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SANTA ANA RIVER, CALIFORNIA 

PHASE I—GENERAL DESIGN MEMORANDUM 

HYDROLOGY 

APPENDIX B 

I. INTRODUCTION 

PURPOSE AND SCOPE. This section of the Phase I—General Design 
Memorandum presents the results of investigations made for the Santa Ana 
River Basin in connection with flood control planning efforts not 
covered in the 1975 Review Report plus updating for changed conditions 
and new information. Primary emphasis was placed on new studies 
concerned with flood control on Santiago Creek, Oak Street Drain, and 
water conservation at Prado Dam. Generally, hydrology for the Santa Ana 
River Basin not discussed in this report can be found in the Review 
Report. 

PREVIOUS REPORTS. 

a. The most recent hydrology developed by the Corps of Engineers 
for the study area was presented in the "Review Report on the Santa Ana 
River Main Stem—Including Santiago Creek and Oak Street Drain, Appendix 
2, Volume 2, Technical Information," dated December 1975. 

b. Probable maximum and standard project flood inflow hydrographs 
for Prado Dam, presented in the report titled "Interim Report on Design 
Features of Existing Dams, Hydrology and Hydraulic Review for Prado, 
Brea, Fullerton, and Salinas Dams," dated November 1969, were approved 
by the Office of the Chief of Engineers on May 1970, for use in further 
studies related to the review of design features of Prado Dam. 

c. Hydrology presented in the report titled "Hydrology, Santa Ana 
River Below Prado Dam, Orange County, California," dated July 1974, was 
approved by the South Pacific Division in the fifth endorsement, dated 
July 31, 1974, for use in survey report investigations. 
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II. GENERAL DESCRIPTIONS OF DRAINAGE AREA 

PHYSIOGRAPHY AND TOPOGRAPHY. 

a. The Santa Ana River Banin drains approximately 2,450 square 
miles, excluding a closed area of 32 square miles tributary to Baldwin 
Lake and 10 square miles tributary to Perris Reservoir. Of the total 
basin, 2,255 square miles are above Prado Dam, which is the major floo 
control structure on the Santa Ana River. The Santa Ana River Basin 
boundary is shown on plate B-1. Approximately 23 percent of the basin 
is within the rugged San Gabriel and San Bernardino Mountains about 9 
percent is in the San Jacinto Mountains, and 5 percent is within the 
Santa Ana Mountains. Most of the remaining area is in the valleys 
formed by the broad alluvial fan along the base of these mountains. The 
numerous low hills in the alluvial valley areas include a few low hills 
north of San Bernardino; the Grafton Hills east of Redlands; the Jurupa 
Mountains north and west of Riverside; the Box Springs Mountains and the 
Badlands east of Riverside; and the Chino and Peralta Hills northeast of 
Anaheim. In general, the mountain ranges are steep and sharply 
dissected. Maximum elevation at San Antonio Peak in the San Gabriel 
Mountains is 10,000 feet; at San Gorgonio Mountain in the San Bernardino 
Mountains, 11,405 feet; and at Mount San Jacinto in the San Jacinto 
Mountains, 10,004 feet. The San Bernardino Mountains are the source of 
the Santa Ana River and of two of its principal tributaries, Bear and 
Mill Creeks. Lytle Creek, the largest tributary originating in the San 
Gabriel Mountains, is in the northwest part of the drainage area. The 
San Jacinto River has its origin in the San Jacinto Mountains southeast 
of Beaumont. The major tributary in the lower part of the basin is 
Santiago Creek, which originates in the Santa Ana Mountains as shown on 
plate B-1. The Santa Ana River has an average gradient of about 240 
feet per mile in the mountains, about 20 feet per mile near Prado Dam, 
and about 15 feet per mile below Prado Dam. The average gradient of the 
tributaries is about 700 feet per mile in the mountains and 30 feet per 
mile in the valleys. 

b. Santiago Creek, draining approximately 101 square miles, has its 
headwaters in the Santa Ana Mountains. It flows northwestward through 
Santiago Canyon and then southwestward through the Cities of Orange and 
Santa Ana into the Santa Ana River. Handy Creek is a major tributary to 
Santiago Creek in the study region. Most of the watershed is within 
Orange County, with a small portion of the headwaters in Riverside 
County. Elevations in the basin range from 110 feet at the confluence 
with the Santa Ana River to 5,607 feet at Santiago Peak in the Santa Ana 
Mountains. Stream gradients range from 25 feet per mile in the lower 
reaches of Santiago Creek to 305 feet per mile in the upper reaches. 
The basin is located on a portion of the coastal plain, the gradually 
sloping lowland apron that extends from the base of the Santa Ana 
Mountains to the Pacific Ocean. The soils of the coastal plain have a 
limited capability to absorb floodwaters; therefore, the greater part of 
the water must escape to the ocean. Vegetation varies considerably in 
the watershed. The mountain and foothill areas are covered with oaks 
and other trees, brush, and native grasses. Large segments of the 
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valley area have been cleared of moat of the native vegetation because 
òf extensive development In the ares. The remalnlhg valley areas are 
mainly covered with orchards, crops, and eucalyptus and sycamore 
trees. Plate B-2 shows the Santiago Creek drainage basin. 

c. Hagador, Tin Mine, and Kroonen Canyons rise in the steep eastern 
slopes of the Santa Ana Mountains and combine at the Oak Soreet debris 
basin to form the beginning of the Oak Street channel. The channel 
flows northward over a wide alluvial plain, through the western portion 
of the City of Corona to Temescal Wash. Flows from Mabey Canyon and 
Lincoln Avenue Drain enter Oak Street channel upstream of its confluence 
with Temescal Wash. The total drainage area is about 12 square miles. 
Elevations vary from 3,800 feet at the headwaters to 1,000 feet at the 
debris basin to 570 feet at the mouth. Slopes range from about 600 feet 
per mile in the upper basin to 200 feet per mile in the lower basin. 
Vegetation in the basin is similar to that found in the Santiago Creek 
basin. Plate B-3 presents the Oak Street Drain drainage area. 

STORM TYPES. 

a. Three types of storms produce precipitation in the Santa Ana 
River* Basin: general winter storms, local storms, and general summer 

storms. 

b General winter storms usually occur during the period from 
December through March. They originate over the Pacific Ocean as a 
result of the interaction between polar Pacific and tropical Pacific air 
masses and move eastward over the basin. These storms, which often last 
for several days, reflect orographical influences and are accompanied by 
widespread precipitation in the form of rain and, at higher elevations, 

some srow. 

c. Local storms can occur at any time of the year, either during 
general storms or as isolated phenomena. Those that occur in the winter 
are generally associated with frontal systems. These storms cover 
comparatively small areas but result in high-intensity precipitation for 
durations of up to 6 hours. 

d. General summer storms in this area are usually associated with 
tropical cyclones and occur very infrequently. They are known to have 
occurred in the late summer and early fall months but have not resulted 
in any major floods during the period of record. 

EXISTING STRUCTURES. 

a. Four major flood control dams are located in the Santa Ana River 
Basin. Three of these structures, Prado Dam, San Antonio Dam, and 
Carbon Canyon Dam, were built by the Corps of Engineers. The fourth, 
Villa Park Dam, was built by the Orange County Flood Control District. 
The locations of these dams are shown on plate B-4. Other existing 
flood control improvements have been constructed by the Corps o 
Engineers and local interests. The improvements include channelization, 
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storm drains, levees, stone and wire-mesh fencing, and stone walls along 
the banks of stream channels. The principal existing water conservation 
improvements are spreading grounds and reservoirs. The more than 100 
water conservation and recreational reservoirs within the basin have 
storage capacities ranging in sizes from 5 to about 182,000 acre-feet. 
The locations of the large water conservation reservoirs are indicated 
on plate B-4. 

b. The Santiago Creek channel has been improved over the years by 
local interests. During the 1930% masonry walls were constructed from 
the Santa Ana Freeway through Hart Park. Within Hart Park, the channel 
bottom has been paved for use as a parking lot. Riprap was placed along 
the west bank upstream from Chapman Avenue for the protection of homes 
along the bank. Downstream from Prospect Avenue, concrete sideslope 
protection has been placed to protect homes damaged by the 1969 
floods. On Handy Creek, a concrete channel runs from its confluence 
with Santiago Creek to a point just downstream of Orange Park 
Boulevard. Several large gravel pits in the upper reaches of Santiago 
Creek act as reservoirs for floodwaters. Minor floods are completely 
contained by these pits, and flows never reach the downstream channel. 
However, during major floods, these pits will already be filled when the 
peak flow occurs, consequently, flood protection downstream is 
significantly reduced. Villa Park Dam, just upstream from the study 
reach, is a flood control facility constructed by the Orange County 
Flood Control District in 1963. Santiago Reservoir, just upstream from 
Villa Park Dam, is a water supply reservoir constructed by the Irvine 
Company in 1933. The general location of the gravel pits and improved 
channel are shown on plate B-4. Plate B-25 presents existing flood 
control improvements, in greater detail, for the lower subareas of 
Santiago Creek. 

c. Within the Oak Street Drain drainage basin, an existing debris 
basin has been completed by Riveside County Flood Control District in 
October 1979. Located immediately north of Chase Drive, it controls 
about 6 square miles of runoff and debris from Kroonen Car.yon, Hagador 
Canyon, and Tin Mine Canyon. The design provides an estimated debris 
storage of 253 acre-feet and a spillway to pass 7,700 cfs. The location 
of the debris basin is shown on plate B-3. Steel rail and wire 
revetment line Oak Street Drain from the debris basin to the confluence 
with Mangular Drain. A concrete channel runs from this point down to 
Railroad Street. The remaining reach to Temescal Wash is natural 
channel. The existing channel capacity for the entire reach is about 
600 cfs. 

RUNOFF CHARACTERISTICS. Streamflow, which is perennial in the canyons 
of the Santa Ana River and in the headwaters of most of the tributaries, 
is generally intermittent in the valley sections. Streamflow increases 
rapidly in response to effective precipitation. High-intensity 
precipitation in combination with the effects of steep gradients and 
possible denudation by fire result in intense sediment-laden floods, 
with some debris in the form of shrubs and trees. Deposition of the 
sediment occurs on the mountain streams as they flow into the valley 
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when stream gradients become flatter. The urbanization taking place in 
the valley a^eas of the Santa Ana River Basin tends to make the basin 
more responsive to rainfall. Hence, the same rainfall occurring over an 
urbanized part of the basin will generate higher peak discharges with a 
shorter peaking time and a greater volume than if it occurred over t 
natural basin without urbanization. 



