TECHNICAL MEMORANDUM CHZNMHILL

Paraiso Springs Resort - Drainage Analysis and Drainage Plan Comments

PREPARED FOR! John Thompson/Thompson Holdings, LLC
PREPARED BY: Meabon Burns, PE (CA No, C 71053)/CH2M HiLL
COPiES: David Von Rueden, PE/CH2ZM HILL

Fite
DATE: May 2, 2012
PROJECT NUMBER: 434834.03

The purpose of this Technical Memorandum (TM} is to provide responses to Monterey County Water Resources
Agency (MCWRA) review comments on the Memorandum titled Paraiso Springs Resort — Response to Hydrology and
Hydraulic Analysis and Erosion Control Measures Review Comments dated October 28, 2008, MCWRA Comments
were provided in a letter from Jennifer Bodensteiner to Jacqueline Onciano dated November 24, 2010. A copy of this
letter is included in Attachment 1 for reference.

Response to Drainage Analysis and Drainage Plan Comments

The comments indicate that MCWRA standard design policy “requires stormwater detention facilities designed to
limit the 100-year post-development runoff rate to the 10-year pre-development runoff rate.” It was further clarified
during a conference call on February 12, 2012 that this standard design policy is for a 2-hour storm event.

This TM presents the preliminary design of a detention basin for the Project that is sized to comply with the MCWRA
standard design policy. A hydrologic analysis was developed to support this preliminary design utilizing data from the
2008 Memorandum.

Hydrologic Analysis
A hydrologic analysis was developed to comply with the MCWRA’s standard design policy that the 100-year post-
development runoff rate must be limited to the 10-year pre-development runoff rate for a 2 hour storm event. This
analysis was conducted using the Rational Method to calculate peak storm runoff

Q=KCiA
where Q is the peak runoff rate, K is 1.0 in U.S customary units, C is the runoff coefficient, i is the average rainfall
intensity for a specific return period and duration {t.), and A is the drainage area (Mays, 2001).

Rainfall intensity, i, was calculated using the equation and data provided on Plate 25 (MCDPW, 1977) for return
periods of 10-years and 100-years as required by the standard design policy. The duration, also known as time of
concentration (t.), used in the rainfall intensity calculations was developed using the US Soil Conservation Service
(SCS) lag equation, which is an empirical equation that requires the longest flow path, SCS curve number (CN), and
average watershed slope as inputs (Mays 2001).

Analysis Resulis

The results of the revised hydrologic analysis are shown below. Calculations are included in Attachment 2.
Supporting documentation for these calculations is included in Attachment 3 through Attachment 6.

Table 1 summarizes the 10-year pre-development runoff rates by subbasin.
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PARAISO SPRINGS RESORT — DRAINAGE ANALYSIS AND DRAINAGE PLAN COMMENTS

TABLE 1
10-Year Pre-Development Runoff Rates
Subbasin C (-} i {infhr) A (acres) Q (cfs)
N 0.41 0.33 17.5 2.4
S 0.4% 0.28 17.8 2.0
\ 0.41 0.29 44.2 4.6
TOTAL 3.0
in/hr = inches per hour
cfs = cubic feet per second
Table 2 summarizes the 100-year post-development runoff rates by subbasin.
TABLE 2
100-Year Post-Develepment Runoff Rates
Subbasin C () 7 {infhr) A (acres) Q {cfs)
N 0.74 0.60 i7.5 7.3
8 0.7¢ G.50 i7.8 7.1
\ .62 0.49 442 12.4
TOTAL 26.8

in/hr = inches per hour
cfs = cubic feet per second

Table 3 compares the runoff volume that will need to be detained onsite to comply with the MCWRA standard design
policy.

