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Final
TECHNICAL MEMORANDUM
Reservoir Spillway Hydrology Analysis

To: Harland Bartholomew & Associates, Inc.
FROM: April Fallon - Dames & Moore, San Francisco
DATE: December 1995

RE: Santa Rosa Subregional Long-Term Wastewater Project
Reservoir Spillway Hydrology Analysis

SUMMARY

A hydrologic analysis was performed to estimate the design flow rate for preliminary sizing of the
spillways at ten (10) proposed reservoir sites. Each reservoir was classified according to the U.S.
Army Corps of Engineers hazard classification system for determining the appropriate design
flood frequency for each spillway.Based on the dam height and storage capacity of each
reservoir, the Probable Maximum Flood (PMF) is the appropriate design flood frequency for all
reservoirs. The spillway design peak inflow for the PMF was calculated using two methods: 1)
the unit hydrograph method using the Probable Maximum Precipitation (PMP) and the flood
hydrograph computer model HEC-1 and 2) the empirical method using extreme flood formulas.
The design flow was selected based on a comparison of the results from both methods. A
reservoir routing analysis to determine attenuation of the peak flow was not performed.

PURPOSE

A hydrologic analysis was performed to determine the appropriate hydraulic design criteria for
conceptual layout of the spillway at each reservoir site. The results of the analysis were used by
Parsons ES to locate and size the spillway so that an estimate of the project cost could be prepared.

METHODOLOGY
The scope of work for this task included:
1. analysis of a maximum of ten dam and reservoir sites,

2. determination of the hazard classification for each dam based on the U.S. Army Corps of
Engineers hazard classification system,
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3. calculation of the design flood frequency for each dam using the Army Corps of Engineers
spillway design criteria,

4. calculation of spillway design peak inflow for each reservoir, neglecting peak flow
attenuation caused by reservoir routing.

The Corps of Engineer’s criteria for the hazard classification of each dam is based on the height of
the dam, the volume of water stored in the reservoir and the potential loss of life and potential
economic loss if the dam were to fail (Department of the Army, 1976). The Corps of Engineers

has also established spillway design flood requirements corresponding to each hazard
classification. This criteria was applied to each reservoir site to determine the hazard

classifications and the spillway design criteria. For all reservoirs under consideration, the

Probable Maximum Flood is the appropriate design criteria for the spillway.

The reservoir inflow hydrograph for the PMF was calculated using the Probable Maximum

Precipitation (PMP) (NOAA, 1969, 1984) and the Soil Conservation Service unit hydrograph

procedure (Soil Conservation Service, 1985). Attenuation of the inflow hydrograph resulting from
temporarily storing floodwater in the reservoir was neglected in the analysis. The spillway design
flow was assumed equal to the peak reservoir inflow rate.

A second method was used to estimate the spillway design flow for comparison to the flow
calculated using the unit hydrograph method. Empirical equations have been developed by several
researchers for predicting the extreme runoff from watersheds of varmass(National Research
Council, 1983). These equations were applied to each reservoir to estimate the peak inflow rate.

The results of both methods were compared on the basis of runoff per square mile of watershed
area. The unit hydrograph method and one of the two empirical methods were in very close
agreement. Therefore, a unit runoff rate expressed in cfs per square mile of watershed area was
selected for each reservoir by averaging the results of the two methods.

FINDINGS
Reservoir Data

Table 1 lists the ten reservoir sites analyzed and pertinent reservoir data provided by Engineering-
Science, Inc. for each site.
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TABLE 1

SUMMARY OF RESERVOIR DATA

Active Storage Volume Dam Height
(feet)
Dam Site (M.G.) (Acre-ft)

Adobe Road (AD-1B) 3,500 10,740 205
Two Rock (T6A) 4,400 13,500 225
Tolay-A (S39A) 4,850 14,890 90

Tolay-C (S39C) 4,600 14,120 115
Lakeville Hillside (L-2A) 1,300 3,990 135
Sears Point (SP-1) 3,600 11,050 115
Bloomfield (B1-A) 4,400 13,500 190
Valley Ford East (V4) 4,600 14,120 140
Carroll Road North (V7) 4,600 14,120 195
Huntley (T-1) 4,300 13,200 210

Source: Parsons Engineering Science

Note: Active storage includes capacity for reclaimed water storage and captured surface water runoff. (Dead storage
is not included.)

Spillway Design Flood

Dams are classified in accordance with size and hazard potential in order to determine the required
spillway design flood. Using the U.S. Army Corps of Enginegusdance document, the size and
hazard potential were calculated for each reservoir site. The classification for size is based on the
height of the dam and storage capacity, as shown in Table 2.

TABLE 2

DAM SIZE CLASSIFICATIONS

Impoundment
Size Category Storage Height
(acre-ft) (ft)
Small <1000 and 50 <40 and 25
Intermediate 1000 and 50,000 40 and <100
Large 50,000 100

Source: Recommended Guidelines for Safety Inspection of Dams,
p. D-8.
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The classification of hazards potential is shown in Table 3. The hazards pertain to potential loss of
human life or property damage in the area downstream of the dam in the event of failure or
misoperation of the dam or appurtenant facilities.

