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Summary

Researchers at Pacific Northwest National Laboratory conducted a flood hazard analysis for the
Materials and Fuels Complex (MFC) site located at the Idaho National Laboratory (INL) site in
southeastern lIdaho. The general approach for the analysis was to determine the maximum water elevation
levels associated with the design-basis flood (DBFL) and compare them to the floor elevations at critical
building locations. Two DBFLs for the MFC site were developed using different precipitation inputs:
probable maximum precipitation (PMP) and 10,000-year recurrence interval precipitation. Both
precipitation inputs were used to drive a watershed runoff model for the surrounding upland basins and
the MFC site. Outflows modeled with the Hydrologic Engineering Centers Hydrologic Modeling System
were input to the Hydrologic Engineering Centers River Analysis System hydrodynamic flood routing
model.

Using the most conservative assumptions for the PMF (i.e., all culverts at the MFC and the diversion
ditch located upstream of the MFC are blocked) produced flood levels exceeding floor elevations at eight
locations ranging from 3.20 ft at MFC Building 774 (ZPPR Support Wing) to 0.1 ft at MFC Building 767
(EBR-II Reactor Plant Building). The flood resulting from the 10,000-year precipitation event, assuming
the culverts and the diversion ditch were open (i.e., unblocked), exceeded floor elevations at two
locations—the MFC Building 785 (Hot Fuel Examination Facility) by 0.1 ft. and MFC Building 786 (Hot
Fuel Examination Facility substation) by 0.03 ft.

To provide additional perspective on the relative significance of the results obtained, a limited
sensitivity analysis was conducted on the hydraulic analysis evaluating the change in maximum water
surface as a function of the assumed roughness coefficients used in the hydraulic analysis. These results
showed that reducing the Manning’s roughness coefficient from 0.035 (representative of lightly vegetated
sagebrush) to 0.013 (representative of asphalt) at the MFC cross sections for the 10,000-year precipitation
event decreased the maximum water-surface elevations to levels below all floor elevations.

An analysis was also conducted for the Transient Reactor Experiment and Test (TREAT) Facility site,
located in a separate drainage approximately 4700 ft northwest of the MFC. Results indicate that flows
generated by the PMP will produce a maximum water-surface elevation at the TREAT site of only
5114.82 ft, approximately 7 ft below the floor elevation of the TREAT Warehouse (MFC Building 723)
and over 9 ft below the floor elevation of the TREAT reactor building (MFC Building 720).
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1.0 Introduction

U.S. Department of Energy (DOE) Order 420.1B (DOE 2005) establishes facility and programmatic
safety requirements for nuclear and explosives safety design criteria, fire protection, criticality safety, the
mitigation of natural phenomena hazards at nuclear facilities, including the Idaho National Laboratory
(INL). DOE’s INL, in southeastern Idaho, encompasses nine major operational areas, including the
Materials and Fuels Complex (MFC). Located on 60 acres in the southeastern corner of the INL site, the
MFC is largely devoted to research and development of nuclear technologies and nuclear environmental
management. In partial fulfillment of the requirements of DOE Order 420.1 B, INL directed Pacific
Northwest National Laboratory (PNNL) to conduct an assessment of the potential for flooding at the
MFC.

1.1 Purpose and Scope

An INL review of the MFC operations and facilities in accordance with DOE Order 420.1B
determined the highest Performance Category (PC) for existing facilities at MFC is PC-3. Further, MFC
contains several facilities that could be affected by natural phenomena hazards, including flooding.
Consequently, in accordance with DOE-STD-1020-2002, Natural Phenomena Hazards Design and
Evaluation Criteria for Department of Energy Facilities (DOE 2002), an evaluation of the flood design
basis for the structures, systems, and components (SSCs) at the MFC is required. This consists of the
following:

o determining the design-basis flood (DBFL) for each flood hazard as defined by the hazard annual
probability of exceedance and applicable combinations of flood hazards

o evaluating the site stormwater management system (e.g., site runoff and drainage, roof drainage)

o developing a flood design strategy for the DBFL that satisfies the criteria performance goals (e.g.,
build above the DBFL, harden the facility)

o designing civil engineering systems (e.g., buildings, buried structures, site drainage, retaining walls,
dike slopes, etc.) to the applicable DBFL and design requirements.

In partial fulfillment of these requirements, the study presented here is limited to providing the
hydrologic inputs necessary for estimating the probability of flood water inundating structures, systems,
and components (SSCs) at MFC (i.e., peak flood elevations exceeding critical flood elevations (CFESs).

