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This alternative tests the effect of different spring drawdown magnitudes for Rafferty, Grant Devine and
Lake Darling reservoirs by shifting the spring drawdown plates defined in Annex A of the 1989
Agreement for each reservoir. The spring drawdown plates allow reservoir operators to compute the
target drawdown elevation for each reservoir after February 1°* based on the 90 percent, 90-day
forecasted inflow volume. There are multiple ways to shift the spring drawdown plates; therefore, this
alternative is split into 3 separate variants.

Alternative 10a involves shifting each plate up (10aU) or down (10aD). By shifting a plate up, the
reservoir will be drawn down less for the same forecasted inflow volume, benefiting water supply. By
shifting a plate down, the reservoir will be drawn down further for the same forecasted inflow volume,
benefiting flood control. It is important to note that, while the plates are used to determine the
reservoir’s target spring drawdown (after Feb 1), shifting a plate up or down also affects the normal
February 1t drawdown elevation, because, on each plate, a forecasted inflow of 0 ac-ft corresponds to
the normal drawdown elevation.

Alternative 10b involves shifting each plate left (10bL) or right (10bR) by a moderate amount. By shifting
a plate to the left, a larger inflow volume must be forecasted for the reservoir to target its maximum
spring drawdown, benefiting water supply. By shifting a plate to the right, the reservoir will be drawn
down to its maximum spring drawdown elevation with a lower forecasted inflow volume, benefiting
flood control.

Alternative 10c is similar to Alternative 10b, except each plate is shifted to the left (10cL) or right (10cR)
by twice as much volume.

Each alternative variant was analyzed using a simulation time window of 1930-2017 and normal initial
reservoir pool elevations. Each alternative variant was also run using a simulation time window of 1930-
1945 and low initial reservoir pool elevations. All alternative results were compared to the baseline
model results, which reflect present day operations (Annex A & Annex B).

A mock alternative run similar to Alternative 10a was presented at the March 2019 ISRSB workshop in
Minot, ND (Minot Workshop, 2019). At the workshop, the study team received feedback from the Public
Advisory Group (PAG) and Resource and Agency Advisory Group (RAAG) showing interest in further
investigation into spring drawdown levels.

Originally, Alternative 10aD shifted the Rafferty and Grant Devine spring drawdown plates down 1 m
(3.28 ft) for all forecasted inflow volumes. However, upon further discussion with Curtis Hallborg, Chanel
Mueller and Rachel Weller (Mueller, 2019), 10aD was modified such that the least aggressive spring
drawdown only shifted the plate down 0.5 m (3.14 ft). The shifts in volumes for Alternative 10b and 10c
were originally discussed at the Minot workshop (Minot Workshop, 2019) and then finalized over email
(Hallborg, 2019). Shifting the plates by elevation and volume was deemed necessary, because different
elevation changes can have drastically different effects depending on the size of the reservoir and the
reservoir’s pre-drawdown elevation. The final spring drawdown plates used in each alternative
simulation are defined below.



Table 1. Alternative 10a changes from baseline

Scenario | Changes to Spring Drawdown Plates (relative to baseline)

Rafferty: Raised plate 1 m (3.28 ft)
10aD Grant Devine: Raised plate 1 m (3.28 ft)
Lake Darling: Raised plate 1 ft (0.31 m)

Rafferty: Lowered min. drawdown by 0.5 m (1.64 ft) and max. drawdown by 1 m (3.28 ft)
10aU Grant Devine: Lowered min. drawdown by 0.5 m (1.64 ft) and max. drawdown by 1 m (3.28 ft)
Lake Darling: Lowered plate by 0.31 m (1 ft)
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Figure 1. Plate A-1 Rafferty Drawdown Target, Alternative 10a
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Figure 2. Plate A-3 Grant Devine Drawdown Target, Alternative 10a

Target Drawdown Elevation (ft)

1598

1597

1596

1595

1594

1593

1592

1591

1590

1589

Plate A-4 Lake Darling Drawdown Target

o

/

20,000 40,000 60,000 80,000 100,000

30-day Unregulated Sherwood (ac-ft)

Annex A: Baseline

10au

10aD

Figure 3. Plate A-4 Lake Darling Drawdown Target, Alternative 10a




Table 2. Alternative 10b changes from baseline

Scenario | Changes to Spring Drawdown Plates (relative to baseline)

Rafferty: Moved plate left 25,000 dam? (20,270 ac-ft)
10bL Grant Devine: Moved plate left 6,000 dam? (4,860 ac-ft)
Lake Darling: Moved plate left 15,000 dam? (12,160 ac-ft)

Rafferty: Moved plate right 25,000 dam? (20,270 ac-ft)
10bR Grant Devine: Moved plate right 6,000 dam? (4,860 ac-ft)
Lake Darling: Moved plate right 15,000 dam? (12,160 ac-ft)

Table 3. Alternative 10c changes from baseline

Scenario | Changes to Spring Drawdown Plates (relative to baseline)

Rafferty: Moved plate left 50,000 dam? (40,540 ac-ft)
10bL Grant Devine: Moved plate left 12,000 dam? (9,720 ac-ft)
Lake Darling: Moved plate left 30,000 dam? (24,320 ac-ft)

Rafferty: Moved plate right 50,000 dam? (40,540 ac-ft)
10bR Grant Devine: Moved plate right 12,000 dam? (9,720 ac-ft)
Lake Darling: Moved plate right 30,000 dam? (24,320 ac-ft)

Target Drawdown Elevation (ft)

1804

1803

1802

1801

1800

1799

1798

1797

1796

1795

Plate A-1 Rafferty Drawdown Target

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000
90% 90-day Inflow (ac-ft)

— 10bL —— 10bR 10cL 10cR —— Annex A: Baseline

Figure 4. Plate A-1 Rafferty Drawdown Target, Alternative 10b and 10c
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Figure 5. Plate A-3 Grant Devine Drawdown Target, Alternative 10b and 10c

Plate A-4 Lake Darling Drawdown Target
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Figure 6. Plate A-4 Lake Darling Drawdown Target, Alternative 10b and 10c

1.2 HEC-ResSim Nomenclature

Within HEC-ResSim, a new network, alternative, and simulation run was generated to reflect each
proposed alternative. To generate the alternative network, a copy of the base network was made and
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modified to reflect the proposed alternative. A table indicating the nomenclature associated with the
ResSim networks, alternatives and simulations used to model both baseline and alternative operations
for the various index events are listed in Table 4.

Table 4. Model nomenclature

. Time ResSIM Model Network Alternative . .
Scenario Window Name Name Name Simulation Name
Baseline 1930-2017 | SourisRiverPoS cal2Fsl Base 00_BL_AnxA 46 _17
Plates Down 1930-2017 10a SoDD 10a_Up_NRM 10a_SpDD_Up_30_17
(10aD) SourisRivePoS _Up -
1930-1945 P 10a_Up LP 10a_SpDD_Up_30 45
Plates U 1930-2017 10a SoDD 10a_DN_NRM | 10a_SpDD DWN_30_17
(10aU) P SourisRivePoS ISV\?N -
1930-1945 10a_DN_LP 10a_SpDD_DWN_30 45
Plates Left 1930-2017 10b SoDD 10b_Ls NRM 10b_SpDD_L15K 30 17
(10bL) SourisRiverPoS 1 EE)K -
1930-1945 10b Ls LP 10b_SpDD_L15K 30 45
. 1930-2017 10b_Rs NRM | 10b_SpDD R15K 30 17
Pla(t1e Osblg)ght SourisRiverPoS 10b§1SgKD D_
1930-1945 10b_Rs LP 10b_SpDD_R15K 30 45
1930-2017 10c_LI NRM 10c_SpDD_L30K 30 17
PI?:%ill__f ft SourisRiverPoS 1OCE§(5)KD D_
1930-1945 10c_LI LP 10c_SpDD_L30K 30 45
. 1930-2017 10c_RI_NRM 10c_SpDD_R30K 30 17
Pla(t1e Oscli)ght SourisRiverPoS 10%?&? D_
1930-1945 10c _RI LP 10c_SpDD_R30K 30 45

Table 5 presents the operational rules that added to the base HEC-ResSim model to specifically reflect
the changes required in support of the Spring Drawdown Changes alternative.

Table 5. Operation rules added specific to alternative

Name of Dam

Name of Rule, Outlet or IF Statement
or State Variable Element

Rule Description

Rafferty Reservoir

a_fld MASTER_gc_gd

Normal Drawdown adjusted

a_fld MASTER_gc_gd

Maximum Drawdown adjusted

app_MASTER_min_release_GD

Normal Drawdown adjusted

Boundary Reservoir

a_fld MASTER_gc_gd

Normal Drawdown adjusted

a_fld MASTER_gc_gd

Maximum Drawdown adjusted

Grant Devine Reservoir

a_fld MASTER_gc_gd

Normal Drawdown adjusted

a_fld MASTER_gc_gd

Maximum Drawdown adjusted

app_MASTER_min_release_GD

Normal Drawdown adjusted
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Name of Rule, Outlet or IF Statement
or State Variable Element

Name of Dam Rule Description

a_fld_ MASTER_gc_gd Normal Drawdown adjusted
Lake Darling Reservoir

a_fld_ MASTER_gc_gd Maximum Drawdown adjusted

To properly model this alternative, no changes to the operating rules or network needed to be made.
The adjustments all occurred in the state variable script.

The elevations of the guide curves are hard coded into the state variable scripts. For this reason,
Alternative 10a required changes to the scripts. The normal and maximum drawdowns needed to be
changed for all four reservoirs in the a_fld_MASTER_gc_gd script, and the changes to the normal
drawdown for the three Canadian reservoirs needed to be made to the app_ MASTER_min_release_GD
script. Figure 7 provides a screenshot of where the a_fld_MASTER_gc_gd state variable script was
modified to change the normal and maximum drawdowns for each reservoir to model Alternative 10aD.
Additionally, since the drawdown elevations are shifted up and down for alternative 10a, the variable
maxDDoverrides was set to false to allow ResSim to use the shifted plates. Figure 8 shows the changes
made to the initialization script to allow the model to get the different plates for the different variations
of this alternative. Figure 9 shows where drawdowns were changed in the initialization script. Figure 10
shows changes to the Standard Drawdown (Normal Drawdown) coded into the
app_MASTER_min_release_GD state variable to match what is being used in the rest of the alternative.
Relevant lines of the state variable script are indicated by the red boxes.