TABLE 3

DAM FAILURE HAZARD CLASSIFICATIONS

Hazard Potential Loss of Life Potential Economic Loss
Category (Extent of Development) (Extent of Development)

Low None expected (No permanent Minimal (Undeveloped to occasional
structures for human habitation) structures or agriculture)

Significant Few (No urban developments and Appreciable (Notable agriculture,
no more than a small number of industry or structures)
inhabitable structures

High More than a few Excessive (Extensive community,
industry or agriculture)

Source: Recommended Guidelines for Safety Inspection of Dams,
p. D-9.

The recommended spillway design flood was determined based on criteria established by the U.S.
Army Corps of Engineers for dams with varying hazard and size classifications. Table 4 presents
a summary of the hazard, size, and design flood for each reservoir site.

Based on the size and hazard classification, the spillway designféio@dl alternatives is the

PMF. The dam size classification was determined by comparing Tables 1 and 2. The hazard
classification is an estimate based on review of USGS maps showing structures and land uses in
the area downstream from each reservoir.
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TABLE 4

SPILLWAY DESIGN FLOOD

Dam Site Dam Size Hazard Potential Spillway
Classification Classification Design Flood
Adobe Road (AD-1B) Large High PMF
Two Rock (T6A) Large Significant PMF
Tolay-A (S39) Intermediate High PMF
Tolay-C (S39C) Large High PMF
Lakeville Hillside (L-2A) Large High PMF
Sears Point (SP-1) Large High PMF
Bloomfield (B1-A) Large High PMF
Valley Ford East (V4) Large Significant PMF
Caroll Road North (V7) Large Significant PMF
Huntley (T-1) Large Significant PMF

Watershed Data

Engineering-Science, Inc. provided data on the reservoir water surface area and the watershed area
for each reservoir. The solil type for the area was identified by locating each reservoir site on the
Soil Survey of Sonoma CountyThe hydrologic soil group was determined using the Soil
Conservation Service (SCS) National Engineering Handbook (SCS, 1988y the hydrologic

soil group identification, the runoff curve number (CN) was selected from Table 2.1 Givihe
Engineering Reference Manuélindeburge, 1989).The value selected from this table is for
antecedent moisture condition Il (AMC-II) corresponding to the typical soil condition before the
maximum annual flood. AMC-I corresponding to dry soils, and AMC-IIl, corresponding to
saturated soils due to heavy rainfall, were calculated using Table 6.8 in the manual to convert from
AMC-II to AMC-I and AMC-IIl. A summary of these values is shown in Table 5 below.
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TABLE 5

RESERVOIR WATERSHED DATA

Curve Number

Reservoir | Watershed| Soil Type |Hydrologic| AMC-Il | AMC-l | AMC-lII
Dam Site Water Area Name Soil Group
Surface
(acres)
Area
(acres)
Adobe Road (AD-1B) 170 1,050 Goulding D 83 67 93
Two Rock (T6A) 230 704 Steinbeck/ B,C 78 60 90
Los Osos
Tolay-A (S39A) 800 3,400 Diablo/ D 85 70 94
Goulding
Tolay-C (S39C) 390 1,300 Diablo/ D 86 72 94
Goulding
Lakeville Hillside 155 500 Diablo D 86 72 94
(L-2A)
Sears Point (SP-1) 270 6,080 Diablo D 81 64 92
Bloomfield (B1-A) 195 601 Steinbeck/ B,C 78 60 90
Los Osos
Valley Ford East (V4) 260 879 Steinbeck B 73 54 87
Caroll Road North 235 846 Steinbeck/ B,C 76 58 89
(V7) Los Osos
Huntley (T-1) 175 360 Steinbeck B 80 63 91

Note: The watershed are for Tolay C (1,300 acres) does not includes the watershed area upstream from the backdam.
Runoff from this area will pond behind the backdam and eventually flow over the watershed divide toward the
Petaluma River before the water level reaches the crest elevation of the backdam. Therefore, the spillway
capacity of the main dam is not required for runoff from the watershed above the backdam.

In addition to the above data, the lag time for each watershed is required as input data for the
HEC-1 model. The time of concentration for each watershed was calculated using the following
equation (USBR, 1977).

T=(11.97H)>*

where T = time of concentration in hours

L = length of longest watercourse in miles
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H = elevation difference in feet

Lag time in hours was estimated to be 60 percent of the time of concenffatibable 6 provides
the input data and calculated time of concentration and lag time in hours.