TABLE 3
Onsite Detention Volume Required for Comptiance
Table Head 2-Hour Volume {CF) 2 Hour Volume (MG) 2 Hour Volume (ac-ft)
100-year Post-Development 192,740 1.5 4.4
1C-year Pre-Development 64,820 .5 5
Difference 127,920 1.0 2.9

CF = cubic feet
MG = million gailons
ac-ft = acre feet

Based on this analysis, the Project will include a detention basin sized to hold a minimum of 2.9 acre-feet. The
detention basin will be approximately 100 feet by 100 feet at the bottom with side slopes of 2:1 and a depth of 10
feet. The proposed location for the detention basin is shown on the site map in Attachment 3.
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PARAISO SPRINGS RESORT - DRAINAGE ANALYSIS AND DRAINAGE PLAN COMMENTS

Attachments

1. MCWRA Comment Letter

2. Hydrologic Analysis Calculations

3. Project Site Map and Subbasin Delineation
4,
5
6

Proposed Developed Area Calculations

. Web Soil Survey 2.3 Output for the Project Site

. Curve Number Determination
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Attachment 1
MCWRA Comment Letter







ATER RESOURCES AGENCY

O BOX 930
SALINAS , CA 93602
(831)755-4869

FAX {331} 424-7935

STREET ADDRESS
CURTIS V. WEEKS 693 BLANCO CIRCLE
GENERAL MANAGER EALINAS, CA 83901-44558

November 24, 2010

Jacqueline Onciano, Planning & Building Services Manager
Monterey County Resource Management Agency

Planning Department

168 W. Alisal Street, 2™ Floor

Salinas, CA 93901

SUBJECT: Paraiso Springs Resort (PLN 046183) Response to Preliminary Engineering
Reports for Paraiso Hot Springs Resort, prepared by CHZMHILL, dated
August 2010,

Dear Ms. Onciano:

After reviewing the subject reports the Monterey County Water Resources Agency (Agency) has
the following comments:

YWater Demand
The Estimated Potable Water Demand and Potable Water Source Technical Memorandum

contained within the subject reports did not include the following assumptions in the water
balance calculations:

¢ Pre-project water use and Pre-project recharge
o Post-project water use for the spa facility
e Post-project recharge

The Agency recommends the Paraiso Springs Resort water balance follow the water balance
template prepared for the Omni Subdivision (PC 020344). The revised water balance analyses
should be included DEIR.

Drainage Analysis & Drainage Plan

According to the Hydrology and Hydraulic Analysis and Erosion Control Measures Technical
Memorandum contained within the subject reports, detention ponds are not proposed and
stormwater runoff will be mitigated through the use of retention/infiltration facilities. Therefore,
the project does not comply with the Agency’s standard design policy that requires stormwater
detention facilities designed to limit the 100-year post-development runoff rate to the 10-year
pre-development rate.




If stormwater retention facilities are proposed, the design criteria should be approved by the
Agency prior to the preparation of the preliminary drainage calculations and preliminary
drainage plan. Additionally, a geologic report should be included in the DEIR analyzing the
suitability of subsurface materials for stormwater retention, and the potential impacts to geologic
hazards should be analyzed,

The memorandum did not include information regarding the proposed stormwater retention
design criteria, preliminary drainage calculations, or a preliminary drainage plan. These items
should be included in the DEIR.

Stream Sethack

The Draft EIR should include a site plan showing all proposed development setback S0 feet from
top-of-bank (as defined in Monterey County Code Chapter 16.16) of the watercourse referred to
in the ADEIR as the “Paraiso Springs drainage”. If development is proposed within 50 feet of
the top-of-bank, the DEIR should address the two provisions outlined in Chapter 16.16.050K of
the Monterey County Code.

The Agency requests the opportunity to review the water balance analyses, preliminary drainage
analysis, preliminary drainage plan, and the stream setback plan prior to the release of the DEIR,
It you have any questions, please feel free to contact me a1 (831) 755-4860.