III. PRECIPITATION AND RUNOFF 

STORMS AND FLOODS OF RECORD. 

a Although historical references to flood conditions in the 
general region date back to about 1769, little information is available 
regarding the magnitude of floods prior to 1850. Historical references 
indicate that (from 1769 to 1850) medium-to-large floods occurred in 
1825 1833, 1840, and 1850. Some quantitative data are available to 
show’that from 1850 to 1897, medium-to-large winter floods occurred in 
1859, 1862, 1867, 1876, 1884, I886, 1889, and 1894. Recorded data from 
1897'to the present show that medium-to-large winter floods occurred in 
1903, 1910, 1914, 1916, 1921, 1922, 1927, 1938, 1943, 1965, 1966, 1969, 
and 1978. Since the historical floods of the 1800's and early 1900 s, 
considerable change has occurred in the drainage basin. The runoff 
characteristics of the majority of the valley area have been changed by 
urbanization and agriculture. The mountain areas have remained 
relatively unchanged, but several small reservoirs, detention dams, and 
debris basins have been constructed at the canyon mouths. If some of 
the big, historical storms occurred today, the mountain runoff would be 
about the same as in the past because the small structures would have 
little effect on major floods on the main stem of the Santa Ana River 
above Prado Dam. The valley runoff would be considerably higher in both 
peak and volume because of the impervious areas and channelized flows. 

b. Not much information is available about the storms that led to 
the great flood of 1862. No rainfall amounts are available in or near 
the Santa Ana River Basin. However, recounts from settlers tell of a 
flood which "wrought great destruction and desolation". The storm and 
flood of 21-24 January 1943 was in nearly every respect, the most severe 
of its kind on record. Isohyets of the maximum 24-hour precipitation is 
shown on plate B-5. The storm of 3-4 March 1943 is described as a local 
thunderstorm which resulted in short-period precipitation of near record 
breaking magnitude for the southern California coastal region. Plate B- 
6 present? an isohyetal map of the maximum 3-hour precipitation. The 
storms of 18-27 January and 22-25 February 1969 were a storm series 
which brought extremely heavy precipitation to the southern California 
area. Because ground conditions were more conducive to runoff than 
during the January 1943 storm, each of the 1969 floods produced peak 
discharges greater than January 1943 flood. 

c. Storms and floods of February and March 1978 were caused when an 
unusually strong high pressure cell built up over Alaska and western 
Canada from mid-December through mid-March, forcing the Pacific storm 
track far to the south of its normal position. A? a result, several 
series of intense storms moved directly onto the coast of southern 
California from out of the west, bringing large quantities of warm, 
moist tropical air into the region. Widespread moderate to heavy 
precipitation with snow levels generally 7,000 to 8,500 feet occurred 
throughout coastal southern California. This precipitation was greatly 
enhanced in many mountain areas by the orographic uplifting of the moist 
air. During the 5-11 February storms the total precipitation ranged 
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nrpoloitation ranged from 2-4 inches in coastal portions of San Diego 
and San Luis Obispo Counties to 6-10 inches in coastal valleys from 
Santa Barbara to Orange County, with more than 25 inches record®^!\ ^ 
eastern San Gabriel Mountains. Areas hard hit by damaging rainfall 
this storm extended from Santa Barbara County eastward to San Bernardino 
and Riverside Counties. Peak discharges recorded for the February storm 
were: inta Ana River near Mentone, 2,170 cfs; Santa Ana ^ver at the 
MWD crossing 25,000 cfs (estimate); Plunge Creek near East Highla , 
7o50 cfs Mill Creek near Yucaipa, 5,400 cfs; and Santiago Creek at 
Villa Park Dam 2,800 cfs. Peak discharges recorded for the March storm 

inta »iv,r asar «entone, »,000 ofa; no at Santa Jn. 
River at the MWD crossing; Plunge Creek near East Highland, 1,830 ofa. 
Mill Creek near Yucaipa, 4,100 cfs; and Santiago Creek at Villa Park 
Dam, 2,000 cfs. Pertinent data on these and other streamgages are given 
in tab?e B-1 and station locations are shown on plate B-7. 



IV. SYNTHESIS OF STANDARD PROJECT FLOOD 

GENERAL. The standa* project flood ‘S"> »d 
would result from the most severe co^lion°[Q^iatiQ of the 
hydrologic condition consider jreaso iar y^r ^ past recorded 

geographical area. We SPF eyL^áeá fn magnitude only on rare 
flood in the area and woul ,. j j pnr rip^lun that would provide 
occasions. It "f aùndard project 
a high degree of flood Protection: P.th EM niO-2-1411 (Standard 
flood estimates was made In accordance fjnO ^ ln 

rtÍn\»F^tirH“V,,„l«Í appendix of tne Neele, Report. 

STANDARD PROJECT STORM. 

o Prfanpra\ The standard project storm for the Santa Ana Basin was 

''h^aoterlstic oí the“ «g ÔÍ. It «s determined that a general storm 

wnere ontrC i™. Prado Da. is limited, however, a local storm centered 

below Prado Dam was found to govern. 

K ronpral Winter Type. Under present conditions (no additional 
flocS'ccn^l measures), ife critical storm for the Santa A;» River «id 
«íanHaffo Creek is based on the assumed occurrence of a storm equivalen 
í„ »5nítude ti t“í of 21-2A Januar, 19A3 transposed and cen ered 
crltiially over the area tributary tc the basin concentration points. 

O I oral Type. The 3-hour thunderstorm cf March 19«3 proved to be 
the critical^ storm when centered over the tributary areas of the lower 
Santa Ana River and Oak Street Drain. 

DETERMINATION OF STANDARD PROJECT FLOOD. 

a General. Standard project floods were computed by determining 
the following:- (a) unit-time precipitation for each 3UDar®®’ 

ÄtrÄirÄ^iir-rjrSuT^ 
bïM=ä 
combining subarea hydrographs as required. 

b. Mentone. Mentone Dam was operated for two alternative 
regulation plans under SPF conditions: (1) gated outlets and ( ) 
ungated outlets. With gated outlets, «entone Dam wu\d be °pera Thia 
reduce SPF inflow to an outflow of 2,000 cfs during tJe t *. ^ 
outflow would be held until the flood peak at Prado Dam had passed. The 
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outflow would then be increased to a maximum 6,000 cfs with outflow 
decreasing with decreasing head. With this plan, the estimated time to 
empty the reservoir is about 24 days with no additional inflows* The 
maximum water surface elevation would reach elevation 1548.3 feet 
(spillway crest elevation is 1548.5 feet). Mentone Dam, operating with 
ungated outlets, would reduce SPF inflow to a maximum outflow of 5,800 
cfs. The estimated time to empty the reservoir is about 21 days, with 
no additional Inflows. The maximum water surface elevation is 1538. 
feet, about 10 feet below spillway crest for gated conditions. Plates o 
and 9 present the comparative results of both plans. 

c. Santa Ana River. As discussed previously, the computation of 
SPF for the Santa Ana River is presented in the Review Report. Plate 
B-10 shows standard project flood peak discharges for various 
concentration points, without project, present and future conditions. 
The with project SPF peak discharges are shown on plate B-11. The SPF 
inflow and outflow hydrographs at Prado Dam for present and future 
conditions are shown on plates 12 and 13. These are the same 
hydrographs developed in the review report. Recent changes in the Lake 
Elsinore outlet channel have lowered the channel invert by about five 
feet from the value used in the review report. This change results in 
about 25,000 acre-feet of surcharge storage with an outflow of only 
about 250 cfs. The net result is to reduce the 4-day inflow to Prado 
Dam during the SPF. The results and reconnendations of the current 
planning study for Lake Elsinore and updated capacity tables for 
Dam will be utilized in the Phase II studies. Plate 14 presents the SPF 
hydrograph at Prado Dam with the recommended plan and gated outlets for 
Mentone Dam. Plate 15 presents the SPF hydrograph at Prado Dam with the 
reconmended plan and ungated outlets at Mentone Dam. As shown on the 
two previous plates, the difference at Prado Dam in the two plans is 
only 0.3 feet in maximum water surface elevation. Pertinent basin 
subarea characteristics for the Santa Ana River are presented in table 

B-2. 

d. Santiago Creek. The critical standard project flood peak 
discharges for concentration points on Santiago Creek were produced by 
the general standard project storm centered in the Santa Ana 
Mountains. The local standard project storm was also considered. The 
critical centering for the local storm was found to be over subareas 
below Villa Park Dam, but this storm produced a smaller standard project 
peak discharge at the Santa Ana River than did the general storm; this 
was primarily because Villa Park reservoir controlled flows from 
subareas above the reservoir to 3,500 cfs. Pertinent basin subarea 
characteristics for Santiago Creek are shown in table B-3. 

e. Oak Street Drain. The standard project flood peak discharges 
for concentration points on Oak Street Drain were produced by the 
critical centering of the local standard project storm. Plate B-16 
shows the standard project flood discharges for present and future 
conditions without project. Plate B-17 shows the standard project peak 
discharges with the reconmended plan. Table B-4 presents pertinent 
subarea characteristics for Oak Street Drain. 
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V. PROBABLE MAXIMUM FLOOD 

GENERAL. The probable maximum flood (PMF) is the flood that can be 
expected from the most severe combination of météorologie and hydrologic 
conditions reasonably possible in the region. Probable maximum flood, 
as the name implies, is an estimate of the upper bou^dary of flood 
potential for a drainage area. Such a hypothetical flood is required 
for redesigning the spillway for Prado Dam and for designing the 
spillway for the proposed Mentone Dam. The determination of the 
probable maximum storms for the drainage areas above Mentone and Prado 
Dams was based on data obtained in enclosures one and two of a letter 
(subject: PMP for 18 Los Angeles basins) dated December 2, 1968, from 
the Hydrometeorological Branch of the U. S. Weather Bureau. The 
probable maximum storm, which was based on a general winter storm, was 
used as a basis for developing the probable maximum flood for Prado and 
Mentone Dams. A detailed analysis for determining the PMF is presented 
in section H of the technical appendix of the Review Report. 

PEAK DISCHARGES. The probable maximum flood peak discharge at Prado Dam 
for present conditions is 670,000 cubic feet per second and for future 
conditions, 700,000 cubic feet per second. The probable maximum flood 
hydrograph for future conditions for Prado Dam is shown on plate B-17a. 
The probable maximum flood peak inflow to Mentone Dam under both present 
and future conditions is 265,000 cubic feet per second. The probable 
maximum flood hydrograph is shown on plate B-17b. 

VI. DEBRIS ESTIMATE 

a. The recommended plan in the Review Report for Oak Street Drain 
included a debris basin at the channel inlet above Ontario Avenue. 
However, the Riverside County Flood Control District (RCFCD) with funds 
from the Soil Conservation Service completed their own debris basin 
immediately b«low Chase Drive on Oak Street Drain in October 1979. An 
estimate was made of the debris production for the combined Hagador, Tin 
Mine, and Kroonen Canyons at the RCFCD debris basin. The debris 
estimate, based on a major storm event, was computed using the 
recommendations of the geologist as to debris potential and the 
procedure outlined in "A New Method of Estimating Debris-Storage 
Requirements for Debris Basins," by Tatum. The Tatum method for 
estimating debris storage requirements is derived from facts observed 
during debris flows from floods originating in the San Gabriel 
Mountains. Hydrologic and geologic conditions in the Oak Street Drain 
watershed are similiar to those found in the San Gabriel Mountains, thus 
allowing the use of the Tatum method for the Oak Street debris 
estimate. Debris estimates with this method are based on drainage area, 
slope, drainage density, hypsometric index, 3-hour rainfall and burn 
effect. Table B-5 presents the resulting data, debris production 
factors, and correction factors. Correction factors are based on graphs 
shown on plates B-18 and B-19. The product of the correction factors is 
then applied to the recommended maximum production rate as determined 

from plate B-20. 
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h GeoloKic investigations of Hagador, Tin Mine, and Kroonen 

of debris storage and a spill y ,, f tv Division provided Riverside 
Department of Water Resources Dam Safety Division pro 
dt, with the spillway design ^a-ge ° ofs. ^ Corp^^ 

Engineers values for debria als“lf«eantl3y from bcfcd design values. 
discharge (16,000 cfsj amer g, fiond of 16.000 cfs is 
When the Corps of Z1 ZrU" »le-atlon 
routed through the debris basin, tne maximum ^ 
reaches within 6 inches of t e 7a”eet of freeboard, the operation of 

deposit fondas 1 result of the basin oap.oit, being exceeded. 

