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I. IIüTRODUCTTON

Study Obiectives:
In September of L992, the North Dakota State llater Commission,

the North Dakota State Game and Fish Department, and the Ramsey

county I{ater. Resource District entered into an agreement to
investigate the feasibility of diverting water from the Morrison
Lake outlet channeÌ (I{ebster coulee) into cavanaugh Lake. The
a9'reement called for the State I{ater Commission to conduct a field
survey of the project area, including a topographic survey of the
proposed diversion site, a topographic survey of the rake
shoreline, and soundings of the lake bottom to dei.e.*ine
area-capacity information; perform a preliminary design of a
structure to divert water into cavanaugh Lakei prepare a
preliminary cost estimate for the proposed diversion structure; and
prepare a written report documenting the findings of the
investigation. À copy of the agreement is contained in Àppendix À.

Project Location and Purpose:
The project is located in section 9, Township 155 North, Range

64 west (T 155 N, R 64 w), approximateJ-y 1.5 mil-es south of the
city of Webster, North Dakota. Figure I shows the location of the
project within the state of North Dakota.

The Morrison Lake outlet channel lies east of Cavanaugh Lake
in section 9, T 155 N, R 64 rÍ. currentry, when the water level in
the Morrison Lake outlet channel exceeds an elevation of 1453.5 ms1

in this reach, flow enters cavanaugh Lake through a gated 36-inch
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diameter Corrugated Metal pipe (cl1p) culvert located at the
northeast corner of Cavanaugh Lake.

This investigation evaluates alternatives for constructing a

diversion structure in the Morrison Lake outlet channel. The
diversion structure wi].l increase the ¡rater level in the channel
during lower flowsr enabling water to be diverted into Cavanaugh
Lake more frequently. The investigation also evaluaÈes possible
inlet structures for cavanaugh Lake. The improved ability to
divert water into Cavanaugh Lake wiII provide a more stable water
l-eveI which wiJ-l- be beneficial to the lake's fishery.
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rT. GEOLOGY ÄND CLIUÀTE

Cavanaugh Lake is part of an interconnected chain of lakes
that are a tributary to Devils Lake in northeastern North Dakota.
It lies adjacent to the outlet channel for Sweetwater and I'torrison
Lakes.

The Devils Lake Basin is a closed basin in the drainage of the
Red River of the North. Physiographically, it lies ¡uithin the
Central Lowlands Province, an area of glacial drift and lacustrine
pJ-ains that formed during the last ice age. The topography of the
basin varies from steeply rolling glacial hrift with a slope of
over 15 percent, to the fl-at and featureless glacial outwash plain
which has a slope of only three percent. The entire basin is
dotted with numerous potholes and small shallow lakes which are
natural reservoirs for surface runoff.

The climate for the Devils Lake Basin is characterized by warm

summers and cold. winters. Frequent spells of hot l¡eather and.

occasional cool days characterize the summþr. Temperatures are
very cold in the winter, when arctic air freduently surges over the
area. The average temperature for the basin is 38 degrees
Fahrenheit. The annual precipitation for the basin is 16.5 inches,
of which 75 percent fa1ls in Àpril through Sgptember, which is the
growing season for most crops. The prevail-ing wind direction is
from the northwest.

-4-



IIT. WATER LEVEL SELECTIOìI

The first step in the design of a diversion structure for
Cavanaug-h Lake is to select a lake lewel. The current inlet ¡'o
Cavanaugh Lake consists of a 36-inch diameter CIvIP culvert located
at the northeast corner of the l-ake. !Íater will enter the lake
through the culvert when the water level in the Morrison Lake
outlet. channel lying adjacent to cavanaugh Lake exceeds an
elevation of 1453.5 msl. À flap-gate on the downstream end of the
culvert prevents water from leaving the lake through it. The lake
does not have an outlet structure at this time, although a dike
constructed at the northeast corner of the lake will overtop when
the lake level exceeds an elevation of 1455.9 msl.

Two lake levels were evaluated during the investigation;
1453.7 msr and 1454.7 msr. The project design wilr alrow a sJ-ight
variation from these level-s without significant nodifications to
the design.