1.2 Facility Description

Most of the INL site is located in Pioneer Basin—a closed topographic depression. Portions of six
watersheds either drain surface water to or from the site (Figures 1.1 and 1.2). The MFC (or, as it was
once known, ANL-W) is in a closed basin, located in the American Falls watershed, which generally
drains from the INL site to the Snake River. The MFC includes the Transient Reactor Experimental and
Test (TREAT) Facility located approximately 4700 ft from the primary MFC site, but within a separate
subwatershed. In 1963, the ANL-W reached an unanticipated flood level, which may have prompted the
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construction of a diversion dam that still functions at the MFC today. A second flood event in January

1969 involved rain and snow melt runoff over frozen ground; water levels reached and overtopped
US Highway 20, south of the MFC.
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Figure 1.2. Watersheds at the INL Site

Although the MFC site is not affected by flows from other major watersheds in the region, it can be
subject to runoff from six upgradient subbasins and from overland flow, ponding, and localized runoff
from roofs and other impermeable surfaces located at the facility. The total upgradient contributing
watershed area is 7.8 mi®>. During times of high precipitation, runoff can occur as sheet flow or
channelized flow flowing downgradient toward the lowest point in the basin. Based on the DOE 420.1B
requirements, runoff/drainage (overland flow) is the only potential type of flooding event that needs to be
considered at MFC. So, each of the subbasins that can contribute potential flood flows to MFC must be
assessed to determine the potential for overland flow flooding to affect SSCs and human health and safety
at MFC. Inresponse to INL’s request, PNNL researchers conducted a comprehensive flood hazard
assessment to evaluate the potential flood risks to MFC SSCs and site personnel. The SSCs are listed in
Table 1.1.

1.3 Report Contents and Organization

The ensuing sections of this report describe the flood hazards analysis performed to evaluate the flood
design basis for SSCs at the MFC as specified in DOE Order and Standards. Section 2.0 describes the

13




methodology and results of the flood hazard and sensitivity analyses for the MFC and the flood hazard
analysis for the nearby TREAT Facility. Section 3.0 presents conclusions. Appendixes A and B contain
supplemental climate data plots and terrain data processing information, respectively.

Table 1.1. Example Structures, Systems, and Components at MFC

MFC-704 Fuel Manufacture Facility (FMF)

MFC-719 Vehicle Entry Post

MFC-720 TREAT Reactor Building

MFC-723 TREAT Warehouse

MFC-752 Laboratory and Office Building

MFC-752 Laboratory and Office Building

MFC-752 Laboratory and Office Building

MFC-752 Laboratory and Office Building

MFC-765 Fuel Conditioning Facility (FCF)

MFC-765 Fuel Conditioning Facility (FCF)

MFC-767 EBR-11 Reactor Plant Building

MFC-767 EBR-11 Reactor Plant Building

MFC-767 EBR-11 Reactor Plant Building

MFC-774 ZPPR Support Wing

MFC-775 ZPPR Vault-Workroom Equipment Room
MFC-776 ZPPR Reactor Cell

MFC-785 Hot Fuel Examination Facility (HFEF)
MFC-786 HFEF Substation

MFC-787 Fuels and Applied Science Building (FASB)
MFC-792 SSPSF Control Room

MFC-792A Space and Security Power System Facility Annex
MFC-794 Contaminated Equipment Storage Building
MFC-794 Contaminated Equipment Storage Building
MFC-798 Radioactive Liquid Waste Treatment Facility
MFC-1702 Radiochemistry Laboratory (RCL)
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2.0 Analysis and Results

The MFC contains PC-0, 1, 2 and 3 facilities. Therefore, according to DOE-STD-1020-2002, the site
stormwater and flood management system must ensure protection against a mean flood hazard probability
equal to or less than 1 x 10™. The DBFLs for the MFC were based on estimating the probable maximum
precipitation (PMP) and 10,000-year precipitation events and then using them as input to a watershed
runoff model for the surrounding upland basins as well as the MFC site itself. Runoff, or outflows, were
modeled using the U.S. Army Corps of Engineers (USACE) Hydrologic Engineering Centers Hydrologic
Modeling System (HEC-HMS) and Hydrologic Engineering Centers River Analysis System (HEC-RAS)
software. Simulated hydrographs for the two events from HEC-HMS were input to the HEC-RAS
hydraulic flood routing model to determine peak water-surface elevations at the MFC SSCs.