TABLE 6

ESTIMATED WATERSHED LAG TIME

L H T
Dam Site Watercourse Elevation Time of Lag Time
Length Difference Concentration (hours)
(miles) (ft) (hours)

Adobe Road (AD-1B) 1.7 875 0.35 0.21
Two Rock (T6A) 0.66 240 0.19 0.11
Tolay-A (S39A) 1.66 580 0.40 0.24
Tolay-C (S39C) 1.33 570 0.31 0.19

Lakeville Hillside (L-2A) 0.6 170 0.20 0.12
Sears Point (SP-1) 3.65 700 0.93 0.56
Bloomfield (B1-A) 0.6 665 0.12 0.07

Valley Ford East (V4) 0.6 305 0.16 0.10

Caroll Road North (V7) 0.66 500 0.15 0.09

Huntley (T-1) 0.38 190 0.11 0.07

Probable Maximum Precipitation (General Storm)

The Probable Maximum Precipitation (PMP) for each reservoir watershed was calculated
according to Hydrometeorological Report No. 36 (NOAA, 1969). The following description
summarizes the principal steps necessary to obtain generalized PMP values. The general storm
PMP consists of three components:

1. Orographic component
2. Restricted convergence component
3. Unrestricted convergence component

The probable maximum orographic precipitation index map, the orographic PMP computation

areas, the watershed-width variation, and the seasonal-duration variation were used in computing
the orographic component of PMP. The restricted convergence PMP uses the probable maximum
convergence precipitation index map and the variation of convergence PMP with watershed size

PAGE 7



and duration figures. The unrestricted convergence PMP is 133 percent of the restricted
convergence PMP.

The data in Table 7 were selected from charts and figures in Hydrometeorological Report No. 36
(NOAA, 1969) for calculating the general storm PMP.

TABLE 7

GENERAL STORM PMP CALCULATION FACTORS

Dam Site Precipitation Watershed Width Adjusted Convergence
Index Adjustment Precipitation Precipitation
(inches) Factor? Index Index
(inches) (inches)

Adobe Road (AD-1B) 2 1 2 4
Two Rock (T6A) 2 1 2 4.1
Tolay-A (S39A) 1.5 1 1.5 4.1
Tolay-C (S39C) 1.5 1 1.5 4.1
Lakeville Hillside (L-2A) 15 1 15 4.1
Sears Point (SP-1) 15 1 15 4.1
Bloomfield (B1-A) 2 1 2 4
Valley Ford East (V4) 25 1 25 4.1
Caroll Road North (V7) 25 1 25 4.1
Huntley (T-1) 2 1 2 4.1

Note: (1) All watershed widths are less than 30 miles, therefore no adjustment is required.

The following calculations were made for each watershed and are presented in Tables 8 through
13 for October through April:

Table 8 Incremental Orographic PMP
Table 9 Incremental Restricted Convergence PMP
Table 10 Total Incremental PMP for Watershed (Sum of orographic and restricted

convergence PMP)

Table 11 Total Accumulated PMP for Watershed (Sum of orographic and restricted
convergence PMP)

Table 12 Incremental Unrestricted Convergence PMP

Table 13 Accumulated Unrestricted Convergence PMP.
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Comparison of the unrestricted convergence PMP with the combined orographic PMP and
restricted convergence PMP shows that the unrestricted convergence PMP is greater for 1 and 3
hour durations for each month; for the 6 hour duration, the combined orographic and restricted
convergence PMP is greater than the unrestricted convergence PMP in the winter season; for the
12 hour and longer durations the combined values are the same or greater for each month.

The unrestricted convergence PMP data was used in the HEC-1 model because the values are
larger for the short duration event8ecause all of the reservoirs have very small watersheds, the
short duration high-intensity precipitation produces higher peak runoff rates than larger duration
lower-intensity precipitation
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INCRFMFNTAI OROGRAPHIC: PMP (inches)

_ Adohe Road (AD-1R) Twon Rock (TEAY Rlaomfield (R1-A) Huntlav (T-1)
Adi Pracin Inday = 2
Tima Parind (hre)

b B2 ’R12 121K 1.24 2420 AN 2W.A2 424 AR.BA RARN /_O.AR R[RR.72
0.85 1.58 1.40 1.21 1.07 0.94 0.83 0.72 0.63 0.55 0.48 0.42
0.86 1.62 1.43 1.24 1.09 0.96 0.85 0.73 0.64 0.56 0.49 0.43
0.90 1.69 1.49 1.29 1.14 1.00 0.88 0.76 0.67 0.59 0.51 0.45
0.92 1.72 1.52 1.32 1.16 1.02 0.90 0.78 0.68 0.60 0.52 0.46
0.87 1.63 1.44 1.25 1.10 0.97 0.86 0.74 0.65 0.57 0.49 0.44
0.80 1.50 1.32 1.15 1.01 0.89 0.78 0.68 0.59 0.52 0.45 0.40

