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I. INTRODUCTION

In October of 1982, the North Dakota State !{ater Commission entered
into an agreement (Appendix A) , with the Towner County Vilater Resource

District to investigate the current flood.ing problems in the Rock Lake

area and to review possible alternatives to reduce these problems.
Figure l- shows the location of the Rock Lake lriatershed within the state.

Rock Lake and Badger Creek have a drainage area of approximately
276 sqtare miles located in Towner County, with small portions in both
Rolette and Cavalier Counties. It is located within the Hudson Bay

Drainage Basin just north of the divide to the Devils Lake Drainage
Basin. Badger Creek, the outlet to Rock Lake, flows north for about
seven miles to where it enters Canada, then an additional twenty miles
until- it flows into the Pembina River, which d.rains into the Red River,
which flows into Lake lalinnipeg.

Prior to the 1930s, the waters entering the western portion of Rock

Lake, near the City of Rock Lake, flowed primarily into the Hudson Bay

Basin. On larger runoff events, however, hrater was a-l¡l-e to overfl-ow to
the south into the Devils Lake Basin through Mauvais Coulee. A -:view

of historical- information shows that this southern overflow was et or
near el-evation 1530 msl, and the northern outlet somewhat l-ower at
elevation j fSze.O msl, near the midpoint of the lake and ! tSzO.O msl
at the outlet into Bad,ger Creek.

originally Armourdale Coulee, having a watershed. of about 44

square miles, entered Badger Creek approxìmately two and one-half miles
south of the Canadian Border. The upper 33 square miles flowed into a

wide low flat where prior to the 1930s the flows coufd split during
heavy runoff periods. The primary outlet for these flows was into
Badger Creek. The remaining high flows spilled to the south into the
l{estern Rock Lake Reservoir and possibly into Mauvais Coulee. Fi-gure 2

shows the location of Badger Creek, Armourdale Coulee, lrlestern Rock

Lake Reservoir, and. Mauvais Coulee, with respect Èo Rock Lake.

-1-
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In L932, the Rock Lake National I'Iil-dl-ife Refuge was established.
The construction of the refuge incl-ud.ed the complete diversion of
Armourdale Coulee, just north of where the natural split occurred. The

construction of a fow l-eve1 dam across a portion of Rock Lake, and the
raising of the southern outlet into Mauvais Coulee, along with the
diversion were used to maintain the water l-evels in the refuge. The

original plan called for the diversion of some of the waters stored in
the refuge into Mauvais CouLee to supply Devils Lake; which was experi-
encing record low water level-s. As time passed and climatic conditions
changed, the need for this diversj-on diminished and it was never con-
structed. Currently, al-l- waters entering the refuge flow north through
Rock Lake and down Badger Creek into Canada. The location of the refuge
dam is al-so shown on Figure 2.

Flooding has occurred on Rock Lake in l-949; April of '69, '71 and

'74; May'74i ApríL of'79i and June of L982. During these events,
flooding has occurred on some 61000 to 71000 acres of l-owlands near the
Iake (See Figure 3). The flooding of these l-ands occurs primarily when

the water surface elevations exceed elevation 1529 msl. There are
several areas of flooding, each having its own problem created by these
floodwaters.

The major fJ-ooding of l-and occurs to the west of Rock Lake. T\¡¡o

other problem areas lie along Badger Creek as it flows into Canada and

along that portion of channel into which Armourdale Coulee hras diverted.
A fourth problem area is the township roadway leading to the north of
the City of Rock Lake; it has been washed out on at least five se¡::râ.te
occasions. The refuge dam has also been washed out several times.

The Rock Lake Fl-ood Control Assocj-ation was formed in April of l97L
as a result of concerns over flooding that occurred on Rock Lake in
epril of 1969. This group estal¡lished a number of goals to help Drevent
the type flooding that had occurred. The first vras to improve BaLger
Creek to increase its efficiency in removing flood.waters from Rock Lake.
The second was to re-divert Armourdale Coulee back into its original
channel to reduce infl-ows into the Western Rock Lake Reservoir. The

-4-
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Fl-ood Control Association claimed that from 25 Lo 28 percent of the
fl-oodwaters flowing into the western portion of Rock Lake were the
direct resul-t of the diversion. The third was to review all existing
drains withín the watershed. and to plug those that were illegal.

Letters written to the Towner County Water Resource Board and the
Association during 1974 note the problems that existed in proceeding
with the proposed projects. The moratorium passed by the North Dakota
State Water Commission in April I97I, Resolution #7L-4-294, "...does
hereby prohibit and order the cessation of construction of drainage
structures within the Pembina River Basin west of Highway No. 32 in
North Dakota" (See Appendix B). Responses to the proposed projects from
the Manitoba !ùater Resources Branch indicated their concern over in-
creased flooding along Badger Creek, which had a history of flooding.
These increases could also cause problems along the Pembina River which
had been experiencing serious flooding that prompted the moratorium.
Because of the Canad,ian position, the Water Commj-ssion determined that
it could not at that time justify the necessary project surveys without
some agreement with Canadian officials.

The Association has held numerous meetings \^/ith federal, state and

Iocal representatives to d.j-scuss the flooding problems. Initial- meet-
ings brought little results because of Canadian concerns and the mora-
torium. ThÍs moratorium does not, however, appear to preclude the
improvements to Badger CrLek. It states in part: "BE IT FURTHER

RESOLVED that this order shall- not apply to any legal drainage project
designed by engineers employed by any federal, state or local govern-
mental entity whj-ch is approved by the State hlater Commission." At this
point, the moratorium is still in effect and any project that is to be
constructed appears to require approval from the State Water Commission
and the appropriate Canadian authorities.

In 1982, the Association petitioned. the Tor^mer County lrlater Re-
source District to assist them in pursuing their goal to improve flooding
conditions within this watershed. In February 1984, the Towner County

-6-



lrlater Resource Board met witlt rep,resentatives from the Devi1s Lake
office of the U.S. Fish and Wildlife Service to discuss the cleanout of
Bedger Creek through areas currently under easement. The Fish e !{i1d1ife
Service reqr:ested su-rveys of the creek to evaluate the impacts of Èhe

proposed i-mprovernents on the easenrent, arêas. In the fall of 1984, the
Board cornpleted a cleanout of approximately 2L mil-es of Badger Creek,
from the border south, located outside the ease¡nent areas.

On March 18, J.985, the Tovner County Board held a hearing on the
establishnent of ån assess¡nent district for Badger Creek. This assess-
r¡ent district would, allow the Board to obtain Lhe funding necessarl¡ for
the im¡¡rovements along the creek, and provide future fundi.ng for mainte-
nance. Thís district was officially establist¡ed in May 1985, and d.oes

not include any funding for the proposed. Ar.nourdale Coulee Diversion.

-7-



TI. PURPCISE

Thís preliminary engineering investigation is intended to gather
infornratíon Èo determine what san be d,one to improve conditions along
Badger Creek and whether the lower reach of Arrnourdale Coulee can carry
the flows which used to f,Iow in its channel, tx¡t arê no\¡¡ diverted into
Rock Lake. The investigation is to includ.e aI1 the surveys necessary to
develop a hydrologic model of the Rock Lake Watershed, and. htrrd:raulie
nodels of Badger Creek and Armourdale Coulee to establish their iapacity
to carry flows. The investigation will- also include an evaluation of
the impacts of the proposed Brojects, on flows and durations in flood
prone a]:eas.

-8-



TII. SCOPE

This investigation is cornprised of a hydrologic stud.y modeL of thê
Rock Lake V'Iatershed and a hydraulic study model of Badger Creek and

Armourdale Coulee. The hydrologic model will be used. to analyze the
existing conditions of the watershed and determine the peak flows that
occur at various points within the watershed. This will include an
evaluation of the changes that may occur to peak flows and durations due
to the construction of the potential projects. The hydraulic study of
Badger Creek and Armourdale Coulee will be used to estimate capacity to
carry flows and to revíew possible improvements.

After all the information obtained from these mod.els has been
reviewed, recommendations on alternatives will be made to the Towner
County ltlater Resource Board. These will include recommendations on
which projects should, be pursued. A1so, an explanation will be made
of changes that may occur in fl-ood prone areas and. in canad.a. A1l
information obtained will be available to the Board for use in devel-
oping a water management plan for the Rock Lake V,Iatershed..

-9.-



IV. HYDROLOGY

A hydrologic analysis of the Rock Lake Ìfatershed was performed
using the HEC-I computer model developed by the U.S. Army Corps of
Engineers. This mode1 is used. to determine peak discharges and flow
volumes for various frequency storms and watershed conditions. It
formulates a numeric hydrologj-c mod,el- of the watershed basin based on
the following data: the amount of rainfall or snowmelt runoff, the
temporal distribution of this runoff, soil type, 1and. use, and the
hydraulic characteristics of basin channel-s and drainage areas. The

HEC-I- model is designed to calculate the surface runoff of the watershed
by representing the basin as an interconnected system of hydrologj-c and
hydraulic components. A single component may represent a hydrograph
from subbasin runoff, combined subbasins, channel routing or a reservoir
routing.