VII. DISCHARGE-FREQUENCY AND VOLUME-FREQUENCY ANALYSIS 

GENEPAL. Development of the updated volune-freduencyourv., on Santiago 
Creek and the discharge-frequency curves on Oak Street volume- 

in t-hp followini paragraphs. No changes were mu , 

for present and future conditions, are shown on plates B-23 an 

SANTIAGO CREEK. 

a The Santiago Creek near Villa Park strearagage was used to 

f ¿to » - £ 
Park Dam was completed) was utilized. l^ay 2-d“ 
u_f1nu to*.., fr0[n 1963 to 1979 were utilized. The peak, i-aay, c aay, 
inflow data irom ^ ? Deriod were plotted using 
and 3-day discharges for the 1933 to 1979 pericx! w 
median plotting positions for n e^l o 47. 

‘fxf31 thf tt^ a°t7 59 Seat fit curve0» «4 'drawn 'through each 
’.S TeSt.P A7lyU«r.4iysü »J not considered due to upstream 

reaulrtion by Santiago Dam. The resulting volume-frequency curves are 
shown on plate B-25. Table B-6 lists annual maximum runoff values use 

in the analysis. 

b. An analytical discharge frequency curve was drawn for the period 
1933-1978 for the Handy Creek streamgage, according to the Water 
Resources Council Bulletin 17A "Guidelines for Determining Flood Flow 
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Frequency." Pea, JleCar^e Fon ^"înS 
"Hydrologic Data Report, 1977 7 operate and maintain the 

M?trVexpe?t¿f probablílty)011“? Handy^Creek and rKorded dau plotted 
S ^dl» “ottli positions, are shown on plate B-26. 

OAK STREET DRAW. Discharge-frequency “""^''^th^^vlew^Rep^t. 
developed “cording to Pro0^u Be>leu ieport required restudy 
Both present and ^re ^rves I constructed Riverside County 
to determine the effects of t adjustuents to some of the 
debris basin at Chase Avenue and reduced the present 
subareas. The effect of HtttToDedlnîheReview Report, from 
conditions, without project SPF ^evelop^ gtanSard deviation (0.744), 
10,000 cfs to 8,500 cfs. Hence using^the ^^;dReview Report> the 

skew (-0.18), and frequen y t0 reflect the effect of the 
analytical curve was adjusted downwa x tion3 downstream of the 
debris basin. Other fr^uency a.rves at locaUona^ AU 

existing debris basin beyond the SPF for use in 
frequency curves were graph y ^ street Drain at the 91 

FreewayCfo^without*project^present conditions is sho., on plate B-27. 



VIII. WATER CONSERVATION 

GENERAL The Phase 1 report for the Sente Ana River ™!ul"a * 

~ p^r^raÄroP,. 
swdy are discussed in the following paragraphs. 

7 02 WATER CONSERVATION ANALYSIS. The following is a discussion on the 
I^hodology an. data collection for the water conservation stud,. 

a. Records for Ä“»" Miots 

IVITZ ^rS0.s!L.thgagge "Santa Ana »Iver tel,. Prado 

dlu r ¿ntain^ from Corps of Engineers reservoir computations at 

Prado Dam. 

valu-s U3CU nrotection would be provided for areas 
determined such that SPF p -„ant-.innv no carry "v^r 
^^aleTs ^rL^dXthSSerthidy^totIr:entíhaelypú “osrro? this 

to allow for routine maintenance and minimise problems 

foS^oT!^ ä 

SHeÄ-con^i=rr stUr p^S r 

ZSr.rrrst^p= and ' maximum allowable conservation 

storage are presented in table B-7. 

_ Present storage capacity, surface area, release schedules and 
associated elevations for Prado Dam were compiled from previous Corps o 

Engineers studies. 

d. Fro. the Riverside County Hydrologic Annual Report for '973-7*1, 
the 34-year average pan evaporation for each month at the Lake Mathews 
station (closest station to Prado Dam) were tabulated. The average 
precipitation for each month at Corona (closest gage to W 
also tabulated. Net evaporation was calculated using the equation. 
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Net Evaporation = .70 (average monthly pan evaporation minus average 
monthly precipitation) where .70 is the pan coefficient and all units 
are in inches per month. Average net evaporation by months is presented 

in table B-7. 

e. The HEC-5 "Reservoir Systems and Flood Control" computer program 
was utilized to simulate the Prado Dam conservation operation for the 60 
years of record. Output data included reservoir storages and 
elevations, water diverted for spreading and water wasted to the ocean. 

f. Additional simulation runs were made to determine the added 
yield of alternate plans. Allowances for future conditions were also 
considered by adding 200 cfs baseflow to each month of average inflow to 
account for the increase due to urbanization and return flow from 
imported water. 

RESULTS. The recommended plan with a seasonally expanded conservation 
pool resulted in an average inflow of 97,900 acre-feet per year, an 
average diversion or conservation of 86,300 acre-feet per year, and 
waste to the ocean of 10,500 acre-feet per year. Adding a 10,000 acre- 
feet increment of dedicated conservation storage above the seasonally 
expanded conservation pool adds only an average annual yield of 1,300 
acre-feet. Increasing the diversion capacity at the spreading grounds 
by 150 cfs produces nearly the same added amounts of conserved water as 
adding an additional 30,000 acre-feet of storage U the seasonally 
expanded conservation pool. Comparative results of each alternative, 
present and future condition is presented in table B-8. Plate B-2Ö 
shows a bar graph of the reconmended operation of Prado Dam with the 
seasonally expanded conservation pool. 
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IX. PROJECT ALTERNATIVES 

GENERAL. The rune p b^ut into four basic categories: 
nain stem of the San^ correct Prado Dam; (3) modify Prado Dam 
(1) do nothing (no action), (2) co ^ DaB (pre3ent 100-year 
and improve the channel down protection below Prado, standard 
protection beiow Prado, economic development, and 

project (4^ build Mentone Dam, modify Prado Dam, and 
environmental quality), ana ^ ; pri Dam (an river protection, 
improve ». channel do^trea. ™ » thla 
social well-being). Tw0 ^ environmental quality plan and 
report: alternative 10 which i t f Prado Dam outlet works 
alternative 11 which includes only 0afltPe^ative8 along with 
and a large downstream channel. These new ms report. 

alternatives 1, 5, for alternatives 1, 5, 6, 7, 10, 
Standard project flood Peak dl3°hqrge®ables b-10 through B-14 list peak 
and 11 are presented in tab e B-9. Tables ^ f^ious frequency 
discharges for alternatives 1, 5, 6, 7, 10, ^ ftna River ls 
floods. The rcconmendeu pljm for ^ ltem (4) 

alternative 6, which include creek and Oak Street Drain. The 
improved flood protection for Santiag pUrp03e of maximizing 
ooeration plan at Prado damages. Operation for 
benefits to the public whi within the framework of the 
water conservation is considered only when within t^ ^ ^ based on 

flood control operation. Opera ' f the Up3tream watershed, 
factors which include time of year, condition oftHeW ^ 
forecasted inflow and Mentone Dam releases, forecasted^ afjd 

Reservoir stor3ge’relea9e schedule for alternative 6 is 
conservation. The Prado uam maximum water surface 
113«. in tab» « ,0° .. d»cu»3rt pr“ iousl,. th. M.nton. 
elevation of less than 563 msl. alternative 6 requires a 
Dam operation plan with gate then outflow is increased 
constant 2,000 cfs outflow during e , frado Dam has passed, 
to a maximum 6,000 cfs ^^ti ungated outlets (alternative 
The release schedule for Mant°n® D. t d ln tabie B-16. Alternatives 
regulation plan at Mentone Dam) p release of 30,000 cfs from 
5, 7, and 10 provide a release of 
Prado Dam. Alternative P . . Spp soiiiing uncontrolled at 
48,000 cfs from Prado Dam with future SPF spilling 

200,000 cfs. 

SANTIAGO CREEK. 

a. Th. -..no-»... Pl.n for Santiago Cna.h provid.s lOO-yur flo« 

protection for the residents In ^3,500 cfs from Villa 
plan principally consists of a 3p'ark Boaa into th. 
Park Dam, rooting floo<lw.t.rs runoff), regulating 

m b3%0 c‘r?rom ïh. hasin with /1« ^ 

-1= a^^urcf^Ä-ori Santiago Cr..k a, 

shown on plates B-2 and B-29. 
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b. Impact of the reconsnended plan on fioodflows was evaluated^by 

first routing the 100-year balanced hydrograph thr0^h cfg (ta°le 

using an operation 3Ched^le ^ng ^e^r^ervoir"elevation at 510 feet 

Sed cJSor Te 

basïnTnd^theTueTgates UaxiL outflow 3,500 cfs) 
the hvdrograph through the basin, downstream to the Santa Ana 

River?8 The balancThydrogÆ for the 100-year exceedence interval was 
calculated using the volume-frequency curves ^offiPlate B‘25 ^ 
inflow hydrograph of 22-25 February 1969 as a pattern. The y 
subarea hydrographs below Villa Park Dam for the general. and 
storms, used in the Santiago Creek routings, were computed by 
the SPF hydrographs of the subareas for each storm y a . v.., 
year peak discharge to SPF peak discharge from frequency ^es at ViU 
Park Dam (general storm) and Handy Creek (local storm). Ihe 
freauency curves for Villa Park Dam and Handy Creek are shown on plat 
£ .7¾ respective!,. The 100-,ear, with project, peak iacharg.s 
(general and local storms) at various concentration ^Ints for future 
conditions are shown on plates B-30 and B-31. The 100 yearv"“ 
nrolect hydrographs (general and local storms) for future conditions at 
The deterion basin and the oonfluenoe with the Santa Ana River are 
presented on plates B-32, B-33, B-34, and 6-35. 

OAK STREET DRAIN. The reconmended plan for Oak Street Drain principally 
clïts ofTannel improvement, to provide SPF 
from the Riverside County debris basin, downstream through the City of 

Corona to Temescal Wash. 