Adi Procin Inday =1 &
Tima Parind (hre)
b B2 ’R12 121K 124 24.2N0 AN 2W.A2 424 AR.BA RARN /_O.AR R[RR.72
0.63 1.19 1.05 0.91 0.80 0.70 0.62 0.54 0.47 0.41 0.36 0.32
0.65 1.21 1.07 0.93 0.82 0.72 0.63 0.55 0.48 0.42 0.37 0.32
0.68 1.26 1.12 0.97 0.85 0.75 0.66 0.57 0.50 0.44 0.38 0.34
0.69 1.29 1.14 0.99 0.87 0.77 0.68 0.59 0.51 0.45 0.39 0.35
0.66 1.23 1.08 0.94 0.83 0.73 0.64 0.56 0.48 0.43 0.37 0.33
0.61 1.12 0.99 0.86 0.76 0.67 0.59 0.51 0.44 0.39 0.34 0.30
\/allav Enrd Eact (VIAY Carnll Pnad Narth (\7)
Adi Procin Inday =2 &
Tima Parind (hre)
b B2 ’R12 121K 124 24.2N0 AN 2W.A2 424 AR.BA RARN /_O.AR R[RR.72
1.06 1.98 1.75 1.52 1.33 1.17 1.04 0.90 0.78 0.69 0.60 0.53
1.08 2.02 1.79 1.55 1.36 1.20 1.06 0.92 0.80 0.71 0.61 0.54
1.13 211 1.86 1.62 1.42 1.25 1.10 0.96 0.83 0.74 0.64 0.56
1.15 2.15 1.90 1.65 1.45 1.28 1.13 0.98 0.85 0.75 0.65 0.58
1.10 2.04 1.81 1.57 1.38 1.21 1.07 0.93 0.81 0.71 0.62 0.55
1.01 1.87 1.65 1.44 1.26 111 0.98 0.85 0.74 0.65 0.57 0.50




TABLE 9

INCREMENTAL RESTRICTED CONVERGENCE PMP (inches)

Adobe Road (AD-1B), Bloomfield (B1-A)
Conv. Precip Ind. =4

Time Period (hrs)

3-6 6-12 12-18 | 18-24 | 24-30 | 30-36 | 36-42 | 42-48 | 48-54 | 54-60 | 60-66 | 66-72
1.44 1.44 0.96 0.68 0.56 0.48 0.44 0.40 0.36 0.36 0.32 0.32
1.40 1.68 1.08 0.80 0.64 0.56 0.52 0.44 0.40 0.40 0.40 0.40
1.32 1.76 1/20 0.84 0.72 0.64 0.52 0.48 0.44 0.44 0.40 0.40
1.24 1.84 1.24 0.92 0.76 0.64 0.56 0.52 0.48 0.40 0.44 0.44
1.32 1.92 1.20 0.92 0.76 0.64 0.52 0.44 0.40 0.40 0.36 0.36
1.32 1.80 1.20 0.92 0.72 0.56 0.48 0.40 0.36 0.36 0.32 0.32

\), Tolay-A(S39A), Tolay-C (S39C), Lakeville Hillside (L-2A), Sears Point (SP-1), Valley Ford East (V4),
Caroll Road North (V7), Huntley (T-1)

Conv. Precip Ind. = 4.1

Time Period (hrs)
3-6 6-12 12-18 18-24 | 24-30 | 30-36 | 36-42 | 42-48 | 48-54 | 54-60 | 60-66 | 66-72
1.48 1.38 0.98 0.70 0.57 0.49 0.45 0.41 0.37 0.37 0.33 0.33
1.43 1.72 1.1 0.82 0.66 0.57 0.53 0.45 0.41 0.41 0.41 0.41
1.35 1.80 1.23 0.86 0.74 0.66 0.53 0.49 0.45 0.45 0.41 0.41
1.27 1.89 1.27 0.94 0.78 0.66 0.57 0.53 0.49 0.41 0.45 0.45
1.36 1.97 1.23 0.94 0.78 0.66 0.53 0.45 0.41 0.41 0.37 0.37
1.35 5.41 1.85 1.23 0.94 0.74 0.57 0.49 0.41 0.37 0.33 0.33




TABLE 10

INCREMENTAL OROGRAPHIC AND RESTRICTED CONVERGENCE PMP (inches)

Tolay-A (S39A), Tolay-C (839C), Lakeville Hiliside (L-2A), Sears Point (SP-1)

_ Time Period (hrs)
Month | 01 | 13 36 | 612 | 12-18 | 1824 | 2430 | 3036 | 3642 | 4248 | 4854 | 5460 | 6066 | 66-72
Oct. |335] 240 | 211 | 266 | 203 | 161 | 137 | 120 | 1.07 | 095 | 084 | 078 | 069 | 0.65
Nov. 299 224 | 2008 | 203 | 218 | 175 | 147 | 129 | 117 | 100 | 080 | 08 | 078 | 073
Dec. [271) 218 | 203 | 307 | 235 | 1.83 | 159 | 141 | 1.9 | 107 | 095 | 08 | 079 | 075
Jan.-Feb. | 256 | 206 | 196 | 318 | 241 | 193 | 165 | 142 | 125 | 112 | 100 | 08 | 084 | o080
Mar. [258| 204 | 2000 | 319 | 231 | 188 | 161 | 138 | 117 | 101 | 089 | o84 | 074 | 070
Apr. |264| 212 | 176 | 297 | 222 | 180 | 149 | 124 | 108 | 092 | o831 | 07 | 067 | 063