The first step in the analysis was to del-ineate the watershed
boundary on a topographic map. In this case, the USGS 7.5' topographic
maps of the area were used. Once the watershed was delineated., the
watershed basin was divided into a number of subbasins. These su-bbasins
are areas of similar hydrologic features. Their limits are most often
determined by changes in hydraulic conditions or by defining areas of
specific interest or function. Figure 4 shows the outline of the Rock
Lake Drainage Basin.

The North Dakota Hydrology Manual, developed by the Soil Conservation
Service, was then used to determine the data required for inpuÈ into the
HEC-I- computer model. After the subbasins were determined, the time of
concentration for each was cal-culated. The time of concentration is the
time it takes for a raindrop falling at the most distant point in the
subbasin d.rainage area to reach the outlet point of the subbasin.
Profiles of the stream channels were then drawn to determine their grad-
ients. From this, average flow velocities for specific reaches v/ere
calcul-ated and used to determine the traveÌ time for each basin. Next

-10-
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the land use and soil tlpe of eac'h basin was evah¡ated. Thís inform-
atlon was ther¡ used to determine a currre nunber which represents tl-e
infil-tration eharacteristics of each subbasin. The pre-cipitation for a

given event was then selected based on the watershed's trocation a4d
adjusted to consid,er the ponding of water wLthj.n the sublcasin- .AlI of
thís data is then entered into the HEC-I model to deter:mine the flows

a-for various hydrologic events.

The hydrologie data for each situation investigated in tTrÍs report
is used. in a comparison with existing conditions. For this reason, the
info:rrnation obtained from the models will not be deseribed heren but
will be discussed in the various seetions of this report to which they
apply. appendix C includes tabLes of the data obtaj-ned from the IEC-I
hydrotogic model,
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V. BADGER CREEK IMPROVEMENTS

A. Existing Conditions - Phase I

One of the first goals of the Rock Lake Flood Control Association
was to improve the outlet conditions along Bad.ger Creek. In 1984, the
Towner County !ùater Resource Board. decided to proceed with a cfeanout of
Badger Creek rather than aÈtempt major channel modifications. This
would allow the Board to implement the project sooner and. without the
requirement for a state permit. This proposed cleanout from the north
end of Rock Lake into Canada will be considered. as Phase I.

Initially, the investigation agreement for this report was developed
with the intent to review existing hydrologic and hydraulic conditions,
and to consider possible channel improvements. Considering the actions
taken by the Towner County Board regarding Badger Creek, the intent has

been changed to refl-ect the proposed cleanout. The investigation will
now revíew the existing conditions, pri-or to 1984, and evaluate the
impacts of the proposed channel cleaning to provide the Board with the
necessary information to continue the planning of the project.

Currently, Badger Creek is sil-ted in and clogged with vegetation,
reduci-ng its effectiveness in removing floodwaters from Rock Lake. The

proposed cleanout consists of the re-establishment of an adequate channel
gradient comparalrle to conditions prior to sedimentation and vegetation.
This wil-I be completed by the removal of sedj-ment and obstructions to
fl-ow along the natural- channel from Rock Lake into Canada. It is
estimated that this wiII require cuts ranging from I to 2 feet. The

current design calls for a slope of 0.OOO2 ff/ft, and 2:1 side slopes.
The proposed bottom width from Rock Lake to the confluence of Badger
Creek and Armourdale Coulee is 30 feet. The remaining portion of Badger
Creek to the border has a proposed bottom width of 36 feet.

Considering the ì-mprovements implemented. in 1984, there are two
remaining areas along Badger Creek that require cleaning for the com-
pletion of the proposed Phase I project. The first of these areas lies

-t_3-



al-ong Badger Creek from the north end of Rock Lake to its confluence
with Armourdal-e Coul-ee. The majority of this is covered. by Fish and
Witdlife easements. Currently, the information relating to the proposed
cl-eanout has been given to the U.S. Fish and I{ildlife Service for their
review. Because of the easements, it may be necessary to reduce the
bottom width of the proposed cleanout in some areas to prevent any
violation of the easements.

The second area is along Badger Creek in Canada which requires a

cleanout in order to provide for an adequate channel gradient. Meetings
were held wj-th Canadian official-s in 1984, and again in January of 1985,
to discuss these areas. Presently, they appear to be receptive if
improvements are mad.e into Canada for a distance of ahout l-7,000 feet.
This distance \4/as requested by the Canadj-an farmers to reduce some of
the f1ooding problems they have suffered.

As outlined in the j-ntroduction there are several specific areas
that should be addressed when considering flooding in the Rock Lake
area. Each will be addressed separately beginning at the most upstream
area.

B. Armourdale Diversion

This area is located along the channel into which Armourdale Cou1ee
was diverted with the establishment of the Rock Lake National ?üild]ife
Refuge. This channel flows into the western portion of Rock Lake.
Since the channel i-s very flat, the effects of fl-ooding are primarily
the result of the \^/ater elevations in the refuge. The reservoir that
affects this area is located. west of the City of Rock Lake and on the
v¡est side of the roadway leading north from the city. This reservoir
will be referred to as the Western Rock Lake Reservoir. The only impact
from Phase I on this area is a slight improvement in water elevations
described in the next section.
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C. Western Rock Lake Reservoir

The ülestern Rock Lake Reservoi-r is located as outlined in Sectíon
V-B and is approximately 2 miles upstream from the refuge dam as shown

in Figure 5. the fluctuations in el-evation that occur behind this
roadway are greater than those occurring at the refuge dam. This
prompted the selection of this site as a controlling reservoir in the
hydrologic model. The concern at this reservoir is that existing con-
ditions are such that water frequentJ-y overtops the roadway or control-.
Consid.ering the size of the refuge spillway, the remaining area of Rock

Lake downstream from this roadway was considered as a single reservoir
for modefing purposes.

The data obtained from the HEC-I hydrologic model- indicates that
the onJ-y impact of the Phase I improvements is on flooding that occurs
during snowmel-t events. Thi-s impact is the result of the J-owering of
backwater conditions as Rock Lake downstream recedes at a faster rate
from its improved outlet conditions. The reduced backwaters result in a

reduction in the number of days in which the !'Iestern Reservoir is at or
below el-evation 1530 msl. This reduction ranging from 2 days at 1530 to
6 days at 1528.

The impact of Phase I on reservoir discharges shows only minor
increases during snowmelt. These account for the reduction in durations
at the lower elevatj-ons. The peak discharges and maximum el-evations
remain unchanged. v{ith the roadway overfJ-ow elevation at approximately
1532 msl, the roadway is overtopped on all- events, except the lO-year
rainfall, and would receive no benefits from Phase I-

D. Rock Lake

The flooding situation near Rock Lake proper is the largest area of
consideration. This flooding occurs from backwaters along small in-
flowing creeks and in low lying areas near the lake, primarily to the
vrest. Approximately 61000 to 7,000 acres of land are affected d,uring
major flood events. These ftood.ed areas are shown on Figure 3. From
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historical records, major fJ-ooding begins when the level of the lake
reaches approximately 1528.5 msl.

The resufts from the Phase f improvements appear to be significant
(See Appendix C). The time period in which the flooded l-ands in the
Rock Lake area are ínundated is red.uced on various events and elevations
from 3 to l1 days. The effect of the project on the maximum elevation
attained by Rock Lake, however, is not significant, with a reduction of
only about O.2 feet. The reason for this is that inflov/s occur over a

relativel-y short period of time v/hen comPared to the capacity of the

outlet to remove these f]oodwaters. the waters flowing into the lake
are stored, resulting in the high lake elevations, and then released at
a much slo!,/er rate. Phase I aPpears to provide for improved removal

conditions, though it does not increase flood protection. The result is
that floodinq will still occur, however the duration wil-I be reduced-

An area-capacity curve for Rock Lake is shown in Figure 6.

The reduction in fl-ood duration apPears to be the most important
benefit of phase I. Considering that flooding begins to occur at about

1529 msl level-, only minor flooding occurs on the lO-year rainfall
event. All other events would result in what could be considered

serious flooding. As noted, the major floods occur primarily during
spring runoff. Using the 25-year snowmelt as an example' the fl-ood

duration is red.uced by 7 d,ays. This reduction relating to elevation
1528.5 is illustrated in Figure 7.

A possible problem created with the more efficient removal of
waters from Rock Lake is increased peak discharges into Badger Creek.

These changes ranging f-,t 22 to 35 percent will be add'ressed in the

next section.

The elevation-discharge curve for Rock Lake was developed using the
HEC-2 hydraulic model of Badger Creek from the north end. of Rock Lake to
the Canadian Border. The HEC-2 model uses cross-sections' slopes, reach
lengths, crossings, and given channel conditions to determine the water
surface profile along a \^/atercourse.

-r1 -
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Badger Creek was evaluated. for various flows under both existing
and. improved (Phase I) conditions, to determine the elevations that
occur on Rock Lake for a given discharge into Badger Creek. The start-
ing elevation for Rock Lake was set at 1526.4 msl, based on preliminary
surveys. The elevation-discharge curves for existing and Phase I con-
ditions shown in Figure 8 illustrates the improved removal efficiency of
Badger Creek.

