L EMERGENCY REPAIRS
GOLF COURSE ROAD
3 RIO RANCHO, NEW MEXICO

; EMERGENCY
DRAINAGE REPORT

. SEPTEMBER 1988

- PREPARED FOR
| THE
CITY OF RIO RANCHO, NEW MEXICO

Portions Revised July 1991




Gannett Fleming

TABLE OF CONTENTS

Page

l. AUTHORITY 1

Il. PURPOSE AND SCOPE 1

Il PRESENT CONDITIONS 2

V. FLOWS DURING STORM 2

A Improvements Completed Since 1988 3

V. PROPOSED STORM DRAINAGE IMPROVEMENTS 3
A. Proposed East Side Improvements 5

. B. _P_ro_po_s;ad West Side Improvements 4

C. Proposed Golf Course Detention Pond 5

VI.  METHODOLOGY 5

APPENDICES

A. Hydrology and Inlet Sizing

B Hydrologic Reservoir Routing

C. August 1988 Draft - Section 22.2 DPM
D

Hydrologic Reservoir Routing - Without 13th and 17ih Avenue Diversions



Gonnett Fleming

EMERGENCY REPAIRS
FOR |
GOLF COURSE ROAD 1

EMERGENCY j
DRAINAGE REPORT i

L AUTHORITY:

This emergency storm drainage report is a direct result of the City Counsel - City of Rio
Rancho vote on September 14, 1988, to affect interim-emergency repairs on Golf Course Road
between Southern Boulevard and the Sandoval/Bernalillo County Line necessary due to damage
to the road section from storm runoff during the evening hours of September 13, 1988. Interim

repairs are specified as follows:

1, Repair damaged and destroyed portions of the pavement sections.

2, Cotrect "stopping sight distance” problems present in the existing grade.

3. Overlay the existing pavement to facilitate a "one way crown" section sloping to
the west.

4, Repair storm drainage “ditch” on the west side of Golf Course by instailing a

paved channel section and repairing culverts damaged by storm runoff {(constraints
- avoid existing water line at west right-of-way, remain within the existing 50-foot

right-of-way).

il. PURPOSE AND SCOPE:

The purpose of this preliminary storm drainage report is to present an interim plan for
drainage facilities to handle storm water from Golf Course Road and the immediate vicinity during
a low intensity event. The area under consideration is bounded on the north by Southern

Boulevard and on the south by the Sandoval/Bernalillo County Line.
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. PRESENT CONDITIONS:

West_Side - The drainage basins west of Golf Course Road are mostly undeveloped with
the south-west corner of Golf Course Road and Southem Boulevard and occasional development
along the balance of Golf Course Road. Present drainage pattens are generally toward the east
and south in an overland sheet flow. The roadway template intercepts this sheet flow and
concentrates it in a shailow earthen swale section flowing generally to the south. Blocked or
damaged culverts at 13th Avenue and 17th Avenue force flows collected from the north of each
location to turn west and follow the unpaved streets (13th & 17th) until it is discharged into the
east fork of Black's Arroyo. Flows collected south of 17th Avenue continue flowing to the south
until it reaches adverse grade approximately at 21st Avenue where they flow across Golf Course
Road to the east side where it continues to flow south along the pavement shoulder.
Accumulated flow collected south of the crest (approximately 21st Avenue) continues to flow south
along the west edge of pavement on Golf Course Road until it begins to spread to the south
and west approximately 500 feet north of the County Line.

East Side - In contrast to the west side of Golf Course Road, the east side is mostly
developed. Presently, the City of Rio Rancho project - Special Assessment District No. 3 is
ongoing developing the infrastructure east of Golf Course Road along the entire length of this
project. The storm drainage design for SAD No. 3, as developed by Wilson and Corﬁpany,
coliects storm runcff and conveys it generally to the south and east until it is ultimately
discharged (controlled discharge from a detention pond of 14 cfs) into 22nd Avenue where it is
confined within the street section by curb and gutter and flows west to Golf Course Road. This
runoff sheet flows across Golf Course Road to the west side. Additional flow is collected at Golf
Course Road from 23rd Avenue which conveys storm runoff, confined by curb and gutter, from
an area south of 22nd Avenue to the County Line (approximately 8 acres). The runoff flows
south along the east edge of pavement until it reaches the county line where it turns to the
southwest across Golf Course Road and begins to spread ai about 45° (southwest) to the

centerline of Golf Course.