For Alternatives 10b and 10c, the only change required to the script was the initialization tab changes
shown in Figure 8, as the volumes are not hard coded into the script.
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[ state Variable Editor - Network: 10_DN_NRM0:10a_SpDD_DWN
StateVariable Edit
Name: [3_fig_MASTER_gc_gd + | Description:
Parameter Name: |ELEV-ZONE Parameter Type: | Eley
State Variable Type
@ Jython Script O Slave
Initialization Main CleanUp
TimeSeries J
@ Model Variag [|151
G- State Variadl| [|192
APls 193 ####¢ Annex A - Section 4.3.5 Operating plan steps
@ | Math
@ HecTime
@ Network ¢ ##£¢ critical pool elevations and storage values for each of the reservoirs which operate for flood control are inviuded below #ssssssssasssssssnseansennssnssontes
@
@ RunTimewig ‘maxDDoverides = False # set fo false if changing guide curves and you don't want to follow annex a plates or have changed plates #set to false for this alternative
@ Statevariable  —— changed plate: false fc ]
@ TimeSeries # critical Rafferty Reservoir pool elevations and storage volumes
@ TableLooky L rafeyllsupply = 150620 full supoly level clevgtion (£t)
® 2 18012 tondard Feb Jet draudoun (£t) {ipe bgs heen changed
@ DSS 3 rafElev = network.getTimeSeries("Reservoir”, Rafferty Reservoir’, "Pool", "Elev').getPreviousValue(currentRuntimestep) # the ResSim simulated pool elevation (ft)
@ || DSSFile s raffullsupplyVol = 356400 # volume associated with full supply Level elevation (ac-ft)
rafVoliaxFlood = 513000 # maximum allowable flood storage volume (ac-ft)
7 # critical Grant Devine Reservoir pool elevations and storage volumes
drullsupply = 184353 2 full supoly level elevotion (feet)
= 183897 Zorongord Feb iot g i 5] TG2 oo (2o For ohic glieragricel  oiine vge heen changedl]
gdElev = network.getTimeSeries("Reservoir”, "Grant Devine Lake", "Pool", “Elev").getPreviousvalue(currentRuntimestep) # the ResSim simulated pool elevation (ft)
gdFullsupplyVol = 85530 # volume associated with full supply level elevation (ac-ft)
gdVolMaxFlood = 153710 # maximun allowable flood storage volume (ac-ft)
# critical Boundary Reservoir pool elevations and storage volumes
boundFullsupply = 1840 # full supply Level elevation (ft)
boundElev = network.getTimeSeries("Reservoir”,"Boundary Reservoir”, "Pool”, "Elev").getPreviousValue(currentRuntimestep)  # the ResSim simulated pool elevation (ft)
7 boundVolMaxFlood = 49845 # maximum allowable flood storage volume (ac-ft)
o # critical Lake Darling Reservoir pool elevations and storage volumes
# normal_pool elevation (ft)
# normal drawdown elevation (ft) #subtracted 1 foot for this alternative #Line has been changed |
darElev = network.getTimeSeries( Reservoir”, Lake Darling", "Pool", "Elev').getPreviousValue(currentRuntimestep) # the Ressim simulated pool elevation (ft)
224 if maxDDoverides:
2 over-rides to prevent drawing down past value specified in Annex A text, but implied by Annex A plates
22 L2TMaxDD - 170205 zouber 8 fect for thic oltcrnotive #line hos becn chonged
| N gdiia; = 3 8 feet for this glierpgtive Zlige has been changed ]
boundMaxDD = 183@.0
= Z2ubtr 1 foot for Thiz alternative Z0inc hos been chonged 1
else:
231 # remove over-ride
rafMaxDD = gdMaxDD = boundMaxDD = darMaxDD = @
< >
Insertin Script Compile Script
1]

Figure 7. Changes made to Guide Curve State Variable script to redefine maximum allowable drawdown & normal drawdown
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[ State Variable Editor - Network: 10a_DN_NRMO:10a_SpDD_DWN X
StateVariable Edit
Name: [ X ocod | Description: W ial 10140
Parameter Name: |E| EV-ZONE Parameter Type: | Elev. ~ | [JCompute As Post Process
State Variable Type
@ Jython Script O Slave
Initialization ' Main  CleanUp
TimeSeries 1 from hec.script import Constants ~
@ Model Variat 2 from hec.model import PairedvaluesExt
] State Variabl 3 from hec.hecmath import PairedDataMath, DSS, DSSFile
APIs 4 from hec.heclib.dss import HecDss
Math 5 from hec.script import ResSim
HecTime 6
Network 7 # initialization function. optional.
RunTimeSte| || = # set up tables and other things that only need to be performed once at the start of the compute.
RunTimeWir || @ #
StateVariablg || 10 # variables that are passed to this script during the compute initialization:
TimeSeries # currentVariable - the StateVariable that holds this script
TableLookug # network - the ResSim network
SeasonalTal # the step below is required to work with state variables in ResSim
Dss def initStateVariable(currentVariable, network):
DSSFile # return Constants.TRUE if the initialization is successful and Constants.FALSE if it failed.
# Returning Constants.FALSE will halt the compute.
###% get Annex A plates from DSS, the script below allows DSS file formats of the Annex A plates to be used within this code
## plate DSS file must be in the relative path "shared” folder of model
plateDssFilename = r"shared\annexAPlates.dss”
fullpath = network. 3 (p ilename)
dssFilePlates=DSS.open(fullpath)
# each plate is saved to a variable that can be used to store the data contained in the paired value relationship of the plate
28 7 TAC7SOURTS RIVER RArTERTY RESERVOTRY VL™ PLATE A~ ENGLISH. 0.5 T/ ") 2T
RESERVOIR/VOL-ELEV///PLATE A-2 ENGLISH.
TIE CARE/VOL-ELE! PLATE
2 > 2 18
pT dssFilePlates.read( /SOURLS RIVER/SHERWOOD/VOL-FLOW///PLATE A-5 ENGLISH/")
plate6 = dssFilePlates.read("/SOURIS RIVER/MINOT/VOL-FLOW///PLATE A-6 ENGLISH/")
dssFilePlates.close()
platel_table = PairedvaluesExt() # creates a new PairedValuesExt, which can represent an array of paired values with multiple Y data e.g. the information contained in
platel_table.setData(platel.getData()) # time series container objects are extracted using the getData() method
# store in state varaible for use in the main code block
currentVariable.varPut("platesl”,platel_table)
plate2_table = PairedvaluesExt()
plate2_table.setData(plate2.getData())
41 currentVariable.varPut("plates2”,plate2_table)
plate3_table = PairedValuesExt()
nlate3 tahle setNatalnlated. oetNata()) b
< > >
Insertin Script Compile Script
11

Figure 8. Changes to the initialization script to have the model run the updated plates

[ state Variable Editor - Network: 102_DN_NRM0:102_SpDD_DWN
StateVariable Edit

@® Jython Script O Slave

Initialization Main CleanUp

Name: (37 WASTER gc_ad ]| Description: K4 1ot14[p 0
Parameter Name: | EL EV-ZONE Parameter Type: | Elev ~| [ Compute As Post Process
State Variable Type

platers ,plates_taple]

TimeSeries ~
- Model Variat
& cisi veriabl plates_table = Pairedvaluesext()
A platet_table. setData(plates.getData())
oI vt currentVariable.varput(“plateAs”, plates_table)
- HecTime
@ Network g . g E i E 4 i "
&8 RunTimestel # create Local timeseries for calculation reference, the syntax below is required by Ressim to create the Local time series needed for the script calculations
&R RusTimewt] # LocalTimeSerieshew() is a method to create a TsRecord corresponding to the variable name specified and is set to the initial value specified in the method call
& # the time series below can be called later on in the script to store values in and use in computations, eventually these values can be written out to a DSS file in the CleanUp block
G-Il Timeseries -localTimeseriestiew("vol ocal”, 0.0) # these varigbles, e.g. 'vol3@daySherwoodLocal’, will be called Later in the script as o time series to store calculated volues in
il Rl "vol. g, 0.0) # these time series must be created prior to being called in the script to store the calculations in
& currentVariable.localTineSeriesNen("vol30dayRaf", 0.8)
G pes iable.localTimeSeriesNew("vol30dayG", @.8)
oy . i localTi i "vol ", @.0)
- | DSSFile 7
iable.localTi , 0.0)
“local 5 0.0)
localTi i
currentVariable. localTimeSeriesNew("volExcessRa
iable.localTimeseri % ", 0.0)
able.local i A _appliedToRaf™, ©.0)
currentVariable. localTimeSeriesiew("exceedrst_calloarling”, ©.0)
iable.localTimeSeri “vol3eshery led", 0.0)
localTi i ~f] " ", 0.8)
localTimeserieshen(" s red”, 0.0)
“local i 5 ", 0.0)
currentvariable. localTimeSeriesien("rafElevStartoD”, 1806.10)
currentVariable. localTimeSeriesNew("gdElevstartoD”, 1843.83)
currentVariable. localTimeSeriestiew("darelevstartoD”, 1597.)
Changed for the gliecagtive Fron JE82.82 to 1801 I8
raffinalbD", 1801.18) #line has been changed 1
SeriesNew( "gd Line has been changed |
. >TeTDT
sChanged for_the glternative from 1596 to 1595
CurrentVariable. locallineSeriesew( darFinalDD",1595.) #Line has been changed ]
able. localTimeSeri. “ni ", 1000.)
< > return Constants. TRUE v
Insertin Script Compile Script