E. Badger Creek

This portion of Badger Creek is approximately seven miles in
length, beginning at Rock Lake and proceeding north to the Canadian
Border. As outlined in the previous section, Phase I results in in-
creased peaks from Rock Lake into Badger Creek. The HEC-2 model was

used to analyze the effects of these increases. A reviev/ of this model
indicates that even though the peak flows are increased there wiII be no

stage increases. In facL, in some locations the stages are actually
reduced by the improved channel conditions. On the larger events, there
were no signifj-cant changes in the maximum flood elevatj-ons from exist-
ing conditions.

Another effect of the increased fl-ows is a change in fl-ow dura-
t- ns. Some durations will be reduced and some increased by the removal
of a larger vofume of v¡ater during the increased durations of higher
discharges. This is illustrated in Figure 9, which shows the discharge
hydrographs for Rock Lake on the 25-year snownelt.

Badger Creek can carry 120 cfs within its banks to its confluence
wj-th Armourdal-e Coulee, and from l-40 cfs downstream to the Canadian
Border. There are some low areas that are flooded at this level,
however, they are inundated during even small flows. After construction
of the Phase I improvements, Bad.ger Creek should handl-e 140 cfs to the
confl-uence, and -.i cfs to the Canadian border, before similar flooding
occurs. Using these in-bank flow capacities, Figure 9 shows Phase I
resulting in approximately a 2-day
flow.

decrease in duration of overbank

-20-
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The major increase in peak flows on Badger Creek occurs only ín the
area between the north end of Rock Lake and its confluence '.th the
Armourd.ale Coulee channel. At this point, increases in peak flows
decrease to about 6 percent at the Canadian Border (See Appendix C) -

The impacts along this portion of the creek from the increased peaks and

fl-ow durations are not significant. Vüith the improvements in place
there are no stage increases and the duration impacts are minimized by
improved flow conditions and decreased durations in overbank flow.
The changes in the 25-year snowmelt hydrograph at the Canad.ian Border
are illustrated in Figure 10.

F. Canadian Border

Probably the most important concern Èo be addressed by this project
is the impact that Phase I will- have on the flows at the Canadian Border.
The Canadians have expressed their concern over increased flows and

probabiJ-ity of flooding resulting from this project. Their concerns are
not limited to Badger Creek, but also include the Pembina River. Recently,
the Canadian officials have been willing to discuss the improvements to
Badger Creek, if several items \¡¡ere considered. These includ.ed a com-

plete study of the Rock Lake tr{atershed to evaluate the impacts on flows
that this project would have. The second is possible improvements to
areas along Badger Creek on the Canadian side to improve flood conditions
in these areas. At a recent meeting, they anticipated that these
improvements woul-d include a channel cleanout of approximately 17,O0O

feet.

The hydrologic d,ata shows that increases in peak flows from about
6 to 9 percent can be expected from the implementation of Phase I. Due

to the timing of the watersheds near this area, the peak flows into
Canada are not the direct result of discharges from Rock Lake. The

discharges from Rock Lake tend to follow the downstream watershed peaks
and have a greater impact on the duration of flows rather than the
peaks, as illustrated in Fignrre 10.
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Considering the channel capacity of I40 cfs through this area,
unchanged from Phase I, there is an additional reduction in duratíon of
overbank flow of approximateLy 2.5 days on the 25-year snowmelt, as

compared to Phase I (Figure 13). It should be remembered that Phase I
did not impact the peak stages in this area of the creek. The improve-
ments negated the impacts from the increased flows and the total fl-ood
duration as stated was actually decreased. The reduction in overbank
flow is increased fl-ood protection provided by Phase II. The decrease
in total flow duration may afso be a benefit in some areas for main-
tenance or other purposes.

At the point where Badger Creek combines with the newly d.iverted.
Armourdale Coulee, the impacts become of some concern. At this loca-
tion, the peak fl-ows increase 44 percent on snowmelt and 48 percent on

rainfall. The 25-year snowmelt hydrograph at the Canadian Border is
shown in Figure 14. The increases resulting from the diversion could
cause major problems along the creek. These increased peak flows would
resul-t in peak fl-ood stage increases of 0.2 to 0.5 feet for a period of
two to three days. Without adequate maintenance of the improvements,

serious problems coul-d result.

A review of the overbank flow conditions indicates a decrease of an

additional 2 days, on the 25-year snowmelt, when compared to Phase I
(Figure 14). The impacts to this area wilL not be an improvement over
existing conditions nor those after the Phase I project. The unimproved
downstream now become of greater concern than they had been under the
smafl- increases in flows resulting from Phase I.

F. Armourdal-e Couf ee

The diversion of Armourdale Coulee into its original channel raises
the question of its capacity to carry these fl-ows. A review of existing
conditions shows a capacity of J-20 Eo 27O cfs, depending upon where the
bank conditions are defined. The bank locations appear to be located, at
the I20 foot cfs level-, however, there is a sharper bank rise occurring
near the upper level. The width of the flows is over 900 feet at the
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upper l-evel and is considered excessive. If the channel were improved

using the same criteria as that used for Badger Creek, 3O-foot bottom
width and 2:l side slopes, the capacity of the creek is improved to
around 150 cfs at the lower level- to 340 cfs at the upper level.

The hydrologic study indicates that flows from the diversion are in
excess of these channel capacities on afl events. A sumnary of these
flows is given in Table 2, and reflect the diverted flows and not the
peaks that would occur at the confluence with Badger Creek. These flows
could. be passed through this arear but not without the flooding of a

Iarge area along the coulee, presently protected by'the existing diver-
sion. There would also be an increase in the duration of flows where

now there are only local flows in this channel.

TABLE 2

Peak Flows (cfs) at Point of Diversion
for Armourdale Coulee

Rainfall- Snowmelt
Event O (cfs) Q (cf s)

100
50
25
IO

740
560
430
300

560
430
330

Reviewing the possible flooding that could occur, it appears as

though about 3200 feet of Armourdale Coulee would be affected by in-
creased flood.ing. This is compared to the f6O0 feet presently impacted
along the existing diversion channel. Presently, this portion of
Armourdal-e Coul-ee is not adequate to handle the diversion flows, and

without significant improvements woul-d still be inadequate. A portion
of the 32OO feet froods under present conditions, Figure 3, and would

continue to flood after Phase I, but conditions would be greatly aggra-
vated by Phase II.
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Because of the problems that arise with the Phase II project, a

detailed cost estimate was not completed. The costs, however, would, be

comparable on a per mile basis wiÈh the Phase I improvements, with the
exception of the removal of the existing dike and the construction of a

diversion dike to the south.

G. Canadian Border

The most significant impact of Phase fI at the Canad.ian Border is
the increase in peak flows. The duration of these flows and their
potential for increased flooding and. flood stages is of concern.

The snowmelt conditions show a greater impact from flow durations
than rainfall with increases of 1 to 3 days of flow over existing peak

conditions. This is significant when consid,ering flood potential even

on the improved portions of this channel. The flood stages through this
area would increase in the range of 0.4 to 0.8 feet, with the improve-

ments. This based on the previously outlined channel capacities. There

is a d.efinite need. for further information al-ong the Canadian reaches to
make a more detailed evaluation of the impacts from Phase II.

The data indicates that without the channel improvements the over-
bank flow duration would be reduced approximately 3 days. as illustrated
in Figure 14. With improvements the duration is red.uced. by approximately
6.5 days by phase II as compared Lo 4.5 days under Phase I. This red'uction

in duration occurs directly from the increased volume removed. during
peak flows, Figure 14, which could be more damaging than the improvements

from the duration change.

H. Downstream Canadian ImPacts

The changes in the overbank fl-ows from the Phase fI project for the
downstream areas in Canada are given in Table 3. This data shows that
in att cases except one, Phase fI wil-I resul-t in an increase in the
duration of overbank flows. When compared to the impacts from Phase I'
Table f, the changes are that now aII of the rainfall events will result
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in increased overbank durations whereas, before only the 100 and 5O-year

rainfall events had this impact. Snowmel-t conditions are not affected.

TABLE 3

Rainfall - Snowmelt Overbank Durations
Downstream Badger Creek in Canada V

(Approximate Duration in Days)

Rainfall Snowmelt
Event Exis Phase II Difference E:<istinq Phase II Difference

100 I1 -1

50 +1

25 +2

10

L/ Channel capacity estimated at 575 cfs.

The increases in peaks at this point are consid,ered. the same as

those at the bord,er. These peaks wou1d result in increased flood stages
based on preliminary data, ranging from 1.2 feet on the smaller events
to 0.6 feet on the larger events, This is significant increase and

until further studies are done along this reach of Badqer Creek, the
project's impacts remain a problem that need to be considered, in more

detail.

With the Canadian concerns extending to the Pembina River, the
impacts of the Phase II project should be reviewed with a complete model

to the Pembina River. The development of an expanded model would in-
clude alt the necessary data to complete the IIEC-1 hydrologic model to
the Pembina River and to complete HEC-2 hydraulic mod.el of Badger Creek
through this reach, along with gauging information on the Pembina River.
The d.ata that is available for ttris reach of Badger Creek is preliminary
in nature and is not sufficient for a more detailed investigation.
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VII. SUMMARY

A. PhaseI-Summary

The first goal of the Rock Lake Flood Control Association was to
improve the flow conditions along Badger Creek. The proposed cleanout
of Badger Creek, known as Phase I, consists of the cleaning and re-
grading of the creek from Rock Lake to the Canadian Border and several
mil-es into Canada. In 1982, the Association requested the Towner County
Water Resource District to establish an assessment district for Badger

Creek. This district was voted on and approved in May 1985.

