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CALIBRATION OF CUHP2005/SWMM5 COMPUTER MODELS
FOR FLOOD FLOW PREDICTIONS

Jeffrey Y. Cheng, P.E.
Dr. James C.Y. Guo, P.E., PhD

The AMEC Team was authorized to work on this project in April 2010. The main purpose for this
project is to calibrate CUHP/SWMM5 computer models using the recorded data in Harvard
Gulch Watershed and then to refine the protocol to apply the CUHP/SWMM5 software package
to stormwater modeling and flood predictions.

The original version of CUHP ran on a computer mainframe. It was revised in 1977 by Ben
Urbonas to account for variable infiltration rates, to override the default unit hydrograph
parameters, and to generate output for flood frequency analysis. In 1984, it was revised again to
work on a personal computer and to route hydrographs using UDSWM2-PC, which is a modified
Runoff Block module in the Environmental Protection Agency’s (EPA) Storm Water
Management Model (SWMM4 1988).

In 2000, the program’s interface was changed to operate under Microsoft™ Windows 95® or
later version operating systems. New features were added to account for Directly Connected
Impervious Area (DCIA) and water quality capture volume (WQCV). In 2004 the program was
translated to C programming language for faster workbook execution and the correction of
certain bugs in the output files. The most recent version (CUHP 2005) utilizes an EXCEL
spreadsheet frontend to interface with the C version of the math engine. CUHP2005 also ended
the support for DCIA level 3 and removed user input for the time of concentration. The converter
was also developed to automate the transfer of a CUHP2000 input file into CUHP2005 and
interface with EPA SWMM Version 5 (SWMM5 2005) for flow routing. More recent changes to
CUHP2005 are noted by numbered versions and are discussed below.

CUHP2005 Version 1.1.4

This version was released on July 26" 2007. Within this version the rainfall distribution with
area correction was adjusted to more closely match the values presented in UDFCD 2004. This
was accomplished with exponential decay functions that are fitted to the curves presented in
UDFCD 2004, which closely approximate the Area Depth Adjustment Curves (ADAC) for 2-, 3-,
and 6- hour storm durations.

CUHP2005 Version 1.2.1

This version was released on February 20", 2008. Within this version a review of the effective
rainfall calculations was performed and adjustments within the model were made to produce
expected values. The effective rainfall table in the criteria manual was also updated to reflect
any changes. Values for the peaking (C,) and timing (C;) coefficients were also adjusted.

Calibration of CUHP2005/SWMM5 Computer Models
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CUHP2005 Version 1.3.1

This version was released shortly after the previous version on August 11", 2008. Major review
of the CUHP Excel work book was conducted by a selected team. The new functions for the
peaking coefficient (C,) and time to peak coefficient (C,) were derived by Dr. James Guo at the
University of Colorado Denver to reach good agreement to the Rational method for drainage
basins less than 90 acres.

CUHP2005 Version 1.3.2

CUHP 1.3.2 was never released to the public because of the inconsistent predictions among
DCIA Levels 0, 1, and 2. Dr. James Guo proposed the concept of effective imperviousness that
should be weighted by the runoff volumes produced from the cascading flows associated with
different DCIA Levels. A set of new design curves of effective imperviousness was developed
and implemented into CUHP2005 Version 1.3.2. (Guo et, al 2010).

CUHP2005 Version 1.3.3

CUHP 1.3.3 is the compilation of all changes discussed above. A new user interface is also
added into the operation. Version tracking has been added and the mathematic engine is
referenced differently than the previous versions to prevent users from downloading a new
version and continuing to use a mathematic engine from a previous version.

This version also introduces the ‘CUHP Power tools' installer. This package is targeted at
developers and power-users that want to study changes across different versions of CUHP, or
need to work with large numbers of CUHP files (CH2MHill 2009).

The original algorithm used in CUHP was calibrated against Denver’s urban watershed data.
With the latest changes, it is important to confirm the integrity and reliability of the latest version
of CUHP/SWMM'’s performance. The main purpose of this project is to apply the software
package CUHP/SWMM to the Harvard Gulch Watershed and then compare the predicted flood
flows with the 30-years of stream flow records collected from five (5) rain gages and two (2)
stream gages operated in the watershed. This study involves numerical calibration of
CUHP/SWMMS5 models for design events, observed events, and evaluation of the operations of
two stream gages and five rain gages.
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1.0 HARVARD GULCH WATERSHED

The tributary area to Harvard Gulch has been recognized as one of the two urban areas that
have been well monitored with a long term record (Zarriello 1998). Harvard Gulch flows westerly
through the southern part of Denver for a length of 5.6 miles to reach the confluence with the
South Platte River at Wesley Avenue. The total watershed area is approximately 7.7 square
miles. Since the Highline Canal meanders through the southeast portion of the watershed and
intercepts storm runoff flow, the effective tributary area is reduced to 3.1 square miles. The
Harvard Gulch Flood Control project, completed in 1966, was designed to convey the 10-year
flood using storm sewers, grass-lined swales, and concrete channels from Colorado Boulevard
to Harvard Park. Downstream of S. Logan Street to the South Platte River, an underground box
culvert was constructed through Logan Park, which also serves as an outlet to the detention
pond, built in Harvard Park Golf Course. The intent of this underground box culvert was to pass
up to the 25-year peak flood flows. A larger flood event would result in uncontrolled flooding of
the neighborhood and with no identifiable surface flow path to the river. The existing railroad,
light rail and arterial roadways block surface flows from reaching the South Platte River. The
existing infrastructure was determined to be incapable of conveying the 100-year design peak
flow of 3600 cfs as predicted in the 1979 Flood Hazard Area Delineation Study (FHAD 1979).
Therefore, storm runoff in excess of the existing capacity of the underground box culvert is
anticipated to flood neighborhood streets and buildings (Matrix Group 2010).

Highway 1-25 and the T-REX construction project bisect the upper portion of Harvard Gulch.
Drainage improvements for the T-REX project through the Holly Hills area include several
detention/water quality basins as well as a new storm sewer system. The T-REX storm sewer is
connected to Denver’s existing storm sewer system at two locations along the west side of |-25.
They are: (1) the T-REX storm sewer system to the south outfalls to the Highline Canal; and (2)
the storm sewer system to the north outfalls to the existing 36-inch storm sewer within Yale
Avenue. As a result, only the downstream area of the Highline Canal, or a total of 3.10 square
miles, is the effective tributary area to the stream gage installed at Harvard Park. This tributary
area is about twice as long as it is wide and is drained by a combination of storm sewers and
open channels. The base flow ranges from 2.1 and 5.6 ft3/s. The topographic relief is about 150
feet with slopes ranging from approximately 2.0 to 0.5 percent (MacKenzie et. al. 2007)
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Figure 1-1 Watershed Map for Harvard Guich

As illustrated in Figure 1-1, this study area is confined by Evans Avenue to the north, Dartmouth
Avenue to the south, I-25 to the east, and S. Logan Street to the west. This area has been
developed into mixed land uses, including commercial development along Colorado Boulevard
and Broadway Boulevard. The residential areas in the watershed are dense single-family
housing with small lots. The average imperviousness percent is approximately 40 percent of
watershed’s surface area. Encroachments into the floodplains occurred prior to the City and
County of Denver zoning regulations to protect the floodplain from neighboring developments.
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2.0 FLOOD FLOW MONITORING SYSTEMS

As illustrated in Figure 1-1, Harvard Gulch Watershed downstream of the Highline Canal is
monitored by five (5) rain gages and two (2) USGS stream gages. As summarized in Table 2-1,
these five rain gages are evenly installed to cover the tributary area, but the operational details
and possible vegetal canopy effects are not clear.

Table 2-1 Rainfall Gages Installed in Harvard Gulch Watershed

Station Height to Top of Rain Gage Wind gage
1. Harvard Gulch @ University Park 7.6 ft No
2. Harvard Gulch @ Denver Academy 7.9 ft No
3. Harvard Gulch @ Bradley School 7.6 ft No
4. Harvard Gulch @ Slavens Elementary 7.6 ft No
5. Harvard Gulch @ Harvard Gulch Park 7.5ft No

Academy Slavens Elementary Harvard Park

Figure 2-1 Rainfall Gages Operated in Harvard Gulch Watershed

Operational errors at a rain gage are introduced by evaporation due to adhesion on the funnel
surface, and raindrop splash. In addition, interference errors are directly related to wind and
vegetal canopy effects at a rate of 1% rain under-catch per every one mile per hour of wind
speed (Guo, Urbonas, and Stewart, 2001). For instance, during the January 9-10, 1995 rain
storm in Sacramento, California, winds were ranged from 20 to 45 miles per hour for several
hours. The rain under-catch at several gages was approximately 20 to 45% (Curtis and
Humphrey 1995). Figure 2-1 shows three of the rain gage installations. These are
representative of all five rain gage installations in that the gages are not protected by gage
shields. Consequently, their operations have been subject to wind effects.
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3.0 HYDROLOGIC CONDITION AT STREAM GAGES
3.1 Stream Gage 06711570 at Colorado Boulevard

The headwater of Harvard Gulch begins at Colorado Boulevard. Street flows on Colorado
Boulevard are collected into an entrance box inlet that directly drains into the underground 10-ft
by 14-ft concrete conduit. As illustrated in Figure 3-1, Stream Gage 06711570 is located
between the exit of the underground conduit and the entrance of a low-cord bridge under
Jackson Street. At this location, a noticeable sediment deposit is accumulated upstream of the
bridge and extended to the location of the stream gage. Throughout the summer, the low-flow
channel and overbank areas grow with willows, cattails, and grass. The low flow channel
(thalweg) has meandered toward the right bank about 1 foot in the past 4 to 7 years (USGS
Memo 2011). Deposits of fine silt/sand tend to be along the low flow channel while sand bars
are developed at the bridge just downstream from the gage. It seems many of the deposits
along the outer edges become vegetated and do not scour out of the channel. The operation of
this stream gage is affected by the stream bed scour at the conduit exit and the
backwater/sediment effect from the downstream bridge. All these factors affect the reliability of
the stage-discharge rating curve previously established at this gage. During an extreme event,
these deposits may be eroded. However, during low flow events, the operation at Stream Gage
06711575 tends to overestimate the flow rate in the channel due to the sediment build-up.

Upstream
Downstream

Figure 3-1 Stream Gage 06711570 at Colorado Boulevard

3.2 Stream Gage 06711575 at Harvard Park

Stream Gage 06711575 is located at Latitude 39.67 and Longitude 104.98 between the exit of
the underground 9-ft by 14.5-ft concrete conduit and the drop structure upstream of S. Logan
Street (see Fig. 3-2). The floodplain of this reach usually remains clear with leaves, tree limbs,
and urban debris flowing into the channel from neighboring streets. The bottom at this stream
gage is protected with gravel and fine sand. During an extreme event, the operation at Stream
Gage 06711575 tends to underestimate high flows due to the erosion potential or to
overestimate low flows due to the sediment deposit potential.

Calibration of CUHP2005/SWMM5 Computer Models
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Upstream

Downstream

Figure 3-2 Stream Gage 06711575 at Harvard Park

The box culvert upstream of Gage 06711575 has an overflow steel grate that can divert
excessive storm water into Harvard Park located at the north-west corner of S. Downing Street
and W. Harvard Avenue. The park serves as an off-line detention basin that releases the stored
flood volume back to Harvard Gulch immediately upstream of S. Logan Street. Review of
several previous studies revealed that this off-line detention capacity was not included in the

any of previous computer models (FHDA 1979, and Matrix Group 2010).

Table 3-1 is the evaluation of the hydrologic conditions at these two stream gages.

Table 3-1 Hydrologic Conditions at Stream Gages

Hydrologic parameters

Gage 1 at Colorado Bivd

Gage 2 at Harvard Park

Tributary Area

730 acres

2058 acres

Watershed Average
Imperviousness Percent

60%

40%

Gage Station Condition

Tall grass and healthy
vegetation, widened floodplain,
significant sediment deposit

Well-maintained grass-lining,
widened floodplain, high-stage
flow diversion overtopping the
north bank into the park

Upstream Condition

Exit of underground culvert
with significant scour.

Exit of underground culvert
with erosion potential and flow
diversion into the park

Downstream Condition

Low bridge with significant
sediment deposit and
backwater effect

Sediment deposit for low flows
and possible erosion for
extreme flows.

The computer model calibration procedure involves selection of input parameters to minimize
the discrepancy between model predictions and observed data. It is critically important that the
operations at stream gages be reliable and consistent. Therefore, the calibration process in this
study begins with a statistical analysis using the 30-year stream flow records at the two stream
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gages. The annual flow frequency curve will serve as the basis to evaluate the dynamic wave
model developed for the existing watershed condition.

3.3 Review of Flood History

Both stream gages installed in the Harvard Gulch Watershed have been operated since 1981.
As summarized in Tables 3-2 and 3-3, the annual peak flows generated from this watershed
have been affected by the continuous urbanization process. Both stream gages have a record
of 30 years with no zero-flow years. Gage 06711570 at Colorado Boulevard has missing data
for two separate years.

There were three large flooding events recorded at the stream gages in 1996, 2001, and 2010.
On July 8, 2001, serious street and stream flooding hit Denver between 4 and 6 p.m. The storm
was accompanied by high winds and small hail. Damage to the Cherry Creek Arts Festival was
a major news story where one person was taken to the hospital after being struck by blowing
debris from street displays. Flash flooding was observed on Harvard Gulch, Goldsmith Guich,
Cherry Creek, the South Platte River, and along I-25 where the infamous “Lake Logan” (Logan
Street/lI-25 underpass) once again stopped traffic. The Harvard Gulch at Jackson Street rain
gage measured the heaviest rainfall of 0.67” in 5 minutes and 2.48” in an hour (Flash Flood
Prediction 2001). The peak stage at the crossing culvert (see Figure 3-3) under S. Logan Street
is approximately 6 inches below the road surface or a peak flow of 2120 cfs was estimated by
the culvert hydraulics.