Figure 9. Changes to the initialization script to have the Final DD correct
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i State Variable Editor - Network: 10a_DN_NRM0:102_SpDD_DWN X
StateVariable Edit
Name: 3pp WASTER min_release_GD | | Description: | aster state variable that calculates apportionment and low flow releases from Rafferty and Grant Devine. Stores times_..\« [K |41 110f14| M
Parameter Name: |FLow Parameter Type: | Flow v| 1 compute As PostProcess
State Variable Type
@ Jython Script O Slave
Initialization Main ' CleanUp
" TimeSeries | |[ 3 # reset flag if darling is above 1594.8 =
Model Variag if )unlelev 1594.8: -
State Variabl| lessThan1593_8=0
APIs 594.8 feet
[ | Math # reset flag if darling darling goes bel
HecTime if junlelev<1593.8:
Network lessThan1593 8 = 1
RunTimeSte| return apportTarget, lessThan1s93 8, case
RunTimeWir|
StateVariablg
TimeSeries
TaleLookug
SeasonalTa ### track compute passes to allow for cor
44 currentPass = network. getComputePassCoun
DSSFile computedTs = currentVariable. localTimeSeriesGet("conputed”)
computed = comp: -getC i )
12 if fullCompute:
conputed=-1
## only run calculation if it is first calculation pass (first iteration)
if computed<cur catpass:
computed = currentPass
computedTs. setCurrentValue(currentRuntimestep, computed)
currentStep = currentRuntimestep.getStep()
# get current day of year/days to accumulate
d - doy = i tHecTime().dayofYear () # retrieves the current day of the year (e.g. Janl = 1, Jan2 = 2, ... Dec31 = 365, depending on leap year)
# con factor to per ep
convertcfs i e )/a3560. ft, applied later in the script at multiple Lines
# conversion factor to convert cubic decameter to ac-ft, multiply dam"3 by o.
convertDamToAcreFt = .5107
stndDrawdownGD = 1838.91 # (ft) standord Feb st draw [ Grant Devine Reservoir (subtracted 1.64 (0.5H) Line has been changed]
StndDrawdownRat - 1861.18 for Rafferty Reservoir (subtracted 1.64 (.5 tive) #Line has been changeq
variables, call variables that need to be
LessThan593 .75 = (urrantva risble. lc:alhmzserxesﬁet( d )
3 -localTd “dar_junlelev")
# get initial value for the time series called above
Jirdelev = 3 g )
Than1593_8 - lessThan1593_8_TS.g i curr imestep)
< > < >
Insertin Script Compile Script
11

Figure 10. Change the Standard Drawdown coded into the app_MASTER_min_release_GD state variable

3. Alternative vs Baseline Scenario Results

Plates 01-08, 10-17, 19-26 and 28-35 show hydrographs detailing the results of Alternative 10 relative to
the baseline scenario at Rafferty, Boundary, Grant Devine, and Lake Darling reservoirs, as well as seven
critical mainstem flow locations, for select “index” years. Index years were selected to be representative
of high, medium, and low flow years in the basin. High flow years include 2011, 1976, 1975, and 1969,
medium flow years include 1987, 1952, and 1946, and low flow years include 1937, 1988, and two
extended drought sequences: 1931-1937 and 1988-1991. For Alternative 10, one drought sequence
(1988-1991), one normal year (1952), one moderate flood (1975) and one very large flood (2011) are
plotted for each alternative variant.

Plates 09, 18, 27 and 36 display performance indicator results for all study reaches over the entire
simulation (1930-2017) for each alternative variant. More information regarding performance indicator
(P1) results and Pl development can be found in the Data Collection for the Analysis of Alternatives
Report (DW4) and Appendix A-5.

4. Summary of Results

For each alternative variant, the low pool initial conditions simulation from 1930 to 1945 showed no
change from the baseline scenario. Since the 1930s are a drought period, the reservoirs did not reach an
elevation high enough to require a spring drawdown. For this reason, the results of these simulations
are not shown. A discussion of results from the full simulation (1930-2017) for each alternative variant
are discussed in the following sections.
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By shifting each reservoir’s spring drawdown plate down, both the normal drawdown and spring
drawdown elevations decrease, often increasing releases from each reservoir from October 20" to
February 1%. This change results in higher winter flows, lower reservoir elevations in the spring and
slightly more storage available to capture spring runoff. Although additional storage allows the
reservoirs to slightly reduce the duration of high flow events throughout the basin, large flood peaks are
not reduced. In 2011, there is very little difference in flows from baseline throughout the basin, as
Rafferty and Lake Darling reach MAFL only slightly before they do in the baseline scenario. During
extended drought, lower normal drawdowns entering the drought period cause the Grant Devine and
Lake Darling pools to stay lower than the baseline throughout the drought.

By shifting each reservoir’s spring drawdown plate up, both the normal drawdown and spring drawdown
elevations increase, which often eliminates the winter drawdown that occurs in the baseline scenario
from October 20" to February 1%t This change results in lower winter flows, higher reservoir elevations
in the spring, and less storage available to attenuate spring flood peaks. As a result, flood peaks are
generally higher. In 2011, there is very little difference in flows from baseline throughout the basin, as
Rafferty and Lake Darling reach MAFL only slightly before they do in the baseline scenario. During
extended drought, higher normal drawdowns entering the drought period allow Rafferty and Grant
Devine to maintain slightly higher pool elevations throughout the drought, while Lake Darling’s pool is
slightly lower.

4.3.1 Reservoirs

Reducing the magnitude of the spring drawdown (10a Up) increases fish habitat and recreation at
Rafferty Reservoir, increases fish habitat and water supply at Grant Devine, and increases flooding at
Lake Darling. Conversely, increasing the spring drawdown (10a Down) reduces flood damages at Lake
Darling, although water supply and fish and wildlife habitat is reduced at all reservoirs.

4.3.2 Riverine Reaches

As shown in Error! Reference source not found., reducing the spring drawdown (10a Up) increases the
number of low flow days at Minot and throughout the rest of the river. Since major flood peaks are not
reduced, there are negative impacts to virtually all performance indicators. Increasing the spring
drawdown (10a Down) results in a limited change to the flow regime throughout the river, although
flood peaks are reduced by a small amount. As such, there are very limited positive impacts to most
performance indicators in this scenario.
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Alternative 10a - Flow at Minot, ND
1946 - 2017
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Figure 11. Flow distribution at Minot, ND (10a)
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4.4 10bL (Plates Left — lesser)

By shifting the spring drawdown plates left a moderate amount (25,000 dam?, 6,000 dam?, and 15,000
ac-ft for Rafferty, Grant Devine and Lake Darling, respectively) each reservoir is drawn down further
when the forecasted inflow volume calls for a spring drawdown less than the maximum spring
drawdown, as is the case in 1975. In 1975, the computed spring drawdown elevation is lower than the
baseline. Consequently, each reservoir is drawn down further after February 1%, which increases
releases in February and March and provides some minor peak flow reduction upstream of Lake Darling.
During larger flood years, such as 1976 and 2011, large forecasted inflow volumes cause each reservoir
to draw down to its maximum spring drawdown elevation in both the baseline and alternative
simulation, resulting in no change between the two scenarios. During normal and drought years, no
spring drawdown is necessary, and there is no change from the baseline simulation.

4.5 10bR (Plates Right — lesser)

The results of this alternative variant are similar, but opposite to, the results of Alternative 10bL. Each
reservoir is drawn down less when the forecasted inflow volume calls for a spring drawdown less than
the maximum spring drawdown. In 1975, this leads to lower releases in February and March, higher
reservoir elevations during the spring runoff period, and slightly higher flood peaks above Lake Darling.
During large flood years, when the maximum spring drawdown is targeted, there is no change from the

17



baseline simulation. Likewise, during normal and drought years, when there is no spring drawdown
initiated, there is no change from baseline.

4.6.1 Reservoirs

There are no significant impacts to performance indicators for any reservoir in the 10b Left or 10b Right
scenarios.

4.6.2 Riverine Reaches

There are no significant impacts to performance indicators throughout the river in the 10b Left or 10b
Right scenarios.

The results of this alternative variant are very similar to Alternative 10bL. Most years there is no change
from baseline, as there is either the maximum spring drawdown (1976, 2011) or no spring drawdown
(normal, drought years). During years in which the spring drawdown changes, such as 1975, there is a
greater drawdown of each reservoir relative to Alternative 10bL. This corresponds to more outflow in
February and March but no significant additional peak flow reduction throughout the basin when
compared to Alternative 10bL.

The results of this alternative variant are very similar to Alternative 10bR. During low and normal flow
years, either the reservoirs are too low for this operational change to have an impact, or the forecasted
inflow does not call for a spring drawdown. During moderate flood years, such as 1975, this alternative
raises flood peaks above Lake Darling and increases the duration of high flows downstream of Lake
Darling.

49.1 Reservoirs

There are no significant impacts to performance indicators for any reservoir in the 10c Left or 10c Right
scenarios.

4.9.2 Riverine Reaches

There are no significant impacts to performance indicators throughout the river in the 10c Right
scenario. The flow regime change and subsequent limited positive effects on the performance indicators
seen in the 10a Down scenario are also seen in the 10c Left scenario, albeit to a lesser degree.

The maximum flow limits at Estevan may have been preventing drawdown of Rafferty Reservoir during
these alternative simulations. Further analysis of the impacts of the flow restrictions at Estevan will be
considered in Phase 3. Additionally, different variables (dates, elevation shifts, volume shifts, etc.)
should be looked at to determine their individual effects on each of the reservoirs.
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This alternative will be carried forward as Alternative 308 and a sensitivity analysis will be used to look
at individual variables (e.i dates, elevation shifts, volume shifts, etc.) for each reservoirs. Since no water
supply benefits were observed shifting the plates up or to the right (10aU, 10bR and 10cR), Alternative
308 will only further explore shifting the plates down or to the left.

