

365
62

355
280
352

1017
225
876
4II
840

70
ro42

92L
836

t-351

3l-I T/
373

I222
181

0

225
876
4TI
840

2067

2L37.LL
2138. O0
2138.00
2138. O0
2L38.O2

292
95

534
4r0
s90

843
lt_3
698
636
7 t_4I(¡)

o,
I l-966

)-967
t_968
L969
L970

2146.5
2L45.6
2143.2
2147.2
2147 .6

450
4r2
338
4A2
505

2067
L628

692
2386
2547

785
I28

205l'
790
996

654
44r
646
702
781

869
981
659

1005
1l-08

1009
524
344
326
468

L62B
692

23A6
2547
27 48

2138.00
2138.00
2138. 00
2138. 00
2138. OO

L97L
L972
L973
L974
L975

529
6fB
515
618
6fB

2148.O
2150. 0
2149.O
2150. 0
2l_50. 0

274A
3850
3236
3850
3850

2990
102 0
2A36
1883
3547

1168
969

I245
1168
l-459

1185
1381
1322
1458
l_344

1871
608 2/

2I45
t_593
3662

3850
3236
3850
38 50
3850

2138.18
2138. 00
2138.10
2138.10
2l-38 .25

0
6L4

U

0
0

3/

L976
t 977
L978
I979
1980

2t_50. 0
2l-48.O
2147.3
2143.4
2140.o

3850
2'760
24LI

722
225

453
856
352
138

2260

1600
I2L6
I224

718
138

740
716

I4L7
225 L/

2245 r/

2160
24LL

722
225
225

2138.00
2138. OO
2138. 00
2136.94
2137 .94

618
530
490
342

62

791
787
600
368
L23

Attempted to stabilize Lake Metigoshe at EI. 2138.00
Ìrl Adequate discharge v/as not availabfe to raise Lake Metigoshe to EI. 2138.0.
2/ F<osl. Lake discharged over weir. This discharge did not increase the end of year elevation of Lake Metigoshe,

as it also was overflowing its weir. Fall discharge also needed.
3rl Such a large spring discharge increased the level of Lake Metigoshe enough so that no additional fall

discharge would be requíred. Elevation of Lake Metigoshe would still be 2138.0.
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V. ENVIRONMENTAL ASSESSMENT

Any environmental impacts¡ caused by this project, must be taken

into account. By constructing a dam downstream from Schoo1 Section

Lake, a reservoir wiII be created. This reservoir would include the

area of School SecÈion l¿.ke, Rost Lake, and Hanson Meadow. An addi-

tional amount of State Park land, hay 1and., and many trees would be

flooded.

Under Al-ternative I, a drainage ditch would connect the upstream

lakes at the elevaÈion shown on Èhe quadrangle map. This may cause

these lakes to be sligrhtly lower than normal during dry periods. Excess

water during wet periods woufd be drained off, not allowing the water

elevation to get as high as it normally would.

A1l the upstream lakes would be completely d.rained with Alternative

2. permission would have Èo be granÈed by the landowners in order to

drain these lakes. State permission may be required if the lakes are

meand.ered,. Many of these lakes may presently be used as watering

holes for cattl-e.

Many trees would have to be cleared to construct the channel be-

tween each 1ake. Each affected landowners permission woul-d have to be

obtained in order to construct the channel-. By draining, or possibly

even l-owering these upstream lakes, the water-table leve1 may be low-

ered. üIater may seep from the water-tabl-e to the d,rainage channel .

Rost-school section Lake would, have to be severely drawn down

during the drier years. This may not be acceptable to some agencies.

Also, because a portion of this lake is in Canada, Canadian concerns

wil]. have to be taken into accounÈ.
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VI. VIATER QUALITY

During May, L982, the North Dakota State Deparünent of Health

conducted water quality tests for several of the lakes which are pro-

posed to be drained. These results, shown in Appendix C, indicate that
the water quality is poor within these lakes. In fact, the concentra-

tions of phosphaÈe and nitrogen are higher in these lakes than they are

in Lake Metigoshe. These are Èhe primary causes of algae and weed

growth.

By draining these lakes, all- this poor quality water would be

d.ischarged to Rost-School Section Lake, and finally Lake Metigoshe.

After this initial- discharget the v¡ater quality coming into Rost-School

Section Lake may improve. Hor,vever, it is hard to determine the extent

of this improvement. Much of these nutrients come from water running

off nutrient rich soil and land which was ferÈilized. V'Ietland soils

have retained a large amount of these nutrients. These nutrients will be

carried off by the runoff flowing over it. Therefore, even after the

initial discharge, runoff from this area would still be expected to be

fairly high in nitrogen and phosphate.

Apparently, the water quality of Lake Metigoshe wou1d. not be im-

proved by any inflow from these lakes. In fact, at least for the first
year, this inflow would actually tend to red.uce the quality of Lake

Metigoshe. Increased levels of nitrogen and phosphate would. cause

additional growth of algae and weeds. V'later quality from these upstream

lakes would improve somewhat after the first year. However, it is

doubtful whether the quality of this water would ever become better than

the quality existing within Lake }iletigoshe. After a period of time, the

water quality of each source would probably be the sane.
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VTI. DESIGN

Rost-School Section Lake Dam

This structure would be identical whether Alternative L or 2 was in
place. Figure 9 is a cross section through the spillway of the dam

proposed at the outlet to School Section Lake. Set at an elevation of
2160 msl-, the crest of the dam will be constructed with a top width of
12 feet. This will result in a structure 460 feet long and with a

height of 2I feet above the stream bottom. Approximately 12,000 cubic

yards of dirt will be required for the embankment. Both the upstream

and, downstream embankment slopes are proposed. to be constructed with a

3H:1V slope. Riprap will protect the upstream slope from an elevation

of 2I4O msl- to 2155 msl.

Proposed with a l-0 foot wj-dth and 3H:1V side slopes, a cutoff
trench is to be constructed below the entire length of the dam. This

trench should extend downward, until solid material is reached. At this
time, a depth of 10 feet has been proposed. for this trench. Depending

on Èhe existing soil conditions, the dímensíons of thís trench are

subject to change. SoiI conditions, predominate with sand and gravel,

would increase potential foundation problems. Soil borings should. be

taken to see if these conditions exist at the proposed siÈe.

To be constructed, at a control elevation of 2I5O msl, the service

spillway will consist of a 3-foot by 3-foot reinforced. concrete inlet

structure with a ]o-foot drop. Approximatety Il-0 feet of 3o-inch RCP

would be installed for the spillway pipe. AÈ Èhe outleÈ, the spillway

pipe wiII have an invert elevation of. 2139.0 msl. Rock riprap will be

installed to protect the plunge pool, which is proposed to be construc-

ted at the outlet. This plunge pool would dissipat.e the hydraulic
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energy of the discharging f1ows.