The \453.7 msl lake level will raise the lake slightly from
its current level. The lake leve1 vras 1453 .0 msl when it ¡ras

surveyed in October 1992. À 1453.7 msl lake level will provide a

maximum depth of 6.9 feet in the north portion of Cavanaugh Lake
and a maximum depth of ]2.5 feet in the south portion. Figure 2

shows a contour map of Cavanaugh Lake obtained from the October
L992 survey data. Fig-ures 3, 4, and 5 show area-capacity curves
for the north portion of the lake, the south portion of the J-ake,

and a combined area-capacity curve for the entire rake,
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respectively.

The 1454.7 ms1 lake level will raise the lake to iÈs meandered
Ievel. This is the maximum level the lake can be maintained at
without, flooding deeded land.. The meandered level was determined
by comparinE the original 1884 GLO plats with sun¡ey data that was
obtained. for the investigat,ion. Flood easements ¡sill be necessar)r
t.o maintain Cavanaugh Lake above its meandered level. A 1454.7 msl
lake level wil-I provide a maximum depth of 7.9 feet in the north
portion of t'he lake and 13.5 feet in the sor¡th portion.
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rV. IIYDR.à,ULICS

À hydraulic analysis of the Morrison Lake outlet channel near
cavanaugh Lake \ras performed using the HEc-2 computer rnoder,
developed by the u.s. Àrmy corps of Engineers. HEc-2 calcuLates
water surface profiles for steady, gradually varied flow in natural
or man-made channels for flows due to various precipitation events.
The data needed to perform these computations includes: flow
regime, cross section geometry, and reach lengths. The

computational procedure used by the model is based on the solution
of the one-dimensional energy equation with energy loss due to
friction evaluated with Manning's eguation. This computation is
generally known as the Standard Step Method.

The hydraulic analysis began downstream of the road between
section 4 and section 9, T 155 N, R 64 I{. The analysis proceeded
upstream past a dike extending from the Morrison Lake outlet
channel to cavanaugh Lake in section 9, T 155 N, R 54 w. The split
flow capability of the HEC-2 program was used to divert flow into
Cavanaugh Lake.
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V. ÀI,TERI{ÀTI\rES

Three alternatives to divert water into Cavanaugh Lake \rere
considered as part of this investigation. The first alternative
involves install-j-ng gates on the culverts through the road between
section 4 and section 9, T 155 N, R 64 !I, and instarling a control
structure at the l-ocation of the existing inlet structure. The

second alternative involves inst,alling gates on the culverts
through the roadbetween section 4 and section 9, T 155 N, R 64 tll
and constructing a channel and control structure along a property
line in the NEàr section 9, T 155 N, R 64 sI. The third arternative
involves constructing a gated stop log structure in the Momison
Lake outlet channeÌ downstream of the dike extending from t'he
Morrison Lake outret channel to cavanaugh Lake in section 9,
T 155 N' R 64 W, and constructing a channel and control structure
along the dike to Cavanaugh Lake. The following sections describe
these alternatives in detail:

Àlternatiwe One¡

This alternative involves constructing a concreÈe headwall on
the six 57-inch by 38-inch arch culverts that pass beneath the
roadway between Section 4 and Section 9, T 155 N, R 64 W, and
installing slide gates on the upstream ends of the culverts. I{hen
the flow in the Morrison Lake outlet channel exceeds 400 cfs, which
is the design frow for the channer, all of the sride gates will
remain oPen. À flow of 400 cfs in the Morrison Lake outlet channel
corresponds to a l0-year runoff event.

-12-



I{hen the l-evel- of Cavanaugh Lake is low, and the flow in the
Morrison Lake outl-et channel is less than 400 cfs, some of the
slide gates will be cl-osed to maintain a higher water level
upstream of the gates. The ability to control the water level
upstream of the gates will allow water to be diverted into
Cavanaugh Lake more frequently. Àn operating plan will need to be

developed to regulate the closure of the gates for various outflo¡ss
from Morrison Lake. The goal of the operating plan is to maintain
awater leve1 of 1456.6 ms1 upstream of the culverts. À portionof
the dike along the northeast corner of Cavanaugh Lake will need to
be raised slightly to facilitate this water level. Àn example of
an operating plan is contained in Section VI of this report.