1. “HEC-DSSVue,” U.S Army Corps of Engineers, Hydraulic Engineering Center, February 2010.

2. “HEC-ResSim, Reservoir System Simulation, Version 3.3”, U.S Army Corps of Engineers, Hydraulic
Engineering Center, December 2018.

3. Canada and USA, 1989. Agreement between the Government of Canada and the United States for
Water Supply and Flood Control in the Souris River Basin.

4. Canada and USA, 2000. Interim Measures As Modified For Apportionment of the Souris River.

5. Chanel Mueller, Curtis Hallborg, Rachel Weller, U.S Army Corps of Engineers St. Paul District
“Modellers workshop”, April 17, 2019.

6. Curtis Hallborg, Frank Durbian, Elizabeth Nelson “Alternative 10 - change to spring drawdown”
received by Rachel Weller, April 24 2019.

7. "Minot Workshop”, Grand Hotel, Minot ND, March 18-21, 2019

8. Mitchell Weir “Alternative 10 Script” received by Rachel Weller, June 14 2019.
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Plate 01 Reservoirs — 1952

Alternative 10aU (Phase 2)

Souris River Plan of Study
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 02

Critical Flow Locations — 1952

Alternative 10aU (Phase 2)
Souris River Plan of Study
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Plate 03 Reservoirs — 1975

Alternative 10aU (Phase 2)

Souris River Plan of Study
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 04

Critical Flow Locations — 1975
Alternative 10aU (Phase 2)

Souris River Plan of Study
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Plate 05 Reservoirs — 2011

Alternative 10aU (Phase 2)

Souris River Plan of Study
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 06

Critical Flow Locations — 2011
Alternative 10aU (Phase 2)

Souris River Plan of Study
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Plate

07 Reservoirs — 1988-1991 Alternative 10aU (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 08

Critical Flow Locations — 1988-1991
Alternative 10aU (Phase 2)

Souris River Plan of Study
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Plate 09 Performance Indicators Alternative 10aU vs.
1946-2017 (72 years) Baseline (Phase 2)

Rafferty Reservoir

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

MAFL -
Below Riprap -
Marina Boat Access -

Mainprize Boat Access -
Class

. Flood Control
. Water Supply

Environmental

Rock Reef Exposure -

Historic Site Preservation -
Cultural

Fish Habitat - Recreation

Performance Indicator

Dam Safety
Reservoir Supply Potential -

Permitted Water Use -

Oil Well Inundation -

Bridge Inundation -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10aU




Performance Indicator

Boundary Reservoir

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

MAFL -

Boat Launch Access -

Class

. Water Supply
SaskPower Pumping -
. Recreation

. Dam Safety

Reservoir Supply Potential -

Permitted Water Use -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10aU




Performance Indicator

MAFL -

MMPP Boat Access -

Fish Habitat (MMC)-

Fish Habitat (Reservoir) -

Reservoir Supply Potential -

Permitted Water Use -

QOil Well Inundation -

Grant Devine Reservoir

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

72 0
Net Years of Change

Class

. Flood Control
Water Supply
Environmental
Recreation

Dam Safety

72

Advantage ‘ Advantage
Baseline 10aU




Performance Indicator

MAFL -

Boating & Fishing Access -

Historic Site Preservation -

Fish & Wildlife Habitat -

Reservoir Supply Potential -

MRP Levee Safety -

MRP Evacuation -

MRP 95th St. Safety -

MRP Flood Operations -

72

Lake Darling

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aU

Class

. Flood Control

. Water Supply

}Environmental
Cultural

. Recreation

]

Dam Safety




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Qil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Saskatchewan - All Riverine Reaches

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

72
Net Years of Change

Advantage Advantage
Baseline 10aU

Class

. Flood Control

. Agriculture

. Water Supply

. Environmental
Cultural

=

Recreation




Performance Indicator

North Dakota - All Riverine Reaches

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -

Boating & Fishing Access - Class
Boating & Fishing Safety - I . A
Historic Site Preservation - . Agriculture
Fish & Wildlife Habitat - . Water Supply
Fish Mortality - . Environmental
Permitted Water Use - Cultural
Bankfull Exceedances - . Recreation
Agricultural Damages - . Erosion
1% Event - . Water Quality

Current Protection -
Railroad Inundation -
WW Lagoon Inundation -
Bridge Detours -

Structural Damages -

72 72

Net Years of Change

Advantage Advantage
Baseline 10aU




Performance Indicator

Westhope to Wawanesa

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Boating & Fishing Safety -

. Class
Crown Land Protection - .

Flood Control

Historic Site Preservation - . Agriculture
GNB Habitat - B water supply
Fish Mortality - | Envionmental

. — Cultural
ermitte ater Use -

. Recreation

Bankiull Exceedances - . Water Quality

Agricultural Damages -
0.5% Event -

1% Event -

Bridge Inundation -

Structural Damages -

.. N O = II _I I

72 72

Net Years of Change

Advantage Advantage
Baseline 10aU




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Bridge Inundation -

Structural Damages -

72

City of Estevan

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental

Cultural

. Recreation

c,_—--__. I

72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

City of Roche Percee

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Bankfull Exceedances -

Agricultural Damages =

Oil Well Inundation - " Fiood Control

. Agriculture

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10aUu




Performance Indicator

Roche Percee to Moose Mountain Creek

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Historic Site Preservation -
Permitted Water Use - ‘
Bankfull Exceedances -

Agricultural Damages -

. Agriculture
. Water Supply

Cultural

Oil Well Inundation =
Bridge Inundation - |

Structural Damages - |

72 0 72
Net Years of Change

Advantage ‘ Advantage
Baseline 10au




Performance Indicator

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Moose Mountain Creek to Sherwood

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

. Agriculture

. Water Supply

. Environmental

Cultural

0 72
Net Years of Change

Advantage

10aU

Advantage
Baseline




Performance Indicator

Sherwood to Mouse River Park

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
Bridge Detours -

Structural Damages -

72 72

Net Years of Change

Advantage Advantage
Baseline 10aU

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Access -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72

Mouse River Park

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

Lake Darling to Burlington

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Channel Erosion -

Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
Bridge Detours -

Structural Damages -

72 72

Net Years of Change

Advantage Advantage
Baseline 10aU

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Erosion




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Burlington

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

o- NN ._—II__

Net Years of Change

Flood Control
Agriculture
Water Supply
Environmental
Recreation

Erosion

72

Advantage
Baseline

Advantage
10aU




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

City of Minot

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

72
Net Years of Change

Advantage
Baseline

Advantage
10aU

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Railroad Inundation -

Bridge Detours -

Structural Damages -

72

Minot to Sawyer

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

. Agriculture

. Environmental
Cultural

. Recreation

72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Sawyer

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Environmental
Cultural
Recreation

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Sawyer to Velva

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental
. Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Velva

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72

Advantage
Baseline

Advantage
10aU




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Velva to Eaton Irrigation

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Erosion

72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

Eaton Irrigation District

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Erosion

72
Net Years of Change

Advantage
Baseline

Advantage
10aU




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Downstream of Towner

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

72
Net Years of Change

Advantage
Baseline

Advantage
10aU

Flood Control
Agriculture
Environmental
Cultural
Recreation

Erosion




Performance Indicator

J. Clark Salyer National Wildlife Refuge

Baseline vs. 10aU
Period of Record: 1946-2017 (72 Years)

Boating & Fishing Access - I
Boating & Fishing Safety - I
Historic Site Preservation -

Fish & Wildlife Habitat -
Fish Mortality -
Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages =
Bridge Detours -

Structural Damages -

72 72

Net Years of Change

Advantage Advantage
Baseline 10aU

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation




Plate 10 Reservoirs — 1952

Alternative 10aD (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 11

Critical Flow Locations — 1952

Alternative 10aD (Phase 2)
Souris River Plan of Study

Flow (cms)

Souris River at Estevan, SK
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Souris River at Oxbow, SK
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Souris River at Minot, ND - Flow
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Souris River at Bantry, ND
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Plate 12

Reservoirs — 1975

Alternative 10aD (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 13

Critical Flow Locations — 1975
Alternative 10aD (Phase 2)

Souris River Plan of Study
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Souris River at Oxbow, SK
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Souris River at Minot, ND - Flow
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Souris River at Bantry, ND
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Plate 14 Reservoirs — 2011

Alternative 10aD (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 15

Critical Flow Locations — 2011

Alternative 10aD (Phase 2)
Souris River Plan of Study
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Souris River at Estevan, SK
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Souris River at Oxbow, SK
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Plate 16 Reservoirs — 1988-1991

Alternative 10aD (Phase 2)

Souris River Plan of Study
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 17

Critical Flow Locations — 1988-1991

Alternative 10aD (Phase 2)
Souris River Plan of Study
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Plate 18 Performance Indicators Alternative 10aD vs.
1946-2017 (72 years) Baseline (Phase 2)
Rafferty Reservoir
Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)
MAFL -
Below Riprap -

Performance Indicator

Marina Boat Access -
Mainprize Boat Access -
Rock Reef Exposure -
Historic Site Preservation -
Fish Habitat -

Reservoir Supply Potential -
Permitted Water Use -

Oil Well Inundation -

Bridge Inundation -

72
Net Years of Change

Class

. Flood Control
. Water Supply

Environmental
Cultural

Recreation

Dam Safety

72

Advantage

Advantage
10aD

Baseline




Performance Indicator

Boundary Reservoir

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

MAFL -

Boat Launch Access -

Class

. Water Supply
SaskPower Pumping -
. Recreation

. Dam Safety

Reservoir Supply Potential -

Permitted Water Use - |

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10aD




Performance Indicator

Grant Devine Reservoir

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

MAFL -

MMPP Boat Access -

Fish Habitat (MMC) - Class

. Flood Control

Water Supply

Fish Habitat (Reservoir) - Envi tal
nvironmenta

Recreation

Dam Safety

Reservoir Supply Potential -

Permitted Water Use -

QOil Well Inundation -

72 0 72
Net Years of Change

Advantage ‘ Advantage
Baseline 10aD




Performance Indicator

MAFL -

Boating & Fishing Access -

Historic Site Preservation -

Fish & Wildlife Habitat -

Reservoir Supply Potential -

MRP Levee Safety -

MRP Evacuation -

MRP 95th St. Safety -

MRP Flood Operations -

72

Lake Darling

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aD

Flood Control
Water Supply
Environmental
Cultural
Recreation

Dam Safety




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Qil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Saskatchewan - All Riverine Reaches