Valley Ford East (V4), Caroll Road North (V7)

Time Period thrs)
Month | 01 | 1-3 36 | 612 | 12-18 | 1824 | 2430 | 3036 | 3642 | 4248 | 48-54 | 5460 | 6066 | 66-72
Oct. |354| 270 | 254 | 345 | 273 | 222 | 191 | 167 | 1499 | 131 | 115 | 106 | 093 | o086
Nov. |3.18| 256 | 251 | 374 | 280 | 237 | 202 | 177 | 159 | 137 | 121 | 112 | 102 | o095
Dec. |291| 251 | 248 | 391 | 300 | 248 | 216 | 191 | 164 | 145 | 128 | 119 | 105 | o097
Jan.-Feb. | 276 | 240 | 242 | 404 | 317 | 259 | 223 | 193 | 170 | 151 | 134 | 116 | 110 | 103
Mar. |277) 237 | 244 | 401 | 304 | 251 | 216 | 187 | 160 | 138 | 122 | 112 | 099 | 092
Apr. |281| 242 | 236 | 372 | 288 | 238 | 200 | 168 | 147 | 126 | 111 | 102 | 08 | 083
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TABLE 11

ACCUMULATED OROGRAPHIC AND RESTRICTED CONVERGENCE PMP linches)

Adobe Road (AD-1B), Bloomfield (B1-A)

Time Period (hrs)

Month | 01| 13 | 36 | 6-12 | 12-18 | 18-24 | 24-30 | 30-36 | 3642 | 4248 | 48-54 | 64-60 | 60-66 | 66-72
ot. |337] 587 | 816 | 1118 | 1354 | 1544 | 17.06 | 1848 | 19.75 | 2087 | 2085 | 2276 | 23.56 | 243
Nov. |3.02] 538 | 764 | 1094 | 1345 | 1549 | 1722 | 1874 | 2010 | 21.27 | 2231 | 23.28 | 2447 | 25.00
Dec. |275| 506 | 728 | 1073 | 13.42 | 1555 | 17.41 | 19.05 | 2045 | 21.69 | 22.80 | 23.83 | 24.74 | 25.59
Jan.-Feb. | 260 | 4.80 | 696 | 1052 | 1328 | 1552 | 17.44 | 19.10 | 2056 | 21.86 | 23.02 | 24.02 | 2498 | 25.88
Mar. |262| 479 | 698 | 1053 | 1318 | 1535 | 1721 | 1882 | 2020 | 2138 | 22.43 | 23.40 | 2425 | 25.05
Apr. | 267 490 | 702 | 1032 | 1284 | 1491 | 1664 | 18.08 | 1935 | 2043 | 2138 | 2226 | 23.03 | 23.75
Two Rock (T6A), Huntley (T-1)

Time Period (hrs)

Month | 01| 13 | 36 | 6-12 | 12118 | 18-24 | 24-30 | 30-36 | 3642 | 4248 | 4854 | 64-60 | 60-66 | 66-72
Ot. |344] 600 | 832 | 1138 | 13.76 | 1567 | 1731 | 1874 | 2002 | 21.15 | 22.14 | 23.06 | 23.87 | 24.62
Nov. |308] 548 | 778 | 1112 | 1366 | 1572 | 17.47 | 19.00 | 2038 | 21.56 | 2261 | 2359 | 24.48 | 25.33
Dec. | 281 516 | 741 | 1090 | 1362 | 1578 | 1765 | 1931 | 2072 | 2198 | 23.10 | 24.14 | 2505 | 25.92
Jan.-Feb. | 2.66 4.89 7.08 10.69 13.48 15.74 17.68 19.36 20.83 22.15 23.32 24.33 25.30 26.21
Mar. |268| 488 | 711 | 1071 | 1338 | 1558 | 17.46 | 19.09 | 2047 | 2167 | 22712 | 23.70 | 2457 | 2537
Apr. | 2713] 500 | 715 | 1049 | 13.05 | 1514 | 16.88 | 1835 | 19.62 | 2071 | 21.67 | 22.56 | 23.34 | 24.07
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TABLE 11

ACCUMULATED OROGRAPHIC AND RESTRICTED CONVERGENCE PMP (inches)

Tolay-A (S39A), Tolay-C (S39C), Lakeville Hillside (L-2A), Sears Point (SP-1)
Time Period (hrs)