An inlet structure, consisting of two S-foot wide stop log
structures, will be installed near the location of the existing
inlet structure to a1low water to be diverted into Cavanaugh Lake

I

and to control its level. The stop log structures wiII be located
in a 25-foot wide channel with 3:1 (3 Horizontal to 1 Vertical)
side slopes that will connect Cavanaugh Lake to the low-lying area
adjacent to the l"torrison Lake outlet channel in the NEà, Section 9,
T 155 N, R 64 Ì,I. The ínvert of the stop log structures will be set
at elevation 1453.7 msl. Figure 6 shows a profile view of the
proposed stop log structures. Figure 7 shows the proposed layout
of ÀIternative One.

The stop log structures will be operated by adding or removing
wood timbers. The wood timbers are 6 inches wide, 6 inches thick,

-r3-
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and 5.5 feet long. The timbers will slide into notches in the stop
1og structures. À total of eight timbers wilt be needed for each
structure. If Cavanaugh Lake is below its control elevation and
flow is passing through the Morrison Lake outlet channel, the
timbers should be removed from the stop log structures to aLl-ow
water to enter Cavanaugh Lake. When the lake is full, the timbers
should be praced in the stop 1og structures again to prevent
additional water from entering the lake.

The time required to fill Cavanaugh Lake is dependent on the
level of the lake. Tab1e 1 lists the time that will be required
for Cavanaugh Lake to fill for various starting lake levels. The
times trere calculated assuming a constant r¿ater leve1 of 1456.6 ms1

in the Morrison Lake outlet channel.

Ta-ble I - Filting Time forÀlternative One

1453.7 msl take Leve].Initial lùater Voh¡¡re Ti-ne IÍater Volu¡re TimeLake Level Required Required Required Reflrired(msl) (acre-ft) (days) (acre-ft) (days)
1450.0
1451. 0
L452.0
1453. 0
L453.7
7454.7

r_480.5
]-097 .2

7]-4 .0
294.0

0.0

6.4
5.1
3.9
2.4
1.5
0.0

s.0
3.7
2.4
1.0
0.0

1918.0
L534.7
1151.5
731.5
437 .5

0.0

-I6-



ÀIternative One is estimated to cost 9521000. This cost
estimate applies for both the L453.7 msr and L454.7 msr lake
levels. Tab1e 2 contains a cost estimate for Àlternative One.

Table 2 - Preliminarlr Cost Estimatefor ÀIternative One

Mobilizati-on
Stripping and Spreading

Topsoil
Construct Diversion Structure(a) Sheet PiIe(b) Concrete(c) Reinforcing Steel(d) 60"x42" Slide Gate(e) Relocate and ÀIign Pipes(f) lvliscellaneous Materials
Construct Control Structure(a) Excavate Channel(b) Sheet PiLe(c) Concrete(d) Reinforcing Steel(e) Rock Riprap(f) Ìliscellaneous Materials
Seeding

1

300

150
20

2,800
6
1
1

200
130

74
1r960

15
1

0.5

$3,000.00
0.25

25.00
300.00

0. s0
2,200.00
1,000.00
1, 000 . 00

2.00
25.00

300.00
0.50

25. 00
1,000 . 00

300.00

10t )
108 )10t )

s 3,000
75

,750
,000
,400
t20o
,000
,000
400

3,250
4 r200

980
375

1, 000
150

s39,780
4r073
4,073
4_074

LS

SY

LF
CY
Lbs
Ea.
LS
LS

CY
LF
CY
Lbs
CY
LS
Àc.

3
6
1

13
1
1

Subtotal
Contingencies
Contract Àdministration
Engineering
Total

(+/
(+/
(+/

$52,000

Àlternative Ttro:

This alternative involves constructing a concrete headwal-I on
the six 57-inch by 38-inch arch cuLverts that pass beneath the
roadway between Section 4 and Section 9, T 155 N, R 64 I{, and
installing slide gates on the upstream ends of the culverts. T{hen

the flow in the lvforrison Lake outlet channel exceeds 400 cfs, which
is the design flow for the channeL, alJ- of the slide gates wilr

-17-



remain open. À flow of 400 cfs in the Morrison Lake outlet channel
corresponds to a l0-year runoff event.