Upstream of S Logan Downstream of S Logan

Figure 3-3 Crossing Box Culvert under S. Logan Street
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Table 3-2 Annual Peak Flows Recorded at Gage 06711570 at Colorado Blvd

Gage 06711570 at Colorado Blvd
Hydrologic Unit Code 10190002
Latitude 39°40'09.13", Longitude 104°56'33.03" NAD83
Gage datum 5,400 feet above sea level NGVD29

Output formats

_|

able

raph

:

Tab-separated file

peakfq (watstore) format

Reselect output format

Year

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Water

Date

1981

1982

1983

1984

1985

1986

1987
Aug. 04, 1988
May 15, 1989
Aug. 15, 1990
Jul. 20, 1991
Jul. 20, 1992
Sep. 18, 1993
Aug. 13, 1994
Jun. 04, 1995

Gage Stream-

Height
(feet)

12.55
11.86
12.40
11.62
12.34
11.32
12.15
14.02
11.56
12.28
12.50
13.50
12.57
12.71
12.67

flow
(cfs)

395°
210¢
410°
200°
392°¢
139°
335¢
597
187°¢

C
309°
750°
332°¢
382¢
367

Water Gage Stream-

D Height flow
Year e (feegt)t (c?s)

1996 Jul. 12,1996 13.34  673°
1997 Sep. 04,1997 1297  488°
1998 Jul. 25,1998 1291  462°
1999 May 20, 1999 13.06  529°
2000 May 17,2000 12.86  441°
2001 Jul. 08,2001 13.98 1,100°
2002 Sep. 12,2002 13.66 870"
2003 Jun. 18,2003 13.16 578

2004 2004 B,C

2005 Jun. 03,2005 12.10  210°
2006 Jul. 07,2006 12.05  201°
2007 Jul. 04,2007 11.58  119°
2008 Aug. 09,2008 11.72 126"°
2009 Jul. 03,2009 1250  309°
2010 Jun. 12,2010 12.14  208°

e B -- Month or Day of occurrence is unknown or not exact

e C-- All or part of the record affected by Urbanization, Mining, Agricultural changes, Channelization, or other
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Table 3-3 Annual Peak Flows Recorded at Gage 06711575 at Harvard Park

Output formats

Gage 06711575 at Harvard Park [ Table

Hydrologic Unit Code 10190002 nm

Latitude 39°40'18.20", Longitude 104 °58'37.30" -

NADS3 I‘Tab-separated file

Gage datum 5,320 feet above sea level NGVD29 npeaqu (watstore) format

|IReseIect output format
Gage Stream- Gage Stream-
vater  pate Height flow water  pate Height flow
(feet) (cfs) (feet) (cfs)

1981 1981 15.61 785° 1996 Jul. 12,1996 16.25 1,100°
1982 1982 13.59 214° 1997 Jul. 31,1997 15.49 776°
1983 1983 14.81 488° 1998 Jul. 25,1998 14.90 573°
1984 1984 13.44 191¢ 1999 Jul. 19,1999 13.60 257¢
1985 1985 12.38  81.0° 2000 Aug. 17,2000 14.06 350¢
1986 1986 12.67 104° 2001 Jul. 08,2001 17.44 2,120°
1987 1987 14.39 372° 2002 Sep. 12,2002 14.41 434°
1988 Aug. 04, 1988 14.02 597° 2003 Jun. 18,2003 15.42 750"
1989 May 15,1989 12.84 181¢ 2004 Jun. 18,2004 13.56 249°
1990 Aug. 15,1990 13.40 222¢ 2005 Jun. 03,2005 15.92 951%
1991 Jul. 20,1991 14.55 471° 2006 Aug. 13,2006 15.48 772°
1992 Jul. 20,1992 15.57 807° 2007 May 14,2007 14.73 522
1993 Sep. 18,1993 14.37 424° 2008 Aug. 09, 2008 14.93 583"
1994 Jun. 21,1994 15.41 746° 2009 Jul. 03,2009 16.02 995°
1995 Jun. 04,1995 14.95 589° 2010 Jul. 05,2010 16.54 1,240°
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3.4 Annual Flood Flow Frequency Analysis

As recommended in Bulletin 17B (1980), the annual maximum series (AMS) is formulated by
the highest peak flow from each year. In this study, the computer model, HEC-SSP (2010), is
employed to provide statistical analyses using the Log-Pearson Type Il distribution (Bulletin
17B 1980). The AMS derived from both gage stations were examined to confirm that no high
and low outliers exist in the data array. According to the recommended procedure, the
skewness coefficient at each station was weighted between the system and the general
skewness coefficients. Table 3-4 presents the statistics derived for logarithmic values from each
station’s AMS. Figures 3-4 and 3-5 are the flood-frequency curves extended from the record of
30 years to a span of 500 years.

In comparing the results from the two gages, the AMS at Gage 06711570 (Colorado Boulevard)
shows a more normally distributed curve because of its low skewness. As a result, the plot in
Figure 3-4 is a straight line rather than a curve line as shown in Figure 3-5. Both Figures 3-4
and 3-5 provide the predicted peak flows ranging from 1- to 500-year events.

Table 3-4 Station Statistics for Log Values of Annual Maximum Peak Flows

Station Mean (cfs) Standard Deviation (SD) | Skewness
Log-10 Value | (cfs) Coefficient

Gage 06711570 at Colorado Blvd 2.515 0.261 -0.091

Gage 06711575 at Harvard Park 2.675 0.321 -0.517

Calibration of CUHP2005/SWMM5 Computer Models
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Figure 3-4 Annual Maximum Flow-Frequency Analysis for Gage 06711570 at Colorado Blvd
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4.0 COMPUTER MODELS DEVELOPED FOR STORMWATER SIMULATION
4.1 Colorado Urban Hydrograph Procedure (CUHP)

As illustrated in Figure 4-1, the baseline CUHP computer model, HGCuhp.xls as shown in
Appendix B, is developed to study the total tributary area of 3.19 square miles (2048 acres).
The tributary area is divided into 26 sub-areas as listed in Table 4-1. This baseline model will be
used for different applications. The average size of these subareas is approximately 80 acres
with a maximum of 157 acres and a minimum of 13 acres. The average area imperviousness
percent for the entire watershed is approximately 41% on an average slope of 0.0144 ft/ft. The
standard recommended depression losses are used in the model, including 0.1 inch/watershed
for impervious area and 0.4 inch/watershed for pervious area. The Level 1 MDCIA (minimizing
directly connected impervious area) was adopted because the cascading flow pattern draining
from roofs onto grass yard prevails in the watershed.
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Figure 4-1 Watershed Discretization for Base CUHP Model
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Table 4-1 Hydrologic Parameters Used in BASE CUHP Model

o uw"”| Maximum Depression
Storage (Watershed in)
Catchment | Area Distance to |Length| Slope Percent
Name {miz) Centroid (mi) | (mi) (ftift) |Imperviousness| Pervious |Impervious
5 0.020 0076 0354 0.0135 3430 0.40 0.10
10 0.133 0227 0570 0.0071 34.30 0.40 0.10
15 0.089 0.181 0542 0.0155 35.00 0.40 0.10
20 0.132 0379 0920 00135 43.40 0.40 0.10
25 0.089 0206 0602 0.0108 3430 0.40 0.10
30 0.118 0.277 0554 0.0153 34.30 0.40 0.10
35 0.186 0248 0752 0.0111 34 .48 0.40 0.10
40 0.167 0384 0873 0.0095 34.07 0.40 0.10
45 0.121 0272 0608 00114 34 .30 0.40 0.10
50 0.220 0206 0708 0.0202 42 98 0.40 0.10
595 0.152 0.252 0.556 0.0228 31.50 0.40 0.10
60 0.146 0359 0888 00072 3430 0.40 0.10
65 0.191 0201 0711 0.0109 29.40 0.40 0.10
70 0.222 0.344 0776 0.0237 34.53 0.40 0.10
75 0.063 0104 0327 0.0246 3.50 0.40 0.10
80 0.242 0.332 0992 0.0093 58.40 0.40 0.10
85 0.032 0.150 0.363 0.0074 85.00 0.40 0.10
90 0.052 0146 0.366 0.0194 85.00 0.40 0.10
95 0.191 0231 0674 0.0177 4817 0.40 0.10
100 0.041 0.076 0304 0.0141 8.00 0.40 0.10
105 0.076 0164 0433 0.0133 56.00 0.40 0.10
110 0.063 0.164 0379 0.0161 37.00 0.40 0.10
115 0.061 0.229 0432 0.0217 §8.00 0.40 0.10
120 0.234 0334 00942 0.0113 43.00 0.40 0.10
125 0.065 0211 0384 0.0124 49.00 0.40 0.10
130 0.087 0.077 0446 0.0143 38.00 0.40 0.10
Sum | 3.1909|Sq Miles |

For flow routing, the baseline model, HGCuhp-DW.inp, is developed using EPA SWMM5
computer model (SWMM5 2005). The 26 pre-processed CUHP storm hydrographs can be
transported into 26 nodes implemented in the flow routing model. In this study, the drainage
network through the watershed was developed based on the previous studies (FHAD 1979,
Matrix Group 2001), and then verified by field visitations. Harvard Gulch drains a matured urban
watershed. Floodplains have been channelized. Many bridges and underground conduits are
built across the encroached floodplains. For instance, the gulch collects the street flows from the
entrance inlet located at Colorado Boulevard and Yale Street. This inlet is tied into the 9-ft x14-ft
underground conduit between Colorado Boulevard and Jackson Street. As shown in Figure 4-2,
the height of this entrance inlet is approximately 1.5 feet. To take the potential storage effect
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into consideration, the maximum water depth at this node used in the computer model is set to
be no more than 1.5 feet for the street flow routing.

Figure 4-2 Entrance Inlet at Colorado Blvd and Yale Street

The gulch passes under University Boulevard through a multi-span bridge with a height of 5°
and an overall span of 70’. From Downing Street to Harvard Park, the concrete channel is
converted into the 7-ft by 14-ft underground box conduit underneath W. Harvard Avenue. The
storage volumes associated with the headwater depths at the entrance of each conduit and
bridge can result in a significant attenuation on peak flows. As a result, the routing model
developed in this study uses the specified elevations and sizes at nodes and links. Flow
detention and diversion along the channel network are automated according to the energy and
hydraulic grade lines at each time step. This baseline model, HGCuhp-DW.inp, can be operated
using the dynamic wave (DW) method when conducting a comparison study for the observed
event under the existing condition or using the kinematic wave (KW) method when conducting
conservative predictions for a planning or alternative condition.

4.2 Kinematic Wave Hydrograph Procedure (KWHP)

KWHP is the hydrograph generation process recommended by EPA SWMMS5. In comparison,
CUHP is a lumped method while KWHP is a discrete method that integrates unit-width overland
flows into the storm hydrograph at the watershed outlet. A unit-width approach requires the
conversion of an irregular watershed into its equivalent rectangular sloping plane. In current
practice, there are two methods developed for this watershed shape conversion:

(1) The maximum overland flow length (ML) method (Bedient and Huber 1992) suggests
that the average “maximal overland flow lengths” be identified and then averaged along
the major sewer lines and channels through the watershed. The KW plane width is then
calculated as:
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L =— @-1)

max

where A = watershed area, L= longest length for overland flow, and L,= KW plane
width

(2) The KW watershed shape function (SF) method (Guo and Urbonas 2009) suggests that

the watershed shape, A/L? be preserved during the shape conversion. The KW plane
width is calculated as:

L, =L[(1.5- A, )(2 286— -0. 286(—) ] where A/L’<4 (4-2)

where A, = larger half area when the waterway divides the watershed into two halves.
As illustrated in Figure 4-3, the value of A, is between 0.5 for central channel and 1.0 for

side channel.
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Figure 4-3 lllustration of Area Skewness

The ML method was tested for watershed less than 20 acres while the SF method was
recommended for watershed less than 70 to 90 acres. Both methods give similar KW plane
widths when the watershed is as small as 10 to 20 acres. Table 4-2 presents the shape
conversion for the baseline model, HGSwmm-DW.inp, developed for the Harvard Gulch
Watershed.
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Table 4-2 KW Plane Widths for KWHP Method

Subarea Area L So Z=Am/A | X=A/LA2 | Y=Lw/L So/Sw Sw Lw
ID acre ft % % ft

5 12.8 1869.1 0.01 0.67 0.16 0.30 0.83 0.02 554.7
10 85.6 3011.8 0.71 0.67 0.41 0.74 1.30 0.55 2228.6
15 57.4 2863.0 1.55 1.00 0.30 0.34 1.24 1.24 959.6
20 84.9 4858.2 1.35 0.85 0.16 0.23 0.91 1.47 1108.9
25 57.4 3176.7 1.08 0.75 0.25 0.41 1.01 1.07 1307.4
30 75.8 2923.0 1.53 1.00 0.39 0.42 1.34 1.14 1228.9
35 119.8 3972.3 1.11 0.50 0.33 0.72 1.18 0.94 2879.2
40 107.7 4607.5 0.95 0.85 0.22 0.32 1.01 0.94 1470.9
45 78.2 3211.9 1.14 0.85 0.33 0.47 1.17 0.97 1510.7
50 141.7 3736.9 2.02 0.50 0.44 0.95 1.42 1.42 3566.9
55 97.9 2936.6 2.28 0.50 0.49 1.06 1.53 1.49 3114.7
60 94.3 4688.5 0.72 0.50 0.19 0.42 0.86 0.83 1955.0
65 122.9 3751.6 1.09 0.50 0.38 0.83 1.29 0.84 3106.7
70 143.2 4096.3 2.37 0.70 0.37 0.65 1.22 1.94 2655.8
75 40.6 1728.5 2.46 0.67 0.59 1.04 1.61 1.53 1796.4
80 156.0 5238.7 0.93 0.90 0.25 0.33 1.08 0.86 1724.6
85 20.4 1915.7 0.74 1.00 0.24 0.27 1.17 0.63 513.7
90 33.8 1935.0 1.94 1.00 0.39 0.43 1.35 1.44 826.2
95 123.0 3560.8 1.77 0.60 0.42 0.82 1.34 1.32 2933.1
100 26.7 1602.8 1.41 1.00 0.45 0.49 1.41 0.99 781.4
105 49.3 2287.6 1.33 0.50 0.41 0.89 1.35 0.99 2036.3
110 40.4 2000.8 1.61 1.00 0.44 0.48 1.40 1.15 951.0
115 39.6 2282.8 2.17 1.00 0.33 0.36 1.28 1.70 827.5
120 150.7 4971.8 1.13 1.00 0.27 0.29 1.20 0.94 1459.3
125 42.0 2024.9 1.24 1.00 0.45 0.48 1.41 0.88 975.3
130 55.8 2355.3 1.43 1.00 0.44 0.47 1.40 1.02 1115.2

Aided by Table 4-2, a total of 26 sub-areas are incorporated into the baseline models,
HGSwmm-DW.inp, HGCuhp.xls, and HGCuhp-DW.inp, developed for Harvard Gulch. Storm
hydrographs generated under the design rainfall are placed at the sub-basin’s outlets as shown
in Figure 4-4. Both baseline models, HGSwmm-DW.inp and HGCuhp-DW.inp, share the same
flow routing network that can be operated with DW or KW, depending on the applications.
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Figure 4-4 Watershed Discretization for Base SWMM Model

5.0 DESIGN EVENTS AND ANNUAL FLOW-FREQUENCY CURVE

Design events are defined as the flood flows simulated under the recommended 2-, 5-, 10-, 50-,
and 100-year one-hour precipitation depths distributed on the 2-hr design rainfall curves
(USWDCM 2001). The recommended depression losses are set to be 0.1 inch for impervious
area and 0.4 inch for pervious (grass) area. The soil infiltration follows the Horton’s formula
developed for Type B/C soils. The Level 1 MDCIA (minimizing directly connected impervious
area) is selected to model the stormwater cascading flow paths. Using the above design
parameters, the baseline model, HGCuhp.xsl, was converted into a design-event model to
predict design storm hydrographs. The baseline routing model, HGCuhp-DW.inp, was also
revised to route the pre-processed CUHP hydrographs through the guich.

Similarly, the baseline model, HGSwmm-DW.inp, was revised with subareas, flow widths, and
slopes listed in Table 4-2, and Manning’s roughness coefficient of 0.016 for impervious surface
and 0.035 for pervious (grass) area. Using the same design rainfalls and hydrologic losses as
those used in the model, HGCuhp-DW.inp, the baseline model, HGSwmm-DW.inp, is then
converted into a design-event model.

Table 5-1 summarizes the predicted design peak flows for 2- through 100-yr events. The Log-
Pearson Type-3 (statistical) method was adopted to analyze the continuous record of 30 years.
The 5% and 95% confidence intervals were calculated to define the upper and lower limits for
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the 90% chance of the predicted value. In general, the predicted peak flows, Q-cuhp from the
CUHP method and Q-kwhp from the KWHP method, give reasonably good agreement to the
statistical predictions, Q-LP3.

As expected, due to the build-up of sediment deposit around the two gage stations, the stage-
flow rating curve tends to overestimate frequent low flows. As shown in Table 5-1, the statistical
prediction of 2-yr peak flow is consistently 50% higher than both computer models, but this
difference diminishes for 50- to 100-yr events (Figures 5-1 and 5-2). Nevertheless, the
differences among these three methods are within the confidence limits. The predicted peak
flows for the 50- to 100-yr events are comparable to the magnitude observed during the July 8,
2001 event.