Month | 01| 13 | 36 | 612 | 12118 | 18-24 | 24-30 | 30-36 | 36-42 | 4248 | 4854 | 54-60 | 60-66 | 66-72
oct. |335) 575 | 7.86 | 1052 | 1255 | 14.06 | 1554 | 16.73 | 17.80 | 1875 | 1959 | 2037 | 21.06 | 21.71
“Nov. |29 523 | 7.31 | 1025 | 1243 | 1418 | 1565 | 1694 | 18.11 | 19.11 | 20.00 | 20.84 | 2161 | 22.35
Dec. |271] 489 | 692 | 999 | 1234 | 1407 | 1576 | 17.17 | 1836 | 19.43 | 2038 | 21.27 | 2206 | 22.81
Jan.Feb. | 256 | 462 | 658 | 976 | 1217 | 1400 | 1575 | 17.17 | 18.42 | 19.54 | 2054 | 2140 | 2224 | 23.04
Mar. |258] 462 | 663 | 983 | 1214 | 1402 | 1563 | 1701 | 18.18 | 19.19 | 2009 | 2092 | 21.66 | 22.36
Apr. |264| 476 | 672 | 968 | 1191 | 1371 | 1521 | 16.44 | 1752 | 18.44 | 1926 | 20,02 | 2068 | 2131

Lakeville Hillside (L-2A), Valley Ford East (V4)
| Time Period (hrs)

Month | 0-1 | 13 | 36 | 612 | 12118 | 18-24 | 24-30 | 30-36 | 3642 | 4248 | 48-54 | 54-60 | 6066 | 66-72
Ot [354| 624 | 878 | 1223 | 1496 | 17.18 | 19.09 | 2075 | 22.24 | 23.55 | 2470 | 25.76 | 26.68 | 27.54
Nov. |318] 574 | 825 | 12.00 | 14.80 | 1726 | 1928 | 21.05 | 22.64 | 2401 | 2522 | 26.33 | 27.36 | 28.31
Dec. |291| 542 | 7.90 | 11.81 | 1491 | 17.38 | 19.54 | 21.45 | 23.08 | 24.53 | 25.82 | 27.00 | 28.05 | 29.02

Jan.-Feb. { 2.76 | 5.16 7.58 11.62 14.79 17.38 19.61 21.54 23.24 24.75 26.09 21.25 28.35 29.38
Mar. |277] 5.4 | 758 | 1150 | 1463 | 17.14 | 1929 | 21.16 | 22.76 | 24.14 | 25.36 | 26.48 | 27.47 | 28.38
Apr. |281| 523 | 7.50 | 1130 | 1419 | 16.56 | 18.56 | 2025 | 21.72 | 22.98 | 24.08 | 25.11 | 26.00 | 26.83
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TABLE 12

INCREMENTAL UNRESTRICTED CONVERGENCE PMP (inches)

Adobe Road (AD-1B), Bloomfield (B1-A)
Time Period (hrs)
Month | 04 | 13 | 36 | 612 | 1248 | 18-24 | 24-30 | 30-36 | 3642 | 4248 | 4864 | 54-60 | 60-66 | 66-72
Oct. [399) 250 | 192 | 192 | 128 | 09 | 074 | 064 | 059 | 053 | 048 | 048 | 043 | 043
MNov. |351)] 229 | 186 | 223 | 144 | 1.06 | 085 | 074 | 060 | 059 | 053 | 053 | 053 | 053
Dec. |314| 218 | 176 | 234 | 160 | 1.12 | 096 | 085 | 069 | 064 | 050 | 050 | 053 | 0.5
Jan.-Feb. | 293 | 202 | 1.65 | 245 | 165 | 122 | 1.01 | 085 | 074 | 069 | 064 | 053 | 059 | 059
Mar. |298) 202 | 176 | 255 | 160 | 122 | 101 | 085 | 0690 | 059 | 053 | 053 | 048 | 048

Apr. 309 ] 218 1.75 2.39 1.60 1.22 0.96 0.74 0.64 0.53 0.48 0.48 0.43 0.43

Two Rock {T6A), Tolay-A(S39A), Tolay-C (S39C), Lakeville Hillside {L-2A), Sears Point (SP-1), Valley Ford East (V4), Caroll Road North
(V7), Huntley ({T-1)

Time Period (hrs) ,
Month | 0-1 1-3 3-6 6-12 | 1218 | 18-24 | 24-30 | 30-36 | 3642 | 4248 | 48-54 | 54-60 | 60-66 | 66-72
Oct. 409 | 2.56 1.97 1.96 1.31 0.93 0.76 0.65 0.60 0.55 0.49 0.49 0.44 0.44
Nov. 360 2.34 1.91 2.29 1.47 1.09 0.87 0.76 0.71 0.60 0.55 0.55 0.55 0.55
Dec. 32| 223 1.80 2.40 1.64 1.15 0.98 0.87 0.71 0.65 0.60 | 0.60 0.55 0.55
Jan.-Feb. | 3.00 | 2.07 1.69 2.51 1.69 1.25 1.04 0.87 0.76 0.71 0.65 0.55 0.60 0.60
Mar. 3.05| 2.08 1.80 2.62 1.64 1.25 1.04 0.87 0.71 0.60 0.55 0.55 0.49 0.49
Apr. 3.16 | 2.24 1.80 2.45 1.64 1.25 0.98 0.76 0.65 0.55 0.49 0.49 0.44 0.44
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ACCUMULATED UNRESTRICTED CONVERGENCE PMP (inches)