Water Resources Hydrologist
Floodplain Management and Development Review Section



Attachment 2
Hydrologic Analysis Calculations







PARAISQO SPRINGS RESORT

Pre-Development Subbasin Details

Longest Flow

Subbasin ® Area (SF) Area (acres} Path, L (LF} Max Elev | Min Elev | Slope, S (%) CN®
N 762,317 17.50 2,933 1,110 880 7.8% 69
S 776,457 17.83 3,564 1,193 880 8.8% 72
\') 1,927,175 44,24 3,546 1,295 1,005 8.2% 62
Watershed 3,465,949 79.57

a. Subbasins are delineated in Attachment 3

h. Composite CN based on Table 8.7.3 (Mays, 2001), see Attachment 6

]




PARAISO SPRINGS RESCRT

Post-Development Subbasin Details

Longest Flow Impervious ©
Subbasin®| Area (SF} | Area (acres) Path, L {LF) Max Elev | Min Elev |Slope, 5 (%} CN° (SF) (acres) {% area)
N 762,317 17.50 2933 1110 880 7.8% 85 384,320 8.82 50%
S 776,457 17.83 3564.00 1193.00 880.00 8.8% 87 332,675 7.64 43%
) 1,927,175 44,24 3781 1315 1005 8.2% 74 445,100 10.22 23%
Watershed| 3,465,949 79.57 1,162,085 26.68 34%

a. Subbasins are delineated in Attachment 3

b. Composite CN based on Table 8.7.3 {Mays, 2001), See Attachment 6

e impervious, see Attachment 4

¢. All developed areas are assumed to b

t
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PARAISO SPRINGS RESORT E

Time of Concentration (t.) Calculations

SCS Lag Equation

1, = {100*L0.8*[(1000/CN)-9]10.7)/(1900*50.5}

Table 15.2.4 (Mays, 2001}

Subbasin L{LF} CN S (%) t. (min)
N 2,933 76 7.8% 307
S 3,564 67 8.8% 431
vV 3,546 62 8.2% 503

100-Year Post-Development

Subbasin L{LF) CN S (%) t. (min)
N 2,933 85 7.8% 228
S 3,564 87 8.8% 234

v 3,546 74 8.2% 365




566 Chapter 15 Stormwater Controk: Storm Sewers and Detention

In the rational method each sewer i designed individually and independently (except for the
computation of sewer fiow time) and the corresponding rainfall intensity { is computed repeatedly

for the area drained by the sewer. For a given sewer, all the different arcas drained by this sewer E’i_‘fﬂ
have the same i. Thus, as the design progresses Wowards the downstream sewers, the drainage area
increases and usually the time of concentration increases accordingly. This increasing ¢, in tumn 5Cs
gives a decreasing J that should be applied to the entire area drained by the scwer. ' veloo
Inlet times, or times of concentraticn for the case of no upstream sewers, can be computed using | (CU'S'
a number of methods, some of which are presented in Table 15.2.4. The longest time of concen- S;-T
tration among the times for the various flow routes in the drainage area is the critical time of cop "
centration used.
“Source

Table 15.2.4 Summary of Time of Concentration Formulas

Method and Date Formula for 1, (min) Remarks

S~

Kirpich (1940) = 0.0078L°77S - 0.385 Developed from SCS data for seven rural basins in Tennessee

= length of channei/ditch with well-defined channel and steep slopes (3% 10 10%:); for
from headwater to outlet, it overland flow on concrete or asphalt surfaces multiply ¢ by

§ = avcrage watershed slope, f/ft 0.4; for concrete channels multiply by 0.2; no adjustments for

overtand flow on bare soil or flow in roadside ditches.

California Culverts = §0(11. 9L} 08 Esseatially the Kiepich formula; developed from small mountain
Practice (1942) L = length of longest watercourse,  basins in California (U.S. Bureau of Reclamation, 1973, 1987}
mi
H = clevation difference between
divide and outlet, f

t

~

41,025(0.00077 + )12

Tzzard (1946) o= AW Developed in laboratory experiments by Bureau of Public
ST Roads for overdand flow on roadway and wrf surfaces; valu
i = rainfali intensity, in/h of the retardance cocfficient range from 0.0070 for very sm
¢ = retardance coefficient pavement to 0.012 for conerete pavement to 6.06 {or dense
L =length of flow path, ft mief; solution requires ieration: product / times L should be
S = slope of flow path, /It < 500.