I{hen the level of Cavanaugh Lake is low and the flow in the
Morrison Lake outlet channel is less than 400 cfs, some of the
slide gates will be closed to maintain a higher water level
upstream of the gates. The ability to control the water level
upstream of the gates wilI aÌIow water to be diverted into
Cavanaugh Lake more frequently. Àn operating plan will need to be
developed to regulate the cl-osure of the gates for various outflows
from Morrison Lake. The goal- of the operating plan is to maintain
a lrater level of 1456.5 msl- upstream of the culverts. À portion of
the dike along the northeast corner of Cavanaugh Lake wil-I need to
be raised slightly to facilitate this water l-evel. Àn example of
an operating plan is contained in Section VI of this report.

A 25-foot wide channel with 3:l- side slopes will be

constructed along the property line (fence line) between the
NWàNE|, Section 9, T 155 N, R 64 W, and the Si{lrNEk, Section 9,
T 155 N, R 64 W, to convey flow into Cavanaugh Lake. The channel
wiII be approximately 1600 feet long. The east end of the channel
will tie into the Morrison Lake outlet channel at an elevation of
1453.0 nsI. An inlet structure, consisting of two S-foot wide stop
log structures, will be constructed at the west end of the channel
to a1low water to be diverted into Cavanaug'h Lake and to control
its 1evel. The invert of the stop log structures will be set at
elevation L453.7 ms1. Figure 6 shows a profile view of the

-I8-



proposed stop 1og structures. Figure 8 shows the proposed layout
of Àlternative Two.

The stop log structures will be operated by adding or removing
wood timbers. The wood timbers are 6 inches wide, 5 inches thick,
and 5.5 feet long. The timbers will slide into notches in the stop
log structures. A total of eight tiThers will be needed for each
structure. If Cavanaugh Lake is below its control elevation and
flow is passing through the Morrison Lake outlet channer, the
timbers should be removed from the stop log structures to allow
water to enter Cavanaugh Lake. When the lake is fuII, the timbers
should be placed in the stop log structures again to prevent
additional water from entering the l-ake.

The time required to fill Cavanaugh Lake is dependent on the
level of the 1ake. Tabl-e 3 lists the time that will be .required
for Cavanaugh Lake to fill for various starting lake levels. The

times yrere calculated assuming a const,ant water level of 1456.6 msl
in the Morrison Lake outlet channel. The filling times for
ÀIternative Two are greater than the fill-ing tÍmes for Àlternative
One because the diversion channel for Àlternative Two is longer,
which results in higher head losses.

-19-
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Ta-ble 3 - Filling Time forÀlternative T¡ro

1454-7 nsl Lake LewelInitial lùater Volume Time Water Voh¡ne Ti¡re
Lake Level Required Required Required Recruired(msl) (acre-ft) (days) (acre-ft) (days)

1450.0
1451.0
1452.0
1453.0
L453.7
]-454.7

1480.5
1097 .2
714.0
294.0

0.0

9.0
7.2
5.4
3.42.r
0.0

6.9
5.1
3.3
r.4
0.0

1918.0
L534.7
1151 . 5
731.5
437 .5

0.0

SY

LF
CY
r,bs
Ea.
LS
LS

CY
LF
CY
Lbs
CY
LS
Ac.

25.00
300.00

0.s0
2,200.00
1,000.00
1,000 . 00

1.30
25.00

300.00
0.50

25.00
1, 000 . 00

300.00

10t )10t )10t )

3,750
6,000
1,400

13,200
1,000
1,000
8r580
3,250
4 r200

980
375

1r000
600

t2LO
,263
t264
-? 64

Àlternative Two is estimated to cosÈ $681000. This cost
estimate applies for both the 1-453.7 msl and L454.7 ms1 lake
levels. Table 4 contains a cost estimate for Àlternative Two.