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

o-_-_-_

72
Net Years of Change

Advantage Advantage
Baseline 10aD

Class

. Flood Control

. Agriculture

. Water Supply

. Environmental
Cultural

=

Recreation




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

North Dakota - All Riverine Reaches

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Net Years of Change

72

Advantage Advantage
Baseline 10aD

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Westhope to Wawanesa

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Boating & Fishing Safety -
Crown Land Protection -
Historic Site Preservation -
GNB Habitat -

Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
0.5% Event -

1% Event -

Bridge Inundation -

Structural Damages -

o EE II | I—

72 72

Net Years of Change

Advantage Advantage
Baseline 10aD

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Water Quality




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Bridge Inundation -

Structural Damages -

72

City of Estevan

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental

Cultural

. Recreation

O-_-_

72
Net Years of Change

Advantage
Baseline

Advantage
10aD




Performance Indicator

City of Roche Percee

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Bankfull Exceedances -

Agricultural Damages =

Oil Well Inundation - " Fiood Control

. Agriculture

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10aD




Performance Indicator

Roche Percee to Moose Mountain Creek

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Historic Site Preservation -
Permitted Water Use - ‘

Bankfull Exceedances -

- Flood Control
Agricultural Damages - I . Agriculture

. Water Supply

Cultural
Oil Well Inundation -

Bridge Inundation -

Structural Damages - ‘

72 0 72
Net Years of Change

Advantage ‘ Advantage
Baseline 10aD




Performance Indicator

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Moose Mountain Creek to Sherwood

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

. Agriculture

. Water Supply
. Environmental

Cultural

0 72
Net Years of Change

Advantage Advantage
Baseline 10aD




Performance Indicator

Sherwood to Mouse River Park

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - |
Sulfate -

Sodium -

Chloride -

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages - I

72 0
Net Years of Change

72

Advantage Advantage
Baseline 10aD

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Access -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72

Mouse River Park

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aD

Class

. Flood Control

. Agriculture

. Water Supply

] Environmental
Cultural

=

Recreation




Performance Indicator

Lake Darling to Burlington

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Channel Erosion - .
Boating & Fishing Access - .

Boating & Fishing Safety -

Historic Site Preservation - Class
. Flood Control
Fish & Wildlife Habitat - . .
Agriculture
. Water Supply
Fish Mortality -
. Environmental
) Cultural
Permitted Water Use -
. Recreation
Bankfull Exceedances - . Erosion

Agricultural Damages -

Bridge Detours -

Structural Damages -

o'-. I N

72 72

Net Years of Change

Advantage Advantage
Baseline 10aD




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Burlington

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Flood Control
Agriculture
Water Supply
Environmental
Recreation

Erosion

72

Advantage
Baseline

Advantage
10aD




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -

Structural Damages -

72

City of Minot

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage
Baseline

Advantage
10aD

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Railroad Inundation -

Bridge Detours -

Structural Damages -

72

Minot to Sawyer

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental

Cultural

. Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aD




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Sawyer

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Environmental
Cultural
Recreation

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10aD




Performance Indicator

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Sawyer to Velva

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental
. Recreation

0 72
Net Years of Change

Advantage

Advantage ‘
10aD

Baseline




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Velva

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72

Advantage
Baseline

Advantage
10aD




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Velva to Eaton Irrigation

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Erosion

72
Net Years of Change

Advantage
Baseline

Advantage
10aD




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

Eaton Irrigation District
Baseline vs. 10aD

Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

. Flood Control
. Agriculture
. Water Supply
. Environmental
Cultural

. Recreation
]

Erosion

72

Advantage Advantage
Baseline 10aD




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Downstream of Towner

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

l

72
Net Years of Change

Advantage
Baseline

Advantage
10aD

Flood Control
Agriculture
Environmental
Cultural
Recreation

Erosion




Performance Indicator

J. Clark Salyer National Wildlife Refuge

Baseline vs. 10aD
Period of Record: 1946-2017 (72 Years)

Boating & Fishing Access - .

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10aD

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation




Plate 19 Reservoirs — 1952

Alternative 10bL (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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MAFL
e N IR T T T T T T T F 488
1599 -
9—2 FSL [
=
©
>
o
W 1595 -
- 486
1593 -
— Alternative Pool Elevation - — - Alternative Conservation/Target Pool Elevation
1591 4 - —Baseline Pool Elevation - -- Baseline Conservation/Target Pool Elevation - 485
Oct 1951 Nov 1951 Dec 1951 Jan 1952 Feb 1952 Mar 1952 Apr 1952 May 1952 Jun 1952 Jul 1952 Aug 1952 Sep 1852 Oct 1952
Date
Lake Darling - Releases
1,500 - Alternative Inflow
1,400 1 Baseline Inflow - 40
1,300 7 — Alternative Outflow e
1,200 7 - = Baseline Outflow
1,100 1 L
1,000 1
% 900 + | 25
=~ 800 1
g 700 20
L 500 4
500 1 [ 3
400 1
- 10
300 1
200 A L 5
100 1
0 1 0
Oct 1951 Nov 1951 Dec 1951 Jan 1952 Feb 1952 Mar 1952 Apr 1952 May 1952 Jun 1952 Jul 1952 Aug 1952 Sep 1952 Oct 1952

Date

Elevation (m)

Flow (cms)

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level




Plate 20

Critical Flow Locations — 1952

Alternative 10bL (Phase 2)
Souris River Plan of Study
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Plate 21 Reservoirs — 1975

Souris River Plan of Study

Alternative 10bL (Phase 2)
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 22

Critical Flow Locations — 1975
Alternative 10bL (Phase 2)

Souris River Plan of Study
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Plate 23 Reservoirs — 2011

Alternative 10bL (Phase 2)

Souris River Plan of Study
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Lake Darling - Elevation
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Plate 24

Critical Flow Locations — 2011

Alternative 10bL (Phase 2)
Souris River Plan of Study
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Plate 25

Reservoirs — 1988-1991

Alternative 10bL (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 26

Critical Flow Locations — 1988-1991
Alternative 10bL (Phase 2)

Souris River Plan of Study
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Plate 27 Performance Indicators Alternative 10bL vs.
1946-2017 (72 years) Baseline (Phase 2)
Rafferty Reservoir
Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)
MAFL -
Below Riprap -

Performance Indicator

Marina Boat Access -

Mainprize Boat Access -

Rock Reef Exposure -

Historic Site Preservation -

Fish Habitat -

Reservoir Supply Potential -

Permitted Water Use -

Oil Well Inundation -

Bridge Inundation -

72 0
Net Years of Change

Class
. Flood Control
. Water Supply
‘ :Environmental
Cultural

. Recreation
]

Dam Safety

72

Advantage

Advantage
10bL

Baseline




Performance Indicator

Boundary Reservoir

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

MAFL -

Boat Launch Access -

Class

. Water Supply
SaskPower Pumping -
. Recreation

. Dam Safety

Permitted Water Use -

Reservoir Supply Potential - I

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bL




Performance Indicator

MAFL -

MMPP Boat Access -

Fish Habitat (MMC)-

Fish Habitat (Reservoir) -

Reservoir Supply Potential -

Permitted Water Use -

QOil Well Inundation -

72

Grant Devine Reservoir

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
. Water Supply

Environmental

. Recreation
- Dam Safety

72

Advantage Advantage
Baseline 10bL




Performance Indicator

MAFL -

Boating & Fishing Access -

Historic Site Preservation -

Fish & Wildlife Habitat -

Reservoir Supply Potential -

MRP Levee Safety -

MRP Evacuation -

MRP 95th St. Safety -

MRP Flood Operations -

72

Lake Darling

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bL

Class

. Flood Control
Water Supply
Environmental
Cultural

. Recreation

Dam Safety




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Qil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Saskatchewan - All Riverine Reaches

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage Advantage
Baseline 10bL

Class

. Flood Control

. Agriculture

. Water Supply

] Environmental
Cultural

=

Recreation




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

North Dakota - All Riverine Reaches

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage Advantage
Baseline 10bL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Westhope to Wawanesa

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - [
Sulfate - |

Sodium -

Chloride -

Boating & Fishing Safety -

Crown Land Protection -

Historic Site Preservation -

GNB Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -
0.5% Event -

1% Event -

Bridge Inundation - .