Adobe Road (AD-1B), Bloomfield (B1-A)
Time Period (hrs)
Month | 01| 13 | 36 | 6-12 | 12-18 | 18-24 | 24.30 | 30-36 | 36-42 | 4248 | 48-54 | 54-60 | 60-66 | 66-72
Oct. |399] 649 | 841 | 1032 | 1160 | 1250 | 13.25 | 13.89 | 14.47 | 1500 | 15.48 | 1596 | 16.39 | 16.81
" Nov. |351] 580 | 7.66 | 990 | 1133 | 1240 | 13.25 | 13.99 | 1468 | 1527 | 1580 | 16.33 | 16.86 | 17.40
Dec. |3.14] 532 | 7.08 | 9042 | 1101 | 1213 | 13.00 | 13.94 | 1463 | 1527 | 1585 | 16.44 | 1697 | 17.50
Jan,Feb. | 293 | 495 | 660 | 904 | 1069 | 1192 | 1293 | 1378 | 1452 | 1522 | 15.85 | 1639 | 16.97 | 17.56
Mar. | 298] 500 | 676 | 931 | 1001 | 1213 | 13.14 | 13.99 | 1468 | 1527 | 1580 | 16.33 | 16.81 | 17.29
Apr. |309| 527 | 702 | 942 | 1101 | 1224 | 13.19 | 1394 | 1458 | 1511 | 1559 | 16.07 | 1649 | 1692

Two Rock (T6A), Tolay-A(S39A), Tolay-C (839C), Lakeville Hillside (L-2A), Sears Point (SP-1), Valley Ford East (V4), Caroll Road North
' {(V7), Huntley (T-1)

Time Period (hrs)

Month | 0-1 1-3 3-6 6-12 | 1218 | 18-24 | 24-30 | 30-36 | 3642 | 4248 | 48-54 | 54-60 | 60-66 | 66-72
Oct. 4.09 | 6.65 8.62 10.58 11.89 12.81 13.58 14.23 14.83 15.38 15.87 16.36 16.80 | 17.23
Nov. 360 ] 594 7.85 10.14 11.61 12.71 13.58 14.34 15.05 15.65 16.20 | 16.74 17.29 17.83
Dec. 3.221 5.45 7.25 9.65 11.29 12.43 13.41 14.29 15.00 15.65 16.25 16.85 17.40 17.94

Jan.-Feb. | 3.00 | 5.07 6.76 9.27 10.96 12.21 13.25 14.12 14.89 1560 | 16.25 16.80 17.40 | 17.99
Mar. 3.051 5.13 6.93 9.54 11.18 12.43 13.47 14.34 15.05 15.65 16.20 16.74 17.23 17.72
Apr. 3.16 | 5.40 7.20 9.65 11.29 12.54 13.52 14.29 14.94 15.49 15.98 16.47 1690 | 17.34
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Eight of the ten watersheds have a convergence precipitation index of (4.1 inches) and two have
an index of 4.0 inches (see Table 12). To simplify the HEC-1 model runs, the unrestricted
convergence PMP developed using the convergence precipitation of 4.1 inches was used for all
watersheds.

The computer model HEC-1 was used to calculate the watershed runoff hydrogragaichfor
reservoir using two sets of monthly precipitation data: 1) October data were used with the
antecedent moisture condition AMC-II and 2) January-February data were used with AMC-III.
The selection of AMC-II with October data is based on the fact that soils will typically be wet in
October. The selection of AMGH with January-February data sased on the fact that soils

are likely to be saturated in the winter months.

Rainfall data for 5-minute, 15-minute, and 2-hour durations are needed in addition to the 6-
hourly durations calculated using Hydrometeorological Report No. 36. Rainfall intensities for

durations less than one hour were calculated using "Rainfall Frequency Atlas of the Western
United States,” Vol. 11, CA. (Weather Bureau, 1973). Using the 1-hour value, the 5-minute
and 15-minute precipitation was calculated as follows:

5-minute precipitation = .29 x 1-hour value
15-minute precipitation = .57 x 1-hour value

The precipitation values used in the HEC-1 model are presented in Table 14.

TABLE 14

GENERAL STORM PROBABLE MAXIMUM PRECIPITATION

Storm Total Precipitation (inches)
Period
5-min 15-min 1-hr 2-hr 3-hr 6-hr 12-hr 24-hr
January- 0.87 1.71 3.00 4.20 5.07 6.76 9.27 12.21
February
October 1.19 2.33 4.09 5.50 6.65 8.62 10.58 12.81

Probable Maximum Precipitation (Local Storm)

The local storm PMP for each watershed was calculated using Hydrometeorological Report No.
49 (NOAA, 1984). The incremental PMP for each watershed was calculated using a worksheet
provided in Report No. 49, page 152 (Appendix B). The 5-minute and 15-minute, and 24-hour

values calculated using the "Rainfall Frequency of the Western United States,” Vol. 11, CA.