Federal Aviation 1. = 1.8(1.1 ~ O)L #30/50433 Developed from zirfield drainage data assembled by the Corp
Administration = rational method runoff of Engineers; method is intended for use on airfield drainag
(1970) cocfficient problems, but has been used frequently for overland flow:

L = length of overland flow, ft urban basins.

5 = swface slope, %

_ 0.942°%,% , N
Kinematic wave I, = —@gaaa— Overland flow equation developed from Kinematic wav
formulas (ChN of surface runoff from developed surfaces; method requir
(Morgali and Linsley L = length of overland flow, ft iteration since both { (rainfall intensity) and r_ are unkno
(1965); n = Manning roughness superposition of intensity--duration-frequency curve g
Aron and Erborge coefficient direct graphical solution for 7. :
(39730 i = rainfali jntensity i/

§ = average overland slope {1/t

08 0.7
SCS lag eqguation ., = 1002 [(1000/%‘}:) 2 Equation developed by SCS from agricultural watersh
(1.8, 8oil L9008 it has been adapted to small urban basins under 2000
Conservation L = hydraulic length of found generally good where area is completely p
Service (1973)) waltesshed (longest flow mixed areas it tens to overestimate; adjustment {ac
path), ft applied to carrect for channel improvement and imp
CN = SCS runoff curve number area; the equation assumes that £, = 1.67 X basi

= gverage watershed slope, %




PARAISO SPRINGS RESORT
Rainfall intensity Calculations
From Plate 25 (MCDPW, 1977)
2 yeari 0.5|in/hr
10 yeari 0.741in/hr
100 yeari 1.1iin/hr
ik=7.75*1/sqrt (t)
10-Year Pre-Development B
Subbasin i {infhr) t. (min) i (in/hr}
N 0.74 307 0.33
S 0.74 4321 0.28
Vv 0.74 503 0.26
100-Year Post-Development
Subbasin t {in/hr) t. (min} iy (infhr}
N 11 228 0.57
S 11 234 0.56
\ 1.1 365 0.45
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1. intensities for particular logation in the Southern part of the County avaifable from County Surveyors Office.
2. Conversion Factors:

Intensity of a 10-year design storm equals Z-year design storm times 1.48

Intensity of a 25-year design storm equals 2-year design storm times 1.73

Intensity of a 50-year design storm equals 2-year design storm times 1.92

Intensily of a 100-year design storm equals 2-year design slorm times 2.22

3.  The maximum intensity (I} for storms of various in duration is determined by the formula: I = 7.75// \[z_ in
which variables are as follows:
I = maximum intensity of storm of t minutes duration
i = one hour rainfall intensity from above chart and note 2
{ = fime in minutes shortest time it takes storm runoff to flow from farthest
point in the drainage area to the point in guestion
4. Example: Find maximum intensity of 20 minute storm in Chualar, expected to occur on the average of
once in 25 years.
Solution: From chart 0.3/hr intensity for 2-year design storm.

From note 2, 0.3 times 1.73 equals 0.52"hr the maximum intensity of a 25-year one hour
design storm.