V. FLOWS DURING STCRM

On the afternoon of September 13, 1988, a rain storm occurred in the vicinity of Golf
Course Road. The intensity was sufficient to cause ditch erosion and pavement undermining on
both the east and west sides of the roadway section beginning approximately 400-feet north of
16th Avenue and ending at 23rd Avenue. The most extensive damage to the pavement section

occurred between 22nd and 23rd Avenue where the west half of the southbound lane was
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‘undermined by depths of 2-1/2 to 6 feet. This section of pavement subsequently coliapsed.
The city closed Golf Course Road at that time and began filling and compacting voids on the

morning of September 14, 1988.

A. Improvements Completed Since 1988

SAD 3 to the west has been completed such that the only contributions from east
of Golf Course Road occur at 22nd Avenue and at 23rd Avenue. Also SAD 3 installed "water
blocks" to eliminate runoff from the west entering the subdivisions east of Golf Course Road.
The exception is 20th Avenue where runoff is allowed to surface flow from Colf Course Road
east into 20th Avenue and allowed to flow through two 24-inch culverts under Golf Course and

along the pavement shoulder.

When the pavement section washed out in 1988, a shallow "vee" channel was
constructed along the west pavement shoulder of Golf Course Road from 17th Avenue to the
County Line. This channel has limited capacity but is effective in helping to control erosion and
protect the pavement section on Golf Course Road. No major vertical realignments were

incorporated into the emergency roadway repair at that time.

Previously, runoff from the south side of Southemn Boulevard between Golf Course
Road and Nicklaus Drive was allowed to flow south, via 20th Street and 11th Avenue, into Golf
Course,  This runoff has been intercepted on Southem Boulevard, thereby eliminating its
contribution to Golf Course Road at 11th Avenue.
V.  PROPOSED STORM DRAINAGE IMPROVEMENTS (Updated June 1991)
- A Proposed East Side Improvements

The proposed typical section for Golf Course Road is a standard center crown

with two 12-foot Janes, curb and gutter on the east and a 2-foot shoulder on the west.

Due to the crown, the east side curb and gutter, and the water blocks constructed
on the Intersecting roads by SAD 3, runoff collected in this side of Golf Course Road is confined
there. To alleviate this channel effect, we propose to place longitudinal slot drains in the east
gutter flowline at Ann Circle and at 23rd Avenue. The lateral pipe from the slot drains will be
taken under Golf Course Road and discharged in the west roadside ditch. Runoff will also be

turned into 20th Avenue where it will discharge into the existing detention pond east of Golf
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Course Road between 20th and 21st Avenues. This additional flow into the pond is offset by
the removal of the two existing 24-inch culverts under Golf Course Road. These two culverts

currently convey flows form the west side of Golf Course Road to the pond.

The pond east of Golf Course Road (between 20th and 21st Avenues) discharges
at a controlled rate of 14 cfs into 22nd Avenue where flows are conveyed west into Golf Course
Road. We propose the installation of two "double-c” inlets in the returns on 22nd Avenue at
Golf Course. A lateral will direct the flows under Golf Course Road into the west roadside

channel,

Additional runoff is concentrated in 23rd Avenue from the watershed between 22nd
and 23rd Avenues and east of Golf Course Road (Drainage Basin 7). This runoff flows west
in 23rd Avenue to Golf Course Road. We propose to place two "double-c" inlets on 23rd
Avenue east of the returns at Golf Course Road. A water block will also be installed between-
the inlets and Golf Course Road to contain the runoff before it crosses Golf Course Road on
the surface. The lateral pipe from the "double-c" inlets will convey the intercepted flows under

Golf Course Road into the new detention ponds west of Golf Course Road.

B. Proposed West Side Improvements
As discussed in the section above, the west side of the Golf Course Road typical

section south of 11th Avenue consists of a 2-foot wide pave shoulder. In order to control the
runoff, we have proposed a shallow paved "vee" channel along the roadside. The channel
configuration is a 6:1 slope for 14 feet from the edge of shoulder to the flowline, then a 1:1
slope from the flowline up to existing grade. The channel will divert flow from up to a 10 year
to the west at 13th and 17th Avenues to discharge into the graded street network. These two
diversions are existing and Gannett Fleming West, Inc.,, was directed by the City Engineer to
utilize and provide erosion control for them. The City Engineef informed Gannett Fleming West,
Inc., that although the diverted flow may intrude into private property, the City intends to
masterplan the area between Golf Course Road and the Black Arroyo and will provide easements
or storm sewers to convey the 13th and 17th Avenues flow to the arroyo as part of the

masterplan.

South of 17th Avenue the roadside channel will convey the flows south to
discharge into the proposed new detention ponds at approximately 23rd Avenue. Throughout the

length of the west roadside channel, two parallel 20-inch span by 28-inch rise culverts will be

e
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placed under roads and turnouts. The ends of the culverts will be treated with bar grates to

keep a car's wheels from dropping into the culvert ends.