The details of the flood hazard analysis for the MFC using the described approach is presented in the
following sections in three parts:

o determination of the PMP and 10-000-year storm
o determination of the probable maximum flood (PMF) and 10,000-year flood

o hydraulic analysis and determination of the maximum water-surface elevation.

2.1 Determination of the Probable Maximum Precipitation and
10,000-Year Storm

Two DBFLs for the MFC site were developed using different precipitation inputs: PMP and
10,000-year precipitation. Both precipitation events were used as input to a watershed runoff model for
the surrounding upland basins and the MFC site itself. Runoff, or outflows, from watersheds W1-W6
(Figure 2.1 and Table 2.1) were modeled using the USACE’s HEC-HMS software. Runoff from
subbasins designated as B1 through B4 (as shown in Figure 2.1) was estimated using the Rational Method
within HEC-RAS. Outflows modeled with HEC-HMS were input to the HEC-RAS hydrodynamic flood
routing model. Each of the major elements of the analyses and associated results were reviewed by the
project team and technical reviewers for reasonableness and accuracy.

The PMP was estimated using the guidance provided in Hydrometeorological Report (HMR) No. 57
Probable Maximum Precipitation — Pacific Northwest States (NWS 1994). PMP is defined as
“theoretically, the greatest depth of precipitation for a given duration that is physically possible over a
given size storm area at a particular geographical location at a certain time of the year.” The PMP is the
potential rainfall that could result from optimal atmospheric conditions and circumstances; it represents
an upper limit for a particular duration and area, and is “not a quantity that is expected to be observed.”
HMR 57 provides background and methods for both general and local storms. General storms are defined
as major synoptic events that produce precipitation over areas of at least 500 mi” and for durations that
often exceed 6 hours. Local storms are defined as having areas of up to 500 mi? and durations up to
6 hours. Climate data indicate that both types of storms can occur during any season in the Pacific
Northwest, but general storms are less common during the summer months, and local storms primarily
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occur from April through October. For watersheds less than 10 mi? in area, HMR 57 recommends that
both general and local PMPs be considered for use. The watershed containing the MFC site is 7.8 mi? in
area.

5 5 RAS Basin Boundary

Figure 2.1. Watersheds (W) Simulated with HEC-HMS and Subbasins (B) Simulated with HEC-RAS

The starting point for the general storm PMP is the all-season 10-mi?, 24-hour PMP index value. The
index value is multiplied by factors that account for season, storm duration, and basin size. The index
value was 8.5 in. for the INL location. Scripts written in the R language were used to implement the
HMR 57 PMP computations. The general storm PMP values for the unique seasons and for durations of
1, 6, 24, 48, and 72 hours are plotted as points in Figure 2.2. The all-season PMP is by definition the
maximum of all the seasons, which for much of the Pacific Northwest east of the Cascades occurs in June.
For convenience in deriving incremental precipitation for the design storm, a semi-log model was fit to
the points using simple linear regression: PMP = a * log(duration) + b, where a and b are the slope and
intercept, respectively. The differences between successive hourly cumulative precipitation values from
the curve were calculated and arranged in a pattern like that of Figure 2.3 for the design storm. The total
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72-hour, all-season precipitation was 10.97 in., and the maximum hourly increment was 1.54 in. The
winter months, November to March, have a somewhat lower general storm PMP, 8.78 in. over 72 hours,
and a maximum hourly increment of 1.23 in.