With an outlet at an elevation of 2L4O msl, a low level d.rawdown

pipe will consist of 30 feet of 3O-inch RCP. At the point where this
pipe aÈtaches to the d.rop in1et, a gate valve wílI be in operation.

Opening this valve will allow water to discharge from Rost Lake to Lake

Metigoshe.

Within a natural saddle norÈh of Èhe dam site, the ernergency spil1-
way will be constructed. lrlith a control elevation around 2155 ns1, the

maximum cut Èhrough this area would be l0 feet. Excavation for the

emergency spillway, with a width of 200 feet and 3H:IV side slopes,

would be required for approximately 500 feet. Whether Alternative 1 or
2 were to be constructed., the same construction would be required for
Rost-School Section Lake Dam. The cost estimate for this structure is
shown in Table 8. This does not include the cost of obtaining land.

The cost of this structure will be inctuded in the cost for A1ÈernaÈive

l- and 2.

Al-ternative 1

Peak flows beÈ\,\¡een each lake were obtained for the 1O-year event.

Channels between each Iake were designed to keep Èhe velocity of these

flows below 2.5 feet per second.. AJ-though the bottom width varied,, all
the channels were d,esigned with 3H:l-V side slopes. Figure 10 shows a

tlpical cross section of the channel.

For the portion of Lateral C-1, extend,ing from Lake 2179 upstream

to the first slough above it, a channel with a lO-foot bottom width was

d.esigned. F¡r 8-foot bottom width is ad.equate for the remainder of
Mainrine l- and its lateral branches. All of Mainrine 2 and all its
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TABLE 8

Preliminary Cost Estimate

Sehoo1 Section Lake Dam

Item

1. Stripping, Salvaging, and
Spreading Topsoil

2. Cutoff Trench Excavation

3. Borrou¡ Excav¿tion

4. Concrete

5. 30'r Dia. RCP and Cradle

6. Rock Riprap

7. Roek Riprap Filter
8. Seeding

9. I{ater

10. Trash Rack and Misc. Metal
(va1ve, etc. )

Unit Unit Price TotalQuantity

25,000

5,200

12,000

50

140

400

150

10

250

s.Y. 0.20

c.Y. 2.00

c.Y. 1.50

c.Y. 300.00

L.F. 55.00

c.Y. 25.00

c.Y. 10,.00

Acre 200.00

1,000 C'41. 3.00

$ 5,ooo

10,400

1 8 ,000

15 ,000

7 ,700

10 ,000

I ,5oo

2 ,000

750

2,000L.S. 2,000.00

Subtotal
Contingencies
Engineering
Contract Administracion

lota1

Note: Does not include the price to obtain land

$72,350
7 ,550
7 ,550
7 ,550

i-2:-,!oo
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tateral branches T^rere proposed. with an 8-foot bottom width. Each outleÈ

was sel-ected at the elevation that the lake is shown on the quadrangle

maps. Control structures, as shown ín Figure 11, should be constructed

at the outlets to Lake 2187 and Lake 2202. These structures will pre-

venÈ erosion of the outlet, ensuring that the same outlet elevation will

be maintained. They will consist of a 5-foot high embanknent with an 8-

foot top width and 3H:1V side slopes. Placed at the base of this

embankment, the outlet structure will consist of a 3O-inch diameter CMP.

Roadways will be used as a control structure below Lake 2189, Lake 2179,

and Mud Lake. Depending on their size and cond.ition, the existing

culverts may have Èo be replaced and the roads built up. Additional

earthwork may also be required on the roadways at the edge of Lake 2187,

School Section Lake, between Lake 2L94, and between the sloughs on

Lateral C-l.
A drop structure, as shown in F1-grrre 12, wíI1 be required below

Lake 2206 due to the steep slopes of the existing ground. A l3-foot

riser, consisting of a 3O-inch CMP, will be installed at the outlet to

the lake. Approximately 200 feet of 3O-inch CMP will be instal-led to

transfer runoff from the riser to the downstream channel.

The cost estimate for this alternative is shown in Table 9. This

does not includ.e the cost for acquiring title for land. Inc1ud.ed in the

$390r000 cost is the construction of Rost-School Section Lake Dam.

If only Rost-School Section Lake Dam and. the channels connecting

Rost Lake, School Section Lake, Lake McDonald, and Lake Metigoshe, the

total cost is estimated, to be $100,000. This includes $95,000 for the

dam and $5,000 for the channels.
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Item

1. School Section Lake Dam

2.' Drop Structure

3. Stripping, Salvaging, and
Spreading Topsoil

4. Exeavation

5. 30" Diameter CMP

6. Earthwork (ControL Structures)

7. Rock Riprap

8. Rock Riprap Filter
9. Seeding

* Note:

TASLE 9

Preliminary Cost Estimate

Alternative 1

Unit

L. S.

t Structure

Unit Price TotalQuantity

105,CI00

90,000

350

4,000

50

25

3CI

S.Y.

c.Y.

L.F.

c.Y.

c.Y.

C.Y.

Acres

72,350

25 o 000

0.20

r.75

35.00

I.25

25.00

10.00

200.00

ç 72,350

25,000

2I ,00o
* 157,5oo

12,250

5 ,000

I,250

250

6,000

Subtotal
Contingencies
Engineering
Contract AdministraEion

Total

$300,600
29,800
29,800
29 ,800

$390,000

Does not include price to obËain land.
All quanËities for School Section Lake
and drop structure below Lake 2206 were
totaled separately.
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Alternatlve 2

The channel botton wil.l þe e;tc4yaÈed to an etevation which will-

{rain all the upÊtre4n lalçes. Staftång at School Section Lake and

proceeding upgtrealn to Lake 2179, a l2-foot bottom width wil-L be re-

qr:ired on !{aiq]ine 1. An 8-foot þttom width will be adequate on the

ren¡ainder of the channels. An additionaX volune of exca¡¡.ation wil-l be

requlred. due to the greater depth of cut- A 3O-inch dianeter pipe will-

be required to þe installed through 6 different roadway'crossings.

Â concrete drop ptr.uctrlre \itoqld be instalLed do¡rnstrean of Iake

2L79. This wi]-l allow the arqoqnt of excavation to be greatly red'uced

within thås Ftretch.
As shown in Tab1e 10, this altefnative is estimaÈed to cost $825rO00.

fhis eost estjqate includes the coFt of cqnstructing Bost-School Section

LaIçê DaO, bqt does rrot inclgde lhe ca,gt for acguiring title for Land.
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TABLE 10

Pre.l-iminary Oost Estinate

Alternative 2

Item

1. School Section Lake D:am

2. Drop, Strueture,

3. Strípping, Salvaging,, and
Spteadi:rg Topsoil

4. Excavation

5. 30'r Diameter CMF

6. Rock Riprap

7. Rock Riprap Filter
8. Seedíng

Quantity Unit ünit Price Toral

L. S.

1 t 5,00CI

263,800

2101

50

25

48

Struc ture

s. Y.