From note 3, k = 7.75i/yt = (7.75)(0.52)/20 = 0.80"/hr. Therefore, the maximum 20 minute
intensity of a storm that on the averace would occur once everv 25 vears would be 0.90%hr.
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PARAISO SPRINGS RESORT

Rational Method

Q = KCitA K =1 for US customary units
C Notes
10-yr Pre 041 10-yr forest/woodland; steep, over 7%
100-yr Post (.95 100-yr Asphaltic
0.53 100-yr Fair condition (grass over 50% to 75% of the area); steep, over 7%

Table 15.2.3 {Mays, 2001}

10-Year Pre-DeJéibpment

Subbasin C i, (in/hr} A (acres) Q {cfs)
N 0.41 0.33 17.50 2.35

S 0.41 0.28 17.83 2.02

v 0.41 0.26 44.24 4,64
9.00

100-Year Post-Development

Subbasin % Impervious | Weighted C

N 20% 0.74
S 43% 0.71
V 23% 0.63

C = % Impervious * 0.95 + (1 - % Impervious) * 0.53

Sub Basin C i (infhr) A {acres) Q (cfs)
N 0.74 0.57 17.50 7.34
S 0.71 0.56 17.83 7.06
v 0.63 0.45 44,24 12.38

26.77




364 Chapier 15 Stormwater Controk: Storm Sewers and Detention

15.2.2 Rational Method Design

Table 15.2.2  Technical Items and Limitations to Consider in Storm Sewer Design {continued)

Mininum size of pipe 12-24in (0.3-0.6 m)
Verticaj alignment at manholes: -
Different size pipe Match crown of pipe or 80 to &
85% depth lincs o
Same size pipe Minimun: of 0.1-0.2 ft (0.03-
0.06 m) in invert drop
Minimum depth of soil cover 12-24 40 (0.3-0.6 m)
Final hydranlic design Check design for surcharge and

junction fosses by using
backwater analysis

L.ocation of inlets In sireet where the allowable
gutter flow capacity is exceeded

Sewrce: Urbonas ang Roesner (1993).

From an engincering viewpoint the design can be divided into two main aspects: runoff prediction
and pipe sizing. The rational method, which can be traced back 1o the mid-ninetcenth century, is
still probably the most popular method used for the design of storm sewers (Yen and Akun, 1999
Although criticisms have been raised of its adequacy, and several other more advanced metho
have been proposed, the rational method, because of its simplicity, is still in continued use fc
sewer design when high accuracy of runoff rate is not essential.

Using the rational method, the storm runoff peak is estimated by the rational formula

O = KCiA

where the peak runoff rate Q is in ft%s (ms), K is 1.0 in U.S. customary wmits (.28 for SI units’
C is the runoff coefficient (Table 15.2.3), { is the average rainfall intensity in in/hr (mmv/he) fro
intensity-duration frequency relationships for a specific return period and duration 7, in min,
A is the area of the tributary drainage area in acres (km?). The duration is taken as the time of
cenlration 7, of the drainage area. ;

Table 15.2.3  Runoff Coefficients for Use in the Ratianal Method

Return Period (years)

Character of Surface

2 5 10 25 50 100

Developed
Asphattic
Concrete/roof

Grass areas {lawns, parks, etc.)
Poor condition (grass cover less than 50% of the area)

Fiat, 0-2%
Average, 2-7%
Steep, over 7%

Fair condition (grass cover 50% 10 75% of the area)

Flat, 0-2%
Average, 2-T%
Steep, over 7%

Good condition (grass cover larger than 75% of the area)

Flat, 0-2%
Average, 2-7%
Steep, over 7%

0.73 0,77 ¢80 086 090 055
0.75 0.80 0.83 088 092 0w

0.32 0.34 037 040 044 047
0.37 0.40 043 046 049 0.53
0.40 0.43 043 049 052 055

0.25 (.28 030 034 037 04
0.33 0.36 038 042 045 0.49
0.37 0.40 042 046 049 0.53.