X. ADEQUACY OF ESTIMATES 

STANDARD PROJECT FLOOD PEAK DISCHARGES. The occurrence of a storm of 
the^magnitude and intensity of the January and March 1943 ^ (wh ch 
were used as a basis for developing the standard project floods), with 
ground conditions assumed for this study, would produce a flood that 
would be exceeded only on rare occasions. The adequacy of the 
project flood peak discharges for Santa Ana River at Prado Dam 0a 
Street Drain at the 91 Freeway is indicated by comparison of those 
discharges with the enveloping curves of peak discharges shown on plate 

B-36. 

DEBRIS ESTIMATE. The adequacy of the debris estimate for Oak Street 
Drain is indicated by comparison with the enveloping curve of debris 
inflows shown on plate 3-37. The debris estimate for Oak Street Drain, 
in comparison with other observed and estimated debris flows, clearly 
shows the high debris potential of this area as indicated by its 
position near the enveloping curve. 
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TABLE B-5 

DEBRIS PRODUCTION 

FOR OAK STREET DRAIN 

DEBRIS PRODUCTION FACTORS 

Drainage Area Slope 

(sq.mi.) (ft/mi) 

6.2 590 

Drainage Hypsometric 

Density Index 

1.81 0.40 

3-Hour Rainfall 

(inches) 

3.24 

Slope 

64* 

Drainage 

Density 

CORRECTION FACTORS 

Hypsometric 3~Hour Rainfall Total * 

Index 

96* 89* 82* 45* 

RESULTING DATA 

Recommended Production 

For Drainage Area 

(cubic yards) 

Resulting Volume 

For Drainage Area 

(acre-feet) 

1,100,000 305 
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Table B-7. PRADO DAM—WATER CONSERVATION PARAMETERS FOR 

SEASONALLY EXPANDED CONSERVATION POOL 

MAXIMUM ALLOWABLE STORAGE 

STORAGE ELEVATION 

(AC-FT) 

OCTOBER 

NOVEMBER 

DECEMBER 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

100 
20,000 
20,000 
20,000 
28,000 
50,000 
50,000 
50,000 
38,000 

26,000 
13,000 

100 

475 
500 
500 
500 
504 
512 
512 
512 
508 
503 
496 
475 

DIVERSION 

CAPACITY 

(CFS) 

300 
300 
300 
300 
200 
200 
240 
260 
280 
300 
300 
300 

EVAPORATION 

(INCHES) 

3.65 
1.99 
0.53 
0.22 
0.36 
1.76 
3.16 
4.88 
5.84 

7.36 
6.99 
5.44 
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Table 15. PRADO DAM OPERATION SCHEDULE FOR ALTERNATIVE 6—ALL-RIVER PLAN 

Elevation, feet 
500 
501 
510 
520 
530 
540 
550 
560 
563 
565 
568 
570 
576 
580 

Net storage, acre-feet 
15,700 
20,000 
36,800 
63,620 
99,240 

143,470 
199,320 
270,360 
309,500 
330,000 
366,000 
390,000 
464,000 
516,000 

Outflow, cf? 
Spillway 

0 
0 
0 
0 
0 
0 
0 
0 
0 

11,000 
53,000 
92,000 

277,000 
395,000 

Outlets 
200 
300 

2,000 
12,000 
20,000 
30,000 
30,000 
30,000 
30,000 
19,000 

0 
0 
0 
0 

Total 
200 
300 

2,000 
12,000 
20,000 
30,000 
30,000 
30,000 
30,000 
30,000 
53,000 
92,000 

277,000 
395,000 

Note.—Net storage based on 100-year sediment accumulation but reduced by the 

contribution that would come from the area above Mentone Dam. 
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PUP* mitm 

I 

1 

ELEVATION 
(FT) 

1335 
13**0 
13**5 
1350 
1360 
1372 
1386 
1400 
1454 
1500 
1524 
1548.5 
1560 

Table B-I6 

MENTONE DAM RELEASE SCHEDULE UNGATED 

NET STORAGE 
(AC-FT) 

0 
0.1 

720 
1,43*1 
2,869 
5,000 

10,000 
16,338 
46,000 
88,470 

116,000 
144,500 
165,700 

OUTFLOW (CFS) 
OUTLET 

0 
500 
750 

1,150 
1.700 
2,200 
2.700 
3,100 
4.100 
5,200 
5,600 
6,000 
6.100 



Table B-17 

VILLA PARK DAM 
RELEASE SCHEDULE 

ELEVATION 
(FT) 

510 
511 
515 
5?0 
530 
5H0 
550 
560 
566 
567 
570 
575 
580.5 

STORAGE 
(AC-FT) 
4U0 
510 
785 
1310 
2588 
4957 
7915 
11490 
14044 
14538 
16020 
18655 
20655 

OUTFLOW (CFS) 
OUTLETS 

O 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 

O 
O 
O 

SPILLWAY 

O 
O 
O 
O 
O 
O 
O 
O 
O 
O 

5400 
20800 
45800 

TOTAL 

O 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
3500 
5400 
20800 

45800 
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SANTA ANA RIVER, CALIFORNIA 

PHASE I-GENERAL DESIGN MEMORANDUM 

STREAM-6A6IN6 STATIONS 

u S ARMY ENGINEER DISTRICT 
LOS ANGELES CORPS OFENG.NEERS 
TO ACCOMPANY REPORT DATED_ 
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SANT* ANA RIVER, CALIFORNIA 

PHASE I - GENERAL DESIGN MEMORANDUM 

STANDARD PROJECT 
FLOOD ROUTING 

SANTA ANA river AT 
MENTONE QAM I GATED) 

U. S. ARMY ENGINEER OISTRIUI 
LOS ANGELES, CORPS OF ENGINEERS 
TO ACCOMPANY REPORT DATED:_ 

PLATE B-8 
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IQ OF STANDARD PROJECT STORM 

santa ana river, california 

HASE I-GENERAL DESIGN MEMORANDUM 

STANDARD PROJECT 
FLOOD ROUTING 

SANTA ANA RIVER AT 

MENTONE DAM (UNGATED) 

—U c Army ENGINEER DISTRICT 
LOS ANGELES. CORPS OF ENGINEERS 

TO ACCOMPANY REPORT DATED: 





S. R F. BASED ON OCCURENCE OF 
JANUARY 21-24,1943 GENERAL STORM 

SCALE 'N M'-ES 
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SPF SANTA ANA RIVER, CALIFORNIA 

PHASE I-GENERAL DESIGN MEMORANDUM 

PRESENT CONDITIONS 

SPF FUTURE CONDITIONS 

STANDARD PROJECT FLOOD PEAK DISCHARGES 

SANTA ANA RIVER 
PRESENT AND FUTURE CONDITIONS 

WITHOUT PROJECT 

U. S. ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 

TO ACCOMPANY REPORT DATED: 

PLATE a-jo 
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--ANTA ANA r:iVEK. CALIFORNIA 

PHAC.I I-GENERAL DESIGN MEMORANDUM 

STANDARD PROJECT FLOOD 

INFLOW AND OUTFLOW HYDROGRAPH 
AT PRADO DAM 

FUTURE CONDITIONS _ 

L0^ÄEÄDEa 
rn trf.OMPANY REPORT DATED: 

PLATE B- 
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SANTA ANA RIVER. CALIFORNIA 

PHASE I-GENERAL DESIGN MEMORANDUM 

STANDARD PROJECT FLOOD HTDROGRAPH 

SANTA ANA RIVER AT PRADO DAM 

WITH RECOMMENDED PLAN 

u. S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

B-I4 
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santa ANA NIVEN , CALIFORNIA 

GENERAL DESIGN MEMORANDUM PHASE 

STANDARD PROJECT FLOOD HYDROGRAPH 

ANA RIVER AT PRADO DAM SANTA 

WITH RECOMMENDED PLAN ^^tone) 

" u. S. ARMY ENGINEER DISTRICT^ 

LOS ANGELES. CORPS OF ENGINEERS I IN HOURS 
HYDROGRAPH 

PUTE B-15 
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EFFECTIVE PRECIPITATION 
(SURFACE RUNOFF) 

PEAK INFLOW 

hyetograph 

TIME IN HOURS 
HYDROGRAPH 
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CORPS OF ENGINEERS 

tdTAI drainage area- 
AVERAGE PRECIPITATION DEPTH OVER AREA 

MAXIMUM 24-HR--- 
TOTAL STORM (72-HRS.)- 

EFFECTIVE TOTAI- 

RUNOFF 
TOTAL FLOOD VOLUME- 

16.5 INCHES 
263 INCHES 

13.05 INCHES 

PEAK INFLOW 700,000 CES. 

SANTA AUA RIVER, CALIFORNIA 

PHASE I-GENERAL DESIGN MEMORANDUM 

HYDROGRAPH 
PROBABLE MAXIMUM FLOOD 

AT PRADO DAM 
FUTURE CONDITIONS 

" U S ARMY ENGINEER DISTRICT 
LOS ÚNGELES, CORPS OF ENGINEERS 

TO ¿rr.QMPANV REPORT pATED: - 
HYDROGRAPH PLATE B-170 
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CURVES SHCVN EEREOM ARE BASED 
ON THE ASSUMPTION THAT ME DEBRIS 
PRODUCING STORM OCCURS 4 TO 5 ÏEARo 
AFTER 100 PERCENT BURN IN ISE AREA. 

Adopted from plate 10 of 'A New 
Method of Estimating Debris-Storage 
Requirements for Debris Basins, 
by Fred E. Tatum. 

SANTA ANA RIVER, CALIFORNIA 

PHASE I - GENERAL OESIGH MEMORANDUM 

RECOMMENDED DEBRIS PRODUCTION 

FROM MAXIMUM DEBRIS PRODUCING 

AREA FOR ONE MAJOR STORM 

UTARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 

am _ on 



EXCEEDENCE PER HUNDRED YEARS 

1000 

SANTA ANA HIVER. CALIFORNIA 

PHASE I-GENERAL DESIGN memorandum 

adopted volume-frequency curves 

SANTA ANA RIVER AT 

PRADO DAM, CP4 
PRESENT CONDITIONS_ 

U S ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 

EXCEEDENCE INTERVAL IN YEARS 

PLATE B- 21 
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EXCEEDENCE PER HUNDRED YEARS 

ww R>000 

CANTA ANA RIVEP. CALIFORNIA 

PHASE. I-GENERAL DESIGN MEMORANDUM 

adopted volume-frequency curves 

SANTA ANA RIVER AT 
PRADO DAM, CP 4 

FUTURE CONDITIONS 

[ 

u S. ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 

exceedence interval in years 
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SANTA ANA *ÍV€l. CALIFOPwiTT 

phase I-general design memorandum 

inflow and outflow 
DISCHARGE-FREQUENCY CURVES 

(PRESENT CONDITIONS) 

SANTA ANA RIVER AT PRADO DAM 

U S. ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 
TO ACCOMPANY REPORT DATED 

T 
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OUTFLOW 81 

O COMPUTED DUTFlX 

' balanced hyoroc 
CURRENT OPERATE 
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EXCEEDENCE PEN HUNDRED YEARS 
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SANTA AHA MVCA. CALÍ FORNI A 

PHASE I~aENERAL DE»I«H MEMORANDUM 

INFLOW AND OUTFLOW 
discharge-frequency CURVES 

( FUTURE CONDITIONS ) 

SANT* ANA RIVER AT PRADO DAM 100 

U S. ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 
to ACCOMPANY REPORT DATED - 

. .plat? B -14 

EXCEEDENCE INTERVAL IN YEARS 
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SANTIAGO 

EXCEEDCNCE PER HUNDRED YEARS 

EXCEEDENCE INTERVAL IN YEARS 

SANTA ANA RIVER, CALIFORNIA 

PHASE l-GENERAL DESIGN MEMORANDUM 

VOLUME-FREQUENCY CURVES 

SANTIAGO CREEK AT VILLA PARK DAM 

U S ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 
TO Ar-COMPANY REPORT DATED’ 
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santa ana riven, california 

phase i - general design memorandum 

DISCHARGE-FREQUENCY CURVE 
(PRISENT CONDITIONS) 

OAK STREET DRAIN AT »I FREEWAY 

EOENCE INTERVAL IN YEARS U S ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 
TO ACCOMPANY REPORT DATED_ 

PLATE B - 27 
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100*YEAR DISCHARGE 

5-DAY VOLUME 
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100-YEAR FLOOD BASED C 

SPF GENERAL STORM Wl 
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100-YEAR FLOOD BASED ON 21-24 JANUARY 1943 

SPF GENERAL STORM WITH RUNOFF REDUCED 

BY RATIO OF 100-YEAR TO SPF AT VILLA 

PARK DAM. 