Table 5-1 Comparison among Predicted Peak Flows for Design Events

GAGE at HARVARD PARK
Return | Non-Exceed LP-3 Statistic Upper Lower CUHP KWHP

Period Freq F | Peak Flow Limit Limit
Tr p(Q<q) zZ Q-LP3 95% 5% Q-cuhp | Q-kwhp
year cfs cfs cfs cfs cfs
2 05 -0.329 503 634 402 264 274
5 08 0.539 905 1203 702 673 464
10 09 1.242 1194 1645 893 998 677
50 0.98 2987 1861 2706 1283 2132 1536
100 0.99 3.781 2153 3175 1435 2866 2362

GAGE at COLORADO BLVD
Return | Non-Exceed LP-3 Statistic Upper Lower CUHP KWHP

Period Freq F | Peak Flow Limit Limit
Tr p(Q=q) zZ Q-LP3 95% 5% Q-cuhp | Q-kwhp
year cfs cfs cfs cfs cfs
2 05 -0.329 330 397 275 176 185
5 0.8 0.539 543 693 448 377 309
10 0.9 1.242 702 939 565 519 410
50 098 2 987 1090 1607 832 1040 871
100 0.99 3.781 1270 1042 948 1196 1156
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Figure 5-2 Design Peak Flows Predicted at Gage 06711575 at Harvard Park
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5.1 Design Events Predicted by CUHP and KWHP Methods

CUHP was developed for urban watersheds up to 3 square miles with a dendritic drainage
network while KWHP is recommended for micro scale urban catchments with a single collector
channel that does not have any major incoming laterals. The ideal catchment for KWHP is a
sloping street block that drains into the central street. Harvard Gulch serves as the collector
channel from the neighboring streets. In comparison, the models developed for this watershed
produce good agreement for 2- and 100-yr events, but a significant gap for the 10-yr event. A
further investigation may be needed to examine the modeling consistency among flood events.
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Figure 5-3 Design Events predicted by CUHP and KWHP Methods
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6.0 MODEL CALIBRATION WITH OBSERVED EVENTS

The five (5) rain gages and two (2) stream gages operated in this watershed provide a
continuous rainfall-runoff record since 1981. After an extensive review of more than 50 events, it
was found that most of the recorded events were incomplete or failed to satisfy the basic
principle of volume balance. For each case, the runoff volume under the direct runoff
hydrograph must be greater than the rainfall volume under the recorded hyetograph. If not, the
volumetric discrepancy was caused by either the rain under-catch at the rain gages due to wind
and vegetation canopy effects or instrumental errors at the stream gages due to sediment
deposit or high flows.

As recommended in the EPA SWMM User’'s manual (SWMMS5 2005), four major water volumes
in storm water simulation shall satisfy the principle of continuity as:

Dv :VP _VF _VR (6_1)

In which D, = depression volume in [L], Vr = rainfall volume in [L], VF = infiltration volume in [L],
and Vg = direct runoff volume in [L]. All these volumes are computed as water depth per
watershed area. The infiltration volume can be estimated by the Horton formula for Type B/C
soils for this watershed. The unknown depression volume is set to vary between 0.05 and 0.5
inch. All observed runoff hydrographs were converted into equivalent volume in inch/watershed
area. After a lengthy review of the published USGS data record from 1990 to 2005, there are
nine events identified to satisfy the basic criteria of volume balance among rainfall, runoff,
infiltration, and depression. The event rainfall depths for these selected events vary between 1.0
to 2.5 inches for the most intense 60 minute or shorter portion of the event. According to NOAA
Atlas Volume 3 for Colorado (1973), this range of rainfall depths covers the return periods
between 2- to 50- years for the Denver metropolitan area. Table 6-1 summarizes these nine
events identified in this study.

To simulate the observed events, both baseline models, HGCuhp.xls and HGSwmm.DW.inp,
were modified to incorporate the observed hyetograph into the climate data as the source of
runoff. A range of hydrologic losses was tested in each model, for each case, in order to
produce predicted hydrographs as similar to observed hydrographs as the model can be. In this
study, it is an attempt to examine the best-fit condition based on both peak flow rate and water
volume.
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Table 6-1 Selected Rainfall Events for Harvard Guich Study

Incremental Rainfall Depth  {inch)

Time 8/4/1988 | 7/20/1991 | 7/23/1992 | 9/18/19983 | 7/25/1998 | 8M17/2000 | 7/8/2001 | 9/12/2002 | 6/18/2003
min inch inch inch inch inch inch inch inch inch
0 011 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 0.09 0.00 0.01 014 003 0.08 0.03 0.00 0.06
10 0.08 0.00 0.02 012 015 0.08 0.08 016 0.31
15 0.15 0.07 0.09 0.07 0.09 0.03 0.33 0.27 0.26
20 0.09 016 0.31 0.05 011 0.03 032 0.36 0.07
25 0.05 018 016 003 0.10 0.07 046 015 011
30 0.04 0.18 0.06 0.07 0.14 0.08 0.30 0.06 0.15
35 0.07 0.20 0.01 025 011 0.10 017 003 012
40 011 013 0.01 013 0.15 0.08 018 0.04 0.05
45 0.08 0.05 0.00 0.04 0.19 0.06 0.13 0.02 0.02
50 0.06 0.09 0.00 015 0.09 0.04 0.04 0.02 0.01
55 0.08 0.04 0.00 002 0.05 003 0.02 0.00 0.00
60 0.06 0.02 0.00 0.00 0.05 0.02 0.06 0.00 0.00
65 0.068 0.01 0.00 0.01 0.04 0.01 0.10 0.00 0.00
70 0.02 0.00 0.00 0.00 0.02 0.01 0.02 0.00 0.00
75 0.02 0.01 0.00 0.00 0.02 0.01 0.01 0.00 0.00
80 0.02 0.00 0.00 0.00 003 0.01 0.01 0.00 0.00
85 0.02 0.01 0.00 0.00 0.01 0.01 0.05 0.00 0.00
90 0.01 0.01 0.00 0.00 0.01 0.01 0.03 0.00 0.00
95 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00
100 0 0.00 0.00 0.00 0.01 0.02 0.01 0.00 0.00
105 0.01 0.00 0.00 0.00 0.04 0.01 0.01 0.00 0.00
110 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
115 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
120 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Sum 1.24 1.19 0.68 1.09 147 083 237 1.14 1.16

6.1 Event on 07/08/2001

During the July 8, 2001 event, the rainfall depths were recorded at the five rain gages as shown
in Table 6-2. The reading difference among the rain gages might reflect the decay of the storm
intensity along Harvard Gulch or the possible operational errors due to the wind effect around
the rain gages.
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Table 6-2 Rainfall Depths at Five Rain Gages on July 8, 2001

Rain Gage | Rain Depth (inches)
Bethesda 2.97
Bradley 2.37
University 3.55
Slavens 1.35
Harvard Park 1.2

Applying Theissen’s area-weighting method to this event, the area-averaged rainfall depth was
determined to be approximately 2.41 inches or close to a 50 to100-yr event in the Denver area.
Table 6-3 presents the USGS record of stream flows downstream of Colorado Boulevard during
this event. The hydrograph sharply rises from the base flow of 2.4 cfs to the peak flow of 1100
cfs over a period of 30 minutes and then reduced to a dry bed condition over the next 30
minutes. These sharp changes in the hydrograph imply that the stream gage was
malfunctioned. The reported peak flow of 1100 cfs is the best information available to represent
the event.

Table 6-3 USGS Report at Gage 06711570 at Colorado Blvd for 07/08/2001 Event

Year-Month-Date Hour:Min:Sec Q (cfs)
20010708 161500 MDT 2.4
20010708 163000 MDT 2.4
20010708 164500 MDT 2.4
20010708 170000 MDT 157
20010708 171500 MDT 1100
20010708 174500 MDT 0
20010708 180000 MDT 0
20010708 181500 MDT 0

Although both stream gages failed to record the entire runoff hydrographs, the USGS annual
peak flow records indicate that a peak flow of 1100 cfs occurred at the gage next to Colorado
Boulevard, and 2120 cfs was estimated at the gage next to Park. As illustrated in Figure 6-1,
the missing runoff hydrographs were estimated by the linear rising and falling hydrographs. For
this case, it was found that using the recommended hydrologic losses listed in Table 6-4, both
CUHP and KWHP methods can match with the observed peak flows well.
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Table 6-4 Hydrologic parameters used in 07/08/2001 Event Simulation

Total precipitation depth

2.41

inch

Rain gage

All Gages

Imp Depression Loss

0.10

inch

Perv Depression Loss

0.40

inch

Max Infiltration Rate

3.00

in/hr

Min Infiltration Rate

0.50

in/hr
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Figure 6-1 Comparison of Hydrographs for 07/08/2001 Event

(The linear rising and falling hydrograph was estimated in this study.)
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6.2 Event on 06/18/2003

This event produced a total of rainfall depth of 1.16 inches over a period of 60 minutes as
recorded at Rain Gage-University. The other four rainfall gages recorded much less rainfall
amount. This rainfall amount is equivalent to a 4-yr event. A peak flow of 502 cfs was reported
at the gage next to Colorado Boulevard, and 750 cfs was observed at the gage next to the park.
Table 6-5 presents the estimated hydrologic losses. For this case, the KWHP method using the
model, HGSwmm.inp, tends to underestimate the peak flows at both gage locations. As shown
in Figure 6-2, the differences between the predicted and observed peak flows are within a
reasonable tolerance. However, the observed hydrograph at Gage-Park seems too short to
carry sufficient runoff volume.

Table 6-5 Hydrologic parameters used in 06/18/2003 Event Simulation

Total precipitation depth 1.16|inch

Rain gage University

Imp Depression Loss 0.05(inch

Perv Depression Loss 0.15[inch

Max Infiltration Rate 3.00{in‘hr

Min Infiltration Rate 0.50(in‘hr

Gage-Colorado Gage-Park
Obv'd CUHP SVWMIM Obv'd CUHP SVWMIM
Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG | Runoff HG

acre-ft acre-ft acre-ft acre-ft acre-ft acre-ft
36.85 37 64 3473 53.28 84 01 66 31
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Figure 6-2 Comparison of Hydrographs for 06/18/2003 Event

6.3 Event on 09/12/2002

This event was similar to 06/18/2003 event. It produced a total of rainfall depth of 1.14 inches
over 60 minutes as recorded at Rain Gage-Bethesda. This rainfall amount is equivalent to a 4-yr
event. A peak flow of 450 cfs was reported at the gage next to Colorado Boulevard, and 750 cfs
was observed at the gage next to the park. Table 6-6 presents the estimated hydrologic losses.
For this case, the KWHP method tends to underestimate the peak flows at both gage locations.
As shown in Figure 6-3, good agreement is achieved among the hydrographs at Stream Gage-
Colorado. In comparison with the computed hydrographs, Stream Gage-Park was too slow to
react to the incoming flood wave, but it had no problem with the low flows on the recession
hydrograph. This case revealed that the instrument at Gage-Park was dried up between events,
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and then became fully activated until the peak flow arrived.
comparison for this case is very scattered.

Table 6-6 Hydrologic parameters used in 09/12/2002 Event Simulation

Total precipitation depth 1.14]inch

Rain gage Bethesda

Imp Depression Loss 0.05|inch

Perv Depression Loss 0.15|inch

Max Infiltration Rate 3.00|in/hr

Min Infiltration Rate 0.50|in/hr

Gage-Colorado Gage-Park
Obv'd CUHP SWMM Obv'd CUHP SWMM
Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG

acre-ft acre-ft acre-ft acre-ft acre-ft acre-ft
2899 36.37 33.97 53.28 81.16 66.33

As expected, the volume
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Figure 6-3 Comparison of Hydrographs for 09/12/2002 Event
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6.4 Event on 08/17/2000

Although this event occurred in the summer, its distribution was a long, mild, double-peak. Over
two-hour duration, this event produced a total rainfall amount of 1.22 inch as recorded at Rain
Gage-Slavens. A peak flow of 409 cfs was reported at the gage next to Colorado Boulevard,
and 350 cfs was observed at the gage next to Harvard Park. Obviously, the consistency
between these two peak flows could imply that either the upstream gage overestimated the
peak flow or the downstream gage underestimated the peak flow. Table 6-7 presents the
estimated hydrologic losses. In comparison, the predicted and observed hydrographs at Gage-
Colorado follow the same trend. As a result, It is determined that the flow record at Stream
Gage-Park carries errors. As expected, the comparison among flows and water volumes at the
downstream gage are very scattered.

Owning to the default numerical procedure for calculating the hydrologic losses, both CUHP and
SWMM could not produce dual peaks on the computed hydrographs at Gage-Colorado. The
CUHP’s hydrologic loss function is to treat the soil column as a pipe. As soon as the incremental
rainfall depth exceeds the soil infiltration loss, the model will generate overland flows. On the
contrary, the SWMM'’s loss function is to treat the soil column as a sponge. It takes a ponding
time to fill up the storage volume in the soil column before the surface runoff can occur.
Numerically, the initial rainfall depth has to fill up the depression and soil infiltration losses
before overland flows can be calculated. By nature, the rainfall and runoff process can be a
quick response from impervious surfaces or a slow response from pervious surfaces. The dual-
peak hydrograph is a good example of directly and indirectly flow connections in an urban
setting. These details in storm water modeling require on-site information about flow paths and
land uses. Both CUHP and SWMM5 at a scale of 80 acres per sub-area do not have an
adequate resolution to repeat the dual peaks.

Table 6-7 Hydrologic parameters used in 08/17/2000 Event Simulation

Total precipitation depth 1.22|inch

Rain gage Slavens

Imp Depression Loss 0.05|inch

Perv Depression Loss 0.15]inch

Max Infiltration Rate 3.00]in/hr

Min Infiltration Rate 0.50{in/hr

Gage-Colorado Gage-Park
Obv'd CUHP SWIM Obv'd CUHP SVWMIM

Runoff HG Runoff HG Runoff HG Runoff HG | Runoff HG Runoff HG

acre-ft acre-ft acre-ft acre-ft acre-ft acre-ft
38.04 40.47 35.97 31.95 86.43 654 54
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Figure 6-4 Comparison of Hydrographs for 08/17/2000 Event

6.5 Event on 07/25/1998

This event was long and intermitting for three hours. It produced a total rainfall amount of 1.39
inch. As shown in Table 6-8, a peak flow of 417 cfs was reported at the gage next to Colorado
Boulevard, and 573 cfs was observed at the gage next to the park. Relatively, the magnitudes of
these two peak flows reflect the sizes of their tributary areas.

The temporal rainfall distribution for this case shows a dual-peak nature. A total of 0.4 inch of
rain occurred in the first 20 minutes and then followed with 0.95 inch of rainfall over the last 160
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minutes. Although this rainfall pattern is similar to the 08/17/2000 event, it produced no twin
peaks at all. As illustrated in Figure 6-5. The CUHP model gives good agreement with the
observed peak flow at Stream Gage-Park, but underestimates the observed flow at Stream
Gage-Colorado. It is necessary to investigate the sediment deposition and vegetation effect at
this gage site.