0.21 0.23 025 020 032
0.29 0.32 0.35 039 042
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15.2 Storm Systems 865

Table 15.2.3 Runoff Coefficients for Use in the Rational Method (comtinmeed}

Return Period (years)

Character of Surface

2 5 10 5 50 100 300

Undeveloped

Cultivated Jand
Flat, (2%
Average, 2-1%
Steep, over %

Pasture/range
Flat, 0~2%
Average, 2-7%
Steep, over 7%

Forest/woodlands
Flat, 0-29%
Average, 2-7%
Steep, aver T4

0.31 0.34 0,36 040 043 0.47 0.57
0.35 6.38 041 044 048 0.51 6.60
0.39 0.42 044 048  05]) 0.54 0.61

0.25 0.28 030 034 037 0.41 0.53
0.33 036 038 042 045 049 G.58
0.37 0.40 042 046 049 053 0.60

0.20 0.25 028 031 035 0.39 0.48
0.31 0.34 026 040 043 047 0.56
(135 0.39 041 0435 (48 .52 0.58

Note: The values in the table are the standards used by the City of Austin, Fexas.

Sonrce: Chow, Maidment, and Mays (1988).

In urban areas, the drainage area usually consists of subareas or subcatchments of substantially
different surface characteristics. A¢ a result, a composite analysis is required that must ke into
account the various surface characteristics. The areas of the subeatchments are denoted by A; and

the runoff coefficients for each subcatchment are denoted by €. Then the peak runoff is computed
using the following form of the rational formula;

]

O=Kiy CA; (1522)
=

where m is the number of subcatchiments drained by a sewer.

The rainfall intensity i is the average rainfadl rate considered [or a particular drainage basin or
subbasin. The intensity is selected on the basis of destgn rainfall duration and design frequency of
occurrence. The design duration is equal to the time of concentration for the drainage area under
consideration. The frequency of occurrence is a statistical variable that is established by design
standards or chosen by the engineer as a design parameter.

The time of concentrarion 1, used in the rational method is the time associated with the peak
runoff from the watershed to the point of interest. Runoff from a watershed usually reaches a peak
at the time when the entire watershed is contributing; in this case, the time of concentration is the
time for a drop of water to flow from the remotest point in the watershed 1o the point of interest,
Runoff may reach a peak prior to the time the entire watershed is contributing. A trial-and-error
procedure can be used to determine the critical time of concentration. The time of concentration
10 any point in a stormn drainage system is the sum of the ialet Yme t, and the flow time zfin the
upstream sewers connected to the catchment, that is,

o=ty + 1y (15.2.3}

where the flow time is
L.
i =2,€;L (15.24)
i
where L, is the length of the jth pipe along the flow path in ft (m) and V. is the average flow veloc-

ity in the pipe in fi's {(m/s). The inlet time fy is the longest time of overland flow of water in a
catchment to reach the storm sewer inlet draining the catchment.




PARAISO SPRINGS RESORT

Runoff Rates and Volumes

Return Period Q (cfs) Q {CF/hr} | 2 hour (CF) |2 hour (MG} |2 hour {ac-ft)
10C-Year Post-Development 26.77 96,370 192,739 1.44 4.42
10-Year Pre-Development 9.00 32,411 64,822 0.48 1.45

Difference| 17,77 63,959 127,917 0.96 2.94




Attachment 3
Project Site Map and Subbasin Delineation
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Attachment 4
Proposed Developed Area Calculations
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Attachment 5
Web Soil Survey 2.3 Output for the Project Site
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Hydrotogic Soil Group-Menterey County, California Paraise Springs Resort

Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Monteray Gounty, California (CA053}
Map unit symbol Map unit name Rating Acres in A} Percent of AQI
AsC Arroyo Seco gravelly sandy loam, 5t0 9 |B 17.8 19.3%
percert slopes
CnC Cropley silty clay, 2 to 9 percent slopes o 253 27.6%
Fa Fluvents, stony A 11.0 11.9%
Jc Junipero-Sur complex B 2.6 2.8%
LmG Los Osos clay loam, 50 to 75 percent C 4.1 4.5%
slopes
PnD Piacentia sandy loam, 9 to 15 percent 0 8.0 8.7%
slopes
PnE Placentia sandy loam, 15 to 30 percent D 0.4 0.4%
slopes
Xd Xerorthents, dissected D 23.0 24.9%
Totals for Area of interest 92.2 100.0%
LSDA  Natural Resources Web Soil Survey 5/212012
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Hydrologic Soil Group—Maonterey County, California Paraiso Springs Resort