The west roadside channel will have the capacity to convey runoff from low
intensity, frequent storms. Higher intensity storm runoff will expand beyond the channel confines
and flow into the southbound lane of Golf Course Road. The encroachment into the roadway

will be for a short duration and after the peak rainfall has subsided.

C. Proposed Golf Course Detention Pond

During development of Rehabilitation of Golf Course Road in 1988, several meetings
were held with AMAFCA and City of Albuguerque personnel to discuss methods of conveying
runoff to the Black Arroyo. The outcome from these meetings was generally that the City of
Albucjuerque and AMAFCA had no plans to improve Golf Course Road or the Black Armoyo for
several years. Therefore, the City of Rio Rancho could not expect any assistance from AMAFCA
or the City of Albuguerque. After reviewing several methods of controlling the runoff, the City
of Rio Rancho directed Gannett Fleming West, Inc, to design a detention pond to reduce the
peak discharge rates prior to discharging into the Black Arroyo at the Sandoval/Bernalillo County

Line.

Due to the previously plated lot configuration and sloping terrain, we proposed
serial pond or cascading pond concept. This method allows the ponds to "step” down the slope

and aliows the use of less expensive {off of Golf Course Road ) lots.

The pond design provides 5.4 acreffest of available storage. The calculated runoff
totals 4.4 acreffeet. The additional 1 acreffoot of storage provides approximately 1 foot of
freeboard above high water from a 100 year storm. The current pond design (July 1991) does
not provide for additional runoff to be diverted into the facility. Therefore, all existing diversions
upstream of the ponds must remain and be functional or the ponds wiil be overtopped. A
routing has been included in Appendix D to show the effect of removing the diversions at 13th
and 17th Avenues.

Vi, METHODOLOGY

The drainage areas contributing runoff to Golf Course Road were delineated on an
enlarged scale (1"=500"} USGS topographic quad map and field checked. The drainage aerial

map is Included as Plate 1.
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The runoff volumes and associated hydrographs were generated utilizing the August 1988
draft of the revision of Section 22.2 of the City of Albuguerque Development Process Manual.
Specifically, the Rational method as modified by Richard J. Heggan and presented in the August
1988 Draft Revision. A copy of this document is included in Appendix C. Hydrographs for
drainage areas contributing runoff to the proposed detention ponds were routed using the lag
time method to avoid the conservative approach of adding "peak-on-peak”. However, no in route
storage was considered due to the short distances between drainage areas and relatively small

west roadside channel.

The percentage of land in each of the land treatments (see Appendix C, page 3)
categories was based on visual observation in areas that were developed and on existing zoning

in undeveloped areas.

The series detention pond were designed utilizing the Storage Indication of Modified Puls
method as described in "Introduction to Hydrology" by Viessman, Knapp, Lewis, and Harbaugh,
1977.

The resulting calculations are included in the appendices of this report. The results of

this study and design specifics are presented in the July 1991 pan set for the project.



Gannett Fleming

APPENDIX A
HYDROLOGY & INLET SIZING
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FROJECT GEOLF COURGE

glopa 1 = 6 1]
Marming coeff. = 017
Area = 6.930938 sq ft
Depth= 1.409849 Ft
FROJECT @ GOLF COURSE

slope 1 = 3 ¢l
Marming coaff, = , 025
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Depth= 1.312961 ft
PROJECT @ BOLF COURSE

slope 1 = 3 21
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PROJECT @ GOLF COURSE

slope 1 = 3 31
Marning coeff. = o085
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EROJECT @ GOLF COURSE
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FPROJECT @ GOLF COURBE
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slopse & = 1 121
Slope = 0148 ft/f%
Peavrim = 10.S6511 ft
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slope & = 1 11
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bottom = O 451[—9
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bottom = &
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bottom = 5
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battom = 5