With the creation of this district, the Towner County Board has
established a method of financing for the Phase I project. It was the
originat intent of the investigations agreement to develop preliminary
cost esti¡nates, however, the Board has, with the development of the
assessment district, determined its o\^/n cost estimates. For this reason
no estimates were prepared for this report.

Phase I wil-I have little impact in the area al-ong the Armourdale
Coul-ee diversion channel with the exception of a several day decrease in
flood duration on snowmelt runoff. The additional drawdown during
snowmeft occurs in the fower discharge ranges and is not large enough to
affect the flooding of the roadway leading north out of the City of Rock

Lake. Therefore, the roadway would receive no benefits from this project.
fn order to improve the conditions at this roadway, it will probably be

necessary to improve the capacity of the culverts; the extent of which
would need to be investigated.

The majority of the benefits provided by Phase I occur in the Rock

Lake area. The reduction in flood duration is considera-ble, ranging
from 6 to 7 days, based on the l-529 msl- fl-ood. elevation. The maximum

elevations show only minor reductions. This means that the areas cur-
rently flooded wil-l continue to be flooded only the duration of the
flood will be reduced.
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The cleanout of Badger Creek causes increased discharges from Rock

Lake. These do not result in significant impacts along the creek con-
sidering the Phase I improvements. There would be no increase in peak

flood Stages, however, Some level-s would have an extended duration. As

a result, upstream from the confluence with Armourdale Coulee there
would be a 2 to 4-day reduction in overbank fl-ows.

Be1ow the confluence, the peak discharges increase about 6 per-
cent. lrlhen compared to the improved channet conditions to the border,
these peaks result in no increase in peak flood stages. The overbank

flow durations range from no change to a decrease of 4 days.

The peak discharges that occur at the border are not the result of
increased discharges from Rock Lake. The discharges from the l-ake

generally follow the downstream peaks and have a greater influence on

the durations. The increases that do occur are more the result of the
improvements from the confluence to the border than those leading back

to Rock Lake-

At the canadian Border the impacts from Phase I are similar to
those just south of the border. The change in duration of higher flows
and increased peaks cause little or no change in flood conditions. Ot¡er-

bank flows are reduced from l- to 4 days on rainfall' and 5 to B days on

snowmelt.

The downstream areas in Canada that are unimproved will have only
minor impacts from Phase f. Based on preliminary data, the peak stages
could be increased by + 0.1- feet.

The duration of overbank ftow in the unimproved reaches would
increase in the range of from I to 3 days, on various events. A closer
revie\^r of the channel may indicate that the increase in overbank flows
would not result in any downstream impacts. As noted before' as Badger

Creek fl-ows into Canada, its channel becomes more and more defi-ned and

its capacity increases.
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The increased peaks from Phase I do not appear to be as significant
as the changes j-n duration. AJ-so, due to the lack of detailed topo-
graphical data in Canada, the peaks on Badger Creek at'the end. of the
improvements proposed by Canada \^¡ere not computed. For the purposes of
this report the flows computed are those that occur at the border. The

downstream watershed to the end of the Canadian improvements woul-d add

approximatety 12 square miles to the total drainage area. If data were

obtained for other downstream areas, the HEC-I hydrologic model- could be

extended to the Pembina River.

impacts from Phase I south of the border would be aThe

decrease in peak flood stages and an increase in duration of
slight
some higher

stages. The channel improvements more than compensate for the 6 percent
increase in peak flows. I^Iith the channel capacity being about 160 cfs.
phase I results in a decrease of approximately 2 days in the duration of
overbank flow on the 25-year snowmelt (See Figure l-0). V{ith the pro-
posed. improvements on the Canadian side, Phase i has even less of an

impact on overbank flow as will be addressed later.

The increase in duration of the higher flows resufts in the main-
taining of slightly higher stages for a period of time. These stages
are however, lower than what would have occurred under existing condi-
tions. Therefore, their jmpacts are Iess significant than they may

appear.

As Badger Creek enters Canada, its channel becomes more defined
than that south of the border. This increases the in-bank flow capacity
from a level of about 300 cfs, und.er unimproved conditions, to about 425

cfs under improved conditions. Because the lar'-er change in flow capacity,
it was necessary to evaluate the overbank flow conditions along this
portion of Badger Creek, considering the increased capacity from the
improvements. As shown in Figure 10, the reduction in overbank ffow is
a direct result of the channel improvements. The actual duration of
overbank flow is reduced approximately 4.5 days, however' without the
i:nprovements, the duration wou1d remain unchanged.
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G. Do\^/nstream Canadian Impacts

Badger Creek downstream from the proposed Canadian improvements is
of concern with the increased, flows and peaks. A review of available
data shows that the channel slope has increased to about 0.0005 ft/fL as

compared to 0.OOO2 ft/ft up to this point. An analysis of the channel
indicates that bank ful-I cond.itions range from 450 to 520 cfs for a

poorly maintained channel. Because of the steeper gradient, the channel
conditions are probably improved over the previous areas, and bank full
cond.itions are probably closer to 650 to 700 cfs. Further surveys may

be necessary to more clearly define the capacity of this channel in
Canada. This cc : be completed with the review of the proposed im-
provements in Canada and the continued. development of this project.

Considering an average flow capacity of 575 cfs, the 25-year snow-
mel-t conditions woul-d result in a slight increase in duration of over-
bank flow (See Figure 10). Reviewing the hydrologic model specifically
for 575 cfs, the d.urations changes range from a l-day reduction, to a 3-
day increase. This data is reflected in Table l. These are not con-
sidered significant changes and a cl-oser review of the channel conditions
may indicate these flows to be within the channel- banks or limited
floodplain. Preliminary data indicates that as Badc-r Creek continues
toward the Pembina River, thaÈ it continues to increase in size and the
gradient improves.

TABT-E 1

Rainfall - Snowmelt Overbank Durations
Downstream Badger Creek in Canada 1/

(Approximate Duration in lays)

Rainfall Snowmelt Event
Existing Phase I Difference Existing Phase I Difference

100
50
25
10

6
3
2
0

3
2
2
0

+3
+1

0
ar

L2
7
4

11
I
6

1
+1
+2

L/ Channel capacity estimated at 575 cfs.
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The increases in peaks do not signiElgeet1Y. incre.ase the f,Iood

stAges that. ocrcur at this point," The increases of 6 to 9 percent are

eonsidered small when compared to the sìz,e of the hydroloEic rnodel and

vratersheds from which it was developed.. Also, the peaks occurríng at
this point on Badger Creek, are not the result of Èhe discharges from

Rock Lake. The inerease in peaks is rel-ated to the improvernents tÕ the
d.ownstrean por:tions of Badger Creek and not Èhose areas near Rock Lake

itseIf,.

It is important to realize tlrat the proposed chanç¡es are only a

cleanout of the existing ehannel and had the channel been maintained'

¡rroperly over the years, these changies would actual-ly reftreet the exist-
ing conditions.
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VT. ARMOURDALE COULEE DIVERSION

A- Existing Conditions - Phase II

The second major goal of the Rock Lake FÌood Control Association
was to re-divert Armourdale Coulee back into its original channel; which
joins with Badger Coulee about Èwo and one-hal-f miles south of the
Canadian Border. In its present state, the coulee has been diverted by
the construction of a three-quarter mile long dike approximately 4 to 5

five feet in height. The l-ocation of the dike is shown in Figures 2 and
q

The dike, constructed in L932 as part of the Rock Lake National
Wil-dlife Refuge, has diverted all fl-ows since then, \^/ith the exception
of the 1949 spring flood. The thirty-three square mile watershed of
Armourdal-e Coulee that was diverted represents approximately 33 percent
of the total watershed and volume presently fJ-owing into the trnlestern

Rock Lake Reservoir.

The diversion reviewed, in this report will be a complete re-diversion
of all Armourdal-e Coulee flows and will be known as Phase II. This
project is considered the second portion of the proposed flood control
project for Rock Lake. Therefore, Phase II as compared to the existing
conditions is the result of the completion of both Phases I and II. The

incremental changes from Phase II over Phase I would require a comparison
of the two phases. Some brief comparisons will- be made in this rePort
where they are beneficial- in describing the impacts from Phase II-

The dj-version of Armourdal-e Coulee woul-d. require the removal or
opening of the dike to allow fl-ows to pass into the original channel. A

problem arising from an attempt for a complete diversíon is that after
50 years of d.iverted. flows the southern channel is more defined than the
original channel to the north; thus, creating a partial diversion
situation simíl-ar to what existed. prior to the construction of the dike,
with the exception that the primary flows would be to the south. A

complete diversion woul-d require the diking of the southern channel,
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along with improvements to the original northern channel.

Vlith the probalcility that a complete d.iversion may not be accept-
able, there may be the possibílity for construction of a partial diver-
ion. Because of the requirements for evaluating a partial diversion, it
was determined that a review of this option was outside the scope of
this investigation. A partial- diversion is a complex situation that
woufd have to be studied in more detail, and data that is availabl-e is
not adequate for such a study.

Because the various areas subjected to flooding were previously
defined. in Section V, only the resul-ting impacts from the completion of
Phase II will be addressed in the following sections.