The precipitation values used in the HEC-1 model are shown in Table 15.
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TABLE 15

LOCAL STORM PROBABLE MAXIMUM PRECIPITATION

Precipitation (inches)

Dam Site

5-min| 15-min | 1-hr 2-hr 3-hr 6-hr
Adobe Road (AD-1B) 1.45 2.85 5.00 6.75 7.75 9.50

Two Rock (T6A) 1.45 2.85 500 | 6.75 7.75 9.50
Tolay-A (S39A) 1.28 251 4.40 | 6.00 7.00 8.80
Tolay-C (S39C) 1.28 2.51 4.40 | 6.00 7.00 8.80
Lakeville Hillside (L-2A) | 1.45 2.85 5.00 | 6.75 7.75 9.50
Sears Point (SP-1) 1.22 2.39 420 | 5.80 6.70 8.50
Bloomfield (B1-A) 1.45 2.85 5.00 | 6.75 7.75 9.50

Valley Ford East (V4) 1.45 2.85 5.00 | 6.75 7.75 9.50
Caroll Road North (V7) | 1.45 2.85 5.00 | 6.75 7.75 9.50
Huntley (T-1) 1.45 2.85 5.00 | 6.75 7.75 9.50

Probable Maximum Flood

A computer analysis of each reservoir was performed using HEC-1, a flood hydrograph software
package developed by the U.S. Army Corps of Engineers. The program was used to develop a
watershed unit hydrograph and a reservoir inflow hydrograph for the PMF resulting from the
PMP. The watershed data developed above (watershed area, rainfall, lag time, curve number,
etc.) were input in the HEC-1 model. The peak flows from the calculated reservoir inflow
hydrographs are presented in Table 16. Complete HEC-1 model runs for each watershed are
presented in Appendices C, D, and E.

Creager Method and Modified Myer Method

A review of historic data from other watersheds can help to determine the relative magnitude
and the credibility of flood peak discharge estimates for a particular watershed. s#dho,
information about maximum floods of record in similar hydrologic regions can provide a basis
for estimating flood potential at a given site.

A number of empirical formulas have been developed for describing the relationship between
drainage area characteristics and maximum observed flood discharges. Figure &afétynof
Existing Dams - Evaluation and Improvem¢NRC, 1983) shows curves based on two such
relationships, the Creager and Myer formulas. The Creager formula is:

q= 46C A(o.894A'0'°48-1)

where g = peak flood flow (cfs/sq. mi)
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C = 100 for extreme event
A = watershed area (fi
The modified Myer Method formulas is:
q = 10,000/A°
where g = peak flood flow (cfs/sq. mi)
A = watershed area (fi

Results of the Creager and Modified Myer Methods are presented on Table 16.

TABLE 16

SUMMARY OF PEAK FLOW DATA

(cfs)

Reservoir Site Creager Myer Local General General
Method | Method Storm Storm Storm

October Jan/Feb
Adobe Road (AD-1B) 7,090 12,800 8,840 7,080 5,780
Two Rock (T6A) 5,010 10,490 7,310 5,790 4,930
Tolay-A (S39A) 18,250 23,050 23,280 21,530 17,280
Tolay-C (S39C) 8,490 14,250 10,370 9,590 7,560
Lakeville Hillside (L-2A) 3,680 8,840 5,630 4,530 3,590
Sears Point (SP-1) 28,000 30,800 22,200 21,710 18,490
Bloomfield (B1-A) 4,348 9,690 7,230 5,730 4,880
Valley Ford East (V4) 6,080 11,700 8,560 6,690 6,050
Caroll Road North (V7) 5,880 11,500 9,070 7,150 6,220
Huntley (T-1) 2,710 7,500 4,470 3,560 2,960

CONCLUSIONS

The peak flows estimated in this investigation were compared on the basis of flow in cfs per
square mile of watershed area. Figure 1 shows a plot of this data for each metadhand
reservoir alternative. The results obtained using the various methods are consistent, with the
exception of the Myer method when applied to small watersheds with an area less than 2 square
miles. The Myer method appears to significantly overestimate the peak flow for small
watersheds in Sonoma County. The PMP local storm during October produces the highest peak
flow of three storms investigated. The results are consistent with the Creager method for all
watershed sizes.
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It is recommended that the flow calculated for the local storm be used for sizing the spillway at
each reservoir. The recommended design flow is suitable for developing a conceptual plan for
each reservoir and for comparing the spillway construction costs. More detailed hydrologic
investigations will be required to establish the spillway design flow for final design and
permitting of the selected project.

The recommended flows are conservative and may slightly overestimate the appropriate spillway
design flow because no consideration has been given to the flow attenuation provided by the
storage capacity within each reservoir. During final design of the selected project, the PMF
hydrograph should be routed through the reservoir to determine the appropriate spillway flow
for design.
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