SCALE IN MILES 

0 

canta ANA RIVER, CALIFORNIA 
pbase "oeneV oeJigm memorandum 

¿eakYEdischarges 

u. s. ARMY ENGINEER DISIK£' 
LOS ANGELES. CORPS OF ENGINEERS 

TO ACCOMPANY REPORT dated. 

-PLATE b-50 





100-YEAR FLOOD BASED ON 3*4 MARCH 1943 

SPF LOCAL THUNDERSTORM WITH RUNOFF 

REDUCED BY RATIO OF 100-YEAR TO SPF ON 

HANW CREEK. 

SCALE IN MILES 
0 

SANTA ANA RIVER, CALIFORNIA 
•»MASE Ir GENERAL DESIGN MEMORANDUM 

100-YEAR FLOOD 
PEAK DISCHARGES 

FUTURE CONDITIONS WITH RECOMMENDED 
LOCAL STORM 

U S. ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 

TO ACCOMPANY REPORT DATED: 
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santa »na NIVEN, CALIFONNI» 
PHASE i-genenal design memonandum 

100-YN FLOOD HYDNOONANH 

SANTIAGO CREEK 

AT DETENTION BASIN 
GINENAL STONM 

U. S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

TO AOCOMNANY NEPONT DATED:__ 

PLATE 8-32 
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SANTA ANA RIVENt CALIFORNIA 
PHASE 1-GENERAL DESIGN memorandum 

IOO-TR fLOOD HYDROGRAPH 

SANTIAGO CREEK AT 

SANTA ANA RIVER 
general storm 

u S. ARMY ENGINEER DISTRICT 
LOS ANGELES, CORPS OF ENGINEERS 

TO ACCOMPANY REPORT QATED: 

-PLATE ■ -33 
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SANTIAGO CREEK AT 
DETENTION BASIN 

LOCAL STORM 
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" U. S. ARMY ENGINEER DISTRICT 
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cauta ANA RIVER, CALIFORNIA 
phase i-general design memorandum 

100 - YR FLOOD HYDROGRAPH 

SANTIAGO CREEK AT 

SANTA ANA RIVER 
local storm _ 

u. S. ARMY ENGINEER DISTRICT 

LOS ANGELES, CORPS OF ENGINEERS 

TO ACCOMPANY REPORT DATED: j 
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»o. 
STREAM ARD LOCATIOH 

Southern Call torni a-Pai 11 U MJ-»» ‘ 

Sm Diego River near Santee. 
T.an Dleguito River near Bernardo. 
Santa Yaabel Creek near Meca Grande. 
San Lula Rey River at Oceanside. 
San Lula Rey River at .. 
San Lula Rey River near Pala... 
San Lula Rey River near Mesa Grande. 
Santa Ana River at Riverside Harrows. 
Santa Ana River near Mentone. 
.. .do. ........ 

San Jacinto River belo» north Fort near San Jacinto. 
I^tle Creek near Fontana. 
Mill Creek ar Yucaipa. 
Cucanonga Creek near Upland. 
Day Creek near .. 
San Antonio Creek near .. 
San Gabriel River at Foothill .. 
San Gabriel River beltai Morria Don. 
San Gabriel River at San Gabriel .. 
San Gabriel River at Cogs»eU Dam. 
East Fort San Gabriel River near Camp Bonita. 
West Fort San Gabriel River at Camp Rincon. 
Devil's Canyon above Cogswell Dan. 
Los Angeles River at Long Beach. 
Lob A«seles River at Los Angeles. 
Tujunga Creek below Hansen Dan. 
Tujunga Creek near Gunland... 
Tujunga Creek at Tujunga Dan (inflow). 
Santa Clara River near Saticoj .a. 
Ftih Creek near Duarte 

Southern California-Interior Basins 

Whitewater River above Whitewater. 
San Gorgonio River near Banning. 
Deep Creek near Hesperia. 
West Fork Mojave River near Hesperia. 
Pine Tree Canyon 12 ■lies north of Mojave. 
Caserón Creek near Tehachapl. 
Upper Willow Springs Canyon near Mojave. 
Pine Tree Creek near Mojave. 
Mojave River near Victorville. 
Snow Creek near Pal* Springs. 
Sacramento Wash near Needles..... 
Little San Gorgonio Cr. «ear. Beaumont ... 

WADIACE AREA 

Square ailes 

PEAK DISCHARGE 

Cubic feet 
second 

70,200 
72,100 

- 

95.600 
120,000 
75.300 
50.600 

100,000 
52.300 
53.700 
45,000 
35.900 
10,100 
14.100 
9.450 
21,400 
61,000 
65.700 
90,000 
26.900 
46,000 
34,000 
23,000 

102 .000 

67,000 
54,000 
50,000 
35,000 

165 ,000 
13.000 

42,000 
17,000 
*6,600 
26,100 
59.500 
13.500 

4,900 
30,000 
70,600 
9,500 

43,000 
11,000 

71 Jan 1916 
a.a.dO. 
...ado. 
....do. 
23 Feb 1091 
27 Jan 1916 
a a a .dO. 
ï Mar 1938 
-do. 
?3 Feb 1091 
16 Feb 1927 
25 Jan 1969 
2 Mar 1938 
25 Jan 1969 
. a..do. 
2 »Var 1938 
....do. 
a a a adO. 
....do. 
....do. 
... .do. 
... .do. 
....do. 
25 Jan 1969 
3 Mar 1938 
....do. 
....do. 
....do. 

25 Ian 1969 
.. . .do. 

2 Mar 193Ô 
....do. 
....do. 
... .do. 

12 Aug 1931 
30 Sep 1932 
....do. 
23 Aug I96I 

2 Mar 1938 
Feb 1927 

17 Aug 1939 
25 Feb 19h9 

AlrtHQHITï 

UBGS WSP 
UBGS WSP 926 
USOS WSP 926 
uses WSP 926 
UBGS WSP 497 
UBGS WSP 426 
UBGS WSP 426 
USGS WSP 844 
USOS WSP 844 
USGS WSP 447 
UBGS WSP 844 

LSGS Calif 1969 
UBGS Calif.1969 
USGS Calif. 1969 
USGS Calif. 1969 

USOS WSP 844 
USGS WSP 8.4 

U9GS Calif. 1963 
UBGS WSP 84. 
UBGS WSP 844 

UBGS Calif. 1963 
USGS Calif. 1963 

UBGS C^f. 1969 
USGS Calif. 1963 
USGS Calif. 1963 
USGS Calif. 1963 
UMtClU. 1969 
ttSGSCalif . 1969 
USGSCallf 1969 

UBGS WSP 844 
UBGS WSP 844 
UBGS WSP 844 
UBGS WSP 844 

/2 

1 os carif. UBGS calu. 1963 
uses calif. 1963 

uses Cllf. 1969 

/1 uos Alleles County Flood Control District 
Department of later and louer, los Ancelec 

2U 

53 

9810 
Rj*2< 
Cl 

22 

.29 

1,000 

800 

jj Coachella Valley later District 

LEGEND 

200 

RECORDED OR ESTIMATED PEAK 
DISCHARGE-PACIFIC slope basins 

recorded or estimated peak 
discharge-interior basins. 

_ CREAGER ENVELOPING CURVE OF 
maximum floods in the u. s. 

__ c OF E ENVELOPING CURVE OF 
RECORDED OR ESTIMATED PEAK 
DISCHARGES FOR southern 
CALIFORNIA COASTAL STREAMS 

- C OF E ENVELOPING CURVE OF 
RECORDED OR ESTIMATED peak 
DISCHARGES FOR SOUTHERN 
CALIFORNIA DESERT STREAMS 

40 60 100 200 

SQUARE MILES 

400 600 1000 2000 4000 

20 

10 

SANTA ANA RIVER. CALIFORNIA 

PHASE l-GENERAL DESIGN MEMORANDUM 

ENVELOPING CURVES 
OF PEAK DISCHARGES 

STREAMS IN 
SOUTHERN CALIFORNIA 

U.$.ARMY ENGINEER DISTRICT 
LOS ANGELES.CORPS OF ENGINEERS 

TO ACCOMPANY REPORT DATED 

PLATE B - 36 
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LEGEND 

• RECORDED OR ESTIMATED 

DEBRIS INFLOW 

A ESTIMATED MAJOR STORM 

DEBRIS FROM HAGADORJIN 

MINE, AND KROONEN CANYONS 

RESERVOIRS 

1. BIG-DALTON 
2. BIG TUJUNGA 
3. EATON WASH 

4. SAN GABRIEL 

5. SAWPIT 
6. PACOIMA 
7. DEVIL'S GATE 
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APPENDIX C 

HYDRAULIC DESIGN 

. GENERAL. 

a. Tae following Jeaoria. 

[TZ?, SaSl“a «^Ovule-Banning Channel, Oah Street Drain, 

ind the Prado and Mentone Reservoir?. 