Table 4 - Preliminarlr Cost Estimatefor ÀIternative Two

Tte-m fhrantitrz Tlnit Tlnil- Prino :I¡rrt.al

Mobilization 1Stripping and SpreadingTopsoil 7 r 500
Construct Diversion Structure(a) Sheet Pile 150(b) Concrete 20(c) Reinforcing Stee1 2r800(d) 60"x42" Slide Gate 6(e) Relocate and Àlign Pipes 1(f) Miscellaneous Materials 1
Construct Control Structure(a) Excavate Channel 61600(b) Sheet Pile 130(c) Concrete L4(d) Reinforcing Steel 11960(e) Rock Riprap 15(f) Miscellaneous Materials 1Seeding 2

Subtotal
Contingencies
Contract Administration
Engineering
Total

LS 55,000.00 $ 5,000
0.25 L,875

(+/
(+/
(+/

ss2
5
5
5

-2I-

$58,000



Alternative Three:
This alternative involves constructing a gated stop log

structure in the Morrison Lake outlet channel to act as a diversi-on
structure. The structure will be located several feet downstream

of a dike extending from the Morrison Lake outlet channel to
Cavanaugh Lake in the NEk, Section 9, T 155 N, R 64 W. The

structure will contain four ?2-inch by 54-inch slide gates. À

walkway will be located on the downstream end of the diversion
structure to all-ow access to the slide gates. llhen aII four slide
gates are open, the stop log structure is capable of passing the
flow due to a lO-year runoff event (400 cfs) without causing a
significant increase in the water surface elevation in the Morrison
Lake outlet channel. The Morrison Lake out,let channel is designed
to pass the flow due to a lO-year runoff event within the banks of
the channel. Figure 9 shows a profile view of the diversion
structure for ÀIternative Three.

When the level of Cavanaugh Lake is low and the flow in the
Morrison Lake outlet channel is less than 400 cfs, some of the
slide gates will be closed to maintain a higher lrater level
upstream of the gates. The ability to control the water level
upstreann of the gates will allow water to be diverted into
Cavanaugh Lake more frequently. Àn operating plan wil-l need to be

developed to regulate the closure of the gates for various outflows
from Morrison Lake. The goal of the operating plan is to maintain
a water level of 1456.6 msÌ upstream of the culverts. A portion of
the dike along the northeast corner of Cavanaugh Lake will need to
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be raised slightly to facilitate this water level. Àn example of
an operating plan is contained in Section VI of this report.

À 2S-foot wide channel nith 3:1 side slopes wiII be
constructed along the dike extending from the }forrison Lake outlet
channel to Cavanaugh Lake in the l¡EL¡ Section 9, Township 155

North, Range 64 I{est, to convey flow into Cavanaugh Lake. The

channeL will be approximately 1r100 feet long. The east end of the
channel will tie into the Morrison Lake outlet channel aÈ an
elevation of 1453.0 msl. Àn inÌet structure, consisting of two
S-foot wide stop log structures, will be constructed at the west
end of the channel to al1ow water to be diverted into Cavanaugh

Lake and to control its IeveI. The invert of the stop log
structures will be set at elevation 1453.7 msl. Figrrre 6 shol¿s a
profile view of the proposed stop log structures. Figure 10 shows

the proposed layout of ÀÌternative Three.

The stop log structures will be operated by adding or removing
wood timbers. The wood timbers are 6 inches wide, 6 inches thick,
and 5.5 feet long. The timbers will slide into notches in the stop
Iog structures. À total of eight timbers will be needed for each
structure. If Cavanaugh Lake is below its control elevation and

flow is passing through the Morrison Lake outlet channel, the
timbers should be removed from the stop log structures to al1ow
water to enter Cavanaugh Lake. I.Ihen the lake is full, the timbers
should be placed in the stop log structures again to prevent
additional water from entering the lake.
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The time required to fill Cavanaugh Lake is dependent on the
Level of the lake. TabLe 5l-ists the time that ¡,sil1 be required
for Cavanaugh Lake to fill for various starting lake levels. The

times Ìrere cal-culated assuming a constant water l-evel of 1456.6 ms1

in the Morrison Lake outlet channel. The filling time for
ÀÌternative Three is greater than the filling time for Àlternative
One because the diversion channel for Àl-ternative Three is longer,
which results in higher head losses.