Hyd. Rad = .&6391738
Capacitys 55, 88937 of
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S=004; T=6 FT 08"
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! Q =2.4 FTYS 4
Qn=0038 FTYs 0.4
0.1 " '
- 0.08 z _ Feo
- i T{FT)
~ 0.06 ®
— il
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0.04 <
N Sx 5 1o
— \\ - . "(}')" B 8 .
. ~0.01 20 - 0 i
-0.02 = L olTs6
" \\ \_\\ - 0.0B T
N -
ool N [0 C o064
\ 10 _
- 0.008 L _ o
- 8 00 =7 2 cfe
0.006 L 604 ] [ _2Q 2.2¢c
- 0,004 TN e T il
-006 N __----T i -
[ 008 a 0.02 -
-0.002 C 0. s
L 3 -08
L 0.00 0.01 108
. 0.008 -
— T — : -
L 0.4
\/ {) For V-Shape, use the nomograph with 0.006
6:?/ Su2 Sx =Sy Sx2 /(Sy + Sx2) T
0.004 —L
‘ T 2) To determinedischarge in gutter with 0.2
— W ‘ Ts composite cross siopes, find Qg using
Qw Qg Tg ond Sy. Then, use CHART 4 to T
Sx find Eo. The total discharge is
ow Q=Qg/(l ~Eo), and Qy=Q-Qg.

CHART 3. Flow in triangular gutter sections.

CAPRCITY oF SECTIoN (HALF SSTREET)
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AN CIRCLe

Qs ® 2,2
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I} For V-Shape, use the nomograph with 0.006 -
Sy =Sy Sy2 /(le+sx2) —1-
0.004
0.2

2) To determinedischarge in gqutier with

composite

Ts ond Sy.
find Eo.

Q=Qg/{l

find Qs using
Then, use CHART 4 to

The total discharge is

—Eo), and QW=Q“QS~

cross siopes,

CHART 3. Flow in triangular gutter sections.
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a ! Q =2.4 FT¥s 4
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o X, Sy2 Sx= Sy Sx2 /( Sy *+ Sxe) T

. 0.004
T —] 2) To determinedischarge in gutter with Lo.2
1 — W —— Tg — composite cross slopes, find Qs using
Qw ‘:Qs " Ty and Sy. Then, use CHART 4 to
S find Eo.  The total discharge Is
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Sx find Eo.  The total discharge is
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TIME
(MIN)

22
24
26
28
30
32
34
36
38
40

COMBINED HYDROGRAPH

100-YEAR STORM

DRAINAGE DRAINAGE DRAINAGE DRAINAGE COMBINED

hHWOMROoO-TORD O

AREA AREA : HYD. @

4 5 6 7 POND NO.
Time Lag Time Lag Time Lag Time Lag
=1 min = 4 min 1 min 1 min

0 ] 0 0 0

0.0 3.5 8.9 4.8 17.

3.1 6.9 17.9 9.6 37.

6.1 10.4 26.8 14.4 57.

9,2 13.8 35.7 19.3 78.

12.3 17.3 44.6 24.1 98.
15.3 20.7 53.6 28.9 118.
18.4 24.2 62.5 33.7 138,
21.5 27.6 62.5 33.7 145.
24.5 25.1 56.8 33.7 140.
27.6 22.6 51.1 30.3 131.
24.8 20.1 45,5 27.0 117.
22.1 17.6 39.8 23.6 103,
19.3 15.1 34.1 20.2 88.
16.6 12.5 28.4 16.8 74.
13.8 10.0 22.7 13.5 60,
11.0 7.5 17.0 10.1 45,

8.3 5.0 11.4 6.7 31.

5.5 2.5 5.7 3.4 17.

2.8 0.0 0.0 0.0 2

0.0 0.0 0.0 0.0 0
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APPENDIX C

AUGUST 1988 DRAFT
REVISION OF SECTION 22.2
'CITY OF ALBUQUERQUE
DEVELOPMENT PROCESS MANUAL



REVISICQN OF SECTION 22.2, DEM:

;/
| Richard J. Heggen
' Civil Engineering
| o
| - [F @01
Angust, 1988

! _ \L AU(‘ 041988

; {Note° This document is prepared for dis rposes A basis
for possible revision to the City of Albuquer __;s Maunal
(DEM), Section 22.2, Hydrology is described. S}i‘éﬁlﬁﬂ)tﬁe DPM;Qevreylsed, the
Hydrology Section of public Works Planning should maintain this ument as a
resource for future review and development.} :

| ZONES

% Albuquerque's four precipitation zones are:

Zone Location

!_ _ 1 West of the Rio Grande River

] 2 Beween the Rio Grande River and San Mateo

I

. 3 Between San Mateo and Eubank, North of Central

, and East of San Mateo, South of Central

N

™ 4 Fast of Eubank, North of Central

Matep

San

Where a watershed extends across a zone boundry, use the zone which

contains the largest portion of the watershed



DESIGN STORM

'I'he_ Qesign storm is the 100-year 6-hour event definéd by the NOAA Atlas

2, Atlas of the Western United States, Vol. IV - New
Mexico. Assume an AMC II, a normally dry watershed. Cumulative depths for