2. SANTA ANA RIVER. 
_, nuannp1 The proposed channel improvements (see 

a- Santa Ana River chann-^-- p n Road) extending through 
pi. F-29 to F-57) begins near We V PiVer mouth. Channel 
approximately 23 ^y^xistinT channel widths, drop structures, 
improvement is con3tr^in^y ®he river( existing rights-of-way, 
bridge deck levels, utilitie 8 channel. The channel would be 
and urban developraen.t83 the upstream inlet (near Weir Canyon 
designed to convey 38,000 cfs a . Creek; from Santiago Creek 
Road) increasing to 42’000 C^S 3 for Greenville-Banning (Just below 
down to the confluence s COnvey 46,000 cfs; from Victoria 

^rtiUtrtlet^artheelchri wouTbe deigned to convey 47,000 

c,s'6- -r rs; 
J;rr 

sediment, an "n” value of 0.01» and O.OiO^s ^ 

depths in the concrete an e-i- sediment was assumed to be 

ForTiprap p^tect^t ^ drop structure reach an -n- 

value of 0.020 was used to determine the design velocity. 

e. The reach of concrete C.hh.1 from Fiver 

downstream to Adams Avenue wou affected by backwater in the 
sediment is assumed and woul 0Cean. The governing flow 
downstream reach fro» Adams °3amei to be deposited from 
condition occurs when 5 feet ot 360sediment deposition was 
Adam Avenue downstream to the ocean. The sediment^^ ^ 

assumed to taper out f^om no^^ondition would move upstream to 
sediment is assumed, backwater hydraulic jump would 

rr :f - HSîïxrr r 
Thf u^tabTfl» co^itiTcu” possibly be eliminated during detal.ru 

design studies. 

ri Base width of the recommended rectangular channel in i-his reach 
frei 2Vto 250 feet. Wall heights would vary from 12.5 to 
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20.0 feet. A freeboard of 2 feet would be added, in addition to the 
adjustments mentioned above, to the depth of to e ®ri" " 
required channel wall heights. Refer to plates F-H8 through F-^for 
profiles, plan views, typical sections, and dimensions of the proposed 

channel. 

e The earth-bottom channel reach extends from River View Golf 
Course upsteam to Weir Canyon Road. This reach of channel has 13 drop 
structures; of the 13 drop structures, 9 are existing. ThrTe of ^ 
existing drop structures would require modtficatin°rn- .utThe0 
structures reduce the invert slope to an average of about 0.00 Ö. 
Because the distance between the drop structures is about one mile, 
stabilizers would also be required to stabilize the channel invert 
between the drop structures. Wall heights for this reach of the channel 
was adjusted for sediment deposition. A freeboard of 2.5 feet would e 
added in addition to the above adjustment, to the depth of flow o 
determine the required wall height. The base width for this reach of 
channel would vary from 270 to 320 feet and would be trapezoidal in 
cíoss section, with side slopes of 1V on 2H. The side slopes would be 
riprapped. The levee height would vary from 15 to 1Ö feet. 

f. River View Golf Course, a 3500-foot long green-belt reach, is 
located between the downstream end of the earth bottom channel and the 
inlet to the concrete channel. Santiago Creek discharges into this 
green-belt area (see pis. F-46 and F-47). 

Design at Channel Mouth. Backwater studies at the mouth of the 
Santa Ana River channel, were conducted to insure the adequacy of the 
design section. The Greenville-Banning channel joins the Santa Ana 
River channel with a confluence structure approximately 1800 feet 
downstream from Victoria Street. Based on what was experienced during 
two major storms in January and February of 1969, water surface profiles 
were computed for two conditions; with and without sediment deposition 
in the channel invert. About 5 feet of sediment were deposited in the 
channel near the mouth by the 1969 floods. No breakdown is available on 
the amount of sediment that was deposited in the channel invert by each 
of the major storms. However, considering the relatively long periods 
of rainfall and runoffs that accompanied the first storm it is 
reasonable to assume, that most of the sediment deposited during this 

storm. 

h. To start backwater computation without sediment deposition, 
channel invert was set at elevation -6.85 and water-surface at El. 2.5J 
MHHW (MSL Datura). With sediment deposition channel invert was set at 
El. -1.85 with depth of flow at critical depth. 

i. This reach of channel, from station 13+00 to station 157+00, is 
an earth bottom channel with rectangular cross section. The vertical 
walls would be of reinforced concrete inverted tee section. This 
portion of channel would be earth-bottom because of environment 
requirements. See plates F-52, F-53, and F-54. 
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1. The last 1,600 feet of the Huntington Beach channel (see pi. 
F-54)-would be realined to make more room for the Santa Ana River. e 
Huntington Beach channel would be located farther west of its present 
location. 

k. Toe depths for the levees and the depth of protection for the 
drop ’structures and stabilizers were selected from observations of 
streambed erosion that has occurred in leveed channels similar to the 
improvement proposed for the Santa Ana River. 

l. Interior Drainage Considerations. No significant side drainage 
nroblems would be created "as a result of the recommended project. 
Currently, the storm water along the right side of the Santa Ana River 
from the Pacific Ocean to about Santiago Creek are collected in Orange 
County storm drains and are carried away from the river, except in three 
localized areas where the storm runoff is collected and pumped into t 
river. Along the left side of the river from the Pacific Ocean to 
Santiago Creek, the Greenville-Banning channel collects the storm runoff 
and carries it parallel to the river and into the confluence structure 
with the Santa Ana River. Above Chapman Avenue to the upper end of the 
project, Orange County has a series of storm drains that collect the 
storm runoff and empty into the Santa Ana River. Since the recommended 
plan will not raise the water surface for most reaches of the t'iv®r> 
only slightly (less than 1 foot) in portions of the reach between 
Katella Avenue and Imperial Highways, the county drains would function 
as designed. These storm drains in general meet the critei’ia presente 
in EM-1110-2-1410 titled "Interior Drainage of Leveed Urban Areas. 
Hydrology." 

m. Implementation of the reconmended plan would result in an 
increase in the design water surface behind Prado Dam from the current 
543 feet to 563 feet. As a result, three facilities within the enlarge 
reservoir area will be effected. They are the California Institution 
for Women (site 1), the Alcoa Aluminum Plant (site 2), and the Chin° 
Sewage Treatment Plant (site 3). The low points of sites 1, 2, and 3 
are 560, 552, and 540 feet, respectively. The corresponding frequency 
tnat the reservoir water surface elevation will equal or exceed the low 
point of each site is 155 year for site 1, 135 year for site 2. an<J ^ 
year for site 3. Protection for the three sites will be provided by 
dikes. For the purpose of this report and to establish an upper lirai, 
on the cost, the following analysis were made. 

n. Two cases were analyzed to determine the effect on interior 
drainage after construction of the dikes. The first case considered was 
centering the standard project flood local thunderstorm over each site 
with the reservoir water surface elevation below the level of t e 
dikes. The resulting standard project flood peak discharges were 21 
cfs for site 1, 120 cfs for site 2, and 70 cfs for site 3. The drainage 
area sizes are 0.15 square miles for site 1, 0.10 square miles for site 
2 and 0.04 square miles for site 3. Pipes with flapgates would be 
provided at each site to pass the standard project flood peak discharge 
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through th. dike. The number end elz. ot pipes required are - 36 
inch pipes at site 1. four-36 inch pipes at site 2, and two 36 

pipes at site 3. 

o. The second case considered was with the reservoir 3ur^® 
elevation at or above the elevation of the flapgates. Under this 
condition, a standard project flood or 30methin| 
standard project flood would nave just occurred. Since it is highly 
unlikely that any significant rainfall would occur within a Jay °rtw° 
following a storm front that resulted in the standard project flood, a 
25 year frequency storm was used to determine theiHvolhume The 
Donded until the reservoir water surface would be lowered. The 
coincidental frequency of this event would be between a 100 year and 
standard project event. The 25-year volume at site 1, 2 and 3 15 
and 2 acre-feet, respectively. The dikes would be located and land 
obtained so that the water could be ponded without flooding any 

facilities. 

P. Sedimentation in the Proposed Santa River. ^f 
sediment deposition allowances were made based on information of 
sediment movement and deposition obtained from the Janu^y and February 
1969 flood events on the Santa Ana River, and from sediment routings 
usVng DuBoys Equations. This routing study indicated during peak 
flows of the standard project flood, little sediment would be deposited 
in the proposed channel. Most of the sediment would be deposited in the 
channel bed after the storm has passed and during long ^iods of 
controlled releases. The sediment is probably produced within the 
approximately 6 miles reach (Santa Ana Canyon) of natural stream between 
Prado Dam and the upstream inlet of the proposed channel at Heir tonyon 
Road. Additional sediment data would be gathered and used with the 
HEC-6 sediment program during detailed design studies to determine the 
adequacy of the design sediment allowance in the downstream channel. 
Preliminary studies indicated that the HEC-6 sediment program could be 
utilized to reproduce the existing prototype condition. 

q The estimated average annual rate of sediment contribution to 
the delta varies f^m 80,000 to 100,000 cubic yards per year. This 
estimate is based on sediment contributions from the standard Project, 
100-year, and 50-year floods, channel width widened to 48J feet, chjnnel 
depth lowered 5 to 9 feet, and the presence of thirteen drop structures 
in the upstream reaches. It was assumed that storms occurring more 
frequently than once every 20 years would have a negligible ef e 
the sediment contribution to the coast because of the low volume and 
velocity of the flow and percolation to groundwater. The less frequent 
standard project flood will carry more sediment to the oce^i under 
recommended plan conditions, because the flood runoff will be confined 
and controlled (under existing conditions, the entire downstream basin 
would be flooded and the sediment would be distributed over the 
floodplain). 



Type of Flood 

Deposited in 
delta 

Standard Project 
100-year 
50-year 

6,550,000 
870,000 
490,000 

r. The estimated average annual rate of sediment deposition to be 
removed from the Santa Ana River is 150,000 cubic yards. This is based 
on past removal of debris from the Santa Ana River by 0range 
Since 1938, 2.5 million cubic yards of sediment have been f 
the lower Santa Ana River, or an average annual amount of about 60,00 
cubic yards. The recommended project would about double tne existing 

of channel and slightly reduce the slope. To account for these 
channel modifications, the historical average annual amount was 
increased by a factor of 2.5 to 150,000 cubic yards. This material will 
deposit in the lower 4 miles of the project. 

s. Based on the past 42 years, the frequency of removal of excess 
sediment from the channel will be on the average of once every 10 
years. One possible disposal site for this material wouid be gravel 
pits near the river. The combined capacity of these pits is about 
million cubic yards. About 7 million cubic yards of this space may be 
utilized to dispose of channel excavation during construction of the 
oroiect leaving 5 million cubic yards for possible disposal of the 
material removed from the channel. Other possible sites for disposal 
would be to developers to pad up building sites and disposal of the 
material on the beach. 

3. SANTIAGO CREEK. 

a. The Santiago Creek proposed improvements (see pis. F-24 to F-28) 
consist of a regulating reservoir, located in Villa Park City, and 6,00 
feet of channel improvement upstream from the confluence with the Santa 
Ana River. The reach of the existing stream between the proposed 
improvements is capable of conveying the design discharge, ^ further 
flood protective works are not considered necessary in this reach. The 
regulating reservoir would include: (a) an inlet structure to convey 
flows from Santiago Creek; (b) the reservoir itself; ^ 
outlet structure with an cutlet channel that would meet the existing 

Santiago Creek channel. 

h. inlet structure. The inlet structure would be a baffled apron 
as described in the U.S.B.R. Engineering Monograph No. 25; Hydraulic 
Design of Stilling Basins and Energy Dissipators. The inlet structure 
Sould be designed for discharges up to 5,600 cfs, which is the combined 
100-year peak discharge (general storm) from Santiago. Creek and Handy 

Vish. 

c. Regulating reservoir area. The existing gravel pits, located 
between Villa Park Road and Prospect Road, would be utilized to serve as 
the regulating reservoir. Some excavation would be necessary to provide 



the required capacity of 3,300 ac. 
298.0. 

ft. between elevation 280.0 and 

d. Outlet structure. The outlet structure would have three gates 
to control the outflow from the general storm, to a maximum of 3500 
cfs. The outflow from local storms would be controlled by ponding to a 

maximum of 500 cfs. 

e. Channel improvements. About 6,000 feet of channel upstream from 
the confluence with the Santa Ana River would be improved. The side 
slopes of the channel in this reach are presently protected with gravel 
and wire mesh, but additional protection would be required to prevent 
damage during the design discharge of 5,000 cfs ' ^er^°re 1 

slopes and invert of the channel would be provided with a 18 -thick 
blanket of riprap. 