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Scils having a high infifration rate (low runoff potential} when thoroughly
wet, These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture, These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thaoroughly wet, These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

H a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff.  None Specified
Tie-break Rufe: Higher

USDA  Natural Resources Web Soil Survey 5/2/2012
Conservation Service National Cocperative Soil Survey Page 4 of 4



Attachment 6
Composite Curve Number Calculations
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8.7 Curve Number Estimation and Abstractions 265

The values of CN for various land uses on these soil types are given in Table 8.7.3. For a water-
shed made up of several soil types and tand uses, a composite TN can be caleuated.
Minimun infiltration rates for the various soil groups are:

Group Minfimn fufiltration Rare {in/lr)
A 0.30 — 0.45
B 0.15 — 0.30
C 0~ 0.05

‘Fable 8.7.3  Runoff Curve Numbcrs (Average Watershed Cendition, J, = 0.25)

Curve Numbers for
Hydrologic Soil Group

Land Use Deseription A B C D

Bully devcloped urban arcas® (vegetation established)
Lawns, open spaces, parks, golf courses, cemeleries, etc,

Good condition: grass cover on 75% or more of the area 39 61 74 80
Fair condition; grass cover on 50% to 75% of the area 49 69 79 84
Poor condition; grass cover on 30% or less of the area 68 79 86 B9
Paved parking lots, roofs, driveways. ete, 98 98 98 9§
Streets and roads
Paved with curbs and storm sewers 98 98 98 9§
Grave! 76 85 8% 91
Dirt - 72 82 87 &9
Paved with open ditches 83 89 92 93
Average % impervious®
Comuercial and business areas &5 89 2 94 85
Industrial districts 72 80 88 91 93
Row houses, town houses, and resideniial 63 778 90 9

with lot sizes 1/8 acre or less
Residensial: average lot size

§/4 acre 38 61 75 83 87
1/3 acre 30 57T 72 Bt 86
1/2 acre 25 54 70 80 85
{ nere 20 §1 68 79 B4
2 acre 12 46 65 17 82
Developing urban arcas® (no vegetation established)
Newly graded area 86 91 94
Cover
Hydrologic
Land Use Treatment of Practice Condition?

Cuhivated agriculiural Jand

Fallow Straight row T 86 Yt 94
Conservation tillage Poor 76 85 %0 93
Conservation tillage Good 74 8% 88 9
Row crops Straight row Poor 72 &1 88 9
Straight row Good 67 7§ 85 89
Conservation tillage Poor 7F B0 87 90

Conservation tillage Good 64 75 82 85




266 Chapter 8 Surface Runoff

Table 8.7.3 Runoff Curve Numbers {continued)