Table 6-8 Hydrologic parameters used in 07/25/1998 Event Simulation

Total precipitation depth 1.39(inch

Rain gage

Imp Depression Loss 0.05|inch

Perv Depression Loss 0.15]inch

Max Infiltration Rate 3.00]in/hr

Min Infiltration Rate 0.50{in/hr

Gage-Colorado Gage-Park
Obv'd CUHP SVWMIM Obv'd CUHP SVWMIM
Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG

acre-ft acre-ft acre-ft acre-ft acre-ft acre-ft
3219 32 41 3471 6059 71.78 6516

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions

| 30



1998 Event Incremental Rainfall Depth

.25
- 0.2
E
=
£
E :I]_I_'_I_l_l_'_l_l_

o Z0 I0 B0 BO 100 20 Laq Le0 1E0 200
THRE N minutes
1998 Event RunoffHydrographs at Colorado Blvd.

il

il —O— e

500 —&— CUHP
:-E 2004 —i— SN
=
| 3 300 -
|~ 200 4
[ 100 -
! o ot P
| o 20 &0 ¢ 80 100 120 140 150 180 200

Tirrs s rranutes
1998 Event Runoff Hydrographs at Harvard Park

1'}: T —— T T ™ - — ae——

B00 i e
| 500 —a— CUHP
? a0 _ e SR
£ 200
|~ 200 4 r——|——
| 100 +— — =
| l:‘ e T 1
i B 20 &0 80 Lo 0o X a0 150 18D 200
| Tirme in minutes

Figure 6-5 Comparison of Hydrographs for 07/25/1998 Event

6.6 Event 09/18/1993 Event

ThO 09/18/1993 event produced a total of 1.05 inch of rainfall from a dual-peak distribution over
60 minutes. The leading rainfall produced a rainfall amount of 0.3 inch in the first 20 minutes.
The peak rainfall occurred after the soil depression was filled up already. Table 6-10 is the
summary of hydrologic parameter used in the models, HGCuhp.xls and HGSwmm-DW.inp. Both
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models match with the observed well. As shown in Table 6-10, the computed water volumes
deviate from the observed by approximately10%.

Table 6-10 Hydrologic parameters used in 09/18/1993 Event Simulation

Total precipitation depth 1.05(inch

Rain gage

Imp Depression Loss 0.05|inch

Perv Depression Loss 0.10{inch

Max Infiltration Rate 3.00]in/hr

Min Infiltration Rate 0.50{in/hr

Observed CUHP SWMIM5

Peak (cfs) 424 00 38475 350.02
Vol (a-f) 31.35 3439 34 48
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Figure 6-6 Comparison of Hydrographs for 09/18/1993 Event
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6.7 Event 07/20/1991 Event

The07/20/1991 event produced a total of 1.13 inch of rainfall from a single peak distribution over
60 minutes. This is a case very similar to the recommended design rainfall curve with a leading
nature through the first 20 minutes of the event. A peak flow of 309 cfs was recorded at Stream
Gage-Colorado while a peak flow of 471 cfs occurred at Stream Gage-Park. This case is
comparable to an event between 2 and 5-year design events. Table 6-10 presents the
hydrologic parameters used in the numerical simulations. As expected, the computed
hydrographs presented in Figure 6-7 at both gage sites closely agree with the observed. Again,
the dip on the observed hydrograph at Stream Gage-Park was obviously caused by instrument
errors.

It is noted that both computer models applied low depression losses, 0.05 inch for impervious
area and 0.1 inch for pervious area, for this case and the KWHP method produced higher peak
flows than those from the CUHP method.

Table 6-10 Hydrologic parameters used in 07/20/1991 Event Simulation

Total precipitation depth 1.13|inch

Rain gage Bradley

Imp Depression Loss 0.05{inch

Perv Depression Loss 0.10{inch

Max Infiltration Rate 3.00{in/hr

Min Infiltration Rate 0.50{in/hr

Gage-Colorado Gage-Park
Obv'd CUHP SVWIMI Obv'd CUHP SVWIMI
Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG Runoff HG

acre-ft acre-ft acre-ft acre-ft acre-ft acre-ft
21.02 22.95 33.32 43.90 51.02 62.70
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Figure 6-7 Comparison of Hydrographs for 07/20/1991 Event

Using the peak flow as the basis, Table 6-11 presents an evaluation of the CUHP and KWHP
methods. Figure 6-8 summarizes the comparison between the observed and the predicted peak
flood flows at Stream Gage-Park from1990 through 2010. Although both CUHP and KWHP
methods provide reasonably good predictions for a wide range of peak flows, both models, as
shown in Table 6-11, underestimate the peak flows 10 out of 14 cases.

As aforementioned, although there are five rain gages operated in the watershed, all of them
are under the wind and vegetal canopy effects. As expected, the recorded hyetographs did not
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truly represent the spatial and temporal variations of storm movement. In this study, Theissen’s
area-weighting method was tested for several events. The 07/08/2001 event was the only one
that had sufficient recorded rainfall amounts for application of Theissen’s method. In order to
satisfy the water volume balance, the highest recorded rainfall amount among these five rain
gages was adopted for numerical simulations using the CUHP and KWHP method. Table 6-11
indicates that the CUHP method carried an average of 9% underestimation. Considering that
rain under-catch is at a rate of 1% per one mile/hr of wind speed, an underestimation of 9% in
flood peaks may imply that the operation of these rain gages was interferenced under an
average wind speed at 9 mile/hour.

Table 6-11 Summaries for Observed and Predicted Peak Flows

Observed Predcited Predcited CUHP SWMM
Peak Flow | Peak Flow Peak Flow Error Error
Q-obs Q-cuhp Q-kwhp (Qcuhp-Qobs)/Qobs | (Qkwhp-Qobs)/Qobs
cfs cfs cfs percent percent
293 221 131 -0.25 -0.55
309 233 329 -0.25 0.06
409 445 338 0.09 -0.17
417 310 272 -0.26 -0.35
424 385 350 -0.09 -0.17
458 422 343 -0.08 -0.25
471 397 444 -0.16 -0.06
502 430 360 -0.14 -0.28
573 531 361 -0.07 -0.37
750 757 890 0.01 019
750 711 666 -0.05 -0.11
1100 1115 936 0.01 -0.15
2120 2375 1604 012 -0.24
Average -0.09 -0.19
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7.0 KINEMATIC WAVE MODEL FOR PRE-DEVELOPMENT CONDITION

As a common practice, a master drainage study is conducted before the development of the
watershed. To be conservative, the kinematic wave (KW) model is often recommended for
master drainage studies. Harvard Gulch Watershed is one of the core areas in the development
of the City of Denver. There were several master drainage studies that have been conducted for
the Harvard Gulch Watershed. The 100-yr peak flow at Harvard Park has been predicted to be
approximately 3600 cfs (FHAD 1979). It is interesting to investigate if the KW model developed
in this study can repeat such a high flow prediction at Harvard Park.

Kinematic wave is a simplified flood wave routing method. The forward finite difference scheme
used in KW routing does not take the downstream flow condition into computations. As a result,
the backwater effect is ignored from the numerical process. Kinematic wave propagation takes
an instantaneous uniform depth to propagate the flood flow as described in Manning’s formula.

For this case, switching the numerical operation from the DW to its KW does not produce any
significant difference in peak flow attenuation. For a matured urban area, significant flow
attenuation is often associated with the backwater effects immediately upstream of closed
conduits. Before Harvard Gulch Watershed was developed, several alternative KW models
should have been developed using open channels as the major conveyance to carry the flood
flows. Therefore, for this case, the DW model, HGCuhp-DW.inp, that portrays the after-
development condition, could be converted into its equivalent KW model, HGCuhp-KW.inp, only
if the three closed box conduits were replaced with the historic waterway. Table 7-1 is the
default historic grass waterway throughout the current gulch alignment.

Table 7-1 Existing Underground Conduits along Harvard Guich

Location Existing Condition (DW) Historic Condition (KW)
Colorado Blvd/Jackson Street 9-ft by 14-ft Concrete Box 10-ft Grass Channel 4H:1V
University 5-ft by 6.5-ft Concrete Box 10-ft Grass Channel 4H:1V
Downing Street to Park 10-ft by 14.5-ft Concrete Box | 10-ft Grass Channel 4H:1V
Colorado and Yale Street Curbs and Gutters 10-ft Grass Channel 4H:1V

The baseline DW model is then converted into its equivalent KW model using the historic
waterway along the existing gulch alignment. The channel roughness coefficient is set to be
0.035 for grass linings. The 2- to 100-yr KW peak flows are predicted and summarized in Table
7-2. As expected, the KW approach repeated the 1979 FHAD study results and gives the
highest prediction in comparison with other methods.
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Table 7-2 Comparison among Predicted Flows using Various Methods

GAGE at HARVARD PARK

Return | Non-Exceed LP-3 Statistic Upper Lower CUHP KWHP CUHP
Period Freq F | Peak Flow Limit Limit DWW Dw KWW
Tr p(Q=q) Z Q-LP3 95% 5% Q-cuhp | Q-kwhp | Q-cuhp
year cfs cfs cfs cfs cfs
2 05 -0.329 503 634 402 264 274 520
5 08 0.539 905 1203 702 673 464 1100
10 09 1.242 1194 1645 893 998 677 1515
50 0.98 2.987 1861 2706 1283 2132 1536 3052
100 0.99 3.781 2153 3175 1435 2866 2362 4046

GAGE at COLORADO BLVD

Return | Non-Exceed LP-3 Statistic Upper Lower CUHP KWHP CUHP
Period Freq F | Peak Flow Limit Limit DW DwW KW
Tr p(Q<q) z Q-LP3 95% 5% Q-cuhp | Q-kwhp | Q-cuhp
year cfs cfs cfs cfs cfs
2 0.5 -0.329 330 397 275 176 185 287
5 08 0.539 543 693 448 377 309 551
10 0.9 1.242 702 939 o265 519 410 735
a0 0.98 2.987 1090 1607 832 1040 871 1380
100 0.99 3.781 1270 1942 948 1196 1156 1758

Over the years, Harvard Gulch has been channelized with concrete linings, high banks, and
sufficient headwater walls. All these improvements have increased the gulch’s conveyance
capacity to pass frequent events, and added “brimful” detention capacity to store extreme
events. Such an efficient channel system will pass low flows like a kinematic wave, and high
flows like a dynamic wave. This fact is clearly revealed in the flow-frequency relationship
derived at Stream Gage-Park. As shown in Figure 7-1, the flow-frequency relationship
represents a statistical distribution that can be described as

Q(Tr) = Qu + SD x Z(Tr)=598.13 + 416.51 Z(Tr) (7-1)

Where Q(Tr) = peak flow for a selected return period, Tr, Q, = mean of flow data, SD= standard
deviation of flow data. For the record of 30 years, Q,, = 598.13 cfs and SD= 416.51 cfs. Eq 7-1
should be a linear line on the Pearson-Type 3 graphic paper. Following the trend line of low
flows (KW flows), the 100-yr KW peak flow at the location of Stream Gage-Park should be
approximately 4000 cfs. In fact, the observed peaks (DW flows) bend down to 2200 cfs. The
difference between the linear straight line and the concave curve is due to the detention effect in
the system. Figure 7-1 reveals that the detention effect begins with a 10-yr event. In this study,
the pronounced detention effects begin in the 50-yr event in both baseline models.
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Figure 7-1 Detention Effect on Extreme Events in Harvard Guich

In closing, Figure 7-1 provides convincing evidence to verify the KW and DW analyses for low

and high flows through the historic and existing Harvard Gulch.
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8.0 CONCLUSION

1.

Based on the comparison with the 30-yr annual peak flows recorded at two stream gages in
Harvard Gulch, the CUHP method is verified to be able to re-produce the flow-frequency
curve using the 2-hr design rainfall distributions for 2- to 100-yr events. In this study, the
entrance inlet at Colorado Boulevard and Yale Street is a critical element that provides an
upstream detention effect on flood flows as soon as the gutter flow depth exceeds 18
inches. The dynamic wave model developed in this study indicates that this structure only
attenuates 50- to 100-yr flood peaks. The underground culverts underneath Colorado
Boulevard, University Boulevard, and W. Harvard Avenue also provide significant storage
effects to attenuate the extreme events. This fact is verified by the concave flow-frequency
relationship. This study confirms that the existing drainage system is capable of passing the
100-yr peak flow to S. Logan Street.

The dynamic wave (DW) routing scheme is recommended to model the existing conditions
while the kinematic wave (KW) routing scheme is more suitable for master planning studies
under a projected future condition. A KW model is a simplified approach that works best with
an open-channel flow system. When the drainage system consists of culverts and closed
conduits, a DW model should be selected. Since a DW flow is dictated by the energy grade
line, it is critically important to apply the true elevations and sizes at a node.

The KW watershed shape function is a good approach to convert an irregular watershed into
its KW sloping plan. However, the KWHP seems sensitive to the watershed size. From the
preliminary findings in this study, the KWHP method is recommended for watersheds less
than 50 to 70 acres. In comparison, KWHP consistently produces lower peak flows than
CUHP when the watershed is greater than 90 acres. For this study, both CUHP and KWHP
methods produce good agreement for 2- and 100-yr design hydrographs. This difference in
peak flow increases from the 2-yr event toward the 10-yr event and then decreases to the
100-year event. This phenomenon may reflect the possible inconsistency in the prediction
method among various events within each model. A further investigation is needed.

In this study, extensive data mining revealed that most recorded hyetographs had less water
volume than the corresponding runoff hydrographs. Even though the numerical simulations
of the selected nine events had to adopt an impervious depression loss as low as 0.05 inch
and a pervious depression as low as 0.1 inch in order to produce good agreement, both
CUHP and KWHP methods underestimate the peak flows for 10 out of 14 cases. All these
facts imply that the operations of the five rain gages are under-catch due to wind effect. It is
recommended that shields be built around the gage orifices or that a wind gage be added to
record the wind speed for data corrections.

Based on the comparison between the predicted and observed annual peak flows, it is
suggested that the performance of Gage-Colorado be examined for possible influence from
sediment deposit, and Gage-Park be examined for a possible instrumental problem that
becomes pronounced at the beginning of a large event and fails during the 50 to 100-yr
peak flows.
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SUMMARY OF EVENT STUDY FOR Sirdam Gagd al Colorads Blvd In HARVARD GULCH WATERSHED

Case GH8s2003
Statioh  Siream Gage &l Cooiads Bl
Diarivation of Repressitative Rainfall

Fison) Sakstinn af Fan Gagos Remarks

e Gage | e et et ages

T Hithe e Fhiefiny Unreirsty | Sknieng I Park | Maik w/hinch e

ek i« et for sty

Liat of Rainfall and Runeff bor Compart
Dale Time: Frer BTl ' CUHP SR
R Depih | P HE | Rt HE | Rl HE

BTV HH rch i iz ci=
AHoma AN n.0d .04 ke 03
200618 10 .31 0.04 435 3 40|
AHoma 1E0G 0.5 a3 54 1743
200618 100 0.07 433 G 4] 57 45|
P VARG 011 5 fa2 133,83
200618 1 015 503 e R
P TAEEE 0172 476 W I3 37
200618 1000 0.05 4T il M 42
P TR 06 47 470 158 39
200618 105000 0.01 458 41139 150 6|
FHIIE 105503 413 WA 328 7
200618 200000 378 30 30 a0z 7o
AHoma ik 33 G P #3150
200618 21000 ) 104 M52
FHII FREE 1 77513 F1H 81
FEHIIL B [ 1660145 195 11
G e ] 57 1744 173 B
A0 Pt ] il 15340 155 18
0061 25500 10 1359 198 75|
FHIA PG 15 1843 124 35
0061 24500 12 1591 111.75]
AHo0a HH00G 23 e 11 72
200618 215500 TE g3 7T 1 05
P PG i TE B i i
200618 210500 45 GF13 75 08|
B0 PR a4 050 ik 50|
200618 211500 33 £4 40 62 6]
P FUHE 74 B 57 45|
200618 212500 24 4475 52 gl
FHII P 71 47T 4R 73
200618 213500 17 3718 15 14
FHII PN 15 305 41 72
AN 214500 14 324 38 71
P FURHE K] TS 36 13
AN 215500 11 76 57 ¥4 )|
A0 AN 0.5 212 31 39
AN 20500 .94 2T 20 5]
PEHIE P 0 M 11 Fi 5F
AN 2HEN .94 1965 36 B4
HHOEL Pttt ] 1G4 1332 7400