Table 2.1. Watershed and Unit Hydrograph Parameters

w1 w2 W3 w4 W5 W6
Area (mi?) 0.408 0.310 0.068 4.933 0.110 1.663
Volume in acre-feet of 1 in. rainfall over basin 21.760  16.533 3.627 263.093 5.867  88.693
Mean basin slope (%) 1.664 2.016 2.867 2.762 2.868 2911
Main channel length (mi) 1.580 0.978 0.363 7.702 0.762 2.199
Mean main channel slope (%) 0.498 1.104 2.067 1.337 2171 1.283
Weighted main channel slope (%) 0.415 0.845 1.918 0.716 2.029 1.127
Main channel length to centroid (mi) 0.801 0.376 0.054 2.589 0.313 1.008
SCS lag (hr) 0.982 0.608 0.231 2.708 0.418 0.968
SCS time base (hr), 1 hr rain, triangular 3.958 2.959 1.951 8.565 2.450 3.919
SCS time base (hr), 15 min rain, triangular 2.957 1.958 0.950 7.563 1.449 2.918
SCS time of rise (hr), 1 hr rain 1.482 1.108 0.731 3.208 0.918 1.468
SCS peak flow (cfs), 1 hr rain, triangular 133.0 135.2 45.0 743.4 57.9 547.7
SCS peak flow (cfs), 1 hr rain, curved 170.8 167.9 43.8 860.7 66.8 702.8
SCS time of rise (hr), 15 min rain 1.107 0.733 0.356 2.833 0.543 1.093
SCS peak flow (cfs), 15 min rain, triangular 178.1 204.4 92.4 841.8 98.0 735.7
SCS peak flow (cfs), 15 min rain, curved 197.5 237.4 116.4 875.2 118.4 816.2

The local storm PMP process was similar, with a starting index value of 8.7 in. for a 1-mi? area below
6000-ft elevation over 1 hour. The PMP values 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, and 6 hours are shown in
Figure 2.4. An exponential model of the form PMP = a * duration b + ¢, where a, b, ¢ are coefficients, fit
using nonlinear least-squares regression, was used to derive the 15-minute incremental precipitation over
6 hours. The lower part of Figure 2.4 shows the 15-minute intervals in the design storm sequence from
high to low, as recommended by HMR 57. The total 6-hour precipitation in the local storm was 9.12 in.,
with the first 15-minute increment being the maximum at 3.80 in.

The local storm PMP was selected as the primary scenario for the PMF analysis because of its much
higher intensity and likely greater peak flows compared to the general storm. However, the watershed
runoff from the general storm, with and without a hypothetical snowmelt event occurring concurrently,
was also simulated for comparison purposes.

Climate data from the Central Facilities Area (CFA; labeled in Figure 1.1) and MFC meteorological
stations were obtained from the National Ocean Atmospheric Administration (NOAA) and evaluated for
this report. The CFA period of record was from March 1, 1950 to April 30, 2010—60 years—and
contained daily records of precipitation (in.), snowfall (in.), and snowpack thickness (in.). The maximum
daily precipitation was 1.64 in. The MFC period of record was from April 1, 1993 to May 24, 2010
(17 years) and contained daily precipitation (in.); the maximum was 1.48 in. The rainfall maximums at
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these two stations occurred during June and July, respectively. Plots of precipitation at both stations, and
snowfall and snow depth at CFA, can be found in Appendix A of this report.
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Figure 2.2. General Storm PMP by Season
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General Storm PMP Sequence, 3-hr Intervals
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Figure 2.3. Design Storm Hyetographs Based on the General Storm PMP. Six-hour precipitation
increments are shown; the hyetograph used as input to HEC-HMS was based on 1-hour
increments.
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The CFA meteorological station is located at latitude 43.533 degrees north and longitude
112.948 degrees west at an elevation of 4950 ft. Its tower is north of CFA building CF-690. Daily
precipitation values are from a manually measured rain gage. The MFC meteorological station (tower
code EBR) is located at latitude 43.594 degrees north and longitude 112.652 degrees west at an elevation
of 5143 ft. Its tower is near the MFC. A tipping bucket rain gage is used to measure precipitation.

Historical observations at INL have indicated that a rain-on-snow event might provide the largest
flood at MFC. In such an event, the amount of water content in the antecedent snowpack is a critical
factor for total runoff, along with the amount of rainfall in the storm. To estimate a worst-case, highest-
water-content snowpack, data from the snowiest year at CFA were used. The maximum observed snow
depth of 30 in. occurred during 1993 and lasted for 11 days (Figure 2.5). It was preceded by a long
accumulation season with relatively little mid-winter melting. The precipitation that fell during this time
period totaled 4.12 in., which was assumed to be the maximum possible water content of the snowpack.
The actual water content of the snowpack was probably less because of loss by infiltration of liquid water
into the ground and sublimation. The corresponding water content of 0.137 is somewhat more than
typical new-fallen snow in temperate climates. This observed snow condition was assumed to be suitable
for the antecedent condition in the PMF analysis.