Curve Numbers [or
Cover Hydrolagic Soil Group

Hydrologic
Land Use Treatment of Practice Condition? A B C D
Contoured Poor 0079 B84 8
Contoured Good 65 13 82 86
Contourad and conservation Poor 69 78 83 87
tiltage Good 64 74 8L 85
Contoured and terraces Poor 66 74 8% 82
Contoured and terraces Good 62 N1 78 81
Contoured and terraces Poor 65 73 79 81
and conservation tillage Good 61 70 71 80
Smal} grain Straight row Poor 65 76 84 88
Straight row Good 63 75 83 87
Conservation tillage Poor 64 73 83 86
Conservation tillage Good 60 72 80 8«
Contoured Poor 63 74 82 85
Contoured Good 68 73 81 &4 3
Contoured and conservation Poor 62 73 81 84 H
titlage Good 60 72 80 83
Contoured and terraces FPoor 61 72 79 82
Contoured and 1erraces Good 5% 70 78 8l
Contoured and terraces Poor 60 71 78 8l
and conservation tillage  ~  Good 3 60 77
Close-seeded Straight row Poos 66 77 &5
legumes or Straight row Good 58 72 8l
rotation meadow® Contoured Poor 64 75 83
Contoursd Goed 55 69 78
Contoured and terraces Poor 63 73 R0
Contoured and terraces Goaod 5t 61 76
Noncultivated agricultural
land Pagiure or range No mechanical treatment Poor 68 79 86
No mechanical treatment Fasir 49 69 79
No mechanical treatment Good % 61 74
Contoured Poor 47 67 8l
Contoured Fair 23 39 795
Contoured Good 6 35 70
Meadow — i 58 7
Forestland—grass or Poor 55 73 82
orchards—evergreen or Fair 44 85 76
deciduouns Good 32 88 72
Brush Poor 48 &1 T
Good 20 48 65
Woods Poor 45 66 77
Fair 6 60 T3
Good 25 35 170
Farmsteads e 59 74  R2
Forest-range
Herbaceous Poor 7% 86
Fair 71 80
Good 61 74







8.7 Curve Number Estimation and Abstractions 267

Table 8.7.3  Runoff Curve Numbers (contimied)

Curve Numbers for

Caver Hydrologic Soit Group
Hydrologic
Land Use Treatment of Practice Condition® A B c D

Oak-aspen Poor 65 4
Fair 47 57

Iy ‘ Good 0 4t
Tuniper=drass Poor 72 83
Fair 58 73

Good 41 6l

Sage—grass Poor o7 80
Fair 50 63

Gaod 35 48

* For land uses with bmpervious sreas, curve numbers are computed assuring that 100% of nureff from impervious
areas is directly connected to the drainage system. Pervious areas tawn) ase considered 1o be equivident to lawns in
good condition anid the impervioux arens have u CN of 98.

® [ncludes paved streets.

© Use for the design of temporary measures during grading and construction. Impervious area percent for urban areas
under developnient vary considerably, The user will determine the percent impervious. Then using the newly graded
area CN wnd Figure 8,7.10 or b, the composite CN ¢an be computed for any degree of develapment,

4 For conservation tillage peor hydrologic condition, 5% 10 209% of the surface is covered with residue (fess than 750-
Iblucre row erops or 300-Ib/acre smalt grain).

For conservation dllage govd hydralogic conditign. more than 206 of the surface is covered with residdug (greater
than 750-1b/acre row crops or 300-b/acre small grain).

¢ Close-drilied or broadeast.

For nonewhtivated agricultural kind;

Poor hydrologic condition has Jess than 25% ground cover density.

Fair hydrofogic condition I between 25% 414 50% ground cover density.
Good hydrologic condition has more than 50% ground cover density,

For forest-range:

Poor hydrologic condition has Tess than 30% ground cover density.

Fuir hydeologic condition has between 30% and 70% ground cover density.
Gaad hydrologic condition lray mors than 70% ground cover dessity.

Sewrce: LS. Department of Agriculture Soil Conservation Service {1986).

Curve Numbers

Table 8.7.3 gives the corve numbers for average watershed conditions. I, = 0.28, and antecedent
moisture condition 1. For watersheds consisting of several subcatchments with different CNs, the
arca-averaged composite CN can be computed for the entire watershed. This anaiysis assumes that
the impervious areas are directly connected to the watershed drainage system (Figure 8.7.1a}. T
the percent imperviousness is different from the value listed in Table 8.7.3 or if the impervious
arcas are not directly conuected, then Figures 8.7.1¢ or &, respectively can be used, The pervious
C'V used in these figures is equivalent to the open-space CV in Table 8,7.3, If the total impervious
area is less than 30 percent, Figure 8.7.15 is used to obtain a composite CN. For natugal desert
landscaping and newly graded arcas, Table 8.7.3 gives only the €Ny for pervious arcas.