Table 5 - Filling Time forÀlternative Three

Initial
T.aka T.cr¡a'l

ÏÍater Volume
Tlarnr r'rarl

1480 .5
1097 .2
714.0
294.0

0.0

Time
f,lernr r'rarl

ÌIater Volume
P i red

1918.0
1534.7
1151.5
731.5
437 .5

0.0

Time
Rcrnr i red

(nsI ) (acre-ft) (days) (acre-ft) (days)
1450.
1451.
L452.
1453.
1453.

7.0
5.6
4.2
2.7
1.6
0.0

5.4
4.0
2.6
1.1
o:o

t454.

0
0
0
0
7
7

ÀIternative Three is estimated to cost' $75,000. This cost
estimate applies for both the L453.7 msl and 7454.7 msl ]ake
levels. Table 6 contains a cost estimate for ÀIternative Three.
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Table 5 - Preli¡rinary Cost Esti¡ratefor ÀIternative Three
f}rantitr¡ Tlnit ITnit Þrir-o ]Pr-¡falTt-em

Mobilization
Stripping and Spreading

Topsoil
Construct Diversion Structure(a) Sheet Pile

(b) Concrete
(c) Reinforcing Steel(d) 72"x54" Slide Gate(e) Miscellaneous Materials

Construct Control Structure
a)

1

10,000

230
29

4,060
4
1

4r000
130
I4

1r960
15

1
2

LF
CY
Lbs
Ea.
LS

CY
LF
CY
Lbs
CY
LS
Ac.

LS $5,000.00 $ 5,000
SY 0.25 2,500

b
Excavate Channel
Sheet Pile
Concrete
Reinforcing Steel
Rock Riprap
Miscellaneous Materi-a1s

2s. 00
300.00

0. s0
4,200.00
1,000 . 00

1. 30
25 .00

300.00
0. s0

25.00
1,000.00

300.00

10r )
10* )
108 )

5,750
8,700
2 r030

16,800
1, 000

5,200
3,250
4,200

980
375

1,000
600

$57,385
5t87L
5 r872q, Q'7')

$75,000

c
d
ê
f

Se

Subtotal
Contingencies
Contract Administration
Engineering
Total

(+/
(+/
(+/
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VI. OPERÀTTNG PI,ÀN

An operating plan will need to be developed to regulate the
closure of the gates on the Cavanaugh Lake diversion structure for
various outflows from Morrison Lake. The goal of the operating
plan will be to maintain a water level of 1456.6 msl upstream of
the diversion structure. À water level of 1456.6 msl will be

maintained since a higher water level will overtop the dikes along
the northeast corner of Cavanaugh Lake. A portion of the dike
along the northeast corner of the lake will need to be raised
approximately l-foot to facilitate this water Ievel.

The operating plan r¿ill vary for each alternative. The

operating plan will reg-uIate the closure of the gates on the
diversion structure depending on the depth of flow passing over the
Morrison Lake outlet structure. À rating curve for the outlet
structure \'ras developed using the weir formula. Table 7 contains
a preliminary operating plan for ÀIternative One. In developing
the operating plan, the six slide gates lrere numbered. The west
gate was given number 1 and the east gate was given number 6.
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Table 7 - Prelimina:r¡r Operating ptart
for ÀIternatiwe One

of Flow
Over trforrison LakeOutlet llel-r

feetì
0.80 (or less)
1.20
1.50
1.65
1.80
1.90

Condition of
S]-ide Gates

on
Dirrers Stmcture

À11 Gates Closed
Gates 2t 3, 4, 5t and 6 closedGates 3, 4, 5, and 5 closed

Gates 4, 5, and 5 closedGates5and6closed
Gate 5 closed
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VIT. LAIID ÀND ÍIÀTER RIGHTS

The three alternatives that were considered during this
i-nvestigation wil-I involve the flooding of private land and/or
construction on private land. Alternative One will inundate
approximately 100 acres of l-and in the NE%r Section 9t T 155 N,

R 64 W. Àlternative Two will aLso inundate approximately 100 acres
of land in the NEk, Section 9, T 155 N, R 64 I{. An additional 2

acres of land will be required to construct the channel to
Cavanaugh Lake for ÀIternative Two. Àlternative Three will also
require approximately 2 acres of land to construct the channel to
Cavanaugh Lake. No additional l-and wiII be inundated for
Alternative Three. ÀtI of the affected land will require easements

or will- need to be purchased.