Idax Feak Flow Rate 502 430,01 159 38

Sum oF Vohime | 116]  E24293] E45469) 504247

STREAM GAGE: Colofad BIVY

Balance of Chsermd R and R foumes

TritidBy Bne

Rarral Repth

Rprfall Vil

Funaff ‘faume

D 550 Laas bngend
Depresson Loss Pers
brfiradisn

T I st
1 M inchess
T e
At B acre-f
[ T
0.1 6| inches
10

Lass Vokrne

Wil Belres

Tatsl precipiteton depth

116 imh

Fair gage
Imz Depression Loss
Py Depressan Loss

Linnsrsi

E%I‘Eh
115 nch

Bax Infitraton Fae

3 Y| inéhr

i nfilratian Rate

0. 50]inshr

Comgerizon e

Citig” B Prigchcied

Ditrzmrvet

[eunr

502 ]

Pk [ofz)

211 358 3

36 86

¥l )

4764 3T
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SUMMARY OF EVENT STUDY FOR Siream Gage al Park in HARVARD GULCH WATERSHED

Case G
Slatien Srgarh Shge &t Hanvard Sulch Pack
Decivation of Represemtative Fainfall

R Sz tion of Rai Gages Ramarks

G Gace 1 Gaged Gagel Gaged GageS

Sletin Bethesida et iy | Sy TG HIz Fark ok which gages

Check X wezed for study

Lizt of Rainfall and Runeff for Comg
Dz Time mncremendal | Cid CUHF Bl
Fain Deptn  [RunefTHG  [Runolf HG  [Fumo® HG

RALY H [ inch cis cis cfs
BIEE1G 130504 008 7 rad 00
2003518 19 (MM 03 7 L) 021
BIEE1G 191500 1] 7 145 50 2179
2003518 1R 007 7 21478 BE G8
BIEE1G 19250 ot 7 et 165 94
2003518 R[] 0 18] £ 513 247 67
BIEE1G 193504 01z 55 5 TS 1Z097
20030518 ] 01 0E] QEI a0y & T4E7
BIEE1G 19450 00z 578 a5 411 58
20030518 1EMH 0o ?.l]| THL TS 440 B
BIEE1G 19550 634 75T 485 53
20030518 ZIMHHH 624 T45 81 4B B4
BIEE1G ZHIS 570 T3 27 454 G
20030518 2074 E43 ] 4E6
B Z0150 460 61553 ATE ih
20030615 E0Z0H 409 530 &1 452 25
H0FE 20250 15 504 27 426 45
A6 1E Z0HH J'TI 451.52 1499 03
20FEY 2IEM 7 402 84 70 19
A6 1E ZIHMHH 244 58 55 340 55
20FEY 20450 247 3T 11 B3
HIFG G ZF5HH 194 #1T 25 27
2003518 20EEM) TE 25182 261 16
HIFG G Z1HHH 144 #2538 £33 53
2003518 210EM) 124 20513 29983
S Z1 1 HH sl 18381 Z0Z 1E
2003518 29150 £ 186 TS 1E6 2
BIEE1G Z1ZHH i7 15172 ITITE
20030518 2250 &7 13057 1EE &
B 2130 59 136 &) 1406 52
20030518 29150 £l 11585 b |
B FL4A0H 46 105 55 125 85
20E0E1Y 21450 47 5 TF 116 65
2GS 2150 3 TS 107 35
20E0E1Y 21EEM JE] &5 plCigns
2GS EZIHHH 1 53 97 )
H0E0E 1S EENEM a0 &5 Bil B
261 ZZ10HH 26 Fal Lial'
H0E0E 1S E21EM i 23 7424
2615 EZE0HH 74 il B B

ae Feak Flow Fare TEA an] AB% BE

Buam of Wik ine [ 118l vramon]  121mas 9857 A5

STREAM GAGE: Harvard Park

¥ Balance of Cioenved B and R Volrmes
TraLEary aen e At El T
Feanfal Dwegin 1. 18| mcines
Rearifall Yok 19720 B ra-Nt
Fouma® ol 55 2 H | acre it
Dhinte s 5630 Lags P [ ]
Frifation 4 15| mohes
L Mol F00|acre-A
‘folume Baarce acre-ft
L Mol e
‘folume Baarce acre-ft
Todal gresipdation depth 118 |inch
Rain gage x
kg Chiereameon Loss Dbl (]
Pers Depreszion Lass 0.15|mcih
P, bfE ation Ree 300| et
k4 Fritrabon Rale 50| mfr

Cbaened cunP [zwems |

Feak icfs) ] ravas]  4pgug|
idl [a) gaze]  wam £E 37|
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SUMMARY OF EVENT STUDY FOR Siream Gage al Colorads Blvd In HARVARD GULCH WATERSHED

Case 911212002
Slation Eiream Gape s Caolorgda Bled
Darivation aof Representative Rainall

Faain Sasecinn of e Gages Ramarks

Gage Gage 1 ages Cages Gaged iageE

Slahn Beihe sifa Evauiay Uniiersity Fhraens HiE Faik Park wehech Garges

Checic LA used for shicty

List of Raintall and Runcft for Comp 1
Caim Time IncrE ) Citer'cd CLkF Sk
Fualny Cienin Rl FIG Rl HiG Rl HiG
DY H:k inch cfs cfs cfz
172500 0.14 [ 5311 54 76

02012 173000 0.27 1] 27 14T a4
20020m2 173500 0.4 L] 1524 242
0020912 174000 0.15 413 408, 16 28
20020m2 17453 004 454 42232 b
A0 173000 0.03 a41 41223 345X
20020m2 178500 004 413 718 el
20020312 130000 0.03 dEd 3E1 J"ﬂ HEEE
20020m2 168500 0a2 328 311.99 2012
20020912 151000 .01 293 27349 HEA 04
2202 181 530 0o 244 240,74 i )
pr R 2 e 183000 .01 213 2053 21582
25020m2 1E25H) 160 15503 191 63
0020912 133000 135 i3 BB I
20N 10355 111 13 153 T
2202 16403 73 28.34 13T
pr R 2 e 184500 53 L 12587
25020012 1ES0%) 42 99.08 111 71
0020912 135500 34 BE.13 100 2
20N 153 bl TH.AZ a1 &7
20020312 190500 21 T34 Ha04
25020M2 151000 17 §3.18 1563
02012 191500 14 Bl B L]
20020m2 152000 12 51.40 6327
20020912 192500 10 a6 EB £408
20020m2 153000 a4 4234 5347
pr R 2 e 193500 73 JEED 4853
2002002 154000 L] 35.29 4561
20020312 194500 51 12 3| L)
20020m2 165000 41 .73 ]
20020912 195500 36 2734 54
2202 20505 31 25.34 Har
pr R 2 e 301500 il 33,43 3143
20N 010G 21 71.74 T
0020912 201500 1.7 2023 2T Ey
20020m2 202030 14 1654 M 23
20020312

lax Feak Flow Rats A53 422 33 45206

Sum of Valimdk 114 4202 30 G280 44 4232 94

Balance of Chzermed R amd R Yolumes

Triblsny pine=a

Faerial Depth

Rardall Vohimna

Ruroff ‘4alume
Daprescion Loss Inpens
Cepres<on Lozs Fers
LELIEHH

Lass Wolirne

Wehone Balaes

Tatal pracipitation depth
Rain pags

Imp Depressan Lass
Parv Depressan Loss
Fax Infitratian Rata
Kin Infikration Rats

T2

BOMES

114

mcites

R

Borg-f

pek-c)

acre-ft

aar

L]

a1h

mcites

L]

L]

acre-fl

Borg-f

1.14

1nch

Bethesda

0.0s

mch

0138

inch

3.00

(T

05

inthr

apmiparen Befwaen Citie’ and Predicied

Cinmerved CLHP R
Peai (013 s |
ol iad) B war na
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SUMMARY QF EVENT STUDY FOR Siream Sags al Park in HARVARD GULCH WATERSHED

Case W22
Hlation  Stoesm Gage 1 Harded Gulch Park
Derivation of Repoesentstive Rainfsll

Rain Sekacion of Fan Ganas Rigimanks |

Gage Cage 1 |Gages Caged  |Caged Gages I

Sladie Bethesils  |Bracley Wbvpesiy |Shvens  |HIB Park  |Mekwhchgeges |

Checls b used for shudy |

List of Radnfall and Runaff for Companson
L Tene ncrernendsl | Dld ZUHP SRR
Ron Depth | Runefl HG |Runall HG |Rued? HG

RATHY HEl imch iz iz cfs
030616] 120500 i 0 T 11030 65 BT
amanete]  110m 031 7 18887 158 47
20030618] 191500 1 28 T 237 14 211
aongogtg]  1e000 07 ? 20 W0
20030616]  1a3s00 0l T 41253 35 4T
anmangie]  1om000 it 1] P S0 08 Sl
2030616 ta3s00 012 B5 B ET]  4151H
anmangie]  1os000 it 0] 14 G144 L3610
FI0EIE| 124500 i 02 57R Tasza]  4sdnm
aongogre]  1osoon Y 750 Moss 435 28
EO020516] 195500 B8 Eaaa]  des i
aorangie 20000 B4 i) 4 455 4
20030616] 200500 571 B16 01 43510
anoangie] 201000 513 AT 45 415 45
FMI0RIE] 301500 480 51533 0
30616] 0000 404 455 2 E
aongngre]  2oson 54| 41408 g
E0020516]  2030M 7| mam|  wrm
aomngie]  2owson a7 I
E0020516]  @0s0m 244 2153 255092
anmingie]  2oss00 7 260 4 2
2030616] 205000 190 HE 2553
somangre]  2osso0 1] 21021 201 56
2030616] 210000 14 120 7 155 05
aongngre] 210500 124 17254 [
20030616] 211000 107 15641 155 60
anangie] 211500 | 14318 146 84
e 21mem 77 133 19625
anoangie] 212800 &7 11885 126 49
F0I061E] 213000 53 10 16 11T T
aomangie] 21300 £3 3 T8
30616 214000 48 o1 &7 100 T4
aongogre]  2v4s00 1 gt PR
20020516]  2150M ] T3 57 55
e R 46} & 70 2114
o0z061]  za00m S 05 75 14
anmingie]  Zogson a0 5257 a781
FMI0RIE|  Z21a0 = 4T 35 £ 66
aonangie] im0 2] 8 AT 44
FMI0R16 22O E 40 04 3535

Bz Peak Flosr Fre 750 Moss 835 20

Sy of Vinkig [ vie]  rmapg]  timmane]  semnay

Balance of Chsenved R and R Yalumes

Tl'l]“,h’_l'm

Raardall Depth

R parfiall Wohame

Rlunoff Yol
Deprassion Loss
rifitration

Logs Yikane
“Yolurne Balance

Talal pracimbaton dapth
Fesiir e

mp Depressian Lass
Pary Degressinn Logs
as | nfitration Fale
i Infikration Pate

AR

114

LN
2

kA

114

114

bt

e Ll

015

300

050

Comparisan Between Obis” and Predicied

aCles

nches
e
AcrE
nches
nches
e
acre.
nzh

inzh
inch
e
inhir

KR CLHF TS
P [cis) 0 B2 &7 S50 28
Wil {8-Th o 28 L] 5633
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SUMMARY QF EVENT STUDY FOR Straam Gags al Cokorads Blvd ia HARVARD GULCH WATERSHED

Case Tie2004
Slation Sream S &l Colorgoa Blwd
Derivation of Representalive Rainfall
Rain Sekaciion of Rain Gagas Remarcs
Cane Cape 1 [Gager |canss Caned  |canes
Statian Betnesda |Bradey  |Unwersiy  |Slavens  |HG Pare  |Mar which gages
ek X ugesd o aludy
Lisi of Rainfall and Rurecdf for Comparison
BE Time e TelE Oiw'd CLUHF SR
Rain Degih| Rumoft HG |Runodf HE] Runedf HG
DY H R4 inen o ciy ciy
G350 0.0 064 4; {6
200107 08, 1RA000 0.03 30 4] a7
ZHA0708] B8N 008 N2 4; 11.23
20010708 165000 0.33 4 14 3415
SHHO?08]  1ESEM 0.5 484 0.05 1458
20010708, 170000 0.4e g14 337 £11.17
2MA0708] TSN 13 il 54 44 1413
200107 08 172500 .17 707 3607 a21.41
SHA0708]  ATI0N 0148 sral  THE G365
20010708, 173500 0.13 4584 o365 01 .64
2HA0708] {700 004 454 1155 G5L54
200107 08 174500 002 113 106 BOD 7
SHA0T0S 1 TS0 0.0 | 103212 73261
20010708, 175500 31 m 956,53 BE7.03
2HA0708]  1EXM 0.2 FEE| B4 SAG.E4
2HA0708] 18X 001 Err R 5355
200107 08 181000 001 303 740,713 471.58
20708 1315 0.0% Pl 4567 411 .89
20010708, 1E2000 0.03 2EE 5229 ITe
2HA0708]  {EEM 001 | N 30,0
200107 08 183000 001 12 431.07 31,25
20708 1835 0,04 164 A74.14 250
20010708, 184000 122 318.42 el 1
2HA0708] 135 L I M 20,06
200107 08 185000 TR 232,71 177.43
SHAO708] 1BSEM Lol O 15T &3
20010708, 190000 45 17508 140,52
2HA0708] 18IS =45 150,245 124,04
200107 08 191000 16 131.02 11318
201070 1R1EH 11 11477 11
20010708, 192000 B3 101.01 azr 15
2HA0708]  {EEM 65 46,5 4354
200107 08 193000 513 79.29 75.97
SHAOT08] 183N 48 0.7 Gl 3
20010708, 194000 q 63,3} 314
2HA0708] {845 38 56,50 5814
200107 08 193000 i2 31.33 5348
SHAOT08]  1BSEM 27 4647 45,51
20010708, 200000 213 42 2 a5 57
2HA0708] 2035 29 AG.A45 4222
Was Peak Flow Bas 73 1115 5 936,53
Sum of valama [ 241 LRG| 13400 40| 1261506

STREAN SAGE: Colotade Blvd

d Bdance of Ohsered B oand B Yolumes
Trigugary arga 5D 00| ares
Faintal Deolh 2 41| ireshag
Rairfal Walums 147 61| are-fi
Feunstt WoLime B A0 el
Cegression Loss Impens CF 1 has
Depiession Loas Pere 15| inzhas
nfifratin )| i has
Lioas Wolume aoie-ii
valima Baanca acre-fi
Tala pracipilation dapn 2 81| ezh
Rain gaga Bathasda
T Desression Loas O 10{irezh
Parv Depression Lass J40[insh
Itax afitraticn Rale 3 SO0l
Iin |mhikration Rats 3 80| inthr
Companson Betsean Ohis” and Predichad

Olrzanead CLUHF SRS

Paak (ctsh 1] 2 47 4528
Wal (a1}

The ahserved HG was cormected lnlar
The peak flow was 1100 cfs
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SUMMARY QF EVENT STUDY FOR Stream Gage at Park in HARVARD GULCH YWATERSHED

Cage TiarsH
Slation  Stesm Gage 8 Hansgm Gulch Park
Derivalian of Repoesenistive Rainfall

Rain Selechion of Rain Gages Ramarks

Gage Gage 1 |Gapse? Gaged Gaged  |Gapes

Statian Balhasds Bradkay Lnrgrsiby  |Slavens  |HG Pars  |Mark whizch gagas

CAesk ks Lrsad for study

List of Rainfall and Runaff for Comparison
Dala Tira  |Ieramraila aovd CHHP SR
R Dlegih | Runotf HS | Bunetf HE [Runcdf HE