U. GREENVILLE-BANNING CHANNEL. 

a. The recommended improvements (see pis. F-55 to F-57) for the 
Greenville-Banning Channel would require reconstruction of the channel 
from just below California Street to the confluence structure on the 
Santa Ana River, downstream of Victoria Street. The channel would be of 
rectangular concrete cross section. Design discharge in the channel 
would range from about 3,300 cubic feet per second upstream from 
Fairview channel, a tributary, to 4,400 cubic feet per second at the 
confluence structure. Channel base width would vary from 50 to b0 feet 
and wall height would range from 13-5 to 17 feet. 

b. Wall heights for the channel were adjusted for the combination 
of backwater conditions that would give the highest backwater flow 
depths. The backwater conditions include: (a) different combination of 
discharges in the confluence structure for Santa Ana River and 
Greenville-Banning channel; and (b) with and without sediment deposition 
in both channels. 

5. OAK STREET DRAIN AND DEBRIS BASIN. 

a. Debris Basin. The existing debris basin (see pi. F-11) 
constructed by the Riverside Flood Control District in 1979, would be 
modified to accommodate the PMF of 16,000 cfs with 3 feet of 
freeboard. The present debris basin consists of a compacted earth 
embankment, an excavated basin, a rectangular concrete broadcrested 
spillway with stilling basin, and a pool drain. 

(1) Debris storage capacity. The basin would provide about 253 
acre-feet of natural storage, based on an assumed debris-basin slope of 
one-half the average slope of the existing slope, projected upstrean 
from the spillway crest. The estimated debris-storage requirement is 
305 acre-feet. The excess debris volume of 52 acre-feet would be 
transported into the proposed downstream channel. 
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(2) Spillway and embankment. The existing spillway would pass the 
Qniiiuav design flood of 16,000 cfs with the maximum water surface at 
aboit the top^of the dam e’mbankment. The existing embankment has a 

maximum height of about 30 feet. 

(3) The existing spillway, 120 feet in width and 103f«etl" 
length, would be extended 1,000 feet downstream, transitioning from a 
base width of 120 feet to 20 feet with each wall converging on a 1.20 
ratio The top of walls for the extended spillway section would be se 
tò »nve, th? spilíuay design flow with 3 feet of freeboard for a 
distance of about 300 feet downstream from the toe of the embankmen 
before the PMF overtops the spillway walls. About 3.8 feet freeboard i 
available within the existing spillway at spillway design discharge. At 
the design discharge of 5,000 cfs (SPF) the depth of flow would range 
from 3.8 feet at spillway crest to 8.3 feet at the down^ea“ enf t r 
transition (Sta. 162+00). Velocities would range from 11 feet per 
second to 31 feet per second. 

(4) Sediment discharge of 52 acre-feet into the channel, after the 
debris basin capacity is exceeded, would occur during the receeding limb 
of the hydrograph. This amount of sediment discharging into the channel 
would not significantly affect the wall height that is designed to 
convey the SPF peak discharge. A comprehensive sediment inflow-outflow 
analysis would be conducted during the detailed design stage of the 

project. 

b. Channel. An entrenched rectangular concrete-lined channel, see 
ois F-11 to F-14), with base width ranging from 20 feet to 24 feet and 
wall heights ranging from 8.0 feet to 13 feet would extend 2.9 miles 
from the debris basin spillway structure to its terminus at Temescal 
Canyon. The channel would be designed to convey the SPF design 
discharge of 5,000 cfs to 9,200 cfs. Depths of flow would vary from 6 2 
feet to 9.7 feet. Flow velocities would vary from 35 feet per second to 

45 feet per second. 

c Confluence structures would be provided at the junction with t.ie 
future Lincoln Diversion channel, to be constructed by local interests, 
and at the existing confluence with Mangular channel. 

d. Between Sta. 46+00 and Sta. 33+00 would be 1300 feet of covered 
channel. The 24 feet width reinforced concrete box section is designed 
to convey the SPF peak discharge flow in opening channel condition with 
a 2 foot minim’im freeboard. Reference was made to ETl 1110-2-2 b, 
EM 1110-2-2902 and EM 1110-2-1410 that would pertain to the design cf 
conduits, culverts and pipes. 

6. PRADO AND MENTONE DAM RESERVOIR. 

a. General. Enlarging Prado Dam and Reservoir to control the 
standard project flood with maximum release of 30,000 cubic feet per 
second and with a dam near Mentone and East Highlands would require the 
acquisition of about 1,670 acres between elevations 556 and 5bb. 



S0 ^ 
theoretical analysis for the outlet works and the spillway. 

p. The main features of the proposed plan for Prado Dam and 
Reservoir consist of the following. 

(1) Raise Prado Dam 30 feet to elevation 596. (See plate F-16.) 

(2) Construct new outlet works to more than double the existing 
outlet capacity. (See plates F-19 and F-20.) 

(3) Raise and widen the spillway. (See plates F-17 and F 21.) 

(4) construct a containing levee on the south side £ 

reservoir a “rvl^ rid on 

thrto" a “vetted face on P:i side slopes, and would he a little more 

than 2 miles long. 

Construct ring levees to protect the Corona wastewater 
treaLnt pîant and the Alcoa Aluminum Plant on Rincon Street in Corona. 

(6) Modify the interchange between the Riverside Freeway and State 

Highway Route 71. 

(7) Develop a recreational system consisting of an information 
center an overlook area, wildlife areas, camping areas, a trailer camp, 
pX' <tey-013. areas, three fishing Iskes, picnic areas, agricultural 
buffer zones, and recreational trails. 

c. The Prado Dam spillway design flood routing based f * 
reservoir net capacity, the spillway discharge curve, and 15,000 cfs 
maximum flow passing through each of design (PMF) 
startina water-surface elevation for the spillway design 
need routing Is the elevation in .re3e,;',oi'lorn1V5ll8<la0y%¿ft nl 
beginning of the standard project flood, elevation 548 0 feet The 
resulting maximum water-surface elevation would * fi/9 f'1' ““ 
the corresponding peak spillway outflow would be 575,000 cfs. Thus, 
the peak inflow of 700,000 cfs would be reduced to a °0utlet 
of 605,000 cfs including that through the two 25 
conduits. The time-inflow-outflow reservoir water-surface relationships 
for the spillway design-flood routing are shown on plate C-1. 

d. The spillway discharge curve was computed by using variable 
discharge coefficient in the formula: Q = CLH^ wher.L'isth 
crest length in feet and 'H' the head measured between spillway crest 
elevation and reservoir water-surface levee. The discharge coefficient 
was obtained from hydraulic design criteria sheet 122-1, low ogee crest 
with approach depth effects. 

C-8 



P Outlet works. The preliminary structural evaluation requires 
works to be relocated and the present conduit 

This was done for several reasons. With increased weight of 

L Enlarged ™bank»ent, failure of th» “dndd““o“0',thebepresent 
possiblllLy If to Vitó u^e w,Ptb the 

“"íelsed «ater aurface elevationa, thua „eceaaltatlng the 

from having to operate two separate control towers. 

r. The Mentone damalte ia located in the upper 3w Bc™«r<llno 
vane. Just do«natrea» f™. the Santa Slver^a Junction «1^ 

Reservoir he^ collect fioodwa'ters fro. Big Bear Lake, the upper 
sãnta dna Tver, Mill Cask, and Plunge Creek. The «aters would be 
deulnüi t or 5 'days until the high water level « frad. h 
passed and would then be released slowly untllthe r tl 
emptied. Mentone Dam would be a horseshoe-shaped earthflll dam restl g 

on a broad gravel bed area. 

, Construction of Mentone Dam would be combined with the 
imprimen? arà extension of the Mill Creek Levee. The existing evee 
would be raised an average of 6 feet. In addition, tne meeuou, ^ 
extended downstream by 1.2 miles and would terminate In “»tone 
Reser«oir area. The raising and lengthening of the «ill Creek Levee 
would prevent floodflows up to and including the sUndard P^Ject 
from breaking out of Mill Creek and by passing the dam. The -ev®e 
not designed* to contain the probable maximum flood. Because of the 

large debris load carried b, the .f?“ leîee 
Santa Ana River. 10 feet of freeboard was added to the Mill Creek ie ee 
extension Zrlng a probable maximum flood event, floodflows in all 
probability, would brikout of Mill Creek where the levee begins and 

bypass the dam. 

h. A groin-field will be constructed in conjunction with the Mill 
rrppk Levee extension. The groin field will serve two purposes. The 
first is to prevent floodflow from the Santa Ana River from direc y 
impinging ^ the levee. The second is to direct floodflows and the 
Xis that the, carry further awa, from the spillway approach area to 
prevent any potential blockage of the spillway. There are 8 8™ins 
ranging in length from 1600 ft to 2800 ft. The spacing and alignment of 
Z groins were set so that impinging flows would have to cross at leas 
2 groins before reaching the levee. The length of the 
to direct the floodflows and debris from smaller flood events to form a 
channel along the tips of the groins, keeping the flows from impinging 
oí the levee and carrying debris away from the spillway aP^jeh. '■or 
Targe fl^d events, (those approaching the 100-year flood) flows w 11 
breakout of existing natural low flow channels and spread out over he 
entire alluvial fan. Debris carried by the larger events would be 
spread out over the entire fan, with a large portion being carried into lie reservoir area. The design of the Mill Creek Levee extension and 
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the grotn riet, are 
levee and blockage cf the api l Ï^J on alluvial fana, 
unknowns involving floodflow finalize the 
further studies will be required in the next stuay p 

design. 

1. The reservoir would control ‘¡J» ^„“'ríe 
spillway would pass the maximum pro a e elevation 
about ?43 feet above the streambed. Top of dam would ^ of the 

,,573.5. Spillway crest bef."da. and reservoir are 
4 300 acres required for rights-or way io tlBt WOuld 
currently owned by various governmental newsies. T t 
be designed to control a maximum release of b.uuu 
second. (See plates F-7 and F-8.) 