C.Y.

L. F.

c.Y.

c.Y.

Acres

Subtotal
Cont ingenc ies

$ 72,350

29 ,000

0.20

r,75

35.00

25 ,000

10.00

200.00

$ 72,350

58,000

23 ,000

46L,65A

7 ,350

1,250

250

9.600

2

Engineer
Contraet

rng.
Admin
Total

g 633 ,450
63,850. 63,95CIistration 63 850

å8?s..-qgq
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VIII. CONCLUSIONS AND RECOMT4ENDATIONS

The level of Lake Metigoshe, with a d.rainage area of 59 sç¡rare

miles, has had a history of fluctuatíng over the years. The possibiliÈy

of províding an alternative source of water was investigated.

A dam would be constructed at the d.ownstream side of School Section

Lake. Channels would be constructed to the small lakes upstream of
Rost-School SecÈion Lake. Presently, this 3.8 square mile area does not

contribute to the inflow of Rost-School Section Lake. The channels

would allow the runoff from this area to flow into Rost-School Section

Lake.

It was thought that excess water could be stored. in Rost-School

Section Lake until summer. At this ti:ne, the leve1 of Lake Metigoshe is
normally bel-ow its outlet elevation. trfater could then be discharged

into Lake Metigoshe from Rost-School Section Lake. This would help

stabilize Lake }4etigoshe at the fuII pool elevation.

Two alternatives were looked. at. Alternative I, with an estimated

cost of $3901000, involves constructing the clrannels so that all the

upstream lakes would be controlled at the elevation shown on the 1956

quad map. Alternative 2, estimated. to cost $825r000, consists of
excavating a channel to such a depth that all the upstream lakes would

be drained.

Actual precipitation record.s from Bottineau and evaporation records

from Devils Lake were used, to d.etermine the volume of runoff which could.

have been stored in Rost-School Section Lake. It was found that Rost-

School Section Lake would not receive enough runoff from the 80t chance-

precipitation to maintain its control elevation of 2150 with either
Alternative l- or 2 in place. Normally a reservoir should, receive enough
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runoff to maintain its control- elevation during the 80t chance of pre-

cipitation.
Slightty more inflow than evaporation occurs for both alternatives

during the 50t chance.

calculations were carried. further, by atlowing water to be dis-
charged into Lake Metigoshe. A hlpoÈhetical case \^ras assumed.. Starting
in l-955, a \^Iater balance was determined assuming that Rost-School Section

Lake Dam was in place. Runoff, evaporation, and. the resulting elevation
of Rost-School Section Lake lvere calculated. Lake Metigoshe was then

filled to its control elevation by discharging water from Rost-Schoot

Section Lake. This process rtras continued. from l_955 to 1979. Rost-

school section Lake was allowed. to be drained al1 the way Èo 2140 msl.

During the 80% chance of runoff, a very small percentage of the volume

required for Lake Metigoshe was avail-abl-e. I¡lith Alternative 1, 77* of
the volume required by Lake Metigoshe could be supplied d.uring the 508

chance. Alternative 2 could supply the entire demand. Very little
\^zater, however, would be required by Lake Metigoshe during this evenÈ.

Only during the very wet years is any runoff received from the up-

stream lakes, with Al-ternative l-. therefore, nearly the same benefit
would be obtained by only constructing the School Section Lake Dam and

channels between Rost Lake, School Section Lake, and la.ke Metigoshe. By

eliminating the upstream channels, and only constructing the dam, cost

of construction would be reduced from 9390,000 to $1OO.OOO. This cost

woul-d include $95,000 for the dam and $5,000 for the channels. Benefits
wou1d be limited in either case, however. In order to provide any

surplus water to Lake Metigoshe, Rost-School Section Lake would have to
be severely drawn d.own during most years. Therefore, the quantity of
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surplus water available htould be very limited. On the averaçJe' enough

surplus v¡ater would. be available to increase the normal water elevation

of Lake l"letigoshe by 0.3 foot. ouring some of the very dry years,

however, little or no surplus water woul-d be availabl-e.

V'Ihenever the normal water elevation of Lake Metigoshe is within 0.5

foot of its control elevation, the proposed Alternative 2 should be able

to provide enough supplemental \^¡ater to fill the lake to the control

elevation. If the normal- Iake elevation of Lake }4etigoshe is more than

0.5 foot below the control elevation, however, adequate water may not be

available to raise the take level to its control elevation-

Generally, Rost-Schoo1 Section Lake could be drawn down during the

summer of the year. For that year, the level of Lake Metigoshe coul-d be

raised to a suitable level. If the following year is dry, no supple-

mental \¡¡ater will be avail-ab1e. This is the time when Lake Metigoshe is

normally lo'ai. Even wiÈh Al-ternative 2 in place, the elevation of Lake

Metigoshe wou1d be low.

From tests taken in May L982, it was found. that the water quality

of these upstream lakes are poor. The phosphate and nitrogen levels are

higher in these lakes than they are in Lake Metigoshe. Those nutrients

may be due to water runoff from fertilized land. Many of these nutri-

ents are retained in the wetland soils. Over the years, runoff will

carry these nutrients downstream, into Lake Metigoshe. Atthough it is

expected that the v¡ater quatity would improve after the initial dis-

charge, it sÈill would not be better than the quality of Lake Metigoshe.

Supplemental water would not be available when it is needed the

most. The level of Lake Metigoshe is not seriously lowered until the
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second of t\4ro consecutively dry years. A]-l the surplus water from Rost-

School Section Lake would have been discharged into Lake Metigoshe

during the previous year. No surplus woul-d be available d.uring the

second dry year. That is the period of time that it was Èhought that
Èhis project would provide some benefit.

If a serious problem does not exist when the elevaÈion of Lake

Metigoshe is less than 0.5 foot below its control elevation, then it is

recommended that neither Alternative I or 2 be constructed. Neither

alternative would be able to provl-de a great deal of water during the

years when Lake Metigoshe is much more than 0.5 foot below its control
elevation. This period would be the second. of two consecutive dry

years.