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Water Quality




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Bridge Inundation -

Structural Damages -

72

City of Estevan

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

I . Agriculture

H Environmental

Cultural

. Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bL




Performance Indicator

City of Roche Percee

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Bankfull Exceedances -

Agricultural Damages -

Class
Oil Well Inundation - " Fiood Control

. Agriculture

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bL




Performance Indicator

Roche Percee to Moose Mountain Creek

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Historic Site Preservation -
Permitted Water Use - ‘
Bankfull Exceedances -

Agricultural Damages -

. Agriculture
. Water Supply

Cultural
Oil Well Inundation -

Bridge Inundation -

Structural Damages - I

72 0 72
Net Years of Change

Advantage ‘ Advantage
Baseline 10bL




Performance Indicator

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Moose Mountain Creek to Sherwood

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage Advantage
Baseline 10bL

Class

Flood Control
. Agriculture

. Water Supply

Environmental

Cultural




Performance Indicator

Sherwood to Mouse River Park

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - I
Sulfate - |
Sodium -
Chloride - |
Channel Erosion -
Boating & Fishing Safety - I
Historic Site Preservation -
Fish & Wildlife Habitat - I
Fish Mortality -
Permitted Water Use - |

Bankfull Exceedances -

Agricultural Damages -
Bridge Detours - |

Structural Damages - I

72
Net Years of Change

72

Advantage Advantage
Baseline 10bL

Class

. Flood Control
. Agriculture
[]

Water Supply
“ Environmental

Cultural

Recreation

. Erosion

Water Quality




Performance Indicator

Boating & Fishing Access -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72

Mouse River Park

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bL




Performance Indicator

Lake Darling to Burlington

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Channel Erosion - I
Boating & Fishing Access - I
Boating & Fishing Safety - I
Historic Site Preservation - Class
. Flood Control
Fish & Wildlife Habitat - . .
Agriculture
. Water Supply
Fish Mortality -
. Environmental
P e Wter U Cultural
ermitte ater Use -
. Recreation
. Erosion

Agricultural Damages -
Bridge Detours -

Structural Damages -

Bankfull Exceedances - |
0

72 72

Net Years of Change

Advantage Advantage
Baseline 10bL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Burlington

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage
Baseline

Advantage
10bL

Flood Control
Agriculture
Water Supply
Environmental
Recreation

Erosion




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -

Structural Damages -

72

City of Minot

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage
Baseline

Advantage
10bL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Railroad Inundation -

Bridge Detours -

Structural Damages -

72

Minot to Sawyer

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

. Agriculture

J Environmental

Cultural
I . Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Sawyer

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Class
. Flood Control
. Agriculture
}Environmental
Cultural

. Recreation
]

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bL




Performance Indicator

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Sawyer to Velva

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

. Agriculture

Environmental

I . Recreation

0 72
Net Years of Change

Advantage

Advantage ‘
10bL

Baseline




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Velva

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72

Advantage
Baseline

Advantage
10bL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Velva to Eaton Irrigation

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Erosion

72
Net Years of Change

Advantage
Baseline

Advantage
10bL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

Eaton Irrigation District
Baseline vs. 10bL

Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

. Flood Control
. Agriculture
. Water Supply
| } Environmental
Cultural

Recreation

. Erosion

72

Advantage Advantage
Baseline 10bL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Downstream of Towner

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Class

Flood Control
Agriculture

ﬂ Environmental
Cultural
Recreation

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bL




Performance Indicator

J. Clark Salyer National Wildlife Refuge

Baseline vs. 10bL
Period of Record: 1946-2017 (72 Years)

Boating & Fishing Access - I
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -
Permitted Water Use -
Bankfull Exceedances - I
Agricultural Damages =

Bridge Detours - l

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bL

Class

L]
L]
!
H

Flood Control
Agriculture

Water Supply

Environmental

Cultural

Recreation




Plate 28

Reservoirs — 1952

Alternative 10bR (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 29

Critical Flow Locations — 1952

Alternative 10bR (Phase 2)
Souris River Plan of Study
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Flow (cfs)

Souris River at Oxbow, SK
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Souris River at Minot, ND - Flow
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Souris River at Bantry, ND
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Plate 30 Reservoirs — 1975

Alternative 10bR (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 31

Critical Flow Locations — 1975

Alternative 10bR (Phase 2)
Souris River Plan of Study
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Plate 32 Reservoirs — 2011

Alternative 10bR (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation

- 1843
- 1841
561 1 MAFL & FSL
- 1839
E 560 - 1837
c
L2
B - 1835
B 559
w - 1833
558 - 1831
—— Alternative Pool Elevation - - - Conservation/Target Pool Elevation B
557 A - —Baseline Pool Elevation
- 1827
Oct 2010 Nov 2010 Dec 2010 Jan 2011 Feb 2011 Mar 2011 Apr 2011 May 2011 Jun 2011 Jul 2011 Aug 2011 Sep 2011 Oct 2011
Date
Boundary Reservoir - Releases
Reservoir Inflow
250 - - - s - 9,000
— Alternative Diversion Qutflow
—— Alternative Spillway Outflow - 8,000
— - —Baseline Diversion Outflow
- —Baseline Spillway Outflow [ TR0
o - 6,000
£
150 -
= r 5,000
z
o L 4,000
L 100 1
- 3,000
50 4 - 2,000
/{_\ - 1,000
0 = 0
Oct 2010 Nov 2010 Dec 2010 Jan 2011 Feb 2011 Mar 2011 Apr2011 May 2011 Jun 2011 Jul 2011 Aug 2011 Sep 2011 Oct 2011

Date

Elevation (ft)

Flow (cfs)

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level




Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 33

Critical Flow Locations — 2011

Alternative 10bR (Phase 2)
Souris River Plan of Study
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Plate 34

Reservoirs — 1988-1991

Alternative 10bR (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 35

Critical Flow Locations — 1988-1991
Alternative 10bR (Phase 2)

Souris River Plan of Study
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Souris River at Minot, ND - Cumulative Volume
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Plate 36 Performance Indicators Alternative 10bR vs.
1946-2017 (72 years) Baseline (Phase 2)
Rafferty Reservoir
Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)
MAFL -
Below Riprap -

Performance Indicator

Marina Boat Access -

Mainprize Boat Access -

Rock Reef Exposure -

Historic Site Preservation -

Fish Habitat -

Reservoir Supply Potential -

Permitted Water Use -

Oil Well Inundation -

Bridge Inundation -

72 0
Net Years of Change

Class
- Flood Control
. Water Supply
7 Environmental
Cultural
. Recreation
]

Dam Safety

72

Advantage

Advantage
10bR

Baseline




Performance Indicator

Boundary Reservoir

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

MAFL -

Boat Launch Access -

Class

. Water Supply
SaskPower Pumping -
. Recreation

. Dam Safety

Reservoir Supply Potential -

Permitted Water Use -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

MAFL -

MMPP Boat Access -

Fish Habitat (MMC)-

Fish Habitat (Reservoir) -

Reservoir Supply Potential -

Permitted Water Use -

QOil Well Inundation -

72

Grant Devine Reservoir

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
. Water Supply

Environmental

. Recreation
- Dam Safety

72

Advantage Advantage
Baseline 10bR




Performance Indicator

MAFL -

Boating & Fishing Access -

Historic Site Preservation -

Fish & Wildlife Habitat -

Reservoir Supply Potential -

MRP Levee Safety -

MRP Evacuation -

MRP 95th St. Safety -

MRP Flood Operations -

72

Lake Darling

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bR

Class

. Flood Control
Water Supply
Environmental
Cultural

. Recreation

Dam Safety




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Qil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Saskatchewan - All Riverine Reaches

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0

Net Years of Change

72

Advantage Advantage
Baseline 10bR

Class

. Flood Control

. Agriculture

. Water Supply

’ Environmental
Cultural

=

Recreation




Performance Indicator

North Dakota - All Riverine Reaches

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - |
Sulfate - I
Sodium - l
Chloride -
Channel Erosion - l

O
®
(92}
(/2]

Boating & Fishing Access -

Boating & Fishing Safety - Flood Control

Historic Site Preservation - . Agriculture
Fish & Wildlife Habitat - l . Water Supply

Fish Mortality - I Environmental

Permitted Water Use - Cultural

Bankfull Exceedances - I Recreation

Agricultural Damages - I = Erosion

1% Event - Water Quality
Current Protection -
Railroad Inundation -
WW Lagoon Inundation -
Bridge Detours - l
Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Westhope to Wawanesa

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - I
Sulfate - I

Sodium -
Chloride - i

Boating & Fishing Safety -

Crown Land Protection -
Flood Control

Historic Site Preservation - =
[]

Agriculture
GNB Habitat - 1‘ Water Supply
Fish Mortality - 5 ' ‘ ﬂ Environmental
Cultural
Permitted Water Use -
Recreation

Water Quality

=
Bankfull Exceedances - | .
Agricultural Damages - |
0.5% Event -
1% Event -
Bridge Inundation - I

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Bridge Inundation -

Structural Damages -

72

City of Estevan

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

J Environmental

| . Agriculture

Cultural

. Recreation

0

72
Net Years of Change

Advantage
Baseline

Advantage
10bR




Performance Indicator

City of Roche Percee

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Bankfull Exceedances -

Agricultural Damages -

Class

Oil Well Inundation - Flood Control

. Agriculture

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Roche Percee to Moose Mountain Creek

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Historic Site Preservation -
Permitted Water Use - ‘

Bankfull Exceedances -
Class

i Flood Control
| . Agriculture

. Water Supply

Cultural

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Moose Mountain Creek to Sherwood

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage Advantage
Baseline 10bR

Class

Flood Control
. Agriculture

. Water Supply

Environmental

Cultural




Performance Indicator

Sherwood to Mouse River Park

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - I
Sulfate - |
Sodium - I
Chloride -
, Class
Channel Erosion - |
. Flood Control
Boating & Fishing Safety - | . Agriculture
Historic Site Preservation - . Water Supply
| “ Environmental
Fish & Wildlife Habitat - Cultural

Recreation

N . Erosion

Fish Mortality -

Permitted Water Use - Water Quality

Bankfull Exceedances -
Agricultural Damages -
Bridge Detours - I

Structural Damages - I

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Boating & Fishing Access -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72

Mouse River Park

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bR




Performance Indicator

Lake Darling to Burlington

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Channel Erosion - I
Boating & Fishing Access - |
Boating & Fishing Safety - |

Historic Site Preservation - Class

Flood Control

Agriculture

Fish & Wildlife Habitat - I .
is ildlife Habita | .
L]

| Water Supply
Fish Mortality - | [ )
} Environmental

) Cultural
Permitted Water Use -
Recreation

. Erosion

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages - I

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Burlington

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Flood Control
Agriculture
Water Supply
Environmental
Recreation