B. Armourdal-e Diversion

The diversion of Armourdale Coulee into its original channel will
result in a significant improvement to conditions along the existing
diversion channel. Vüith a complete diversion, the flows through this
area would be reduced to only local inflows. As noted before, however,
the diversion would not be complete \^Tithout the diking of the south
channel- The primary cause of flooding i-n this area is the backwater
from the Western Rock Lake Reservoir. The effects of the Phase II
project are therefore, reflected in the next section-

C. Western Rock Lake Reservoir

The i-mpacts of the Phase fI diversion on the duration of given
elevations of the lfestern Rock Lake Reservoir range from a decrease of 2

to lO days. The size of decrease being dependent upon the elevation and

event (See Appendix C). The primary consideration here is the roadway

Ieading north out of the City of Rock Lake. The Phase II diversion
results in this roadway remaining dry through almost a SO-year rainfal-I
and 25-year snowmelt event, whereas under existing conditions it is
overtopped on anything greater than a lQ-year rainfal-l. The remaining
events show that the durations of the water remaining over this road.way

are reduced from 2 to 3 days. This reduction in duration improves the
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flooding situation along the diversion channel and around the reservoir.
Figure 11 compares the effects of Phase II and Phase I on the 25-year
snovønelt. At elevation 1530, Phase II results in approximately a 5.5
d.ay reduction in flood duration. Phase I resul-ted in a 2-ð,ay reduction,
but had no impact on the duration of flood,ing of the roadway.

The changes in maximum el-evations obtained on
from 0.2 f.ee:u to 0.7 feet. Figure ll- shows a 0.45
25-year snowmelt. The diversion al-so resul-ts in a

in the maximum discharges. These range from 2l- to
existing conditions.

this reservoir range
foot reduction on the
significant reduction
48 percent less than

The peak infl-ows remaì-ning unchanged from existing conditions
indicate that the peaks are not the result of the l-932 diversion of
Armourdale Coul-ee. The diverted flows tend to precede the peaksr rê-
ducing the available storage, thus increasing the durations and resul-tant
peak discharges from the reservoir. The reduction in flood duration and

reduced discharges is a direct result of the diversion of 33 percent of
the watershed and inflows to this reservoir.

C. Rock Lake

As stated previously, flooding on Rock Lake begins at approximately
1529 msl. The decrease in duration of flooding from the completion of
Phase II ranges from I to J-O days (See Appendix C). A comParison with
the impacts from Phase I, Figure 12, shows on the 25-year snowmelt' a

reduction in durati-on of 7 days and with the eompletion of Phase II, an

additionaL 2.3 days. The general effect of the completion of Phase II,
compared to Phase I on the duration of flooding is an add.itional re-
duction of approximately 2 Lo 3 days.

The peak flows from the V'testern Rock Lake Reservoir reach Rock Lake

approximately 1 to 3 days behind the peak stages and discharges on Rock

Lake. The vol-ume of water that would be diverted by Phase II under
existing conditions nor^r reaches Rock Lake before it reaches peak stage.
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This diverted watershed represents approximately J-7 percent of the total
vol-ume of water reaching Rock Lake. The impact of the diversion on

these flows can be seen a slight reduction in peak stages ranging from
O.2 to 0.5 feet, which in itself is not significant and is only a minor
improvement over Phase f.

Phase fI resul-ts in increased discharges into Badger Creek ranging
from 7 to 4l- percent over existj-ng conditions. These increases are
generally 50 percent of those from Phase I with the exception of the 25

and lO-year rainfal-l- events. The increases from Phase I ranging from 22

to 35 percent. The effect is that there will be a general reduction in
peak discharges into Badger Creek from Phase II. This is il-l-ustrated in
the 25-year snownelt hydrographs in Figure 12.

The reductj-on in volume of water flowing j-nto Rock Lake not only
reduces the peak discharges, but results in a reduction in the duration
of discharges from the fake. The diverted water ís no longer maintain-
ing the elevation of the lake and the levels fal-l- more rapidly. This
effect occurs at the 1ower discharge and el-evation ranges.

Under exísting conditions, in the lower ranges, Rock Lake remaÍns
over el-evation l-527 msl for more than fifty days in most cases. After
Phase fI, as can be seen in Figure J-3, this duration decreases to near
40 days. This impact is not significant in the red.uction of the initial
flood, however, it would provide for additional flood storage in the
reduced lake efevation-

D. Badger Creek

The reductions in discharges, into Badger Creek from Phase II over
Phase I, result in a d.ecrease in flood stages. This occurs along that
portion of the creek from Rock Lake to its confl-uence with Armourdale
Coulee. These stages also show a decrease in duration from those re-
flected j-n the completion of Phase I.
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The Phase I project is a proposed cleanout to return Badger Creek

to its condition prior to the sittation and growth of vegetation that
has occurred over many years. The completion of the project will- re-
establish what would have been existing conditions had the creek been

maj-ntained- Therefore, ênV impacts from such a project would be those
that woufd have occurred naturally with proper maintenance.

B. Phase II - Summary

The second major goal of the Rock Lake Flood Control- Association
$/as to re-establish the fl-ows of Armourdal-e Coulee back into their
original channel. Conceptually, this would reduce the flooding along
the present d.iversion channel and on Rock Lake by reducing the volume of
water flowing through the system. Presently, no efforts have been made

to devel-op this project. This investigation report is an initial review
of the capability of the original channel to carry the proposed diver-
sion flows, along with the probable impacts of such a project.

The idea j-s to re-divert all- the flows from Armourdale Coulee,
presently flowing south, back into the northern channel. This would
require the diking of the southern channel. Flows having been diverted
for more than fifty years, the southern channel has become more defined
and would be the primary channel for flows without the new dike. Because

of the problems that would be created by a complete diversion, the
project's feasibility remains questionable.

The improvements along the existing diversion channel would be

timited. A complete diversion wou1d limit flows through thís area to
only J-ocal runoff. The problem with flooding would stilt occur, however,
since this area is fl-ooded by the backwaters from the lrlestern Rock Lake

Reservoir. With the decreased volume of infl-ow from Phase II' the
duratíon of flood.ing would be red.uced.

A problem created by the diversion is flooding along the original
Armourdale Coulee channel. with the capacj-ty of this channel at approx-
imately l-50 cfs, with improvements similar to those on Badger Creek,

-42-



this channel is not capable of carrying the flows from the diversion.
prior to the initial diversion in 1932 flows would split in the diver-
sion area. The limited capacity of the original channel reflects the
split flow situation in that not all the flows from Armourdal-e Coulee
flowed north or the channel would probably be better defined and have a

greater capacity.

The flooding of the original channel- would affect 3200 feet of
channel compared to l-600 feet on the present diversion. The latter
being flooded with or without the diversion. The lower portion of the
original channel does flood, but Phase I would solve some of this pro-
blem. The peaks from this diversion measured just before the confluence
with Badger Creek, show an increase of 23O percent. After combining
with Badger Creek, the peak increases are reduced to 44 lo 48 percent.
These peak flows are a serious problem and are a major drawback for a

complete diversion plan.

The i{estern Rock Lake Reservoir wil-l have a decrease in flood
duration of from 5 to 8 days at elevation l-529 msl, as a result of Phase

fT. This in comparison to Phase I which had no impact \^rith the exception
of a reduction on the snowme]t events.

The maximum elevations on the !{estern Reservoir are reduced from
O.2 Lo 0.7 feet. A direct result of the diversion of 33 percent of the
watershed presently contributing to this reservoir. The reduced water-
shed does not, however, affect the peak inflows. Therefore, the peak
infl-ows d,o not originate from the present Armourdale Coulee diversion.
The diversion flows currently cause higher lake elevations and more

frequent overtopping of the roadway. The reduced infl-ows and lower peak

elevations increase the protection of the roadway to about a SO-year
rainfal-l event where before only a lO-year rainfall- event would not
cause it to flood.

The impact of the Phase II project in the Rock Lake area is best
shown by a comparison with Phase I. The addition of Phase If results in
an additional 2 to 3-day reduction in flood duration at elevation 1529.
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The effect j-s noted in the lowering of l-ake levels primarily at the
lower discharge and elevation ranges. The more rapid decline in lake
elevations is a benefit, providing for ad.ditional fl-ood storage.

The peak discharges from Rock Lake on Phase II are only about one-
hal-f those resulting from Phase I, with the exception of the 25 and 10-
year rainfal-ls. These improvements over Phase f results in a slight
reduction of flood stages on Badger Creek. The total fl-ow duration is
reduced primarily at lower flow conditions, causing an additional-
reduction in overbank flows of t\^ro 2 to 3 days. The maximum elevations
attained by Rock Lake are not affected by Phase II.

The impact of the diverted Armourdale Coulee fl-ows on Badger Creek
at their confluence is an increase in peak flows of 44 to 48 percent.
Even with the improvements in p1ace, the flood stages could be increased
from 0.2 Lo 0.5 feet. The overbank flows on Phase II are reduced by one

additional day or remain unchanged from Phase I.

At the border the increases in flood stages range from 0.4 to 0.8
feet with the improvements. The overbank flow conditions remain rela-
tively unchanged from Phase I. The peaks that occur here and. south of
the border are maintained above the pre-project peak levels for 2 Lo 3

days. This is a direct result of Phase II, as the changes from Phase I
were minor.