If a serious problem does exist when the elevat.íon of Lake Meti-

goshe j-s less than 0.5 foot below its control, then either constructing

School Section Lake Dam or Alternative 2 would at least parÈially

alleviate this problem. Due to the limited. runoff obtained from the

upstream area, it is recommended. that the upstream channels described in

Alternative 1, not be constructed. Neither choice will provide an

excellent solution to the entire problem, however. By itself, Schoo1

Section Lake could usually provide adequate surplus water whenever Lake

Metigoshe is less than 0.5 foot be1ow its conLrol elevation. During the

drier years, however, very littl-e surplus \n/ater would. be available.
Alternative 2 could almost assure being able to fill Lake Metigoshe

during those years when its nornral water elevation is less than 0.5 foot
below its control elevation. Some surplus water would even be available

during the drier years, except for the second of two consecutive d.ry

years. Its large cost of construction, however, would seem Èo outweigh
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the ber¡efits. QnIy constructing School Section Lake Dan would seen to

províde the most benefitr as conpared to the, cost of construction.

Being the most fasriliar with the arêâ¡ the Oal< Creek Water Resource

Board \¡/ou1d be in Èhe hest position to deeide when a $raÈer shortage

problem is evident on Lake Metfgoshe. That decision v¡ou1d d.ete.rmine the

appropriate course of action. TÌ,le enviro4lnent-al- impacts shoutd be

d,íscussed further, before any construction were to occur. Canadían

concetrns will also have to be welg:hed.
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APPENDTX A

Preliminary Investigation Agreement
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Sr'JC Project É330
January I, 1980

AG RE EI.IENT

PRELIHINARY INVESTI GATION
BY THE

NORTH DAKOTA STATE I.JATER COHMISSION

I. PARTI ES

THIS AGREEI4ENT is betrveen the North Dakota State WaEer Cornrnission,

hereinafter referred to as the Comrnission, act¡ng Èhrough the State

Engineer, Vern Fahy and the Board of Commissioners, Oak Creek Water

Ì'lanagement District, hereinafter referred to as the Boarcl, acting through

¡ts Chairman, Lyle Knoepfle.

I t. PRoJECT, LoCATI0N AND PURPoSE

The Board has requested the Comm¡ssion to investlgate and deEermine

the feasÍbility of supplylng supplemental water to Lake Hetigoshe from

Rost Lake and School Section Lake during low water periods at Lake

Metigoshe. This investigation shall be conducted on Rost Lake in Section

2!, Township 164 North, Range /! West, and Sections l0 and ll, Township

164 North, Range /4 !./est and shall lnclude the channel between these two

lakes, and the channel between School Section Lake and Lake Metigoshe.

The purpose of this investigation is to determine the condition and

adequacy of the channels between the Lakes included in the study, and to

assess the hydrologic characteristics of the Lakes to determÌne the

water avaiìabil ity for diversion from one Lake to another. ln addition,
a preliminary design of structures requîred to divert this water and a

cost est¡mate for these improvements shall be made.

I II. PRELIMINARY INVESTIGAT¡ON

The parties agree thãE further information is necessary concern¡ng

the proposed project. ThereFore, the Commission shall conduct a pre-

I iminary investigatíon consisting of the fol lowing:

l. Review of Field Surveys - to gather cross sectionaì and
profiìe data. lf necessary, new f¡eld surveys will be made.

2. Hydrologic Analysis - to determine water availabil ity in the
Lake.

3. Prel iminary Design.

q. Prel iminary Cost Estimate.

5. Conclusions and Recommendations.

-58-



Subsurtace exploration and design '.rork for the final deslgn and

specification stage sh¿lì not be made under this agreement.

IV. DEPOSIT - REFUND

The Board shall deposit S1,000.00 with the Conrnission to pert¡ally
pay the costs of the investigation. Upon completion of the investigation

outlined herein, upon receipt of a request from the Board to terminate

the investigation, or upon a breach of thls egreement by any of the

pãrtles, the Corn¡nission shalì provide the Board with a statement of all
expenses incurred ln the investigation and shall refund to the Board any

unexpended funds.

V. RIGHTS OF ENTRY

The Board agrees to obtain wrltten permisslon from any affected

landowner to aìlow the Cormission to enter upon his property to conduct

field surveys which may be required tor the investigation.

VI . I NDEHN I F¡ CATI ON

The Board hereby accepts responsibility for and holds the Commissîon

free from all claims and damages to Public and private ProPerties'

rights or persons arising out of this investigation. ln the event a

suit is initiated or judgment rendered against the Commission' the Board

shall indemnify it for any judgment arrived at or judgment satísfied.

VII. CHANGES TO AGREEHENT

Changes to èny contractual Prov¡s¡ons herein will not be effective

or binding unless such changes are made in writÌng, signed by the parties

and attached hereto.

BOARD OF COMMISSIONERS
OAK CREEK I.JATER HANAGEHENT DISTR¡CT

NORTH DAKOTA STATE \./ATER
COMMISSION
I

Ve rnonv ve oep e
Cha i rman

EE

Di slribution
Boa rd
SLIC Project #330
S}JC Accountant
St,lC Director of Engineering

State Engineer
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APPENDIX B

Precipitation and Evaportion Records
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PRECIPITATION AT BOTTTNEAU, ND (INCHES)

Jan. Feb. March April MaY June JuIy Aug. Sept Oct. Nov. Dec TotalYear

1955
r956
l-957
1958
1959
1960

0. B6
0. 31
o.22
0.35
0.16
0.38

o.25
0. 19
o.25
o.29
0.43
0.14

1. 33
o.49
0. 34
o.26
0. 17
0. 31

I.07
0. oB
r-. 16
0. t0
o.20
1. 03

1. 98
r-87
L.L9
o. 01
2.32
3. 56

2.32
L.87
L.48
0. 66
6. 55
3.28

2. 33
o.46
o.44
0. 70
3.22
0. 16

0. 50
o.27
r.69
0.43
2.16
0. 07

o.28
0. 2B
0.09
o.rl
o.L4
0.30

20.31
12.96
11. 60

8. 88
22.70
11. 91

3
3
3
1
3
n

ôô
.96
.28
.18
.86
.98

4.55
1. 98
L.2L
4.O2

o. 9I
L.20
o -25
0.71
0.73
o.r7

2.L6
1. s3

r961
1962
l-963
l-864
1965

o.25
o. 30
0. o5
0.06
0. 07

o. 59
o.29
0.19
o.28

T

0.04
0.35
o.29
o.22
0. 05

T
.51
.45
.20

o7
49
08

t .o7
0. 6t-
2.52
1. 58
0.59

3.77
0 .15
1. 38
r. 75
3.25

1 .18
3.55
3.55
2.44
4.72

0.8s
3.52
4.62
4 .38
3 .31

1.15
3.66
3.49
2.38
5. 01

0.51
3.62
1.08
2.87
2.37

0.13
0.33
0.36
o.24
o.24

9.61
18.38
lB. 06
L] .56
20.1-2

1
0
0
0

76
44o7

0.
0.
0.
0.
0.