100~year point precipitation for each zone are listed below. Assume linear
variation in depths between adjacent time increments. ‘

Cumnulative Depth {inches)

Zone
Time (min) 1l 2 3 4
0 0 0 D 0
5 0.06 0.06 0.07 0.07
10 0.14 0.15 0.16 0.16
15 0.25 0.27 0.29 0.30
20 0.41 0.44 0.47 0.49
25 0.70 0.77 0.82 0.85
30 1.24 1.35 1.44 1.50
35 1.46 1.59 1.69 1.77
40 ‘1.60 1.74 1.8 1.93
45 1.68 1.83 1.95 2.03
50 1.75 1.90 2.03 2.1
55 1.80 1,96 2.09 2.18
60 1.85 2.01 2.14 2.23
65 1.87 2.04 2.17 2.27
70 1.89 2.06 2.20 2.30
75 1.91 2.08 2.22 2.33
80 1.93 2.09 2.24 2.35
85 1.%4- 2.10 2.25 2.37
9a 1.95 2.11 2.26 2.39
95 1.95 2.12 2.27 2.41
100 1.96 2.12 2.28 2.42
105 1.96 2.13 2.29 2.43
110 1.97 2.13 2.29"° 2.44
115 1.97 2.13 2.29 2.45
120 1.97 2,13 2.30 2.46
180 2.05 2.20 2.40 2.61
360 2.20 2.35 2.60 2.9
1440 2.70 2,75 3.10 3.65

To estimate rainfall at return periods other than lou:years, moltiply the
above depths by the following factors: ‘

Return Period \ (years) Factor
50 0.93
25 0.75
10 0.68
5 0.55
2 0.48-
L :

{Note: The NOAA atlé%\uggerestimates depths for short intensity, long

i
|
]
;



return period storms. The tabulation is low for the 5-30 minute depths, }
Example 1 Find the 10-year, 4-hour storm depth for zone 2.

P 100-year 4-hour = 2.40 + (2.60-2.40) * 240-180 = 2.47 in.
360-180

P 10~year 2-hour = 0.68 * 2,47 = 1.68 in.

TREATMENTS
Land treatments are:
Treatment Land Condition
1 So0il uncompacted by human activity. Native grasses,

weeds and shrubs in typical densities with minimal
disturbance to grading, groundcover and infiltration
capacity.

Croplands. Landscaped areas. Unlined arroyos.

2 Soil compacted by human activity. Minimal vegetation.
Unpaved parking, roads, trails. Most vacant lots.
Lawns, parks and golfcourses.

3 Impervious areas. Pavement. Roofs.

ABSTRACTIONS

Initial abstraction is the rainfall depth which must be exceeded before
direct runoff begins. Initial abstraction may be intercepted by vegetation,
retained in surface depressions,  or adsorbed on the watershed surface.
Initial abstraction are: - '

Treatment Initial abstraction-{inches)

1 0.40
2 : . 0.25
3 0.10

Infiltfation is the only significant abstraction after the initial
abstraction. After initial abstraction is satisfied, treat infiltration as a
constant loss rate,

Treatment Infiltration {inches/hour)
1 2.0
} 2 1.0
: 3 0.02



 Runoff from a previous event can saturate a channel bed, rendering it
minimally pervious for several days. Do not anticipate additional bed losses
for design purposes. :

VOLUMETRIC RUNOFF

Excess precipitation P, is the depth of rainfall remaining after
abstractions are removed. Excess recipitation does not depend on watershed
area. Determine- excess precipitation by subtracting the initial abstraction
and infiltration from the design storm hyetograph. The following figure
illustrates the development of the excess precipitation for zone 3, treatment
2. The curved line plots cumulative precipitation for zone 3. Rainfall
intensities {(in/hr) in 5-minute time increments are shown as a histogram.
Initial abstraction for treatment 2 is area A. The horizontal line is at a
height corresponding to the infiltration rate for treatment 2. Infiltration
loss is area B. 'The remaining histogram area C is excess precipitation.

e T

Excess precipitatioﬁ by zone and treatment is summarized below.

Excess Precipitation (inches)

Treatment
Zone 1 2 3
1 0.55 0.93 1.98
2 0.65 1.06 2.14
3 0.73 1.17 2.38
4 | 0.79 1.25 2.68

To determine the volume of runoff,
1) Detemmine the area in each treatment, A;, Ay and A3.