Erosion

72

Advantage
Baseline

Advantage
10bR




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

City of Minot

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage
Baseline

Advantage
10bR

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Railroad Inundation -

Bridge Detours -

Structural Damages -

72

Minot to Sawyer

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

| . Agriculture

Environmental

Cultural
I . Recreation

0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Sawyer

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Class
. Flood Control
. Agriculture

: :Environmental
Cultural

. Recreation
]

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bR




Performance Indicator

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Sawyer to Velva

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

. Agriculture

Environmental

I . Recreation

0 72
Net Years of Change

Advantage

Advantage ‘
10bR

Baseline




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Velva

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72

Advantage
Baseline

Advantage
10bR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Velva to Eaton Irrigation

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Water Supply
} Environmental
Cultural
Recreation

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

Eaton Irrigation District

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

. Flood Control
. Agriculture
. Water Supply
I Environmental
Cultural
. Recreation
]

Erosion

0 72
Net Years of Change

Advantage Advantage
Baseline 10bR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Downstream of Towner

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Class
. Flood Control
. Agriculture

: :Environmental
Cultural

. Recreation
]

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10bR




Performance Indicator

J. Clark Salyer National Wildlife Refuge

Baseline vs. 10bR
Period of Record: 1946-2017 (72 Years)

Boating & Fishing Access - I
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -
Permitted Water Use -
Bankfull Exceedances -

Agricultural Damages = |

Bridge Detours - I

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10bR

Class

Flood Control
Agriculture

Water Supply

Environmental

Cultural

Recreation




Plate 37 Reservoirs — 1952

Alternative 10cL (Phase 2)

Souris River Plan of Study

Rafferty Reservoir - Elevation
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Date
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*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level




Boundary Reservoir - Elevation

- 1842
5611 MAFL & FSL
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E
c
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=
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o
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- 1836
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Date
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31 100
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Date

Elevation (ft)

Flow (cfs)

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level




Grant Devine Reservoir - Elevation

Flow (cms)

MAFL [ 1863
567 L N N Y S O e s R R N S S . A i R Y e A O N B ..
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Lake Darling - Elevation

MAFL
e N IR T T T T T T T F 488
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*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level




Plate 38

Critical Flow Locations — 1952

Alternative 10cL (Phase 2)
Souris River Plan of Study

Flow (cms)

Souris River at Estevan, SK

e
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- =Baseline Flow

r 400
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r 200

r 150
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Souris River at Oxbow, SK
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Flow (cfs)

Flow (cfs)

Souris River at Minot, ND - Flow
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Flow (cfs)

Flow (cfs)

Souris River at Bantry, ND
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Plate 39

Reservoirs — 1975

Souris River Plan of Study

Alternative 10cL (Phase 2)

Rafferty Reservoir - Elevation
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 40

Critical Flow Locations — 1975
Alternative 10cL (Phase 2)

Souris River Plan of Study
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Souris River at Oxbow, SK
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Souris River at Bantry, ND
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Plate 41 Reservoirs — 2011

Alternative 10cL (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 42

Critical Flow Locations — 2011

Alternative 10cL (Phase 2)
Souris River Plan of Study
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Plate 43

Reservoirs — 1988-1991

Alternative 10cL (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Plate 44

Critical Flow Locations — 1988-1991
Alternative 10cL (Phase 2)

Souris River Plan of Study
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Souris River at Minot, ND - Cumulative Volume
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Plate 45 Performance Indicators Alternative 10cL vs.
1946-2017 (72 years) Baseline (Phase 2)
Rafferty Reservoir
Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)
MAFL -
Below Riprap -

Performance Indicator

Marina Boat Access -

Mainprize Boat Access -
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]
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Performance Indicator

Boundary Reservoir

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

MAFL -

Boat Launch Access -

Class

. Water Supply
SaskPower Pumping -
. Recreation

. Dam Safety

Reservoir Supply Potential -

Permitted Water Use -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cL




Performance Indicator

MAFL -

MMPP Boat Access -

Fish Habitat (MMC)-

Fish Habitat (Reservoir) -

Reservoir Supply Potential -

Permitted Water Use -

QOil Well Inundation -

72

Grant Devine Reservoir

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control

. Water Supply

Environmental

. Recreation
- Dam Safety

72

Advantage Advantage
Baseline 10cL




Performance Indicator

MAFL -

Boating & Fishing Access -

Historic Site Preservation -

Fish & Wildlife Habitat -

Reservoir Supply Potential -

MRP Levee Safety -

MRP Evacuation -

MRP 95th St. Safety -

MRP Flood Operations -

72

Lake Darling

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL

Class

. Flood Control
Water Supply
Environmental
Cultural

. Recreation

Dam Safety




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Qil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Saskatchewan - All Riverine Reaches

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage Advantage
Baseline 10cL

Class

. Flood Control

. Agriculture
. Water Supply
ﬂ Environmental

Cultural

. Recreation




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

North Dakota - All Riverine Reaches

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage Advantage
Baseline 10cL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Westhope to Wawanesa

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - ]
Sulfate - I
Sodium -
Chioride - I
Boating & Fishing Safety - I

Crown Land Protection -
Historic Site Preservation -
GNB Habitat - I
Fish Mortality - i
Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -
0.5% Event -

1% Event -

Bridge Inundation - .

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Water Quality




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Bridge Inundation -

Structural Damages -

72

City of Estevan

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

I . Agriculture

H Environmental

Cultural

. Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL




Performance Indicator

City of Roche Percee

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Bankfull Exceedances -

Agricultural Damages =

Oil Well Inundation - " Fiood Control

. Agriculture

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cL




Performance Indicator

Roche Percee to Moose Mountain Creek

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Historic Site Preservation -
Permitted Water Use - ‘

Bankfull Exceedances -

. Agriculture
. Water Supply

Cultural

Agricultural Damages -
Oil Well Inundation =
Bridge Inundation -

Structural Damages - I

72 0 72
Net Years of Change

Advantage ‘ Advantage
Baseline 10cL




Performance Indicator

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Moose Mountain Creek to Sherwood

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Water Supply
I Environmental

Cultural

0 72
Net Years of Change

Advantage Advantage
Baseline 10cL




Performance Indicator

Sherwood to Mouse River Park

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - I
Sulfate -
Sodium - I
Chloride - I

Channel Erosion -
Boating & Fishing Safety - I

Historic Site Preservation -

Fish & Wildlife Habitat = E
Fish Mortality - I
Permitted Water Use - I

Bankfull Exceedances -

Agricultural Damages - I
Bridge Detours - I

Structural Damages - I
7I2 CI)

Net Years of Change

72

Advantage Advantage
Baseline 10cL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Access -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72

Mouse River Park

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Class

L]
L]
!
H

Flood Control
Agriculture
Water Supply
| Environmental
Cultural

Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL




Performance Indicator

Lake Darling to Burlington

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Channel Erosion - I
Boating & Fishing Access - .
Boating & Fishing Safety - I
Historic Site Preservation - Class
. Flood Control
Fish & Wildlife Habitat - . .
Agriculture
. Water Supply
Fish Mortality -
. Environmental
Cultural
. Recreation
Bankfull Exceedances - . Erosion

Agricultural Damages -
Bridge Detours -

Structural Damages -

Permitted Water Use - I
0

72 72

Net Years of Change

Advantage Advantage
Baseline 10cL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Burlington

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Flood Control
Agriculture
Water Supply
Environmental
Recreation

Erosion

72

Advantage
Baseline

Advantage
10cL




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -

Structural Damages -

72

City of Minot

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

72

Advantage
Baseline

Advantage
10cL

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Railroad Inundation -

Bridge Detours -

Structural Damages -

72

Minot to Sawyer

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental

Cultural

. Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Sawyer

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Environmental
Cultural
Recreation

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL




Performance Indicator

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Sawyer to Velva

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

. Agriculture
. Environmental
. Recreation

0 72
Net Years of Change

Advantage

Advantage ‘
10cL

Baseline




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Velva

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72

Advantage
Baseline

Advantage
10cL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Velva to Eaton Irrigation

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

Eaton Irrigation District
Baseline vs. 10cL

Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

- Flood Control
. Agriculture
. Water Supply
| ﬂ Environmental
Cultural

Recreation

. Erosion

72

Advantage Advantage
Baseline 10cL




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Downstream of Towner

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cL

Class
. Flood Control
. Agriculture

j Environmental

Cultural

. Recreation

Erosion




Performance Indicator

J. Clark Salyer National Wildlife Refuge

Baseline vs. 10cL
Period of Record: 1946-2017 (72 Years)
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Plate 46

Reservoirs — 1952

Alternative 10cR (Phase 2)

Souris River Plan of Study
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation

MAFL
e N IR T T T T T T T F 488
1599 -
9—2 FSL [
=
©
>
o
W 1595 -
- 486
1593 -
— Alternative Pool Elevation - — - Alternative Conservation/Target Pool Elevation
1591 4 - —Baseline Pool Elevation - -- Baseline Conservation/Target Pool Elevation - 485
Oct 1951 Nov 1951 Dec 1951 Jan 1952 Feb 1952 Mar 1952 Apr 1952 May 1952 Jun 1952 Jul 1952 Aug 1952 Sep 1852 Oct 1952
Date
Lake Darling - Releases
1,500 - Alternative Inflow
1,400 1 Baseline Inflow - 40
1,300 7 — Alternative Outflow e
1,200 7 - = Baseline Outflow
1,100 1 L
1,000 1
% 900 + | 25
=~ 800 1
g 700 20
L 500 4
500 1 [ 3
400 1
- 10
300 1
200 A L 5
100 1
0 1 0
Oct 1951 Nov 1951 Dec 1951 Jan 1952 Feb 1952 Mar 1952 Apr 1952 May 1952 Jun 1952 Jul 1952 Aug 1952 Sep 1952 Oct 1952

Date

Elevation (m)

Flow (cms)

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level, IDFSL = Inflow Design Flood Supply Level




Plate 47

Critical Flow Locations — 1952

Alternative 10cR (Phase 2)
Souris River Plan of Study
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Plate 48 Reservoirs — 1975