Io\
I

l-966
1967
t_968
l-969
r970

0. 14
L.I2
0. 66
1.10
o.20

o.L2
o.23
0. 04
r.24
0.43

0. 38
1. 03
0.14
0. 39
0.71_

3.04
o.27
4.93
2.62
4.69

3.67
1.15

ro.52
2.37
0.78

0.56
0.41
2.28
o.L2
2.40

0. 70
r.72
o.69
2.50
I.34

0. 57
o.42
o.46
0.08
o.46

o.47
1.31
0.11
o.72
0.65

L7 .44
L2.85
?t qR

L7.47
18. 57

1.63
2.99
0.87
o.44
1. 95

4.L9
1.36
1.35
4.38
2.63

I.91
0.84
0. 90
1.51
2.33

o.a2
1. 01

T
1.00
0. 55

T
0. 78
o.22
0.31

r.36
L.45
o.2r
o.52
I .85

I .33
Q.e2
r.32
2.04
1.30

1. 99
I .89
L.67
4.36
2.1-4

4.6L
0. 57
l. 08
0. 59
L.97

.57

.2L

.99

o.22
0.35
0.99
o.79
1.18

26.49
18.82
25.99
22.68
28.33

7 .66
3 .84
4.77
0.78

4.00
L.l7
3 .63
6.32
3.68

.98

.77

.34

.2I

3 .17
2.O5
8.34
o.41
3. 04

0
3
2
5
2

16 0
0
0
0
U

L97I
r972
r9t3
I914
r975 3 .3020o

16
9L

r976
r917
1978
r979
-l-980

o.34
o.49
o.44
0. 11
1.11_

2.3r
0.39
o.3l
0.84
O. BB

2.Or
t .44
2.16
0.82
1 .33

.10

.52

.04

.94

0.41
1.35
I .88
0. 53
o.27

15.48
17. B3
14.69
L2.92
23.1r

l_8Ì.
T

o.I2
1.36
o.64

0.50
4.34
2.85
1".44
o .l4

2.60
2.79
3 .35
1. 51
2.r2

0.0s
o.67
o.7l
0. 59
0. B5

0. B9
T

0 .83
2.3A
o.25

4.55
2.33
1.11
o.79
3.70

0
3
1
1
4

0
0
0
0
1

54
5l
47
6-
40.42

0.46 0.42 0.51 1.30 2.rO 3 .11 2.98 2.82 1.93 L.Oz 0.51 0.49 L1 .70Av.



LAKE EVAPORATION AT DEVILS I,AKE+ AND T,ANGDON, ND

Year Jan. Feb. March APriI May June JuJ-Y Aug. Sept. Oct. Nov Dec. Total

195 5+
1956+
L957+
I958+
1959+
1960+

.00

.00
0.00
0.00
0. 00
0. 00
0. 00
o. 00

2 .14
1,. 93
t.B6
2.71-
2.82
2.43

.r'7

.60

.10

.22

.63

3.77
4.9r
3.28
3.76
4.35
4.59

4.4A
3 .87
4 .10
4.LO
4 .16
3 .91

2.94
r.89
L.7 6
2.56
) )'7

0. 69
o.69
0. 69
0.69
0.69
0.69

0. 00
0.00
0.00
0. o0
0.00
0. 00

25.69
22.A2
22.68
25. 03
25.A6
25.66

o
0
o
0
o
0

00

o.25
o.25
o.25
o.25
o.25
o.25

4.92
3. 95
5. 31
3.92
5. 36
5.L2

r.73
L.73
r.73
L.t3
L.73
L.73

3
3
5
3
4

o0
00
o0 2.82I2

1961+
L962+
1963+
L964+
I965+

0
0
0
0
0

00
00
00
00
oo

o
0
0
0
0

00
00
00
00
00

o.25
o.25
0. 25
o.25
o.25

6.36
3 .16
3 .98
4.61
4.45

r.73
1.73
L.7 3
2.6A
1.99

2.Ll
2.40
1. 95
2.43
2.43

4.20
2.47
3.76
4.23

4.55
4.r5
4.59
5. 05
4.63

5.69
3.75
3 .89
4.4L
3. 91

2
2
2
2
1

.09

.60

.15

.86

.15

0.69
0. 69
0.69
0.69
0. 69

o0
00
00
00
00

0
0
0
0
0

27.73
21.80
23.59
27.27
24.334.23

0
0
0
0
o

U

U

o
0
o

00
00
00
00
00

00
00
00
00
00

o.25
o.25
o.25
o.25
o.25

.82

.43

.43

4.10
4.23
3 .83
4.23
4.23

4.2L
4.45
3.47
3.47

4.32
5.64
4.A3
4.65

I
2
2
2

3.2A
5.43
3 .96
4.13
4.47

3.11 1.39
L.7L
r.24
L.73
1.35

0.69
0.69
0. 69
o.69
0.69

o. 00
0.00
0.00
0.00
0.00

23.r7
28. 58
23.40
25.OL
26.32

L966+
L961+
1968+
1969+
Ig'tO+

43

3 .7s
2.70
2.83
2.142.43

I
c¡,
I.J

I

5 5.0709
I97 L

r972
r973
I9l 4
L915

o. 00
0.00
0. 00
0. 00
o. 00

0. 00
0. o0
0. 00
0. 00
0. 00

o.25
o.25
o.25
o.25
o.25

.23

.96

.23

t.73
1.73
L.73
L.73
r.73

0.69
o.69
o.69
o.69
0. 69

0. 00
0. 00
0. o0
0. 00
0.00

2.43
2.43
2.43
2.43
2.43

4
3
4
4
3

4.00
5. 53

4.98
4.60
6.10
5.43
6.4r

5
4
4
4
4

47
1I
06
53
59

3.09
2.92
2.84
2.75
2 .16

26.A7
26.42
21.58
28.31
26,09

5.25
6.27.23
3.9924

r976
L977
r9l8
L979
1980

0. oo
o. 00
0.00
o. 00
0. o0

o.25
o.25
o.25
o.25
o.25

2.43
2.43
2.43
2.43
2.43

4.23
6.41
5.23
4.23
5 -52

.88

.13

.66

.54

6.O7
5.31
4.90
5 .48
5. 01

5.64
3.64
5, 58
3.99
3.4r

4.15
2.23
3. 5l
2.96
2.LI

0. 00
0. 00
0.00
0. 00

31. 07
21.54
29.98
27.30
26.80

0
o
o
0
o

00
00
00
00
00

5
4
5
5
5 0.006973

r.73
L.73
r.73
L.73
l-.73

.69

.69

.69

.69

0
0
0
0
0

Av. 0 - 00 0.00 0.25 2 -43 4.23 4.61 5.05 4.4L 2.75 1.73 0.69 0.00 26.2r
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-NORTH DAKOTA
STATE DEPARTMENT OF HEALTH

State Capitol
Bismarck, North Dakoo 58505

M. A. K. Lommen, M.D., R.P.E.
State Health Officer

Environmental Health Sectíon
Missouri Office Building
1200 Missouri Avenue
Bismarck, North Dakota 58501

December 16, L982

Paul D. Urban, P.E.
Investi gation Engineer
ND State Llater Conmission
900 East Boulevard
Bismarck, ND 58505

Dear Paul:

Concerning the State Water Conmission's Plan No. 330 on supplementing
flows to Lake Metigoshe, this Department evaluated the proposal in the
context of anticìpated troph'ic response.