Ri'DoY HEi inca [ 1] g i1
AITIE) 1500 14 24 ] ]
20010738 163000 005 24 4 u]
A0TVITIE) 184800 306 24 o 216
20010738 170003 335 157 1.39 7329
AR ATIE0D 132 11340 1768 ZE0 3
200110738 i A6 LR 3! 354 95
0GTIE 0% 194 53] 843 14
200110738 G317 30045 1055 BT
TG 318 GO ] 1047 3R
200110738 3135 32 32| 1407 35
TG 134 130 68 I5M 3
20010738 302 17a7T 18| 1350 25
TG .06 i M G S K
20010738 01 2276 88| 1594 40
AT .02 DE0BE| 1541 85
TR 1. PITETI| 144780
200107038 L1 227532 133207
TR 1.05 MG HE[ 192184
200107038 305 1242331 11110
PO 1. 1734 62| 1203 78
200107038 L1 1602 97 B ER
MNITIG 0.H 1417 04 801
200107038 1242 37 710 58
I8 15| #2085
200107038 241.74 S5E 2T
I8 GG A7) ABEET
200107038 06 0R 441 10
I8 G127 WG
20010733 532 57 152 11
I8 43404 494
20010733 405 48 252 56
I8 AEh 4] MRS
20010733 31124 231 59
I8 FEEr min
20010733 242 07 193 26
I8 2572 177 4E
20010733 195 .56 16317
I8 174.44) 15230
20010733 157 82 13304
201378 145 44) 12837

Wax Paak Flie Rale 1100 239085 1604 95

Sum of Viglume [ 241 120 30| JA474 58] 20063 40

e

ZTRCAM GAGE: Harvard Fark

Baaics of Cimarvad B a7d R Valumeas
Trbulary area 2047 D |acias
Rainfal Dwapti 241 |inches
Rainfal Yelume 410 1k acra-f
RLinnd! Waluie .1 |acre-i
[Caprassion Loss | mpary 007 |incnes
Dapragsion Liss Pary 015 | inenes
Irthiraticn .00 acra-f
Lirss Wl Aira-i
Wplume Balanse
Tofal areipiaton degn 241 |iaen
Rain gage Balhasda
Img Daprasgion Liss 0 13]inza
Peps Daprassion Loss 0 40]inch
Eiae InhiErahon Rats 3 03|intar
whin [ nfriretion Rale 0 5 indar
Camdarizan Balvesan Obe' a9d Pradiziad

{insenved CLIHP SIS
Paak [2fs) 1103 G0 2390 85| 1634 93
[ fa-fa a4 237 43 186 84
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SUBIMARY QF EVENT STUDY FOR Siream Gags al Colorads Blvd in HARVARD GULCH WATERSHED

STREAM SAGE: Colorade Qv

3 Baaee of Oimerved | and R Valumes

Case 811712000
Sation  Stream Gage #l Solorado Bhd
Derivation of Repressniative Rainfall

Fain Sataction of Rain Gagas Ramarks

Gape Gege 1 Gagud Ganed Gaped  |Gaoes

Slation Balhasida Bradey Untersity  [Slavarms  [HG Pam Iark which gages

Cagsth X Lised far Study

List of Rainfall and Runoff for Comparisen
Dale T Ineramental Qtw'd CLHF Gkl
Rain Dapth | Ronaft HG | Runodf H3 | Ronaft HG

ROy H ki wih frc] [gE] frc]
2T G 013 0.0 25 154
20000317 1652000 0.04 116 1.71 75T
2087 1E2EH 0.2 Rl 43 EAz
200003517 163000 0.02 303 iT.5 91 .50
T 1R 003 2 11681 105 40
2000317 164000 0.13 309 253.43 269 14
2T 1E45H 023 367 ATE B ER PG
200003517 163000 0.149 401 4234 337 93|
2087 1ESEH 0.14 468 444 58 IE5 60
2000E T 170000 0.14 401 432 45 3208
20T AT 0.03 N e 208 52
20000317 171000 0.0 353 6502 27522
AT AT15H 0.04 35 F26.00 251
200003517 172000 0.0 261 230,12 227.9
T AT 0.0 219 256 e 207 92
2000E T 173000 0.0 172 X647 188 53]
2T 1735 0.1 128 2153 17300
A0005E1T 174000 0. a1 1B0.79 160 BS
BT 174500 0.01 ] 1684 .67 154 80
20J0FT 173000 0.0 S 153.75 143 37
T ATH5H 0.0 f3 144,77 155 84
20000317 150000 0.0 S 135.73 12813
2T 1B 004 47 12627 12170
200003517 151000 0.04 47 116.50 113 54|
AT 1BEM 0.01 53 136,58 106 63
2000E T 152000 0.0 58 97 kR 100 14
2T 1E2EH 0.0 i 2669 B3 90
20000317 153000 i 45 Bi.6E 87 B8O
2087 1E35H 0.0d 38 308 Er 5
200003517 154000 [ 34 5623 571
T 145 0.0 i 008 7188
2000317 155000 42 54 .61 55 7T
P 1B5EH 41 48.73 R

"ax Poak Flow Raw 40 444 58 337 33

Sum of Yolume [ 1.35 S5 0] SERGT2 [l

Toblary area 132 Bi|acras
Rainfal Deptt 1.35]inces
Rainfal YWolume 12 3l |acre-f
Ruinot Wil 36 D | acra-i
Caprassuen Loss lmpary [0 168 inc hes
Dreprasamn Luss Pery 025 | incnes
Imfikraficn M |inc hes
Liszs Walume acre-
Violume Balance acra-fi
Total sresipation desalh 1.35)inca
Fain gage Skvans
Iz Depregann Luss 0.05]inza
Pens Daprasson Loss 0 1% |inch
Edax ImhEraton Rabe 5.00)in"r
im Infitration Rate 0 S indar
Comparizan Batwaen Dxs' and Predicied

JIns Bineesd CUHP SN S
Peak {=f5) 406 00 444 58] 357 43
Wi {a-1) 35.04 40.47 15 97

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions




SUMMARY OF EVENT STUDY FOR Stigam Gagpe al Pack in HARVARD GULTH WATERSHED

Caze B T
Slaticn Slreim Gage # Hanssod Guleh Park
Derivation of Representative Rainfall

Rain Salaction of Rain (ages Remans |

G Gage 1 Gage?  |Gaged Caned Canes |

Station Belhmsda | Bradey  |Unmarsity | Slavans HG Pari ark which gages |

Chack ¥ usid for study |

Ligt of Rainfall and Runaff for Compangen
D= Time rcreTenial Ohe'n LCUHP Sl
Ran Daotn | Runglt HE R HE Rua® HE

MOy HE rck = cis cis
2O0RGIT G150 [ g2 1.67 154
2000031 T 1620480 004 5.2 345 10.27
DTG T 1GEH 202 a2 1063 4285
20000817 163000 0.0z 104 31.85 109,08
DTG T 1G5 2.93 104 At e 19543
20000817 164000 013 104 122.59 2E0.18
AD0DELT 1CHSH 223 128 19K % 35185
20000817 165000 019 128 275.25 3B4.09
AD0ODE1T 16550 214 128 ATE0E 405020
20000817 170000 014 153 498,11 431,37
AD0ODE1T 17950 203 &% G450 430 55
ATDELT 1T0H 2. 154 b E 453 51
2000051 T 171500 0.0 350 77140 453.73
20000GIT 12000 [ £ TaT.E 456,58
2000031 T 172500 o 350 427 444 B2
20000GIT 173000 [ M- Tar.24 42045
2000031 T 173500 o 264 r25.09 408.72
2OREIT 174000 [ 2 674,23 G2
2000031 T 174500 o 181 R20.24 36369
2OREIT 1 TS0 [ 181 80T A50.04
20000817 175500 0.0z 181 515.78 331.04
2OREIT G [ 123 R RiT) A14.83
20000817 150500 004 123 426.12 X316
AD0ODENT 110 4. 123 8427 281 63
20000817 1581500 0. a1 35421 265.58
AD0ODE1T 1EMH0 4 a1 A4 2504
20000517 152500 0.0 ai 3537 235.95
AD0ODE1T TG00 i it 270,82 2200
20000517 153500 0.0 i 249.03 HE.F2
AT00ET 1E4000 i it 226,14 196,18
20000517 154500 0.0 B 211 184 dE
DG RS0 G 184 5 175,43

Mas Paak Fow Rak 350 rar.ea 453.73

Surr af Violurs 136 463862 12540 () Y4745

3 Balance of Coaerad B and B Volines

Tricurary araa Ak ) acres
Rarital Deglh 135/ ine s
Rairdall Waolurea 2T el
Pl T Wil 31.95| acie-l
Cegression Lass moen: 10 i hrars
Depression Loss Pery 025 inhes
Infitration 00| i hras
L Woline aeie-fl
vialurr Batanca are-fi
Talal praciilatisn dapi 1.35[ineh
Rain gaga Slavmns
It Degpression Loss Q05| inehi
Pary Depressian Loss GG Imh
Idas Iritration Rale 3 .C0f invhar
I'in Infikralicn Racs 380 infhy
Contpaiison Between Ok and Pradicied
COrearead CAHP [5G
Pragl (1) 35000 797940 45371
il (-1} 31.65 o 4% 454

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions



SUMMARY OF EVENT STUDY FOR Stream Gage &f Colorade Blvd in HARVARD GULCH WATERSHED

Case TianM008
Slatisn Srean G 3l Cokormso Blvg
Derivation of Representative Rainfall

Rain Sefechon of Rain Gages REmars |

G R Cangl Gl G Gages |

Slarian Bethesda  |Bradiay Uniersity | Slavans Hi3: Park Mar which gages |

Check used for study |

Lizi of Rainfall and Runedf for Somparison
D& T eremantal Obw'd CUHF SN
Fain Oepih | Rursdf HG | Runaff HG | Runoff H3

ey HId nich (5] (4] cls
1HRN0T 25 1860500 A 0.0 1106 204
1990725 B0 0.3 0.03 27.26 9.48
14GR0T S 181500 .14 ae G445 2577
19880725 122000 0.04 258 17836 59.24
140725 182500 0.0 3R A5G 11153
19980725 1R3000 0.0 125 261.52 1685.53
14807 25 185500 .14 350 20737 21503
1990725 1RA000 02 349 JE2 251.65
140725 184500 R 364 3T 26043
19880725 1RS000 0.07 417 291.79 271.55
1HR00T 25 185500 .05 40 h42 20405
199R0725 190000 0.4 56 247 .06 251.92
1HBE07 25 B AL, 453 223 26T
190R0725 191000 0.2 ix2 201 .88 F0.2R
140725 1500 0.0 A 151,30 2058
19080725 192000 0.01 236 162.43 1E7.14
1HR00T 25 142400 .6 203 14558 17158
1990725 193000 0. 0 1363 157.00
14GR0T S 143500 0.0 a 11745 145 68
190R0725 194000 4] 0 107.31 132 .41
14B0T 5 194500 001 a Pl 12261
19080725 195000 4] D O0ED 114.08
1HR00T 25 195500 .61 J G4.24 L
1990725 20000 0. 0 T9.06 100.58
14GR0T S 230500 . 0 74.85 Y505
190R0725 20000 0. 0 vi.14 9163
14B0T 5 2500 001 a G775 80
19080725 202000 0.2 D 5505 B5.10
1HR00T 25 22500 .6 J GG 4285
1990725 203000 0.2 0 D96 20.59
14GR0T S 235500 0.0 a Saz 7614
190R0725 04000 0. 0 | TT.55
140725 204500 0.0 a e 56
19080725 205000 0.01 D 5217 7343
1HR00T 25 2a5500 .61 J 4485 ELOREY
1990725 210000 0.2 0 67 .96
14GR0T S 210500 i g a4 .03
190R0725 211000 0. 0 61.83
19000725 211500 0. A S0
19080725 212000 4] D 55,62
1HR00T 25 212500 i J A
1990725 213000 o 0 3314
14GR0T S FIAS0D 0.0 0 EIR
190R0725 21 4000 0 2863
19000725 214500 X T3

as Peak Fow Raa 417 1NQE2 271.55

Surm af Walame 1.5 6r4.03 470550 S0, 18

ETREAN GAGE: Colomade Blvd
3 Baance of Oheerved R oaw! B Youres
Trizurary araa TED G| e
Reainital Deglh 1 39 i e
Rainfall Walana 84 70| anre-fi
T Volme ar 18| acre-f
Cegreszion Loss Impeny G805 I has
Depresaion Loss Pery U i heas.
Infiirasian 3640 i has
Liass Wolime geie-fl
walumm Ba'anca arre-fi
Talal precigilatian dap® 1.39 weh
Rain gaga
b Depiesgion Lass Q05 neh
Parv Oepression LOss G 15|inh
o riiraticn Pale 3 C0[iwhir
Iin Infikraiicn Rata 250 in'hr
Companson Betwean Obis’ and Predictad
Olrmaryad CLUHF SWEME
Paas 1ois) 41730 nhge| 27155
Wal [a-1) 32.19 3241 4.1

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions



SUMMARY OF EVENT STUDY FOR Siream Gage al Park in HARVARD GULCH YWATERSHED

Case Ti2hMa03
Station Sloeaim Gage &l Hansrd Guleh Park
Derivation of Repréasanistive Rainfall

Fiain Salaction of Rain Gagas Remares |

Cane Gage 1 |Gaged Canes Gaged (Ganes |

Station Bathasda | Bradiey Universioy HaEns HiG Pars iars wich gages |

Caeck usesd Tor sludy |

List af Rainfall and Runaff for Compansoen
D&t Tire Incramarial Qv CUHF VIR
Fain Dapen | Runedf HE | Runoff HG Funodf Hi

Iy H:ld ineh [HES [o [HES
1EHGIT2E 150500 g1 1% 348 .75
1933025 151000 0.09 21 §0.55 13.68
1075 181500 .14 i 9595 4585
19330725 132000 0.04 Gh| 137.03 Bn.22
1HBTIE 152500 0,05 1 184,06 12753
12330725 133000 0.05 150 23r.r2 17700
1HBTIE 153530 01,14 2H .5 20005
1 0TS 154000 2 235 37175 25585
1HHGIT25 1EA500 0.08 Al 43815 PELR
1 0TS 135000 0.07 406 4RO Ok 0287
THGT2E G550 0,005 R S0 50 AAT.24
1 a3 T2S) 190000 0.04 573 531.07 3942
THGT2E 189530 002 a75 S50 06T
1933025 191000 .02 S57 S08.35 3TTr.45
1HIGITIE 191500 001 s 2. T8 .01
1933025 192000 0.0 426 452.12 irr.z
1EHGIT2E 192500 002 oy 419,05 LGS
1933025 193000 0.1 33z 3B5.59 355.08
1075 193520 0.0 280 51,5 23803
19330725 194000 4 251 318.55 319.55
1BEIT5 TB4530 0.01 a2 200,68 314
12330725 125000 o 196 264.7 2B592
1HGT25 195500 0.01 1705 P TE 26T 43
1 0TS 200000 0. 150 223.52 25249
1HHGIT25 2050 0.2 145 2672 239,17
1 a3 T2S) 201000 0. 132 192.4 ZAT.54
THGT2E 20150 001 i 1800 216G.74
1 a3 T2S) 202000 0.o02 113 159,08 207 1R
1EHGITIE A0S 0.0 136G 150,22 1088
1933025 203000 0.02 a5 150. 5B 191.653
1HIGITIE A0S0 001 i 14244 186,246
1933025 204000 0.0 a5 135.51 179.539
1075 SN0 0.03 A 120,17 174.3
1933025 205000 0.1 35 123 163,52
1075 0S50 001 E e 11681 16501
12330725 210000 0.02 33 110.64 1569
1BEIT5 i A [} i E] 14,64 150,62
12330725 211000 o.M 23 98,02 144.22
1HGT25 211500 0.01 Ll R 136,05
1 0TS 212000 [y a4 ae7? 132
1HGIT2E M50 g el 837 P54
1 a3 T2S) 213000 ly az 7759 aE7
THGT2E M50 001 an 70,73 437
1 a3 T2S) 214000 ER a4.02 Fr.5a
1T EACIEN] bl 5607 7073