The main problem with Phase II is its impacts on the Canadian
portion of Badger Creek that is unimproved. The increased peaks could
cause increased flood stages of from 0.8 feet on large events to 1.2
feet on small- events. This type of stage increase, with a 4-day in-
crease in duration over existing peak levels, could cause serious
flooding. If this project is to be considered further, there is a need
to obtain more d.etailed information. A complete model to the Pembina

River is necessary to evaluate the impacts of the Phase II project.
Because of the problems with this project and the need for additional-
data, the recommendations for Phase II wil-l- be limited to suggestions
for a complete review of the project's intent.
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VIII. RECOMMENÐATIONS

A. Phase f

The Phase I project has a variety of benefi-ts. Most of the areas
affected by the project will receive benefits. Those areas impacted and

not benefitted show impacts that are not significant within the accuracy
of the model. The potential problems are smal-l- and not considered
significant.

With the project proceeding at the l-ocal level, it is recommended

that the Towner County Water Resource Board continue to work for the
completion of this project. After a complete review, there would appear
to be no problems created by the project that should prevent its com-

pletion.

There are, hovrever, several- issues that need to be settled. before
construction on the remaining portions of the project can begin. The

first is to resolve the issue of channel improvements and impacts in
Canada. This investigation indicated that the improvements in Canada

are an integral part of the Phase I project if it is to work effec-
tively. These improvements would result in a significant benefit to
those areas that are to be improved. The areas downstream from the
improvements al-so would not be adversely affected by the construction of
this project.

With the moratorium that is currently in p1ace, it is recommended

that the Towner County i^later Resource Board develop an agreement with
Iocal Canadian Government Official-s for the construction of the project
and the improvements in Canada. A compteted copy of this negoti-ated.

agreement should be sent to the State Engineer and the North Ðakota
State Water Commission before construction begins.

The second area that requires negotiation is along Badger Creek
from Rock Lake to its confluence with Armourdal-e Coulee. This area is
presently covered by numerous wil-dlife easements. An agreement should.
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al-so be developed with the U.S. Fish and l¡lildlife Service for work to be
completed through these easement areas. The present position of the
U.S. Fish and Wildlife Service is that they wil-f not oppose the proposed
project if the easements are not violated. and a level is established for
Rock Lake. If the easements are to be affected, mitigation of the
impacts would be necessary.

It is recommended that the Towner CounÈy Board pursue the estab-
lishment of a level for Rock Lake through the State Engineer.

The Phase I project will provide benefits to those v¡ho are pursuing
its implementation. The hydrologic models that were developed for this
project are availabl-e to the local Board for the esta-blishment of a
water management pJ-an for the Rock Lake Basin. The data will al_so be
useful to analyze any future changes in the watershed for other projects
that may be considered at a later time.

B- Phase Il

The Phase lI project presents serious problems. There are benefits
to some areas, however the impacts in others are significant. The in-
creased flooding and stages along the original ^Armourdale Coulee channel,
and along Badger creek, are a major problem. The data that is presently
available is not adequate to completely evaluate the specific J-mpacts of
the Phase IT project.

The Phase II project as currently proposed, is not recommended.
ülith the problems of increased f1ooding it would create and the unknowns
that have yet to be considered, the project is not sound and. should not
be implemented. It is recommend.ed. that if the Board still wishes to
pursue the option of a diversion that it discuss other alternatives
along with the total d.iversion option. Because the Phase II project is
not recommended, no detailed cost estimates were developed. rmprove-
ments to the channel similar to those of Phase I, would be comparable in
cost.

-46-



The primary benefits of the Phase II project are the protection of
the existing diversion channel, and reduced impacts on the lrlestern Rock

Lake Reservoir. The existing diversion channel- does benefit from the
diversion though flooding in this reach wiII stil-l occur from the back-
waters of the !'lestern Rock Lake Reservoir. This situation lends itself
to the partial diversion al-ternative that could both reduce the flows in
the existi-ng d.iversion and those diverted into the original channel.

The roadway at the reservoir outlet does benefit from the Phase II
project in the form of reduced inflows and vol-umes. This benefit would
be reduced on a partial diversion alternative. Another alternative
would be to provide for decreased fl-ood durati-on on the present diver-
sion channel and the reservoir by increasing the capacity of the cul-verts
through the roadway to acconunodate the flows. There may also be a
limi-ted benefit in the raJ-sing of the roadway to reduce some of the
problems. Though this could compound. backwater flooding of the diver-
sion channel and the reservoir. The increased culvert sizes coul-d
affect the main portion of Rock Lake; the extent of which would need to
be investigated.

The impacts on Rock Lake from Phase II are not significant and. the
changes reflected in a partial diversion wou1d not greatly change the
existing conditions after Phase I. The outlet portion of Badger Coulee
would also note little or no change. The impacts of a partial diversion
alternative woul-d depend upon the amount of the diversion and woul-d. need
to be eval-uated.

The recommended solution for additional fl-ood improvements beyond
the implementation of the Phase I project are as fol-l-ows: First, because
of the expense involved. in a d.etailed investígation of a complete or
partial diversion it is recommended the Board complete Phase I and then
address the need for additional improvements.

Secondly, if they feel improvements are still necessary it ¡-s

recommended tliat they give first consideration to improving the capacity
of the crossing at the tr{estern Rock Lake Reservoir. This would be a
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less costly alternative than the suggested diversions. It is recom-
mended that even if the Board wishes to wait for further irnprovenents
that they rêno\¡e the :restri tions to floW that c-r.rrrentty exist at this
crossinE, This. alone wol¡,Id lrnprove existing conditions.

As a final option, the Board could consid.er a complete investi-
qiation of the diversion aIÈe.rnatives. ¡\s !üas previously mentioned, this
would require the obÈaining of a larger amount of data¡ similar to Èhat
gathered for this report, to compJ.ete this investigation. This study
would also take more time than the other alternatives wtrich could be
implemented rnore guickll' and may p:rovide for simitar benefits at less
expense-

-49-



October 7, 1982
Sl{C Project # l7c7

APPENDIX A 4.q_B.åqu.q{r
Investigation of Badger Creek

and Arrnourdale Cou1ee

THIS AGREEMENT is between

hereinafter refe¡red to as the

Engineer, Vernon Fahy; and the

hereinafter referred to as the

Warren Anderson.

I. PARTIES

the North Dakota State Water Comrnission,

Corunission, acting through the State

Towner County Water Resource Board,

Board, acting through its Chairman,

II. PROJECT, LOCATION AND PURPOSE

The Board n'ishes to have a study done of the ability of Badger

Creek and the lower reach of Arr¡ourdale Coulee to handle flows. The

purpose of this investigation is to gather prelininary infornation to
deternine what can be done to irnprove flow conditions along Badger Creek

and whether the lower reach of Annourdale Coulee can handle the flows

which used to flow in its channel but are now diverted into Rock Lake.

Surveys done will be of a prelininary nature. If an alternative mate-

rializes, and a set of plans for construction are desired, the surveys

would have to be expanded to include more detail.
Surveys along Badger Creek will start at the north outlet to Rock

Lake in the NE% of Section 28, Township 135 North, Range 66 West. Fron

here it vril1 proceed downstTeam along the channel until the point where

it crosses the U.S.A. - Canadian border. The survey along A:rnourdale.

Coulee will start in the Nl{% of Section 12, Township 162 North, Range 67

West where htater fron the coulee is diverted into Rock Lake. From here



.'

it will proceed downstreaÐ along the old channel until it neets with
Badger Creek in Section 7, Township 163 North, Range 66 West.

III. PRELIMINARY I}TVESTIGATION

The Parties agree that further info::nation is necessar)r concerning

the cpnditions of these channels and their ability to handle various

f1ows. Therefore, the Comnission shall conduct an investigation con-

sisting of the following:
1 Hydrologic investigation of the watersheds to dete::mine

flows;

Establish a baseline along each channel and do field surveys
necessary for an evaluation of the problen and a prelininary
design;

Prelininary design of channels and/or structures that nay be
found to be necessary to improve flows;

A Prelininary Engineering report to evaluate the problen,
reconmend possible solutions, and provide a detailed cost
estinate of any proposed alternative.

W. DEPOSIT - REFUND

The Board sha1I deposit a total of $2,000 with the Con¡nission to
partially defray the costs of the investigation. Upon receipt of a

request fron the Board to terminate proceeding further with the pre-

lininary investigation or upon a breach of this agreement by any of the

Parties, the Comnission shall provide the Board with a staterûent of all
expenses incurred in the investigation and sha1l refund to the Board any

unexpended deposit funds.

V. RIGTilS OF ENTRY

The Board agrees to obtain written pernission from any affected

2

3

4
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landowners for field investigations by the Comnission which are required

for the prelirninary investigation.

YI. IDEIVINIFICATION

The Board hereby accepts responsibility for and holds the Comnission

har:¡nless fron all clai¡ns for darnage to public or private property,
rights or persons arising out of the project and the travel to and fron
the project site by the Board or any of its subcontractors, agents or

enployees. In the event such a suit is initiated or judgement entered

against the Comnission, the Board will indennify the Comnission for any

settlement arrived at or judgenent satisfied. No indennification will
be required of the Board for claiurs resulting fron negligent acts of the

Comnission.