0n May 10 and 11, L982, seven of these lakes and wetlands were visited
to conduct the cursory limnological examination and to coìlect sampìes
for major cation/anion analysis as well as nutrient concentrat'ions. The
accompanying map and laboratory sheets identify the water bodies visited
as well as the chemical composition at the time of sampling.

Generally, the water qua'lity in these water bodies bras poor, relative to
the water quality of Lake Metigoshe. This proiect would result in an
increase in the level of primary productivity in Lake Metigoshe, thereby
exacerbating its eutrophic condition.

A quantification of increased primary productivity could not be pro-
jected from these data without additional information on hydraulÍc
loading rates, shoreline erosion calculations, and totaì nitrogen
concentrati ons .

At this time, it appears the benefits realized from an increase in water
levels for Lake Metigoshe are not corrurensurate with the anticipated
degradation in water quality.
In the event this project is transferred to the Commiss'ion's active
project list, we welcome the opportunity to work closely with you in
exp'loring a'lternatives for improving the water quality of Lake Metigoshe.

If you have any questions concerning this evaluation, please feel free
to contact me.

r
Limnol ogi st
Water Supply & Poìlution Control

MTS: I re
Enc. -64-

Environmental
Enforcement

Environmental
Engineering

Environmental
San¡tat¡on

Environmenal Waste
Management & Research

Water Supply &
Pollution Control

7rl1-224-3234 701-)rll-r3tlA -ra\1-t)ll-)34? 7ll1-224-23æ 701-224-2354
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LOG NUIIBER I 82- ???O
STATION TIESIGNATIONI UNASSIGNETI
STATION COBES 388OOO
COLLECTETI BY ! III}iE SAUER/tIENNIS
NATE OF COLLECTIONi 3/TO/82
T I IIE OF COLLECT I ON I 17OO
TIATE RECEIUEBi 3/L?/82
TI},1E RFDEIUEN! 1430
Eon¡n¡er¡t 3 ¡!*fiElhhÊfE

F a ran¡ete r

TotaI AIk.al ir'ite ( CaC03)
Anrnrorria as N

F i ca rborrate ( HC03 )
CaIcit..¡ltr
Ca rirarrate ( C03 )
Chloride
Total Hardrress (as CaC03)
I ron
l'1 egrr esit-.lrr
pH
F otassirlr¡
Sodir¡n¡
F e rcerrt Sod i tlnr
Sr..rI f ate as SU4
Tot aI [¡isEoIved Sol ids
TotaI Fhosphate as F
Cat i orr Sr..lÍr
Arriorr Sr.¡nr
ftiffenerree
F'ercerrt Error
So,:i ir.lnr Adsorptiorr Ftatio
Currr drJctivits
Nitrate Ës N

F¡.lhIic HeaIth Labon¿.t ons

SA}'f F.L I NB S ITE

FEIILESS

Value

Cor¡rrtc i

Arralssis
late T i n¡Er

2?4.e@
t40.

?7 ,0
L7.
0,00

254.
0' 1?

43,5I'B
20 ,3

7 ,00
5.é

76,
310 .@

5. ?3
6,07
0.144
1.19
0. 19

514 .
0. 010

n9/ I
t¡á/I
ná/l
nÉ/l
nÉ/ L
n=l/l
ná/ I
¡n9/I
nÉ/ L

n¡:l / I
nÉ/ I
nÉ/ I
n9/ L
nÉ/ I

r,

rJ[r hos/cllt
ná/L

6/ ta/E?
=/ 13,! a?
-¿/ L3/B?
1/ t3/82
3/?4/Ê?
3/ t3/e?
3/ t3/A?
3/ t3/8?
3/L3/E?
3/ L3/8?

900
1 230

000
1 230
1 300

000
000

1 ?30
000
000

*
*
*

x

6/ 7 /B? 900

6/ 3/83 800

3/ t3/8?
6/ LO/Ê2

?30 *
900 *

* EXCEETIS

App rnverJ bu i

EF.A HOLTIING TII'IE
'),")

7\ ' .--l ,/'(;
- i-:'-\- '- --j, - - -t'- - - -

RESULT NOT VAL I TI

l:'ubIic HeaILh L=ktoratorc
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F¡.¡bIic HcaIth L¿boratong

LOG NUÌ,I8ER t 82- ?319
STATION T¡ESIGNATIONS UNASSIGNEN SA}ÍF'LING SITE
sTAT I0N C0trE i 348000
COLLECTETI BY 3 I'1I ITE SAUER/TIENNI S FEI.ILESS
DATE OF COLLEC'T I ON ! 3/ LO/82
T I I'IE OF COLLECT I ON I 18OO
TTATE RECEIVEBi J/L?/82
TIÌ.'tE RËCEMtr i 1430
Conrn¡ent 3

Paran¡eter Va I r-.le

Cor..¡rrts i

Arralss i s
fiete T i r¡e

TotaI Alkalini bs (CaC03)
A¡rnrorria as N
[ticarborrate ( HC03 )
Calcir.¡¡r
CarLronate ( C03 )
Chl.oride
Totel Handrress ( as CaC03 )
I ron
I'laEnes i ull¡
pH
Fot.assi unr
Sod i urr
F ercerrt Sodiu¡¡
Sr.rIfate tss S04
Total tlissolved Solids
TotaI Fhosrhate as F

Cation Sunr
Ar¡ i orr Surr
11 iffererrce
Fe rcerrt E r ro r
Sodir¡nr Adsorrtior¡ Ratio
Corrductivitc
Nitrate as N

!14.
@ð?

?46,
29 ,0
8.
0, 00

?73,
0, 1?

49 .5
ÃFõrJ

15.0
7. 00
5.2

9?,
3?0.@

6,L7
6,?2
0.043
0,35
0.18

519.
0,011

má/ I
nÉ/ I
ná/ L
rnÉ/l
nÉl I
nÉ/ I
nrsi/l
n3/ |
ftE/ I
tná/ L
NE/ T
'/!
¡nÉ/ I
nÉ/ L
ná/ L

/.

r.¡ n¡ h o s/ eír
fr*/l

6/to/8?
3/ L3/B?
1/ 13/82
3/ Lt/8?
3/?4/82
3/ L3/B?
3/ t3/8?
5/L3/82
1/ t3/B?
3/ t3/8?