CFA Daily Snow Depth, WY 1993
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Figure 2.5. Snow Depth at the CFA Meteorological Station During Water Year 1993

The second design storm method was based on the 10,000-year precipitation previously estimated by
Dames & Moore (D&M 1993). The rainfall amounts at 5, 10, 15, 30 minutes and 1, 2, 3, 6 hours from
that report are shown in Figure 2.6. Not shown here for the sake of plot clarity but included in the
24-hour design storm are values for 12 and 24 hours. Five-minute increments of rainfall were derived by
taking the difference between sequential cumulative amounts along the line shown in Figure 2.6. Linear
interpolation was used so that the original point values were used as is; however, the value at 2 hours was
omitted because it does not fit the general pattern of increase shown by the other Dames & Moore values.
The first 6 hours of the 5-minute increments used to drive the watershed model are shown in Figure 2.7.
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10,000-year Precipitation, Depth vs. Duration

_ 0
N o
- _,—'——______5___
/G__
-1 o]
— o
i/
-1 @
Il'
1o
I'TT I I I ] I I I
5 20 &0 2 3 4 5 5]
Minutes Hours
10,000-year Precipitation Sequence, 5-minute Intervals
I|||||llllllllllllTlllIIIIIIIIIIIIIIIIIIIIIIIlllllllllllTlllIIIIIIIIIIII
5 20 &0 2 3 4 k] [
Kinutes Hours

10,000-Year Precipitation Event Depth vs. Duration and 5-Minute Interval Storm Sequence

2.8



Watershed Outflows: 10,000-year Precipitation
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Figure 2.7. Hydrographs for the 10,000-Year Event
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2.2 Determination of the Probable Maximum Flood and 10,000-Year
Flood

The watershed model HEC-HMS was used to transform the design storms into watershed outflows,
which were used as inflows for HEC-RAS hydraulic model analysis. As stated previously, losses due to
surface ponding, infiltration, and evaporation were assumed to be zero, which provides a conservative
(highest) estimate of runoff for the PMF analysis. Therefore, the runoff volumes equaled the precipitation
over the watersheds. Given that historical streamflow records were not available for the MFC site,
synthetic unit hydrographs (UHs) were used as the transform method to convert the design storm
hyetographs to streamflow hydrographs.

2.2.1  Unit Hydrographs

The UH is conceptually the direct runoff response of one unit of excess precipitation occurring
uniformly over the watershed during a specified time period. The key assumptions of UHSs are that they
are linear and time-invariant, so that runoff from greater or less than one unit of precipitation is simply a
multiple of the UH ordinates, and that this relationship holds regardless of antecedent conditions or other
circumstances. In the absence of historical rainfall-runoff records, the best available method for
estimating steamflows is the synthetic UH. Synthetic UHs are parameterized entirely from watershed
properties such as topography and land cover, rather than analysis of rainfall and runoff data, and as such
are highly uncertain.

Methods in the following resources were used to develop the synthetic UHs: Handbook of Hydrology
(Maidment 1993), Hydrology for Engineers (Linsley et al. 1982), and Hydrology and Floodplain Analysis
(Bedient and Huber 1992). The simplest approach is the Soil Conservation Service (SCS) unit
hydrograph method, which requires knowing only the duration of excess rainfall and the time lag, or the
time from the midpoint of the precipitation period to the time of peak flow. Periods of 15 minutes and
1 hour were both used for the duration of 1 in. of excess rainfall. The SCS time lag was computed as
follows (Bedient and Huber 1992):

t, = (L"0.8 * (S + 1)°0.7) / (1900 * s"0.5) (2.1)
where t, = time lag (hr)
L = length of main channel from outlet to basin divide (ft)
S = storage coefficient
s = mean watershed slope (%).

S = (1000/CN) - 10 (2.2)
where CN is the SCS curve number for the particular soil type and land cover.
Peak flow is then computed as

Qp=4834*A/T, (2.3)
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where  Q, = peak flow rate (cfs)
A = basin area (mi?),
T, = time of rise = time from start of rainfall (and runoff) to time of peak (hr). Time of rise is

T,=0.5*D +t, (2.4)
where D is the duration of rainfall excess (hr).

The resulting triangular UHs based on 1 in. over 15 minutes and 1 in. over 1 hour for W4 are shown
in Figure 2.8. For comparison, UHs based on other methods were also developed. UH theory does not
consider the nonlinear watershed response to high-intensity rainfall associated with PMPs (i.e., higher
peak flows and shorter times of rise). To account for this phenomenon, the peak was increased by 20%
and the time of rise decreased by 33%. The modified SCS UHs in Figure 2.8 do that, with an added
property of maintaining the time base of runoff instead of having it decrease to preserve runoff volume in
a triangle. This was done by adding an ordinate between the peak flow and the end of the hydrograph,
such that the falling limb has an indentation. The time for this ordinate was set at 25% of the falling limb
time base, and the flow at that time calculated such that runoff volume was preserved. As shown in
Figure 2.8, the SCS method produces the largest peak flow and provides the most conservative estimate.