À water use permit will be required for the water that will be

diverted into Cavanaugh Lake. This permit can be obtained. from the
North Dakota State Engineer. À Section 404 Permit, reguired
through the Cl-ean IÍater Àct, will also be necessary for any

excavation or fiII placement in a wetland. Section 404 Permits are
issued by the U.S. Àrmy Corps of Engineers.

The diversion of water from.the Ùlorrison Lake outlet channel
into Cavanaugh Lake will prevent the diverted yrater from ultimateJ-y
reaching Devils Lake. Àlthough the volume of water that wiII be

diverted into Cavanaugh Lake is small compared to the volume of
water in Devils Lake, opposition to the project may arise.
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VIII. SUUI{ÀRY

The feasibility of diverting water from the lvtorrison Lake
outlet channel into Cavanaugh Lake has been examined. The Morrison
Lake outlet channel lies approximately 1r000 feet east of Cavanaugh
Lake in section 9, T 155 N, R 64 w. The ability to divert
additional water into Cavanaugh Lake witL provide a more stable
water level which wj-ll be beneficial to the lake's fishery.

Three alternatives to divert water into Cavanaugh Lake were
considered during the investigation. ÀIternative One involves
constructing a concrete headwal-l- on the six 57-inch by 38-inch arch
culverts through the road between Section 4 and Section 9, I 155 N,
R 64 I{, and installing slide gates to act as a diversion structure.
The control structure for Alternative One will consist of two
S-foot wide stop log structures at the location of the existing
inlet structure, located at the northeast corner of Cavanaugh Lake.
The invert of the control structure ¡'riII be set at elevation 1453.7
msI. The estimated cost of Àlternative one is $52r000. This cost'
applies for both the 1453.7 msl and 1454.7 msl lake leve1s.

Alternative Two also involves constructing a concrete headwall
on the six 57-inch by 38-inch arch culverts through the road
between section 4 and section 9, T 155 N, R 64 I{, and installing
slide gates to act as a diversion structure. À 25-foot wide
channel with 3:1 side slopes will be constructed along the property
Iine (fence line) between the N!ü%NEà, Section 9, T 155 N, R 64 W,

and the SWàNEà, Section 9, T 155 N, R 64 !ü, to convey flow into
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Cavanaugh Lake. The control structure will consist of two S-foot
wide stop fog structures at the west end of the channel. The

invert of the control structure will be set at elevation 1453,7

msI. ÀIternative Two is estimated to cost $681000. This cost
applies for both the 1453.7 ms1 and 1454.7 msl lake levels.

Àlternative Three involves constructing a gated stop log
structure, containing four 72-inch by 54-inch sl-ide gates, in the
I"lorrison Lake outlet channel to act as a diversion structure. The

structure will be located downstream of a dike extending from the
Morrison Lake outlet channel to Cavanaugh Lake in Section 9,
T 155 N, R 64 W. À 25-foot wide channel with 3:1 side slopes will
be constructed along the dike to convey flow into Cavanaugh Lake.
The control structure wil-l- consist of two S-foot wide stop log
structures at the downstream end of the channel. The invert of the
control structure will be set at elevation 1453.7 msI. Àlternative
Three is estimated to cost $75r000. This cost applies for both the
1453.7 msl and 1454.7 msl lake leve1s.
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rX. RECOU}IENDÀTIONS

Three alternatives \ilere considered as part of this
investigation. Àlternative One is the cheapest alternative, but it
will affect a significant amount of private land. The private land
that will be affected by Àlternative One will require easements or
will need to be purchased. ÀIternative Two is slightly more costly
than Àlternative One and will affect additionat prÍvate land to
construct the diversion channel. Àlternative Three is the most
costly alternative, but will affect the l-east amount of private
Iand. If flood easements can be obtained, it is reconmended that
Àlternative one be pursued, if not, Alternative Three is
reco¡nmended. The decision to proceed with this project is the
responsibility of the Ramsey county water Resource Board.

t
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ÀPPENDIX À - Copy of Àgreement



SWC ProJect #1298Àugust 28, 1992
AGREEHENT

nvestfgation of the Diversionof Water Ínto Cavanaugh Lake

I. PARTIES

THIS AGREEMENT is between the North Dakota State Water
Commission, hereÍnafter Commission, through its Secretary, David
À. Sprl'nczynatyk; the North Dakota State Game and Fish Department,
hereinafter Department, through its Director, Lroyd Jones; and the
Ramsey County Water Resource District, Lre:reinafter DlstrJ-ct,
tbrough lts ChaÍr, Robert Garske.