3/ L3/82
6/ 10 /B?

6/ 7 /8? ?00

6/ 3/B? 800

900
1 230

000
1?30
1 300

000
000

1 ?30
000
000

930
900

*
*
*

*

*
*

X EXCEETtS EF'A HOLNING TII.'IE RESULT NOT VALIN
,.-)

Apr roved trs I --¿--¿
F r.rhl ic th Laborator:r

-67 -



!!¡-È,t!ll¡Ér¡!

F'r..rbIic HeaIth Lahoratorc Cor.¡rrtg i

Arral=-sis
flate Tirre

LOG NUIIBER i 8?- ??25
STÊìTION IIESIGNATIONi UNâSSIGNEN
STATI0N C0trE i 348000
EOLLECTETT EIYi I,III\E SAUER/TIENNIS
NATE OF EOLLËCTIONi 3/TO/82
'r I tlE 0F c0LLECl'I0N: 1300
IrATE RECEtVEtTi 3/t?/8?
IIME RECËIVETI: 1430
Ëonrnr*rrt I

f:'ananreter

TotaÌ Alkalirrits (CaE03)
Anrrorr ia aE l{
Ficartror¡at,e (HC03)
Cal,:'ir¡¡r
Ca rborrate ( C03 )
Chloride
Total Hardrress ( as CaC03 )
I rorr
i'1 ¿Érresirlrr
r'H
Fot ass i unr
S,-rd i unr
Fercer¡t Sodir.ln¡
Sulfate es S04
Total triEsolved SoI ids
Total Fhosphate äs F
fìatiorr Sunr
Arr i orr Surr
niffereFree
Fe rr-'errt E r ro r
Sodirrnr Adsarptiorr Ratio
Cu''rrductivitc
Nitrate as N

SAI{FLING SITE

FEI,ILESS

Va 1r-.¡e

?L?,
0.060

266.
î?É¿l ..1
0'
7, 50

0,12
53 ,0
8.0

30 ,6
9,00
e -

108 .
36ó.w

ó,83
-,05''37
0.21

f91,
0.01?

nt/ L
n9/ L
n9/ I
mÉ/ L
nÉ/l
nÉ/ I
nÉ/ I
nÉ/ |
nÉ/ |
nÉ/ L
nÉ/ L
r/.

nt/L
mÉ/ L
nÉ/ L

7.

unrhGS/cÍt
nÉ/ L

6/to/8?
1/ L4/8?
1/ t3/E?
1/ t4/Ê?
3/?4/8?
1/ t3/ E?
3/ 13/ 8?
3/L4/E?
3/ L3/82
3/ L3/8"

3/ L!,/8?
6/70/8?

*

930 *
900 r

900
730
000
730

1 300

000
000
730
000
000

*
*
*

6/ 7 /g? 900

6/ 3/B? 800

* EXCEETIS EF'A HOLTIIN6 TIÌ'IE RESULT NOT UALI TI

Êrp roved bc I

F¡:trl ie HeaIth Laborator:r
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F rrb 1i c Hea I th Laho nato rs

LOG NUI,IBER 3 8?. ???4
STATION TIESIGNATION¡ UNASSIGNETI SAI.IFLING SITE
STATION CONEi 38BOOO
COLLECTED EtY 3 I'III(E SAUER/tIENNIS FEI,ILESS
[IATE OF CDLLECTION i 3/TT/82
T I },IE OF COLLECT I ON 3 OOOO
TIATE RECEIVETIi =/L?/8?'f It"fE REÊHIUEIT: 1430
f,onrr¡errt | @i sHoRE sAt'f PLE

F ¿ raÍreter VeIue

0)

Cor.rrrt,J !

Arralssislate T i nre

TataI All:elirritc (EaCD3)
Anr nr or¡ia as l'l
F i c-¡ rtrcrrate ( HÊ03 )
Calcit.¡nr
C¿.rbonate ( C03 )
Chloride
Tota I Ha r'drress ( as CaC03 )
I ron
I'lasr¡es i t-.t¡r

r'H
F otassi u[¡
Sadir:nr
F'encerrt Sodirlnr
SuIfef,e as S04
TotaI trissolved Sol ids
Tota I F'hosphate as F'

Cat i orr Su¡r
Arr i orr S¡.¡rr
ttÍffererrce
Fercer¡t Ernor
Sodir.:nr Adsorptiorr Ratio
Cor¡duct,ivifc
l'{itrate âs N

L97,

241 .
33 ,0
0.
? .50

?30.
0.13

36,0
7r8

1ó.4
4 .50
4.1

63,
?74,

5, ?4
5, 33
0,09=
0 ,90
0. 13

464,
0'01?

egrf@

n9/ L
nÉ/ L
n3/ L
r¡t/L
nÉ/ L
nÉ/ L
nÉ/ L
nÉ/ I
ná/ I
nt/ L
nÉ/ |
7.

nÉ/ I
n9/ I
nÉ/ |

/.

utrhos./cttr
nÉ/ L

6/ to/8?
3/t4/82
J/ L3/B?
1/ L4/8?
r/?4/82
z/ 13/82
1/ t3/B?
1/ L4/E?
3/ t3/E?
3/ L3/8?

3/ t3/8?
6/ to/ E?

6/ 7/A? 900

ê/ 3/82 800

ffiGú 900
730
000
730

1 300

000
000
730
000
000

?30
900

*
*
*

*

*
*

* EXCEENS EFA HNLTIING TIÌ{E RESULT NOT VAI-ITI

Érpr roved t¡s !

tt"-\

Fr:blie Healt Labo natory
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LoG NUI'iBER i 82- 
"2?3STAT I ON TIES I GNAT I ON i UNASS I GNEB

srâT I0N CotlE ! 388000
COLLECTETI BYI I'fIt(E SAUER/IIENNIS
NATE OF COLLECTIONi 3/LT/82
III,IE OF COLLECTION: OOOO
NATE RECEIVETI i 3/L?/8?
TI}.IE RECEIVETIS 1430
Conrrrent I
Corrnrerrt I flRA INAGE STUtIY

Fa raírel,e l

Fr.¡hIic HeaIth Lahoratorc
,

SAI.IFLING SITE

FEI¡ILESS

Cor.¡r¡tv i

Arralcsis
[¡ate T i nre

6)
Ua I r-¡e

Talal A1þ=:lirrits (CaC03)
Anrßr 'frl ia ås N

E¡ic¡rhorrat,e (HC03)
CaIcit.¡nr
Cartrurßat,e ( C03 )
Chlonide
Totat Hardrress (as CaC03)
I rorr
I'laEr¡esiunr
rH
F otass i ult¡
Sod i usr
F'ercerrt Sodiu¡¡
Sulfaùe as S04
Total tlisEolved Sol ids
TotaI Fhosphate as F
Cat i orr Sr.lnr
Ar¡iorr Sur¡
Il iffeterree
Pe rcerrt E n ro n
Sodirlm Adsorptiorr Ratio
Corrdr.lctivitg
NiLrate as N

?64,
3?Fä

4ó. 0
0.
0'00

?77,
0. 1?