HEC-HMS alters the SCS UH so that it is a curve rather than a triangle. The HMS time of rise is the
same as that derived by the manual triangle method, but the peak flow is somewhat higher (Figure 2.9).

HEC-HMS also offers a Snyder UH option, with a time lag peaking coefficient, C,, required as input.
Two different equations for time lag were used:

t, = Ct * (L *L.) ~ 0.3 (Bedient and Huber 1992) (2.5)

where Ct is a coefficient, L has units of miles, and Lc is the length of main channel from the outlet to a
point opposite the basin centroid (mi).

The other time lag equation is
t, = Ci* (L * L¢/ 4"0.5) ~ 0.38 (Linsley et al. 1982) (2.6)
where s; is a weighted channel slope (ft/ft).

For the coefficients C; and C,, various combinations of values were used, in the ranges suggested in
the literature. Table 2.1 lists the resultant values for t,. All Snyder UHs resulted in peak flows that were
lower than those derived using the SCS methods.

For this analysis, loss due to infiltration was assumed to be zero, but in the SCS UH method the curve
number (CN) and dependent storage coefficient, S, also affect the shape of the hydrograph via the time
lag, with lower peaks and longer runoff durations as CN decreases. The CN was set to 89, representing
poorly permeable soil group D and rangeland in poor condition (Bedient and Huber 1992). The
curvilinear version of the 15-minute SCS UH with CN = 89 was the one used for the PMF analysis; this is
shown for all watersheds in Figure 2.9.
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W4 Unit Hydrographs
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Figure 2.8. Unit Hydrographs for Watershed 4 (W4)

2.2.2 HEC-HMS Model Results

The local storm PMP and the UH were used in HEC-HMS to generate separate storm flows for all six
watersheds. The resulting streamflows are shown in Figure 2.10. Watershed 4 (W4) is by far the largest
contributor of flow, but the peak of the combined flows happens earlier than the W4 peak, at about
1.5 hours.

For comparison, the design hyetograph based on the general storm PMP was also used to drive the
HEC-HMS model. As expected, the storm flows from this lower-intensity, longer-duration storm were
less than half of those produced by the higher-intensity local storm (Figure 2.11). To include the
contribution of snowmelt from an antecedent snowpack, a design storm with assumed complete melting
over 4 hours was also run through HEC-HMS. The 4.12 in. of assumed snow water content was divided
equally (1.03 in.) and added to each of the 4 hours of maximum rainfall intensity. The final water
increments after addition of snowmelt during those 4 hours were 1.67, 2.49, 2.57, and 1.93 in.,
respectively. The resulting hydrographs are shown in Figure 2.12. This scenario resulted from a
collection of maximizing assumptions for the general storm PMF: use of the all-season PMP instead of
the lower winter season PMP, no loss of precipitation or snowmelt, a very high snowpack water content,
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and very rapid melting of the snowpack coincident with the time of highest rainfall. Even with all of
these assumptions, the peak flows are still less than those from the warm season local storm. This
outcome justified the use of the local storm for the subsequent HEC-RAS analysis of channel flood
routing.

SCS UHs for 1 Inch of Excess Precipitation over 15 Minutes, No Loss, CN=89
Manual triangular SCS HMS curvilingar 5C8
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Figure 2.9. SCS Triangular and HMS Curvilinear Unit Hydrographs for All Watersheds
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Watershed Outflows: Local PMP, SCS UH, CN=89, no loss

10000 -

9500 -

000

8500 —

g000 —

7500 —

7000 -

G500

G000 —

—5500 —
— W3

— W4

(cfs

=5000 —

Flo

— W@
4500 —

4000 -

3500

3000 —

2500 —

2000 —

1500 —

1000 -

500 H

jprojects dhsymind irsuls fprt watershed u.lﬂu;:f'q Hours

‘projects idhsvmindis cripls s tom_ydm, doplot

Figure 2.10. PMF Hydrographs for the Local Storm
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Watershed Outflows: General PMP, SCS UH, CN=89, no loss
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Figure 2.11. PMF Hydrographs for the General Storm
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Figure 2.12. PMF Hydrographs for the General Storm with Hypothetical Snowmelt Added. The storm

flows from the 10,000-year precipitation, shown in Figure 2.6, are much less than any of
the PMP-based flows. The combined runoff from all six watersheds has peak value about
28% of that of the local storm PMP peak.
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2.3 Hydraulic Analysis and Determination of Peak Elevation