VII. CHANGES TO THE AGREEMENT

Changes to any contractual provisions herein vrill not be effective
or binding unless such changes are made in writing, signed by both

parties and attached hereto.

OFFTCE OF STATE ENGINEER
By:

VERNON FAHY
State Engineer

DATE:

TOIVNER COUNTY WATER RESOURCE BOARD
By:

WARREN AI{DERSON
Chainnan

DATE

WITNESS: WITNESS



APPENDIX B

I{HEREAS, thc Pcmblna Rlvcr, tn ¡ntGrnåtlonrl 3trc€m, dralns thousands of acres
of fcrtllo farmland ln canada cnd thc unltsd st.tcs; ånd

. YHEREAS. frcquent flædlng by thc ?srùlrrr Rlvcr has causcd the loss of human

llfe andmllllons of dollars ln drmagc and dcstroyed crcps, roads, bridges and
bui ldlngs.

NOl{' THEREFORE, BE tT RESOLVED that the North Dakota State Water Conmission
in lts ncetlng held ín Penùina, North Dakota, on this l6th day of ApriI,1971, by
vlrtue of the authority vested in it by Section 6l-02-14, North Dakota Century Code,

does hercby prohiblt and order the cessatlon of construct¡on of drainage structures
wlthln the Pembina River Basln wcst of Highway No. j2 in North Dakota.

BE lT FURTHER RESOLVED that this 0rder shall not apply to any legal drainage
project designed by engineers employed by any fcderal, state or local governrnental

cntlty which ls approved by the State ì,later Cqmission.
BE lT FURTHER RESOLVED that this Order shall remain in effect until formally

resclnded by the North Dakota State Water Cqnnlsslon.

BE lT FURTHER RESOLVED that a copy of thls Order shall be published in a

newsPaPer having general circulation within the Penrbina River Basin in North Dakota
and copies shall also be forwarded to all Cornty Cqrmissioners, Tov,,nship Supervlsors,
Water Hanagement Districts, Soil Conservation Districts and all local, state and

federal offìcials and agencies concerned with or having an interest in or impact
uPon the water and related natural resources within the pembina River Basin in
North Dakota, and to the Honorable Ed Schreier, premÍer of l.lanitoba, Canada.

FOR THE NORTH DAKOTA STATE WATER COI{I.IISSION:

(sEAL)

/TTTEST:

RESOLUT|0N 7l -t+294
Ordcr Prohlbltlng Dralnrgc lilthln

Thc Ponblna Rlvcr Brcln

Pembina, N. D.

stJc#567 X Flte l169
cl-4

H¡I o t/. Hoi sveen, Secretary

tr¡ I I ¡an¡ L. Guy, Governor- ha
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TABLE 1

Western Rock Lake Reservoir - Duration Data

Rainfall- Elevation - Duration
(Approximate Duration in Days)

Existing Phase I Difference
Even-- (Yr) 100 50 25 10 100 50 25 10 100 50 25 I0

El-evation

>1s32

> I53l
> 1530

> L529

> r_528

> L521

Max. El

Event lVr)

Flows (cfs)

> 900

> 700

> 500

> 300

> r00

5430
9814

15 L4 13 1l
22 22 21 19

31 31 30 28

Over 50 Days

L532.8 32.4 32.l_ 3l_.3

5430
9874

15 L4 13 tt
22 22 2I 19

31 31 30 28

Over 50 Days

32-8 32.4 32. r 31.3

ttNo

ttNo

ttNo

"No

t'No

Change "

Change"

Chang'e "

Change "

Change"

Rainfall Discharge - Duration
(approximate Duration in lays)

Existing Phase I

t'No Change"

Difference
100 50 25 10 l-00 50 25 l-0 100 50 25 10

000
100

300
430

1099

Over 50 Days

700 460 290

000
100
300
430

1099
Over 50 Ðays

700 460 290

0

0

0

0

5

L40

0

U

0

0

5

140

ttNo

ttNo

ttNo

ttNo

"No

Change"

Chang'e "

Change "

Changet'

Change "

Peak Flows

L-I

"No Changett



TABLE 2

lfestern Rock Lake Reservoir - Duration Data

Rainfall El-evation - Duration
(Approximate Duration in Days)

Existinq Phase II Difference
event (Yr)

Elevation

> L532

> 1531

> 1530

> 1529

> 1528

> Ls27

Max. El.

tivent ( Yr)

Flows (efs)

> 700

> 500

> 300

> I00

1000
3000
4300

10995
Over 50 Days

700 460 290 140

0000
0000
2000

r0973
Over 40 Days

500 240 160 I10

00-2-2

54303100-2-3-30
98747530-2-3-4-4

15 14 1_3 11 11 1085-4-4-5-6
22 22 2t t9 17 16 14 11 -5 -6 -7 -8

31 31 30 28 24 23 21 18 -7 -8 -9 -10

over 50 Days Over 40 Days

1532.8 32.4 32.1 31.3 -l_532.5 32.r 31.4 30.5 -0.3 -0.3 -0.7 -0.3

Rainfall Discharge - Duration
(Approximate Duration in Days)

Existing Phase If DÍfference

r00 50 25 10 100 50 25 r0 100 50 25 r0

100 50 25 l-0 100 50 25 10 l-00 50 25 r0

0

0

1

3

0

0

o

0

0

0-3-2

Peak Fl-ows

c-2

-29e" -482 -45e" -2Le"



3

western Rock Lake Reservoir - Duration Data

Snowmelt E1evaÈion - Duration
(Approximate Duratl-on ín Days)

Event (Yr)
Exiçti.ng .100 50 25

I.-nase 1 Difference
100 50 25 100 50 25

tion
> 1533

>1532

> 1531

> r.530

> 1529

>1528

>as27

Max.81.

Event (Yr)

Flows (cfs)

310
776

11 IL 10

L8 1.8 L7

27 27 26

37 36 35

over 50 Days

1533.2 33.0 32-6

100
300
420
542
765

14 11 10

Over 5O Days

1150 780 560

310
776

il10
16 16 15

23 22 22

30 30 29

ûver 50 Days

1533.2 33.O 32.6

100
300
420
542
765

J-4 13 13

Over 50 Days

11s0 780 s50

000
000
000

-2 -2 -2

-4 -4 -4

-7 -6 -6

Snowmel-t Discharge - Dr.¡.ration
(epproxi¡nate Dtrration in Oays)

Existing PNASE T
100 50 25 1CI0 50

"No Changie'r

Difference
100 50 25

> 1100

> 900

> 700

> 500

> 300

> 100

0

0

o

0

0

+2

0

o

0

o

o

0

0

0

0

o

0

+¿

0B 0È -2?,Peak Flows

c-3



TABLE 4

htestern Rock Lake Reservoir - Duration Data
fnto Lower Rock Lake

Snowmelt Elevation - Duration
(approximate Duration in oays)

Existing Phase II
ro0 50 25 r00 50 25

Difference
100 50 25Event (Yr)

Elevation

> 1533

> 1532

> 1531

> 1530

> 1529

> 1528

> 1527

Max. EI.

Event ivr)
Flows (cfs)

> 1100

> 900

> 700

> 500

> 300

> 100

310
776

1l- 1l_ r0

l8 l8 17

27 )''t )^

37 36 35

over 50 Days

1533- 2 33-O 32-6

r00
300
420
542
765

14 11 10

Over 50 Days

1150 780 560

100
653
997

14 13 L2

20 19 18

2'7 26 25

over 50 Days

1533. O 32.5 32.2

000
000
100
3r0
540

13 L2 1l_

Over 50 Days

780 510 290

-10 -10 -10

-o.2 -o.5 -0.4

Difference
t00 50 25

-2 -l_ 0

-1 -2 -3

-2 -2 -3

-4 -5 -5

-7 -8 -8

-1 0

-30
-3 -2

-2 -3 -2

-2 -2 -5

-1 +1 +l_

Snowmelt Discharge - Duration
(Approximate Duration in oays)

Existing Phase TI
100 50 25 l_00 50 25

0

0

0

Peak Flows

c-4

-32% -489. -48,6



TABLE 5

Rock Lake - Duration Data
Into Badger Creek

Rainfall Elevation - Duration
(epproxi:nate Dr.rration in Days)

Existinq Phase I Difference
Event (vr)

Elevation

> 1531

> l_530

> 1529

>L528

>L527

Max. El

pvent (Yr)

Flows (cf s)

>600

>500

> 400

> 300

> l_00

0000
10300
20 16 12 l-

32 29 27 23

>s0 >s0 48 45

1530.6 30. O 29.5 29.O

0000

100 50 25 l0 100 50 25 10 r00 50 25 10

000 0

07000-3-30
141170-6-5-4-1

2L 19 rl 13 -11 -r0 -r0 -10

39 38 37 34 > -11 >-12 -1r -9

3O.4 29.8 29.3 28.8 Reduction of Approx.
O.2t on aII Events

Rainfall Discharge - Duration
(Approximate Duration in nays)