2) Compute the weighted P,



Runoff from a previous event can saturate a channel bed, rendering it
minimally pervious for several days. Do not anticipate additional bed losses
for design purposes. :

VOLUMETRIC RUNOFF

Excess precipitation P, is the depth of rainfall: remaining after
abstractions are removed. Excess precipitation does not depend on watershed
area. Determine excess precipitation by subtracting the initial abstraction
and infiltration from the design storm hyetograph. The following figure
illustrates the development of the excess precipitation for zone 3, treatment
2, The curved line plots cumulative precipitation for zone 3. - Rainfall
intensities (in/hr} in 5-minute time increments are shown as a histogram.
Initial abstraction for treatment 2 is area A. The horizontal line is at a
height corresponding to the infiltration rate for treatment 2. Infiltration
loss is area B. The remaining histogram area C is excess precipitation.

Excess precipitatioh by zone and treatment is sumarized below.,

Excess Precipitation (inches)

Treatment
Zone 1 2 3
1 0.55 0.93 1.98
2 0.65 1.06 2.14
3 0.73 1.17 2,38
4 | 0.79 1.25 2,68

To detemmine the volume of runoff,
1) Determiné the area in each treatment, &), A5 and Ay.

2) Compute the weighted Pg,



Pa1A1 + PagAz + Paaly
Weighted P, =~ °2 c

By + Ay + 23
3} ‘Multiply the weichted P, by the watershed area.

Example 2 Find P, for 100 acres in zone 1, Thirty acres are
treatment 1, 50 acres are treatment 2 and 20 acres are treatment

(F% )
-

Weighted P, = 30 * 0,55 + 50 * 0,03 + 20 * 1,98 = 1.03 in.
100

Volume = 1,03 * 100 = 8,55 acre-ft.
12

DISCHARGE RATE FOR SMALL WATERSHEDS

Small watersheds are less than or equal to 30 acres. Determine peak
discharge by the Rational method, as subsequently developed.

{Note: the 30 acre limit is lower than guidelines suggested in some
literature, e.g. that one to five square miles can be handled by the method.
The areal limit, however, is constrained by the assumption of uniform rainfall

intensity over the time of concentration. Thirty acres roughly correspond to,

a 10-minute time of concentration. In Albuquerque, 10 minutes is the shortest
time increment in which average intensity provides a reasonable description of
the heaviest portion of rainfall. Thus as an estimator of peak runoff, the
Rational method begins to fail for areas greater than 30 acres.}

Peak Discharge

Use a 10 minute time of concentration. The 10 minute peak intensities
are: '

Zone Intensity (in/hr)
1 4.99
2 5.43
3 5.78
4 6.03

‘The 10-minute duration allows computation of a Rational C consistant with
abstraction rates. Assuming peak discharge is attenuated by a factor of 0.6
for treatment 1, 0.8 for treatment 2 and 0.95 for treatment 3, the Raticnal
C's in the followmg tabulation are. the ratios of attenuated excess
prempltatlon to total precipitation in the most intense 10 minutes.



Treatment Rational Coefficient

1 0.39
2 0.66
3 0.9

[Note the quote from Chow: textbook Rational C values "are applicable for
storms of 5 to l0-year frequeuencies. Less frequent higher—-intensity storms
will require the use of higher coefficients because infiltration and other
abstractions have a proportionally smaller effect on peak runoff.” Thus
higher C's realized under heavy rainfall might be expected. The Denver COG
Drainage Criteria Manual quantifies the C shift.} ‘

,\Combining the intensities and C's, peak flows Qp are,

- T e
Tl T

e PK Dischargs (cfs/acte) -
Treatment
sone he ae 474
1 Sy ER O
2 2.07 3.57 5.18
3 2.29 3.8  5.52
4 2.44 4.06  5.76

To determine the peak rate of discharge,
1) Determine the area in each treatment, 27, Ay and Aj.

2) Multiply the peak rate for each treatment by the respective areas
and sum to campute the total Qp

Total 0, = Q1AL + QpoR2 * Opaty

Example 3 Find Q_ for 10 acres in zone 1. Three acres are t_-.reatment 1, 5

acres are treat:nentp2 and 2 acres are treatment 3. j

Total Q = 3 ¥ 1,81 +5 % 3,22 +2 *4.76 =31 cfs
Hydmg:aph |
Base time tj, for a small watershed hydrograph is,
t, = 121 Po/0, ~ 15 P

where t,, is in minutes, Pg is in inches, Q, is in cfs/acre and™P "_J'.S the
proportion of the area in treatment 3. Time Eo peak is 15 ~/5 Py minutes.