39. E
7,8

l4 ,7
ó.00
4,5

46,
311,@å

6.20
6, ?5
0,053
0, 43
0, 1ó

5?8.
0.011

nÉ/ I
tig/ I
nÉ/l
ná/ L
nÉ/L
ná/ I
nÉ/ I
nÉ/ I
nÉ/ I
n3/ L
nÉ/ I
z
n3/ L
nt/ L
nÉ/l

z

uÍrho5/cr¡
n9/ |

6/70/A?
3/t4/8?
3/ L3/A2
3/L4/8?
3/?4 / 82

3/ L3/8"
=-t/t3/8?3/ t4/B?
5/ t3/ 8?
3/ 73/B?

6/ 7/B?

6/ 3/82

3/ t3/B?
6/ to/B?

900
730
000
730

1 300

000
000
730
000
000

900

800

930
900

*
*
*

*

*
t

* EXCEETIS EF'A HOLTIING TT}'IE RESULT NOT VALIN

App roverJ hs i

l:'r.¡b.1. ic e I th l-aha rato nv
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Fr¡hIic Health Labonatorc

106 NUI'IBER 3 82- ???t
STATION TIESIGNATION¡ UNASSIGNETI SAI'IF'LING SITE
srAT I0N C0trE ! 388000
COLLECTETI BYi I'tII\E SAUER/T'ENNIS FEI,'LESS
TIATE OF COLLECTION i 5/LL/82
IME OF COLLECTION3 OOOO

TIATE RECEIVEDi 3/L?/82
TIHE RECEIVENI 1430
con,r¡ent 3 IEI LANE Ì'IETIGosHE
CoITIrrent i TIRAINAGE STUI'Y

Fe r¿nr ete t Va I r.¡e

Courrtc I

Arralgsis
ltete T i nre

TotaI Alhelinitc ( C¡C03)
Anrnronia tss ì,1

Eticarhorrate ( HC03 )
Calcir¡r¡
Ca rborrate ( C03 )
Chl ¡iride
Tota I Ha r'Jrress ( as CaC03 )
I rorr
l'f aErres i unr
pH
Fot..tssit..¡nr
Sod i unr
F e rcerrt Sod iu¡¡
Sulfate tss S04
Total tlissolved Sol ids
TotaI Fhosphate Bs P
Cat i orr Surr
Ar¡i orr Srlßr
Itifference
Fereerrt Erron
Sodir:nr Adsorptiorr Ratio
Eorrdr.retivitc
|litrafe as N

(,,\

270,e¡f8u
330.

44 .0
0.
?'50

?66,
0, 18

38 ,0
7,8

18.9
Êe^J r .rV
4r3

32,
303.EEßI

ó .06
6.14
0.078
0,64
0. 15

5?4,
0,010

tn3/ L
tná/L
tná/ |
n9/ I
ná/L
nÉ/ L
nr5/1
ná/ |
nÉ/L

ná/I
ná/l
7.

n9/L
nÉ/ I
nÉ/ L

rJflrhoS/'cllt
m3/ L

6/ 70/B?
3/ 1.3i8?
1/ t3/8?
3/ 13/B?
3/?4/A?
3/ t3/ 8?
3/ L3/82
3/ L3/82
=/ t3/ E?
3/ t3/82
6/ 7/82
6/ 3/82

3/ 13/A?
6/ ro/8?

900
1t30
000

1 ?30
1 300

000
000

123 0
000
000

xt
*

/.

*

1?00

800

930 *
900 *

* EXCEET'S EFA HOLNING TII.IE RESULT NOT VALIII

r1 rp noved 'os I

l-'¡-lhIie HeaIth Laboratong

-7 r-



Fr.¡hIic Health Labonatorv

LOG NUMBERS 8?- ?222
STATION TIESIGNATIONi UNASSIGNETI SAI,ÍF'LING SITE
sTATr0N C0EE3 388000
COLLECT'EN BY: I'IIKE SAUER/TIENNIS FEIdLESS
TIATE OF COLLECTION i 3/LT/82
r I FîE OF COLLECT I ON I OOOO
TIATE RECEIVEB i 3/T?/A?
TIì,tE RECEMITi 1430
com¡¡errtl @E

Faranreter Va lr¡e

VY,

?0?.
æ

?=6,
33, 0
0.
0. 00

?08.
0,11

30,0
8,1

1l,2
5, 00
5,0

25.
230.@

4.63
4,7?
0.092
0.99
0,15

408.
0. 01?

Cor.¡r¡ts I

Analcsis
lete Ti¡re

TotaI âIl¿.alirritc (DaC03)
Anrnrorria ês N
E i ca rborrate ( HC03 )
Calcir.¡rr
Ca rtronate ( C03 )
Chloride
Total Hardrress (as CaC03)
I ror¡
l'laEnes i un¡
rH
Fotassir¡nr
Sodir..ln¡
Fe rcerrt Sod i r.¡¡r

Sr.r l f ate ês S04
Tatal [tissolved Sol ids
TotaI Fhosrhate tss F
Cat i,:rrr Surr
Arri orr Sunr
Itiffeter¡ce
Fe rcerrt E r ro r
Sod i r-rn¡ Adso rpt i orr Rat i o
Cnrrduet i v i t s
Nitr.¡te as N

ttí/ L
nÉ/ I
n=l/ L
rnÉ/l
n4/L
n3/ I
n3/l
n:i ./ I
nÉ/l
ná/I
ná,/ I
't
ná/L
nÉ/ L
nÉ/ L

ußrho5/ellr
¡ná/ I

6/ tQ/È?
3/ t3/B?
3/ L3/8?
3/ t3/8?
3/?4/B?
3/ 13/B?
3/ tÅ/a?
3/ t3/8?
3/ t3/82
3/ t3/ 8?

3/ L3/A?
6/to/B?

6/ 7 /E? 900

ê/ 3/82 800

900
1? 30

000
1 ?30
1 300

000
000

1 ?30
000
000

930
900

f
*
*

*

z

*
*

* EXDEETIS EFA HOLTIINE TII.fE RESULT NOT VALITI

Arp r ove¡3 hs i t-.1 ¿

l-'r.lbIie HeaIth Laborators
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