Wax Paak Flow Ba 573 531.07 B1.01

Sum of Valurma [ 1.58 LR 1042264 446158

Contpanaon Betwsan Ohie" and Predictad

STREAN GAGE: Harvard Pack

3 Zaance ol Obzerced B oand 3 Volumes
Tritunary araa Pt FALEN]
Fanifal Desth 139
Ranfall Waluma 2363
FeunadT Wiolime BD5e
Degression Loss Pene (LT
Infitration 300
Lass Woume
Vaolune Baancs
Tatal praciglatian dapth 1.39
Feain gaoe
Imp Oepression Lass a5
Pary Degression Lass 215
Ivax Infitration Rate 30
I&in Infikration Rate 250

(=]
inehas
anie-f
acie-
Ihas
inehas
are-f
acie-
Irh

neh
ineh
nhir
i

Otsansad GUHP | SafddS
Paak (cta} 57300 53107 3
vl (et} g0.54 il ] 10

Calibration of CUHP2005/SWMM5 Computer Models

For Flood Flow Pre
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SUMMARY QF EVENT STUDY POR Straarm Gage &l Colotads Blvd in HARVARD GULCH WATERSHELD

Casze B/18M1933
Slalien Eream i 2l Cokrgia Blyd
Dachvation of Representative Rainfall

Rain Sataction of Rain Gagas Remarss

Tane Gape 1 Gaged Ganed Gaged Ganes

Stafion Bethesda | Bradey Uniersity  |Sanens HG Pars  |Mars wich gages

Cagszk used Tor sludy

Lisi of Rainfall and Runcff for Comparisan
Date Times Ineramental div'd CUHP SWki
Rain Daptn | Runoff HG Runotf HG | Runoff HG

DY H:l¥ mzh [HE] [HE] [HE]
19630018 TR 0.1 .8 18,51 154
13930318 133000 0.12 7.8 4.5 39.74
19630018 1RG0 003 32 144,11 130,64
19930318 140000 0.01 139 23629 361
14630018 140500 0.:7 5 WGAT 20772
19930918 141000 022 406 358.97 333.51
12630018 145 0.0 424 3475 As0.0
19930918 142000 0.12 401 3T6.61 344.53
19630018 1425040 0.04 70 A51.53 HAELT
19930318 143000 &1 324 31519 300.52
14630018 143500 0.2 240 53 4 232
19930918 144000 0.01 232 250.69 244 .61
12630018 144500 | 215 21574
19930918 143000 174 195,78 135.31
19630018 1455040 153 170,57 174 24
13530313 15000 130 175008 135.67
19930918 150500 114 132.51 13928/
12630018 151 48 7. 124 53
19930918 151500 B& 104.13 112.29
19630018 162000 75 4269 191.24
19930318 152500 =] B2 T3 91.55
14630018 153000 58 74.05 4.0
19930918 153500 31 5647 75.51
12630018 1EA00H A6 5605 atiley!]
19930918 154500 11 54.08 53.03
19630018 TG00 A7) 455 s7.81
19930318 155500 34 44 47 53.17
14630018 TG 3 4651 45,01
19930918 163500 28 7.0 45.33
14630018 GG 26 35,68 1.0
19930918 161500 23 3.1 358.95
12630018 G200 20 264 623
19930918 162500 13 26.43 3397
19630018 TE30 16 2444 354
19930318 163500 15 22 B8 29 53
14630018 1E000 14 21,08 AT ET
19930918 164500 13 19.60 2598
12630018 TGS 12 1447
19930918 165500 11 23.01
19630018 AT 16 2173
19930318 170500 9.8

e Prak Flow Rata 424 34,75 a5

Sum of Valuma [ 118 4562 &0 4005 5 SOOG4S

[X}

STREAM GAGE: Colorads Blvy
Saance of Chsered R and 5 olumes
Trigutary araa TE ) acres
Rantal Dealh 1 16[inzhas
Raimtal Yalura i T acre-fi
Runsft Valime 31,35 aure-f
Cepression Lass Imoens 13 inchas
Degression Lo Peny 245 imzhes
Infitratian A i b
Liag WoLime Fare-fl
Valume Baanca acre-fi
Tela precimiation deptn 1 16]inzh
Rain gaga
I Degrecsion Loas O 05| inch
Pary Depressian Loss G A0[inch
Itax Iafitratian Rate 3 Q0| ieir
Iin Imfikration Rata A A0[imthr
Companson Betwean Obis and Predictad
Oisainsad CLHF SWRIS
Paak (cis) 424 30 4 75 Gs0
Wil (&-T) 3135 3439 34 .48

Calibration of CUHP2005/SWMM5 Computer Models

For Flood Flow Predictions



FUMMARY QF EVENT STUDY FOR Siream Gage al Colorade Blvd in HARVARD GULCH WATERSHED

Case TI23ee
Slalion Slrgam Sifee 3l Colaritk Blwd
Darivation of Representativa Rainfall

Rain Salechion of Ran Sages Remarks

Sape Sape 1 Gage? Gaged Caned Gages

Staiin Bethesda  |Bradey Unrearsihy [ Skreans HE Park  [Mark which geges

Chesk X uged for slady

Lisi of Rainfall and Runcf for Comparison
Date Tine |neremental Otw'd CUHP SR
Fain Oeglh | Rungff HG | RumafT HG | Funcoff HG

ROy HRA [Tl (] s &1s
140723 1B 4143} 32 111 44 6.2
19520723 152000 332 aq 173 85 3273
140723 1E2530 4] 208 208 33 1254
13820723 153000 03 23] 22079 124.74
14E0T23 1835 316 244 182G 13058
19020723 154000 006 174 207 B3 131.34
140723 1BASG0 il e 10317 120,47
19920723 155000 31 55 175 .52 12523
1HET2Y 165500 4] 43 159 71 1662
13820723 180000 ] 3 143 67 108 34
140723 180500 1] 24 139 44 101 &7
13020723 191000 001 19 14651 a5y
10723 181550 14 14 945 HT45
19920723 192000 11 G4 &'-‘l 0 5
ME0723|  1EIEH 14 5 44 T el
18920723 193000 B 77 24 it (K
140723 183500 a4 59 97 B3 TE
13020723 184030 53 £3.43 £ )
140723 1584500 57 5761 e
19020723 195000 4.8 B2 SaaEr
140723 1B5500 41 47 77 4T 05
19520723 200000 16 4362 4475
WETEI 200500 31 34 75
13020723 201000 27 2660 0
1ETEI]  2MEHD 28 3363 3550
19020723 202000 25 3057 L |
14E0TEI A0S 24 26 57 12
19520723 203000 23 2642 22325
WEATEI] 203530 21 2440 2T
19020723 204000 19
1HE0TZI 2045 18
19020723 205000 17

lax Feak Flow Rata o83 L20TE 151,34

Sum of Vol [ OB 142400 2866 B3] 13222

Trzulary ama

Rairdall Death

Rairdall Vaolune

Runafl Wil
Depressin Lass Impeny
Depression Loas Peny

I nfidragemn

Laas Wil

Yalunm Balance

Tala precigilahen deplh
Rain gags

Imtp Deprestion Loas
Pary Degressan Lass
Ieax Intilration Rae

Iin Irfikradion Feka

A| Balance of Cheeramd B and B Yolumes

I 30

JES

41.44

o
(L)
LA ]
4]

0683

HaEns

305

GG

3.00

28l

companison Between Cibis’ and Prachcied

acres
inheg
anre-f
axre-ft
nzhas
inhes
inchas
axre-ft
aure-fi
inzh

inh
inzh
indhir
in‘hir

Divoeroed [cume |otas
P (01sh mam|  zauTe 1313
ol (2] g6 agnd]  nsem

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions



SUMMARY QF EVENT STUDY FOR Siream Sage al Park in HARVARD GULCH WATERSHED

Case ka2
Slation  Sirear Gage al Farvard Gukh Park STREAM GAGE: Harvard Park
Derivation of Representative Rainfall I Balance of Ooaened B and B Voiimes
Rain Seteclion of Rain Gages Famarks Triutary anga A2 (0| acres
Sana Gaoa 1 Sanal 58043 Gaged Gajes Ratal Dealh QG| iz has
Station Bethesda  |Bradky University Sanens HiE Park Iark whizh gagas Rairrdail Walume 114571 | acre-fi
Check X Lrzad far study Feumaft Woallimse 15. 79| acre-fi
List of Rainfall and Runeff for Companisan Depression Lass Impen (045 inzhras
Daie Time ncrementsl Dir'ed P SR Deprecsion Lagy Peny UG irehiag
Figin Diagin Rl HE Ryl HE Runcit HE Infitration 00| inchas
Gy H i nch cfs iz [= Lags Wioliime acre-fi
1920723 181505 0.01 T 0H 0. Valuma Balanca acre-f
19920723 182000 0.02 7| 178 E-ll 134 48 Tadal pracigitation dapth G Ed|inch
19ER0723] 182500 .08 i 217 | 126 63 Fain gags Slavans
190930723 1E3000 0.1 O 266 28 12081 I Degreszion Legg Q5] inch
19820723 185500 0.14 106 94103 134 70 Pary Depession Loss dAG|inch
19920723 184003 0.05 gl 32782 141 9-l| Ieax [nfitration Rale 1 90]invhir
19820723 184503 .01 136 352 B5 149 79 Iin InhEradion ks &0 inhr
19920723 1BS003 0.01 F10 366 91 1 I!El Compancan Between Obic’ and Predicied
1920723 186504 Q 247 s 15 E‘E| i sy CHF FLkdb . o
190930723 190000 1) 195 36409 165G EE| Pl i) 21700 a7 a2 154 20
1950723 180500 1] 166 33040 150 3| Wil Ca-Th FEEO0]  REEE S| 3¥EaSA
19920723 131003 0.01 145 33.76 166 -IE|
19620723 191503 1256 31044 15118
19920723 192000 1049 2876 146 Tl
1980723 192503 a7 254 54 13972
19820723 193003 fax 24208 13347
19920723 135500 T2 23084 137 .42
1ER0T23] 104000 Lilt] 201 23 120.7/
19920723 194500 52 TR 42 114 33
19820723 195303 A5 166 27 107 61
190930723 195500 39 16413 17
19620723 200003 35 141.51 95 15
19920723 200500 32 13016 84 66
1920723 201003 it 11947 B4 7
19920723 01500 2 10949 791
19ER0723] 202000 5 10043 233
190930723 202500 20 42 BE 652
19ER0T23] 205000 19 B5.77 56 56
19920723 203500
19820723 204003
19920723 24500
19EA0T23] 205000
19920723 2500
190723 Al
190930723 21000
190723 211000
19920723 211500
10723 213K
19920723 2125500
1920723 213K
s Peak Fiow Fane a7 70 22 1EG 30
Sum of Viokena | 65 229300 6227 94 3269 50

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions



SUMMARY OF EVENT STUCY FOR Stream Gage &l Coloreds Blvd in HARVARD GULCH WATERSHED

Case Ti20M188
Slation Streaim Gage & Tolarado Bhd
Derivatian of Repreasanistive Rainfall

Rain Seeclion of Rain Gages Remarks

Gage Gage 1 |Gage? Gaged Ganed GageS

Slatian Baltasda  |Bradiay Linrearsiby Slavans HG Pars WMars wheh gages

Chesck k3 uged for sludy

List of Rainfall and Runaff for Companson
Dale T Iree reenlal iovd CLHP W
Rain Desth | Runedf H3 Funcff H3 | Runcdf Hi3
MDY H:l inen clg [4E3 4

1810720 132600 2.9 0.4 0.5% 4.5
193185720 153000 016 36 10.61 23.75
1610720 183500 ALY 151 4853 T8
19310720 154000 [ER ] 205 119.61 15751
B0 184500 0.z 247 186,22 23778
19310720 155000 013 254 F21.63 2949
1EHAT0 1GE400 .05 30 23522 32504
12210730 170000 [rXEx] 2 20,93 32025
1E10TM0 170503 o4 268 21548 AR5E
19910720 171000 0.02 252 202.59 230.29
1GEGT0 171503 ] 154 184.74 275,15
193185720 172000 0 151 16651 249.78
1610720 172503 oM G 145 B8 226.08
19310720 17 3000 0 bl 134.7 201 .98
B0 173500 o o 121.04 186,59
16315720 174003 o i 10667 162,05
19310720 174500 0.0 33 A5.05% 145 28
1BT0 17500 0 2% 2841 130,45
12310720 175500 o] Eot) 79.83 117.33
1EHITI0 120600 0 28 217 10668
19310720 1E0500 0 21 85,35 35.76
1810720 181803 i 18] 5628 2604
193185720 181500 0 12 5580 78.97
160720 182303 1 13 45,04 72.01
193185720 182500 0 B 44.73 55.85
1610720 183300 oM 8.7 A5 2057
19310720 1B3500 0 5.3 3745 55.49
1BT0 184000 0 5 34,50 51,12
12310720 184500 o] %1 31.64 ar.2
1EHITI0 185000 0 g1 26,18 45,70
19310720 1BS500 0.0 7.1 26,595 40.54
1810720 190303 o 18 24 08 TG0
193185720 190500 13 23.18 35.11
G700 191308 18 A3 3207
193185720 191500 17 20.05 064
1610720 19203 18] 1572 2673
19310720 192500 13 17.50 2697
1BT0 103000 13 16,58 2551
12310720 193500 B 15.37 25,52
1EHITI0 104000 8.5 1444 2245
19310720 134500 5.3 13.59 21.20

‘Jae Peak Fiow Rads 30 233,27 320,25

Sunt of Valune | 1.20 3052. 7% 3332.91 45335.70

J Balarce of Ohzereed R and B Yolumes
Tributary aran 3 | e res
Rainital Degth 1 20|irehas
Reainifall Walar .M e re-fl
Runsd Woline 2102 | aerae-l
Cepression Loss Imoeny 10| ine bas
Depression Loss Pere U500 irechias
Infifratian AL ine;hras
Lisgs Wolime aee-fl
walums Bafanca oore-fi
Talal pracigilaticn dapth 1.20[irexhi
Rain gaga Bradey
Intp Depression Loss Q05| ineh
Parv Depression Loss 3 10)ineh
et Infidration Rale 3 20| it
I¢in Infikraticn Reta 1 &0 inhy
Companson Besaean Obis’ and Prediciad

Olrzamad CUHF SWIEMS

Paak (ofs) 30 30 ] I
Wal (a1 21.02 Z2.95 33.32

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions



SUMMARY OF EVENT STUDY FOR Stream Gage a1 Pask in HARVARD GULCH WATERSHED

Caze TI20M1B81
Slation  Sream Sape a3l Havard Sulkeh Park
Decivation of Representative Rainfall

Fiain Sefechion of Rain Gages Famarks

Gans ane 1 Ganal Gagad Gaged Gages

Station Besnesda  |Bradkay Unrearsihy | Sawens Hi Park Ivark whith gagas

Check x Ursed for Sludy

Lisi of Rainfall and Runeff fer Comparisan
Diaie Time Iresrealal Obw'd CLUHP SN
Rain Deglh | Runoft HG | Rursft HG | Ruaroff HG
[ H: i inea ofg ofg ofe