Alternative 10cR (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Lake Darling - Elevation
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Plate 49

Critical Flow Locations — 1975

Alternative 10cR (Phase 2)
Souris River Plan of Study
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Plate 50 Reservoirs — 2011

Alternative 10cR (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation

568 - L
;e L L 1968
- 1859
566 -
L 1855
564 - F 1851
Frome FSL L 1847
E = T 1843
=
L 1839
% 560 -
2 - 1835
i 558 1 - 1831
L1827
958 L 1823
g . . . . 1819
— Alternative Pool Elevation - - - Conservation/Target Pool Elevation - 1815
552 - = —Baseline Pool Elevation L 1811
Oct 2010 Nov 2010 Dec 2010 Jan 2011 Feb 2011 Mar 2011 Apr 2011 May 2011 Jun 2011 Jul 2011 Aug 2011 Sep 2011 Oct 2011
Date
Grant Devine Reservoir - Releases
Reservoir Inflow
5 — Alternative Outflow r 4,500
— —Baseline Qutflow L 4,000
100 - b 3,500
= b 3,000
£ 80
~§ L 2,500
S 60 -
i L 2,000
40 - F 1,500
t 1,000
20 -
k500
I N POV 7 v v ~ "
Oct 2010 Nov 2010 Dec 2010 Jan 2011 Feb 2011 Mar 2011 Apr 2011 May 2011 Jun 2011 Jul 2011 Aug 2011 Sep 2011 Oct 2011

Date

Elevation (ft)

Flow (cfs)

*MAFL = Maximum Allowable Flood Level, FSL = Full Supply Level




Lake Darling - Elevation
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Plate 51

Critical Flow Locations — 2011

Alternative 10cR (Phase 2)
Souris River Plan of Study
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Plate 52

Reservoirs — 1988-1991

Alternative 10cR (Phase 2)

Souris River Plan of Study
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Boundary Reservoir - Elevation
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Grant Devine Reservoir - Elevation
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Plate 53

Critical Flow Locations — 1988-1991

Alternative 10cR (Phase 2)
Souris River Plan of Study
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Plate 54 Performance Indicators Alternative 10cR vs.
1946-2017 (72 years) Baseline (Phase 2)
Rafferty Reservoir
Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)
MAFL -
Below Riprap -

Performance Indicator

Marina Boat Access -

Mainprize Boat Access -

Rock Reef Exposure -

Historic Site Preservation -

Fish Habitat -

Reservoir Supply Potential -

Permitted Water Use -

Oil Well Inundation -

Bridge Inundation -

72 0
Net Years of Change

Class
- Flood Control
. Water Supply
7 Environmental
Cultural
. Recreation
]

Dam Safety

72

Advantage

Advantage
10cR

Baseline




Performance Indicator

Boundary Reservoir

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

MAFL -

Boat Launch Access -

Class

. Water Supply
SaskPower Pumping -
. Recreation

. Dam Safety

Reservoir Supply Potential -

Permitted Water Use -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cR




Performance Indicator

MAFL -

MMPP Boat Access -

Fish Habitat (MMC)-

Fish Habitat (Reservoir) -

Reservoir Supply Potential -

Permitted Water Use -

QOil Well Inundation -

72

Grant Devine Reservoir

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
. Water Supply

Environmental

. Recreation
- Dam Safety

72

Advantage Advantage
Baseline 10cR




Performance Indicator

MAFL -

Boating & Fishing Access -

Historic Site Preservation -

Fish & Wildlife Habitat -

Reservoir Supply Potential -

MRP Levee Safety -

MRP Evacuation -

MRP 95th St. Safety -

MRP Flood Operations -

72

Lake Darling

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cR

Class

. Flood Control
Water Supply
Environmental
Cultural

. Recreation

Dam Safety




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Qil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Saskatchewan - All Riverine Reaches

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

O_—--_—

72
Net Years of Change

Advantage Advantage
Baseline 10cR

Class

. Flood Control
. Agriculture
[]

Water Supply
TJ Environmental

Cultural

. Recreation




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Bankfull Exceedances -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

North Dakota - All Riverine Reaches

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage Advantage
Baseline 10cR

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Westhope to Wawanesa

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - ]
Sulfate - .
Sodium -

Chiloride - []

Boating & Fishing Safety -
Crown Land Protection -
Historic Site Preservation -
GNB Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -
0.5% Event -

1% Event -

Bridge Inundation - l

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cR

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation

Water Quality




Performance Indicator

Campground Availability -

Duck Derby Conditions -

Historic Site Preservation -

Fish Habitat -

Bankfull Exceedances -

Agricultural Damages -

Coal Stockpile -

2nd Coal Crossing -

1st Coal Crossing -

Bridge Inundation -

Structural Damages -

72

City of Estevan

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

I . Agriculture

H Environmental

Cultural

. Recreation
0 72
Net Years of Change

Advantage
Baseline

Advantage
10cR




Performance Indicator

City of Roche Percee

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Bankfull Exceedances -

Agricultural Damages -

Class

Oil Well Inundation - Flood Control

. Agriculture

Bridge Inundation -

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cR




Performance Indicator

Roche Percee to Moose Mountain Creek

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Historic Site Preservation -
Permitted Water Use - ‘

Bankfull Exceedances -

. Agriculture
. Water Supply

Cultural

Agricultural Damages -
Oil Well Inundation =
Bridge Inundation -

Structural Damages - I

72 0 72
Net Years of Change

Advantage ‘ Advantage
Baseline 10cR




Performance Indicator

Historic Site Preservation -

Fish Habitat -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Oil Well Inundation -

Bridge Inundation -

Structural Damages -

72

Moose Mountain Creek to Sherwood

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

. Agriculture

. Water Supply

Environmental

Cultural

0 72
Net Years of Change

Advantage Advantage
Baseline 10cR




Performance Indicator

Sherwood to Mouse River Park

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Total Dissolved Solids - I
Sulfate - |
Sodium - .
Chloride -
Channel Erosion - I

Boating & Fishing Safety - |
Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality - I
Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages - I

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cR

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Access -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages =

Bridge Detours -

Structural Damages -

72

Mouse River Park

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Class

Flood Control
Agriculture
Water Supply
| Environmental
Cultural

Recreation

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cR




Performance Indicator

Lake Darling to Burlington

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Channel Erosion - l

Boating & Fishing Access - |
Boating & Fishing Safety - I

Historic Site Preservation - Class

Flood Control

Agriculture

Fish & Wildlife Habitat - i =
]

’ Water Supply
Fish Mortality - [ )
} Environmental

Cultural

Permitted Water Use -
Recreation

| . Erosion

Bankfull Exceedances -
Agricultural Damages -
Bridge Detours - I

Structural Damages - |

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Burlington

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Net Years of Change

Flood Control
Agriculture
Water Supply
] Environmental
Recreation

Erosion

72

Advantage
Baseline

Advantage
10cR




Performance Indicator

Total Dissolved Solids -
Sulfate -

Sodium -

Chloride -

Channel Erosion -
Boating & Fishing Access -
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -

Permitted Water Use -
Agricultural Damages -
1% Event -

Current Protection -
Railroad Inundation -

WW Lagoon Inundation -
Bridge Detours -
Structural Damages -

72

City of Minot

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cR

Flood Control
Agriculture
Water Supply
Environmental
Cultural
Recreation
Erosion

Water Quality




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Railroad Inundation -

Bridge Detours -

Structural Damages -

72

Minot to Sawyer

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

| . Agriculture

Environmental

Cultural
I . Recreation

0 72
Net Years of Change

Advantage Advantage
Baseline 10cR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Sawyer

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Class
. Flood Control
. Agriculture
}Environmental
Cultural

. Recreation
]

Erosion

0 72
Net Years of Change

Advantage
Baseline

Advantage
10cR




Performance Indicator

Boating & Fishing Safety -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Sawyer to Velva

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

. Agriculture

Environmental

I . Recreation

0 72
Net Years of Change

Advantage

Advantage ‘
10cR

Baseline




Performance Indicator

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

City of Velva

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

Class

Flood Control
Agriculture
Water Supply
Environmental
Cultural

Recreation

72

Advantage
Baseline

Advantage
10cR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Velva to Eaton Irrigation

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Flood Control
Agriculture

Water Supply

Environmental
Cultural
Recreation

| Erosion
0 72
Net Years of Change

Advantage
Baseline

Advantage
10cR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Permitted Water Use -

Bankfull Exceedances -

Agricultural Damages -

WW Lagoon Inundation -

Bridge Detours -

Structural Damages -

72

Eaton Irrigation District
Baseline vs. 10cR

Period of Record: 1946-2017 (72 Years)

0
Net Years of Change

. Flood Control
. Agriculture
. Water Supply
| } Environmental
Cultural

Recreation

. Erosion

72

Advantage Advantage
Baseline 10cR




Performance Indicator

Channel Erosion -

Boating & Fishing Safety -

Historic Site Preservation -

Fish & Wildlife Habitat -

Fish Mortality -

Bankfull Exceedances -

Agricultural Damages -

Bridge Detours -

Structural Damages -

72

Downstream of Towner

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

0

Net Years of Change

. Agriculture

“ Environmental

Cultural

. Recreation
. Erosion

72

Advantage
Baseline

Advantage
10cR




Performance Indicator

J. Clark Salyer National Wildlife Refuge

Baseline vs. 10cR
Period of Record: 1946-2017 (72 Years)

Boating & Fishing Access - I
Boating & Fishing Safety -
Historic Site Preservation -
Fish & Wildlife Habitat -
Fish Mortality -
Permitted Water Use -
Bankfull Exceedances -

Agricultural Damages = I

Bridge Detours - I

Structural Damages -

72 0 72
Net Years of Change

Advantage Advantage
Baseline 10cR

Class

Flood Control
Agriculture

Water Supply

Environmental

Cultural

Recreation
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