Continue the peak for 15 Py minutes. When P, is zero, the hydrographi will be -

triangular. When Pq is not zero, the hydrograph will be trapaziodal,

6




indicating a rapid achievement of peak runoff, a constant peak rate through
the central portion of the storm, and a rapid diminishment. J

Example 4 Determine the hydrograph for example 3. Because the treatments are
proportional to those of example 2, P, = 1.03 in., the same as that of example
2. :

1

t, 121 * 1,03/3.1 - 15 * 0,2 = 37 min.

tp

Duration of peak =15 * 0.2 = 3 min.

i

15 -5 * 0.2 = 14 min.

DISCHARGE RATE FOR LARGE WATERSHEDS

Large watersheds exceed 30 acres. Determine peak discharge by the HYMO
method (Problem—Oriented Computer Language for Hydrologic Medeling, by J.R.
Williams and R.W. Hann, Jr., ARS-S5-9, USDAa, 1973) with the subsequent
modifications. :

HYMO was developed for watersheds exceeding 320 acres. The transition
method discussed below provides a continuous Q, from the upper boundary of
small watersheds by adjusting the HYMO recession coefficient K as the area
changes from 30 to 320 acres. '

For watersheds oontaining treatment 3 (an impervicus portion), the HYMO
structure should be that of two superimposed watersheds, one pervious, the
other impervious. The outflow hydrographs are computed independently and
sunmed.

To compute the hydrograrh,
Pervions Hydrograph
1) Detérmine the areas in treatments 1 and 2, Al and Aj.

2) HYMO uses curve numbers (N to compute excess precipitation. The
following curve numbers yield the same excess precipitation as that



3)

4)

'Sa)-

determined by the abstraction model developed earlier in this document.

Curve Numbers

Treatment

Zone 1 2
1 76.8 84.8
2 77.0 8.1
3 75.4 83.7
4 72.8 8.2

Multiply the curve number for each treatment by the respective areal
proportion and sum to compute the pervious composite curve number.

CN_-LAl + CN2A2

Pervious camposite CN =
Ay + Ay

Compute time of concentration t, for the entire (pervious and impervious)

watershed by the upland method, the sum of the travel times in the
subreaches comprising the longest flow path to the watershed outlet.

tc = LlNl + L2/V2 b

where I, is the subreach length and V is the velocity in that subreach, as
determined in the following equation,

V=k -+ s
where s is the slope in percent and k depends upon the conveyance,

k Conveyance
0.7 Grass and landscaped areas
1 Bare ground :
2 Paved areas (sheet flow) and small upland gqullie
3 Street flow and channels . :

Set time to peak tj equal to tg, but never less than 10 minutes.

The upland method is not the default computation used in HYMO. The code
uses an equation similar to the Kirpich equation, without ; considering
channel type. E

For watersheds exceeding 320 acres, compute the constant K, .

-y

This oomputation reflects experience in Albuquerque. 'ihe default

8 :




formula in HYMO is not appropriate. 'The fixed relation for K/tp makes
HYMO into a Snyder hydrograph where Cp is 0.88.

5b) For watersheds between 30 and 320 acres, compute K as follows.

5¢c)

6)

a) Determine the areas in treatments 1 and 2, A1 and A,.

b) The follawing K's employed with a l0-minute t, on a 30 acre watershed
yield approximately the same QP as that obtained by the small
watershed methodology.

Treatment
Zone 1 2
1 0.021 0.027
2 0.025 0.030
3 0.022 0.028
4 0.017 0.024

MuJ:tiply the K for each treatment by the respective areal proportion
weighted by Rational C (0.39 for treatment 1, 0.66 for treatment 2)
and sum to compute the composite K,.

0.39 K37 + 0.66 Kods

KC =
0.39 A + 0.66A,

¢) Campute K for a 320 acre watershed, Kjpg-

L
Kyp0 = to VE/A

where A is the area in acres. If K39p is iess than 5 mimmtes, set it
equal to 5 minutes.

d) Compute the area-adjusted K by interpolation,
K=K, + (A = 30)*(R3pq —~ K;)/2%0

For watersheds less than 30 acres, where such watersheds are included in a
large wtershed study, K equals K, as determined above. (If a small
watershed is being studied on its own, the small watershed methodology is
appropriate.)

Determine the single time-step duration wit hydrograph from the HYMO
procedure Ly inputting the pervious composite CN, and X. Input only
the pervious area. Input K and tj as a negative values in hours in the
COMEUTE HYD statement, as descri in the HYMO manual.

'me‘grapihical solution that follows is carried out by the code.

a) Find the shape parametér n from the following fiqure. For watersheds

9



over 320 acres, K/tp is 0.5, so n will be 7.94

12 ¢ T T T T ¢
10
8
T b6
4-
.
i
0 1 1 1 1 1 ;
0 0.5 1 1.5 2 25 3 ]
X
I

c) Find the watershed parameter B from the following flgux:e.

watersheds over 320 acres, n is 7.94, so B will be 564.