Existinq Phase I Difference
100 50 25 10 l-00 50 25 l-0 100 50 25 10

000
000
800

13to
25 22 20

Over 50 Days

480 370 260

<r- 0 0

600

1050

L295
23 20 18

Over 50 Days

610 450 340

-1 +2 +5

U

U

0

U

L4

170

0

0

U

0

I4

230

(+t
+6

+2

0

0

0

0

0

U

0

0

o+5

-2-2-20

Peak Flows

c-5

+272 +22e" +31e" +35%



TASLE 6

Rock Lake - Duration Data
Into Badger Creek

Rainfall Elevation - Duration
(epproximate Duration in oays)

Existing Phase II Difference
Event (Yr)

El-evation

> r_s31

> 1530

> 1529

> rs28

> L521

Max. EI

Event (Yr)

Flows (cf s)

> 500

> 400

> 300

> 100

Peak Flows

l-OO 50 25 10 l-00 50 25 10 l-00 50 25 10

0000
10300

000
800

1370
25 22 20

Over 50 Days

480 370 260

00

+4000
0+30

-30+3
-5 -4 -4 -2

400
830

I073
20 r8 16

Over 50 Days

570 430 340

0000 0

0

0

04000-7-3

rs30-6 30- o 29.5 29-0 30.3 29.7 29.3 2A.9 -0.3 -0.3 -0.2 -O.2

Snowmelt Discharge - Duration
(Approximate Duration in oays)

Existinq Phase II Difference

20t-6L2r12950-8-7-7-1
32 29 27 23 19 I'7 14 10 -13 -L2 -13 -13

50 s0 48 45 35 33 31 28 -r5 -I7 -L7 -L7

100 50 25 10 100 50 25 10 100 50 25 IO

o

0

0

I4

L70

ll

0

0

12

240

0

0

+19* +163 +3-l-å +41%

c-6



TABLE 7

Rock Lake - Duration Data
Into Badger Creek

Snowmelt Elevation - Discharge
(approximate Duration in Days)

Existinq Phase I Difference
l-00 50 25 100 50 25100 50 25Event (Yr)

ElevaÈion

> r_53r

> 1530

>1529

> 1528

> 1527

Max. El

Event (Yr)

Fl-ows (cf s)

> 800

> 700

> 600

> 500

> 400

> 300

> 100

1020
l_8 14 I
27 23 19

38 35 33

Over 45 Days

1531.6 31.0 30.4

r250
I7L25
20 16 1r

32 29 25

Over 50 Days

680 550 440

700
L4 t_0 5

20 L7 14

27 24 22

-3-20

-4 -4 -3

-7 -6 -5

-9 -r1 -1r
42 40 39

1531.4 30.8 30.2 Reduction of Approx.
O.2' on al-l Events

Snowmel-t Discharge - Duration
(Approximate Duration in Days)

Existing
100 50 25

Phase I Difference
100 50 25 100 50 25

0

0

8

50
8I

11 60
l-4 10 4

16139

19 16 12

28 26 23

Over 50 Ðays

850 700 550

+5

+3 +6

+8 +l
0

+2 +5

-1 +1

-l 0

-4 -3

+4

+4

+1

-2

+25e" +27% +252Peak Flows



TABLE 8

Rock Lake - Duration Data
Into Badger Creek

Snowmelt El-evation - Duration Table
(Approximate Duration in DaYs)

Existinq Phase II
100 50 25 r00 50 25

Difference
100 50 25Event 1vr)

El-evation

> rs31

> 1530

>Ls29

> 1528

> 1527

Max- EI.

.E;vent ( YÐ

Flows (cfs)

> 700

> 600

> 500

> 400

> 300

> 100

1020
18L48
27 23 l-9

38 35 33

Over 50 Days

1531.6 31.0 30.4

300
11 10
L7 15 L2

24 22 20

-7-20
-7 -7 -8

-10 -8 -7

39 37 36 Over 14 DaYs

1531.1 30.5 29.9 Reduced Approximately
0-5 on al-l Events

-L2 -13 -13

Difference
l-00 50 25

Snowmelt Discharge - Duration
(Approximate Duration in Days)

Existing Phase If
100 50 25100 50 25

000
800

L250
I7I25
20 16 11

32 29 25

Over 50 Days

680 550 440

500
830

rl_70
13106
16 13 10

25 23 21

Over 50 Days

770 620 470

+50
0+3

-I +2

-4 -2 +I

-4 -3 -1

-7 -6 -4

0

0

0

Peak Flows

c-8

+133 +13% +72



TABLE 9

Rainfall Runoff Durations Into Canada

Phase I Versus Þ<isting
(Approximate Duration in oaYs)

Existinq Phase I
100 50 25 10 100 50 25 lo 100 50 25 l0Event (Yr)

Flows (cfs)

> 1300

> 1100

> 900

> 700

> 500

> 300

> 100

000
100
2<1 0

32<1
432

l_5 l_0 4

27 24 2L

Over 50 Days

1290 970 750

<J_ 0 0

100
2L0

321

932
14I17
24 22 20

Over 50 Days

1370 1030 800

Difference

Difference

-4

-3

-1

-3-2-10

6Z 6Z 6e" 6e"

0

0

0

0

I
2

l_6

520

0

0

0

0

I

.'

16

550

<1

-1

0

0

U

0

0

0

ô

0

0

0

0

0

0

0

0

ô

0+5

+l+3+1

Peak Flows

Event

100 Year l_5

50 Year

25 Year

TABLE 98

Rainfalt - Duration of Overbank Flows
Badger Creek i¡t Canada (Improved Area)

(Approximate Duration in oays)

Existing Phase I
capacitv 300 cfs Capacity 425 cfs

t-l_

L0 7

3

2

4

2 0f0 Year

c-9



TABLE 10

Rainfall Runoff Durations Into Canada

Phase II Versus Existing
(Approximate Duration in Oays)

Existinq Phase II
Event (Yr)

Flows (cfs)

> 1700

> r_500

> 1300

> lr-00

> 900

> 700

> 500

> 300

> 100

Peak Flows

Event

100 year

50 year

25 year

10 year

0 <r 0 0

o200
o 2 <1 0

O 2 I <I
032r
o432

<r 7 4 3

2L296

L6 22 19 L7

Over 50 Days

520 f900 1430 1115

Difference

+2 <+1

000
000
000
100
2I0
3 2 <1

432
15IO4
27 24 2L

Over 50 Days

L290 970 750

Existing
Capacitv 300 cfs

100 50 25 l-0 100 50 25 10 100 50 25 10

0

0

0

0

0

I
2

4

13

770

<+1

+2

0

0

0

0

0

0

0

0

0

+l- +I <+I
+I +I +1

+l +1 +l +1

+3 +1 +l +f

-3 -1 +2 +2

-5 -5 -4 -3

TABLE fOB

Rainfalf - Duration of Overbank Flows
Badger Creek in Canad,a (ImProved Area)

(epproximate Duration in Days)

*Phase II
Capacity 425 cf.s

48>" =ó? 48?" 48?"

Difference

-6

-5

15

IO

9

5

4

3

4

2

0

*Same as for Phase I

c-10

+I



TABIE ]-1

Snor¡rnelt Runoff ûrrations Into Canada

Phase I Versus Existing
(Approximate ù¡ration in Days)

Event (Yr)
Existing

l-oo 50 25
I

100 50 25
Differe¡rce

100 50 25

F cf,s)

>1s00

> 1300

> 1L0o

>900

>700

> 500

> 300

>100

PEAK .E'IOWS

Event

100 Year

50 Year

25 Year

<1 0 0

100
310
420
842

1s l-o 6

.23 18 L4

35 30 27

Oxrer 50 Days

1500 1160 880

100
200
310
v3l-

tI 73
15L28
20 IV t4

30 27 25

Over 5O Days

1620 1250 960

<+1

+1

0

+3

0

o

o

O

+1+3

-2

-5

0

o

0

+1

+3

+2

-l
-3

+2

0

-2

+1

8å 8eo 9z

TABLE I1ts

Snol.¡melt - Duration of gverbank Flows
BadEer Creek in Canad,a (Improved Area)

(Approxímate ùrration in Days)

Existinq Phase I
Capacity 300 cfs CapaciÈy 425 cfs

23 15

18 I2

Difference

-8

-6

-59L4

c-11



TABI,E 12

Snordmelt Runoff Durations Into Cånad.a

Phase II Versus Þristing
(Approxi¡nate Duration in Uays)

E?istinq Phase II
100 50 25100 50 25

Difference
100 50 25Event (Yr)

Flov'/ (cfs)

> 2000

> 1500

> t3o0

> Ll_oo

>900

>700

> 500

> 300

> 100

000
<1 0 0

100
3LCI
420
842

15106
23 18 74

3s 30 27

Ovêr 50 Days

1500 1l-60- 880

240
320
430
532
753
975

13107
l-8 15 L2

29 25 23

Ove: 50 Days

2L70 L6'70 L270

*Phase II
Capacit¡¡ 425 cfs

15

+200
+2 +2

+3 +3

+3 +3

+1 +3

0

0

+2+2 +2

+3

+3

+1

-2

-4

-20
-5 -3

-6 -5

Peak FLows

Event

10O year

50 year

25 year

+44? +44ë^ +44%

TABT,E 128
Snowmelt - Ðuration of Cn¡erbank Flows

Badger Creek in Canad,a (Inproved Areas)

Existing
Capacity 3O0 cfs

L2

I

23

18

L4

Difference

-8

-6

*Same as Pha.se I

c-L2

-6
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