1HE107 20 1G2500 o8 26 288 113
1901 07 20/ 163000 016 BE 113,36 2EE0
QB 107 20 1§3600 o186 13z 16825 101,45
19910720 1E4 000 013 187 194.71 13E.30
107 20 184500 0z 251 2EE G 20428
19910720 165000 013 324 25146 7
14807 20 185500 0.85 85 32305 34804
19910720 170000 .09 343 J58. 43 IFIES
19810723 170500 filic) 2 383 A0
19910720 171000 .02 o) | 395 53 419.43
18810723 171503 [ 434 3G 45882
1991 07 20 172000 u] 471 3B 34 444 42
14510720 172500 am 430 ATLAG 44218
1951 07 20 17 3000 u] 40 35137 431 54
1HE107 20 175600 o el 32725 41415
14510720 174000 am 275 Rl AL 45
1951 07 20 174500 0 27 27676 IBE2M
1HE107 20 LK ] 185 | 34106
1901 07 20/ 175500 0 164 2306 J15.57
QB 107 20 120600 ] 141 208 87 26055
19910720 1E0500 u] 123 19053 267.21
107 20 184000 1] 108 174,56 245,08
19910720 1E1500 u] ar 159.2 22642
198107 20 18200 i 86 1455 20854
19910720 182500 u] v 13405 192.37
19810723 185000 ] [T 123,06 17766
19910720 1B3500 u] 53 112785 1842
19010720 184000 ] &0 103,34 151,86
1991 07 20 1EAS00 u] 44 a5.03 14075
14810720 185300 i kI Gran 15372
1951 07 20 1ES500 0 36 30,99 121.26
14310720 1000 oM 33 325 11236
199107 20/ 190500 1 541 104.1
1HE107 20 000 20 B2z 74
19910720 191500 27 52.13 Ol 16
107 20 142300 25 47z 4,306
19910720 192500 23 43.26 TEAT
1910720 135D ™ #1311 T
19910720 193500 20 37.56 63,7
14807 20 194000 19 A5A4T AT

Was Peak Fiow Rata 471 395 76| 444 42

Sum of Valuma | L20]  GITIE0 7408, 30 [

3 Batance of Dinzerved B and R Volumes

Tribalary area

Rainiall Dep

Rainfall Yoiume

Runoft Vialune
Caprassion Loss Impary
Depression Loss Pery
Infikration

Lo Walume

Wolyme Balanse

Total grecipiation depth
Rain gage

Iz Deparassin Loss
Pery Caprassion Loss
Mae Infikration Fase

Wi Infitration Rale

HIAZ I

acms

1.20
S
43 .20

incaes
arcra-fi
AcTa-1

016

incnes

D52

e aes

300

inches

Aacra-fi

acya-fi

1.20

nca

Bradey

0.05

nea

0.3

inch

300

05
Campanizon Batvaeen Oma' and Predicted

i
in‘ar

LmsEnved CUHP | SWWAES
Peak (i) 471.00 4011  444.42
Wi {a-fy 4390 51.02 2 70

Calibration of CUHP2005/SWMM5 Computer Models
For Flood Flow Predictions




SUMMARY QF EVENT STUDY FOR Straam Gags &t Colorads Blvd ia HARVARD GULCH WATERSHED

Case TiEI2004
Slation Ereanm S &l Cokoraoa Bwd
Derivation of Representalive Fainfall
Rain Sekaction of Rain Gagas Remares
Gane Ganei  |Gagez  |Gaped Caned  |canes
Statian Betnesda |Bradey  |Unwersiy  |Skwvams  [HG Pars |Mars which gages
Caezk X ugesd Tor aludy
Ligi of Rainfall and Runcdf for Comparison
B Time e el Oiw'd CLUHF SR
Fain Degth| Rumoft HG |Runotf HE] Runotf HE
DY HEA inen ore oty oty
G350 0.4 064 1 0.0
20010708, 1RA000 0.03 30 4] a7
2HA0708]  1B45M 004 2 3; 11.23
20010708 163000 0.33 421 4 415
SHH0708l  GESEM 0.5 484 0.05 345 8
20010708, 170000 0.4E g14 357 £11.17
2M010708]  ATIEM 13 EEY 54 44 04,13
20010708 172500 0.7 o7 607 a921.41
FHd070el  ATI0N 0148 ra| T [ {FRIx]
20010708, 173500 0.13 454 o365 01 .64
2M010708] {7400 004 454 1155 G5L54
20010708 174500 002 413 105 BOO T
2M07 0 1 TS0 0.0 | 103212 T3z 61
20010708, 175500 31 i O56.53 BE7.03
20010708 180N 002 FEE| B43 SAG.E4
2M010708] 18350 001 £ I R 535,
20010708 181000 001 303 740,713 471.58
20708 1B15M 0.0% Pl HEE7 411 .89
20010708, 182000 0.03 s 55229 ITe
2M010708]  {E2EM 001 et I 5 S35
20010708 183000 001 182 431.07 231,25
20708 B350 0.0d 164 37414 2505
20010708, 184000 122 31842 23618
2M010708] {84500 ) 2TS 20,106
20010708 185000 TR 232,713 177.43
SHA0708] 1S5 L] I 157 &3
20010708, 190000 45 17508 140,52
2M010708] 1635 =5 150,245 134G
20010708 191000 16 131.02 11318
20708 1B 15M) 11 11477 1531 L=
20010708, 192000 B3 101.01 a2 15
2M10708]  {E2EM 65 865 4554
20010708 193000 513 79.23 75.97
SHA0708] 835X 48 70.71 Gl 3
20010708, 194000 4 B3.3 34
2M010708] {84500 38 56,57 5814
20010708 193000 i2 31.33 5348
SHA0708] 1BS5M 27 4547 4551
20010708, 200000 213 42 20 45 57
2M010708] 20350 21 A5 4222
WMas Peak Flow Bae 73 1115 5 936.53
Sum of Walames 2.4 BEAS 2| 13400 40| 1281505

STREAN GAGE: Colorade Blvd

3 Bdance of Ohsered R and B Yolumes
Triguary arga T2 ) acres
Faintal Deglh 2 A1) irshey
Fairfal Walums 147 60| acre-f
Runsft Woms B0 90| &ore-1
Cegression Loss Impens (0T [ inchas
Depiession Loag Pere 15| inzhes
nfifratin AL inzhas
Lias Wolme aoie-fl
Valuma Baanca are-fi
Tala precipiation depin 2 81| wrezh
Rain gaga Baihasda
T Depression Loas O 10{imzh
Parv Depression Lass 340 inzh
Itax Ifitration Rale 3 D0
Iin |mhiration Rats 3 80| inthr
Companson Betaean Ohis” and Predichad

Oirzeneed CLHF SIS

Pams (Cis) G A0 AT 45248
Wal (a1

The ahserved HG was cormected lnlar
The peak flow was 1100 cfs
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SUMMARY OF EVENT STUDY FOR Siream Gage at Park in HARVARD GULCH WATERSHED

Case TIB MM
Station  Stedmn Gage &1 Hardgd Guleh Park
Derivatian of Rapoeseniative Rainfall

Rain Selechon of Ran Gages Ramarks

Gaps Gage 1 |Gape? Gaged Gaged  |Gapes

Statian Bealbmsa Bradiy Linvarsiby | Slevens  |HG Pars | Mark which gagas

Cheshk X Lzad for sludy

List of Rainfall and Runoff for Companson
Diale Time  |Inerereils Jiovd CHHP SWIRA
R Diegih| Punotf HE | Bunotf HE [Runotf HE)

B0y HEi e cig (3] il
03T 181507 14 24 ] a
200107038 163000 005 2.4 4] o]
0MIT36[ 184507 (.08 E 0z TG
20010738| 170000 033 157 1.53 7329
20MITIE[ AT1E0] 13z 1130 1768 i
20010708 0 46 a4 584 95
201378 0% 194 53 843 14
20010708 Q17 3045 1055 BT
201378 318 GG G| 1247 32
20010708 313 a2 33| 1407 35
0TI 13 131 08 {813
20010708 002 1747 AB| 158025
0TI (.06 o e IR G
20010708 01 227TE 88| 1594 40
201378 a2 PEIOEE) 154145
201378 i PITE TR 144 46
20010708 [ X4g ] 2275 33| 1332 07
0TI 195 R R
20010708 003 194233 11111
0TI il | 173460 130378
20010708 X4y ] 1602 97 BE 56
201378 i 1417 04) &0
20010708 1242 37 710 58
201378 1084 ) G285
20010708 a941.74 55R 37
0TI Bi617] 408 &7
2000708 TOE.0B| 44110
0TI G127 A3 TG
20010708 532 57 2N
201378 i) 3488
20010708 405 45 252 56
201378 T I
20010708 31124 231 59
0TI ETREN M1
20010708 242.07| 19326
0TI FHETM  1774F
20010708 193 .58 TRI AT
201378 17444 153 30
20010708 157 .82 13304
201378 14544 128737

Wax Peak Flow Bale 1100 2330 3% 1604 35

Sum of Valama [ a1 264 20| 4474 58] 26063 96

acras

incnes

acra-f

acra-it

inches

incnes

EFTREAM GAGE: Harvard Park
Baancs of Cimarved B a1d B volemas
Tnbutary area Mz gy
Rainfal Dwapta Z.41
Rainfal Volume 41018
Fuaod? Valumes &7
Caprassion Loss | mpary .07
Depragsnn Luss Pare 015
Irfikratinn .06
Loss Wolume

Viplume Balanse

Tofal precipiation deglh 24
Rain gage Balhasda
Img Daprassion Loss 013
Pepi Daprassion Loss {47
Eiae InhiErahon Fabe 303
Bin [nfitration Rale 0l

Comparsen Balwesn Ome' and Predizled

acra-f
acra-i

inen

e
mchn
i
minr

{ipsenved CLIHP S
Prak (o) 1100C0 2330 8% 1604 93
o {a-f) &M 23743 1856 4
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SUBIMARY QF EVENT STUDY FOR Sifeam Sags al Colorads Blvd in HARVARD GULCH WATERSHED

Case 811712000
Slation  Stregm Gage #l Salorade Bhd
Derivation of Repressnlative Rainfall

Fiain Sataction of Rain Gagas Ramarks

Gane Gage 1 Gagal Ganed Ganed  [Gapes

Slation Balhasida Bradey Untersity  [Slavans  [HG Park Iark whizh gagas

Chessk x Lised ol Study

List of Rsinfall and Runoff for Companson
Dale T Incramental Qiw'd CLHF SRl
Rain Dapth | Runaff HG | Runcdf H3 | Ronof HG
RO HEi wigh [ (5] [

20T 1G5 013 N1 a5 154
20000517 162000 0.04 116 1.71 75T
20300847 AE2E IRIE] 268 43 AT AZ
20000517 163000 0.02 303 375 01.50
20T AR5 003 20 118 81 105 40
20000517 164000 0.13 305 25543 26514
AOGT 1G5 023 AGT A2 ]
20000517 163000 0.1% 401 423 4 337 93
BOT 1655 014 409 444 58 FES 60
20003317 170000 0.14 401 432 45 5208
20T AT 003 el 40 200 52
20000517 171000 0.0 353 350 2 27522
BOT 17150 0.0 H15 2000 253N
20000517 172000 0.0 261 23012 227.9
20T AT25 0 MG L 207 a2
20003317 173000 0. 172 2647 188 53]
AOGT AT350H 0.0 12 g ) 173
20000817 174000 0.01 o 180 79 160 B9
20300847 1745240 0 [ 164 07 164 &0
200003317 173000 0. 55 1533.75 143 37
20T ATH5H 0o a3 144 77 155 64
20000517 150000 0.0 S 13573 12813
20T 1B 0 47 126 27 12370
20000517 151000 0.04 47 116.50 113 54|
AT AB15H 001 03 134 50 10 83
20003317 152000 0. 58 97 BB 100 14
20T 1E25H 0 a5 26 6 B3 490
20000517 153000 i 45 B Be a7 B8O
20300847 B35 0 38 7308 e ]
20000517 154000 [ 34 66 23 & 71
20T 1450 0 i 4004 71488
20000517 155000 42 54 61 (==l
2T 1B55 41 4873 R

Max Peak Flow Rak 0 444 58 357 33|

Sum of Yolume [ I A S 0n

STREAN SAGE: Colorade Bivd
3 Baance of Qleerved | and R Valumes

Tobulary area 132 B acras
Raintal Deptn 1 35|inches
Rainfal Yolume 12 3% |acre-&
Runof? Walume 36 .04 |acre-i
Caprassuen Loss lmpary 0168 inc hes
Deprassmn Loss Pery 0245 | inches
Infikraticn 4 13 |inches
Lisss Walume acre-
Vilume Balance acra-f
Total grecipitalion deplh 1.35)inch
Riain gagge Skvans
Imi Depressnn Luss 0 05|inch
Pers Daprassion Loss 0 15 |inch
Bdax ImhEraton Rabe 5 00in'hi
Mim Infitration Rale 0 Edfindhr
Comparisan Batwaen Obis' and Pradicied

DIns Bingesd CUHP SN
Peak {£f5) 406 0% A4 58] 35T A3
Wi [a-) 35.04 40.47 35 97
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SUMMARY OF EVENT STUDY FOR Stigam Gagpe al Pack in HARVARD GULTH WATERSHED

Caze B T
Slaticn Slreim Gage # Hanssod Guleh Park
Derivation of Representative Rainfall

Rain Salaction of Rain (ages Remans |

G Gage 1 Gage?  |Gaged Caned Canes |

Station Belhmsda | Bradey  |Unmarsity | Slavans HG Pari ark which gages |

Chack ¥ usid for study |

Ligt of Rainfall and Runaff for Compangen
D= Time rcreTenial Ohe'n LCUHP Sl
Ran Daotn | Runglt HE R HE Rua® HE

MOy HE rck = cis cis
2O0RGIT G150 [ g2 1.67 154
2000031 T 1620480 004 5.2 345 10.27
DTG T 1GEH 202 a2 1063 4285
20000817 163000 0.0z 104 31.85 109,08
DTG T 1G5 2.93 104 At e 19543
20000817 164000 013 104 122.59 2E0.18
AD0DELT 1CHSH 223 128 19K % 35185
20000817 165000 019 128 275.25 3B4.09
AD0ODE1T 16550 214 128 ATE0E 405020
20000817 170000 014 153 498,11 431,37
AD0ODE1T 17950 203 &% G450 430 55
ATDELT 1T0H 2. 154 b E 453 51
2000051 T 171500 0.0 350 77140 453.73
20000GIT 12000 [ £ TaT.E 456,58
2000031 T 172500 o 350 427 444 B2
20000GIT 173000 [ M- Tar.24 42045
2000031 T 173500 o 264 r25.09 408.72
2OREIT 174000 [ 2 674,23 G2
2000031 T 174500 o 181 R20.24 36369
2OREIT 1 TS0 [ 181 80T A50.04
20000817 175500 0.0z 181 515.78 331.04
2OREIT G [ 123 R RiT) A14.83
20000817 150500 004 123 426.12 X316
AD0ODENT 110 4. 123 8427 281 63
20000817 1581500 0. a1 35421 265.58
AD0ODE1T 1EMH0 4 a1 A4 2504
20000517 152500 0.0 ai 3537 235.95
AD0ODE1T TG00 i it 270,82 2200
20000517 153500 0.0 i 249.03 HE.F2
AT00ET 1E4000 i it 226,14 196,18
20000517 154500 0.0 B 211 184 dE
DG RS0 G 184 5 175,43

Mas Paak Fow Rak 350 rar.ea 453.73

Surr af Violurs 136 463862 12540 () Y4745

3 Balance of Coaerad B and B Volines

Tricurary araa Ak ) acres
Rarital Deglh 135/ ine s
Rairdall Waolurea 2T el
Pl T Wil 31.95| acie-l
Cegression Lass moen: 10 i hrars
Depression Loss Pery 025 inhes
Infifration A0 i hras
L Woline aeie-fl
vialurr Batanca are-fi
Talal praciilatisn dapi 1.35[ineh
Rain gaga Slavmns
It Degpression Loss Q05| inehi
Pary Depressian Loss GG Imh
Idas Iritration Rale 3 .C0f invhar
I'in Infikralicn Racs 380 infhy
Contpaiison Between Ok and Pradicied
COrearead CAHP [5G
Pragl (1) 35000 797940 45371
il (-1} 31.65 o 4% 454
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Appendix B — Data Files and Models CD
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AMEC Earth & Environmental, Inc.
2000 S. Colorado Blvd., Suite 2-1000
Denver, Colorado 80222

Phone: 303.935.6505

www.amec.com