800
500 |
. 100 .
50 |- 7
10 1 t ' 1 1
0 2 4 6 8 10 12

d) Compute peak unit hydrograph discharge,

Up = Bt

where Up is in cfs, A is in mi2, and t:p is in hours.

e) Compute a complete unit hydrograph vsing the following

10

fiqure

For

and



equations., (The figure uses qp in place of Up-)

10 T 1 T T T
-1 - r_ .
q=|qp (i{"" "” lli("’ 8] E
0.8} ” -4
i
fo- ty intlection point
06 ! -
o !
=
o | y = ,’u‘»ﬂo E1IY
04 i .
|
! :
) ENTILIRRL
0.2+ ) f 4
I
|
b= I =y
1] 1 ' 1 I 1 1 i
0 | 2 L} 4 5 6 7

f). Multiply the vector of excess precipitation the matrix of 1lagged
unit hydregraphs (the spreadsheet: E— ca?myputatlon docmnentegggm

hydrolegy texts) to determine the storm hydrograph. Use time
increments of 5 minutes.

Impervious Hydrogragh

The steps are the same as those for the pervious portion, with the
following exceptions.

1) Consider only the impervious area Aj.

2) Use a curve number of 97.9 for all zones. ’
3) t, is the same, that of the entire watershed.
4) tp ig the same, that; of the entire watershed.

5a) K is the same, that of the entire watershed.

5b) K3pp is the same. K 1s 0.56.
5c) K is 0.56.

6) The differences in the COMPUTE HYD statement are the ID, HYD NO, DA and
CN. K will be different for basins less than 320 acres.

Combined Hydrograghs
Use the ADD HYD command to combine the pervious and impervious hydrographs.

Example 5 E‘ind;; for 800 acres in zone 1.  Treatments are 240 acres of
treatment 1, 400° acres of treatment 2 and 160 acres of treatment 3,

proportional to treatments in example 2, The flow path is: 600 ft. bare
ground, s =5 pex:cent- 2000 ft. gqullies, s = 3 percent ; and 600U ft. lined

i

11



channel, s = 2 percent,

Pervious curve number = 240 * 76,8 + 400 * 84,8 = 81.8
640

tp = 600 +_2000 + _§000 = 2258 sec = 0.627 hr
145 243 342

K = 0.627/2 = 0.313 hr

n=7.94, B =564

Uy = 564 * 1.00/0.627 = 901 cfs

The full unit hydrograph specitication and the multiplication of the
excess precipitation by the hydrograph matrix requires several pages of
figures. Rather, use area = 1.00 mi<, (¥ = 81.8, K = 0.313, tp = 0.627
and the zone 1 hyetograph in the COMPUTE HYD statement in HYMO, P for
the pervious watershed is 398 cfs at 1.17 hrs. :

For the impervious watershed, area = 0.25 mi? and CN = 97.9. HYMO yields

a Up of 225 cfs. Q, of the impervious watershed is 293 cfs at 1.08 hrs.

Adding the two hydrographs, the combined Qo = 679 cfs at 1.17 hrs.
Example 6 Find Q. for 120 acres in zone 1. Treatments are 36 acres of
treatment 1, 60 acrgs of treatment 2 and 24 acres of treatment 3, proportional
to the treatments of example 2, The flow path is: 232 ft, bare ground, s =5
percent; 774 ft. gullies, 3 = 3 percent ; and 2322 ft. lined channel, s = 2
percent, proportional to the path in example 5. -

Pervious curve number = 81.8 (example 5)

= _232 + 774 + _2322 = 874 sec = 0.243 hr
tp 15 2~3 3472

K, = * * 36 + * 60 = 0.025 hr
0.39 * 36 + 0.66 * 60

K3pp = 0.243 —/80/120 = 0.198 hr

K= 0,025 + (120 - 30)*{0.,198 - 0.025)/290 = 0.079 hr
Plugging into HYO, the pervious Qp = 120 cfs
Imperviocus curve number = 97.9

K = 0.05 + (120 - 30)*(0.198 ~ 0.056)/290 = 0,100
Plugging into HYMO, the impervious Q, = 86 cfs
Cembined Qp = 206 cfs

12




The figqure below shows Q. for the areas as calculated in examples 3, 5,
and 6, all of which have the sbme proportional treatments.
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APPENDIX D

HYDROLOGIC RESERVOIR ROUTING
WITHOUT 13TH AND 17TH AVENUE DIVERSIONS
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