The hydraulic analysis and peak elevation determinations for the MFC and the TREAT Facility are
described in this section. The analysis uses the HEC-RAS hydraulic model to compute flow velocity and
depth. Water-surface elevations are computed by the addition of depth and cross-section elevations.

2.3.1 MFC Site

The hydraulic analysis was conducted to estimate the maximum water-surface elevations during the
PMF and a 10,000-year return period event at the MFC site. The analysis uses the HEC-RAS hydraulic
model to route flow through the site with consideration of backwater effects that could occur due to
diversion dams, roads, and blocked culverts. HEC-RAS is a one-dimensional model and its setup
requires thoughtful assembly of cross-sectional and control-structure characteristics of the system.

2.3.1.1 Hydraulic Model Setup

Cross-section data input into HEC-RAS were extracted from available Light Detection and Ranging
(LiDAR) data (see Appendix B). The geometric representation of the MFC site and surrounding areas
included cross sections that characterize the presence of drainage channels, roads, and buildings. The site
was divided into four subbasins: Subbasins 1 through 4 (labeled as B1, B2, B3, and B4 in Figure 2.13).
Geographic information system (GIS) software (Global Mapper) was used to extract cross sections from
high-resolution LiDAR data (Figure 2.13). A higher density of cross sections was added within the MFC
site to characterize building structures, culverts, ditches, and roads, while a smaller number of cross
sections were used in surrounding areas but nonetheless included features that provided hydraulic control
(dams, channels, and roads). Cross sections were input to the HEC-RAS model using a GIS format, and
each cross section was identified and checked against the original LiDAR data.

The one-dimensional channel connections were setup as follows (Figures 2.13 and 2.14):
e Subbasin B1 was selected as the mainstream basin.

e Subbasin B4 was connected to subbasin B1 from the left-hand side and subbasin B3 was connected to
subbasin B1 from the right-hand side.

e Subbasin B3 receives flows from subbasin B2.

Figure 2.15 shows the plan view from the HEC-RAS model setup. Due to the one-dimensional
method used in HEC-RAS, it was necessary to account for the connections between subbasins via lateral
flow exchange. These flow exchanges were handled using lateral weir structures in HEC-RAS with the
weir elevation and width based on LIiDAR data. These weirs were included between subbasins B1 and B2
and between subbasins B1 and B3 (Figure 2.13).

The following assumptions were used for the analysis:
¢ Flow was one-dimensional using the HEC-RAS hydraulic model.

o The subbasins were lightly vegetated sagebrush (Manning’s n = 0.035) with sandy channels
(Manning’s n = 0.030).
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e Roads and dams were handled as weirs with the weir elevation based on road elevation derived from
the LIDAR data. The default weir coefficient of 2.6 provided by HEC-RAS during model setup was
used in all analyses.

e Two levels of conservatism were examined:

— Most conservative with all culverts in the MFC area (subbasin B3) blocked. Also, the diversion
channel that reroutes flow from the upper reach of subbasin B2 into the upper reach of Basin 1
was blocked. This is referred to as the Blocked case.

— Least conservative with all of the ditches in the MFC area (subbasin B3) open. Also, the
diversion channel that reroutes flow from the upper reach of subbasin B2 into the upper reach of
subbasin B1 was open. This is referred to as the Open case.

— For both levels of conservatism, the bridge under the access road crossing subbasin B1 was in
place.

o The downstream boundary was set as a normal depth boundary with a friction slope of 0.0002. This
value was estimated from the local topography near the downstream boundary.

o The stormwater detention pond northwest of MFC was filled.

o Local inflow from precipitation onto HEC-RAS subbasins was based on the Rational Method with no
precipitation loss and was linearly distributed along the subbasins, with the distribution based on
surface area.

Figure 2.13. Four Subbasins Used for the HEC-RAS Model Analysis and HEC-RAS Cross-Section
Layout for the MFC Site and Surrounding Areas
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Figure 2.14. Detail of HEC-RAS Cross Sections Overlai