II. PROJECT, puRpOSE, AIID LOCATTON

The Dlstrlct and Department have reguested the CommissLon to
investJ-gate the feasibilfty of diverting water from the Morison
Lake outlet charrr¡er Lnto cavanaugh Lake. The purpose of the
proJect ls to provlde Cavanaugh Lake with addÍtional water to
J-mprove the fishery located in the Iake. The ProJect is located
in SectLon 9, Townshfp 155 North, Range 64 }lest.

III. PRELIHINARY II{\¡ESTIGATION

The parties agree that further information is necessaa-!r
concerning the proposed project. Therefore, the Commission shalt
conduct the following:

1. À field. survey of the project area, incÌuding atopographic survey of the proposed diversÍon site,a topographÍc survey of the 1ake shoretine, and, soundings of the Lake bottonr to determine area-capacity informatlon;
2. À prelÍminary design of a structure to divert waterinto Cavanaugh Lake;
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3. À prellminaq¡r cost estlmate for the proposed
diverslon structure; and

À wrÍtten report documenting the findings of thelnvestlgatlon.
rv. cosrs

The Dl-strlct and Department shall each deposlt S1,5OO with the
CommLssion to help defray the ffeld costs associated with this
Ínvestfgatlon.

V. RIGHTS-OF-E}TTRY

The District agrees to obtain written permission from any
affected landowners for fleld fnvestJ,gatlons by the Commission
which are required for the prellminary lnvestlgatÍon.

VI. I}TDEINIFICATION

The Distrl.ct agrees to Índemnify and ho1d harmless the State
of North Dakota, the Com¡nission, the Department, and any employees
or agents of those entÍties, from all claims for damages to
property, rJ.ghts or persons, as a result of any act or omJ.ssJ.on by
the Distrfct, J.ts agents, contractors, or employees. In the event
a suit Ls LnitLated or Judgrment entered against the State of North
Dakota, the CommJ-ssion, the Department, or any of their employees
or agents, the DistrLct shall indemnify them for all costs and
expenses, includ.J-ng legar fees, and any Judgrrnent arrived at or
satLsfied or settlement entered, to the extent that such cost and
expenses are caused by or resulting from any act or omission by the
DJ.strict, its agents, contractors or employees.

VII. MERGER CLAUSE

This agreement constitutes the entire agreement between the
parties. No waiver, consent, modification nor change of terms of

4
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thls agre.ement shaLl blnd elthrer party unless 1n wrltlng, slgned
by the parties, and attached. hereto. Such walver, consent,
modiftcation or change, Lf made, shall be effective only fn the
specJ-fic instance and for the specific purpose glven. There are
no understandings, agreements, or representatl-ons, oral or written,
not specj-fied herein regarding thts agreement.

NORTH DAKOTA STATE WÀTER
COMMISSION

ID À.
Secretary

vÌI

NORTH DAKOTA GÀ.I'IE AND FISH
DEPARTHENT
By:

LL
DLrector

WITNESS:ê^1.-/LL/
DÀTE 3

? /rr,/n-
DÀTE:

q

DÀTE:

/r, /q,-
RÀI.ISET COI,'}flTY WATER RESOURCE
DISTRICT
By:

T
ChaLr

I{ITNESS:4,--)/fu 7-4 -7-2
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ÀPPEIiIDIX B - SIrnbols and Àbbreviations



SImboIs and .Abbreviations

CUP - Corrugated Metal Pipe
HEC - The Eydrologic Engineering Center
msl - mean sea level
cfs - cubic feet per second

T 155 N - Township 155 North
R 64 II - Range 64 West

SWg - SÈate l{ater Commission
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