. Tne Mentone Dam spillway design-flood routing was ba»«i on the 

reservoir net capacity, the spillway “7^ut olu«- ^ 
outflow discharging through the ^'1 floJ routing 
starting water-surface elevation for the spillway of the 
is the elevation in the reservoir ve resulting maximum 
standard project flood, U1'»“110" J-5“',2'' t añd the corresponding peak water-surface elevation would be 1 6 .6 ee nd ^^co^^P ^ ^ ^ 
spillway outflow would be 254,000 cis. in s, h 
cfs would be reduced to a combined outflow of 25u9'000 °f3;. 3,“ 
iino^-outflow reservoir 4"^ d ^ “ a 
design-flood routing are shown on piat® C-2. _ The spillway 
curve was developed same as in the Prado Dam design. 

k. The Mentone Reservoir would have an 
capacity of 188,000 acre-feet for flood control including 37,000 
feet for debris storage. Plate C-3 shows the area-capacity curve. 

1 Construction of the reservoir near Mentone would allow a 
, ;■ r nhnuíN 500 acres at Prado Reservoir. Mentone Dam would 

aîso provide standard’project flood protection to the reach of the Santa 
Ana River from Mentone Dam to Prado Reservoir. 

m snillwav Outlet Structure. The plan would consist of:_ (D^ 
concréte J¿ransition, going froT rectangular to » 

o00 feef 0f grouted stone section with grouted stone apron, 
3? ’ tn if feet- and (3) 100 feet of dump stone section with 
sloping o i stone section and sloping 

ZZ- ¿ Tfe.“ ?hick aid would conniat of derrick stone » 
p . a ofnnp urao around would be provided on the embankment at the 
LT^rrrZnst enaction. The toe of the w-P-around would 

be about 15 feet below the present streambed. The outlet str 
terminal velocity would be about 47 feet per second. 
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appendix d 
SANTA ANA RIVER IMPROVOffiNT 
geology, materials and soils 

I. INTRODUCTION 

Purpose and Scope 

! oi Limited geologic, soils andd^tributlon^^hysical properties 
conducted to determine proposed Mentone Dam, Prado Dam 
of the rock and soils at the site of tne P v ^ Ana River, 
modifications and channel l^P The preitminary investigations 
Santiago Creek and ^ fo^tiôn on the foundation condit^"s’ 
were conducted to obtai d water conditions in order to provide 
construction Mterials andgrouni v«t al de3l of the proposed 
technical basis for the phase I 1«*^ ^ ^ ln ,,,,, and updated In 

improvements. Th®, or^^ribe3 the geotechnical explorations, testing, 
1980. This appendix de3CJid Dreliminary design values, foundation 
seismicity, foundation condition construction considerations. For 
treatments, embankment sections, ana ^ ln the absence of 
this study conservative a35U“ptio"ShflJ lnfluenoe the design of a safe 
sufficient, detailed ^^r^^nceotual worsï case for Metnone Dam was 
structure. In this context, a concept rati0 determination. 
included as a comparative test for th b aa an Upper limit whioh 
As a result the associated cost esti detailed investigations and 
„ay be modified ln t„e hasle of design used in this 
studies would be conducted to verliï 
appendix. 

Description of Project Features 

1.02 The proposed project £ Te^isting îrado^! 
Dam and appurtenant 3t!'u<;tU^®®’ ts Oak Street Drain improvements a..J 
Santa Ana River channel iaprovement , Otó urea are disCU3sed in some 

rÄffroÄiro'n eich feature. 



II. PRADO DAM 

Project Description 

2.01 For complete deecrlptlon of the 

Generally the proposed .—.Lt flood with a maximum release 

» eÄet ^ »c”ond 

rjs6:? rÄirr - - » 
follows: 

a. Raise Prado Da. 30 or 13 feet to elevation 596 or 609, 

respectively. (See plate D-23.) 

h. Stabilise the upstream toe foundation area for dynamic loading 

see plate D-23). 

c. Construct a new outlet works to more than double the existing 

lutlet capacity. 

d. Raise and widen the spillway. 

e. Construct a containin® 'J* “ailroadf* The topP of the 
eservoir aPpr0XJma,el^Mao1°n|96 or 609. The levee would have a service 
evee would be at elevation 59 alones of IV on 3H upstreao and 
oad on top, revetted upstream and side slopes or .v 
V on 2.5H downstream. 

orona. 

g. Modify the interchange between the Riverside Freeway and State 

ighway Route 71. 

h. Develop a recreational system -ns^lng of 

enter, an overlook ‘"''“’ ^'’fi^^'akes, plonlo areas, agricultural 
ark-*, day-use areas, three risning xanco, y 
uffer zones, and recreational trails. 

Geology 

2*02 Host of the geologic lnfor~‘l<>n ^ 

í“U.esUptlon» ln of9tne 
for possible spillway modification, and i mj investigations 
additional studies of the da. and lts forIatlons, and 
consisted of (O mapping the and extent of the 

1 simplified map of the regional geology Is 

D-3 
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. niatp n n* site «eology is presented on plate and a more 
Ä'^soripuon is ava^^le on CaXlfornia State Ol.ision 

of Hines Geologic Map of California-Santa Ana Sheet, 19Co. 

REGIONAL GEOLOGY 

2 03 Prado Dam is located at the tip of the ohino HU13 
thecas tern Puente Hllla, In the head of Santa ^ ““ 

ïïiÂ iÂÆ\henurfoprtir. ^ sed.Tt, 

r r = H margin, and the Chino fault zone, wnicn ^ apg 
n«i < pf ft#* th« reaion occurred during the past ¿ tu j r^>7r de^t, “^rrd 

SFdSr. r ian“t7utfrt3 of^uen^r» 
faults and the northeast southwest normal to the main faul . 

SITE GEOLOGY 

2.0U Prado Dam, spillwy an^^ 
Puente fonaatlon etpone In ^ roundatlon is 
portion of the dam, which member known a3 the Sycamore Canyon, 
o^posed of.th.. for«tlo. by ^ rrlable aandstones 

I „ith brown very fine eandatones, oonglomeratea, and 

îî^rc-nt™ ; fn^p'lao“^ 

Ssr = 
, _or.ai-p ipnses are numerous In the hills adjacent to the 

>;“• f^IT Zt dbo.^ aarkedly under the dam and spillway. The right abutment, hut decrease mar , granites and Ktamorphlos 
clasts are well routed PJ»1“ ^ J Bernardino HounUins to 
derived fro. ^ sandstones and slltstones are 

T.Í; h,!5 to ^r.nd V.” content. The hro-n coloring Is due 
if*, clay motril that has bound together the larger silt and sand 
to a Clay slltstones are less permeable than the 
grains. ^ rate9 Under the dam, the sediments strike near 
^.^"itTtTCtnd dip 65 to 70 degrees upstream. This attitude 
f, Arable U that the lower p.rm»blllt, slltstone layers for. 

barriers to water seepage through the bedrock. 

D-4 
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HMMP wfm 

alluvium 

?-°5 

ä ä™Ä ’ri" «“ rS adjacent to the 8^^^^ ^ gravels an(J irregular bodies 

TPm boulders well over 12 inches in diameter are common. The sands 
3înose and extremely permeable and the silts are generally dense and 

tight. Recent alluvium is present in the hes. 

nhrt r therVdamr th^alluvium reaches a maximum thickness of about 80 feet 
r^onAr’of^nd1: and gravels with soBe silts and clays. The 
materials generally become coarser with depth. 

Seismicity 

0 nA Parthouakes in California have been frequent and occasionally 

Andreas faualt, Southam California^. .Uçjj 
by other major northwest-southeast trending fau s su -mailer 

Whittier-Elsinore, and Newport-Inglewood. Innumerable smaller 
faults ixfst aL^them, most of which are considerably less active or 

apparently not active. 

5 o? The Whittier-Elsinore fault passes about 2 miles south of Prado 
2.07 The Whittier abQut a nile east of the dam is a fault 

DWn d th^SChino fault which forms the eastern toe of the Puente Hills 
tô he north^and Jolh. the Whittier-Elsinore faelt sooth of he 
d mth An even smaller fault is the Aliso Canyon, which trends P»raU«l 
d^h nie Whittier fault crossing the Santa Ana River about one-half mile with the Whittier tauiL cross » branches from the 

Whittier^faiü'fanf fol^ís Ana Canyon east to merge with the 
AlisfCanyon fault south of Prado Dam. Faulting under the existing and 
modified dam and its appurtenance are currently being studied. 

2.08 Prado Dam is located in a highly seismic area and future 

farît-gUakeTo ^te ^thf^strwíges^shock Experienced by the dam was the 
mfs¡n Fernando’event. Between 1910 and 1974, 13 events of magnitudes 

rirïLrsoïhd * 
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magnitude 6+ earthquake occurs on the San Jacinto every 5 to 20 years 
and the fault is believed to be capable of generating a magnitude 7+ 
earthquake. Regional design earthquakes for the evaluation of the 
foundation and design of the modification to Prado Dam will be selected 
based on a magnitude 7+ on the San Jacinto, or 8+ on the San Andreas 
fault. Estimates of maximum ground acceleration occurring at Prado Dam 
from the events would be 0.25 g on the San Jacinto and 0.30g on the San 
Andreas. 

2.09 A study was initiated (FY 80) to locate and determine the recency 
and magnitude of faulting along the Chino Fault system immediately east 
of Prado Dam. The recency and magnitude of faulting will be used in 
determination of the parameters for a local design earthquake to 
evaluate the dynamic stability of the embankment modification and 
foundation. 

2.10 The possibility of an earthquake being generated by impoundment of 
water in Prado Reservoir has been considered. At the present state of 
the art, little is known on whether earthquakes occurring near a 
reservoir might be caused by increased fluid pressure, by crustal 
loading, or by both. It is known, however, that quakes have been 
reported in association with the filling of some reservoirs, and that 
damaging earthquakes of relatively large magnitudes have occurred mostly 
near large reservoirs. A large reservoir is defined as one with a 
volume of at least one million acre-feet, usually impounded behind a dam 
300 feet or greater in height. Reservoirs that experienced earthquakes 
generally did so over a period of months as the reservoir filled, with 
the greatest tremor occurring about the time the reservoir was full to 
possibly 2 years later. Because Prado Dam is considerably less th.-r 
300 feet high and has a reservoir capacity of less than 225,000 acre- 
feet and relatively short pool storage duration, a major earthquake 
produced by the reservoir filling is unlikely. Should the reservoir 
become full, it would be drained as soon as practicable, thereby 
reducing the effect of the water on the foundation of the reservoir. 

2.11 Because both Prado Dam and the site of the proposed Mentone Dam 
are located in an area of high seismicity traversed by active major 
faults, a board of eminent consultants in the fields of seismology and 
earthquake engineering was selected to advise to Los Angeles District. 
The board advised the Corps regarding the technical feasibility of the 
proposed concepts for design and construction of a flood ontrol dam at 
the Mentone site and for modification of the existing Prado Dam. The 
Board of Consultants consisting of: Dr. Bruce A. Bolt, Professor of 
Seismology, University of California, Berkeley; Dr. Nathan M. Newmark, 
Professor of Civil Engineering, University of Illinois; and Dr. H. 
Bolton Seed, Professor of Civil Engineering, University of California, 
Berkeley, was convened in December 1973 to review available information 
conditions in the area of the Mentone Dam the Board of Consultants 
recoMwnded that the seismic safety of Prado Dam and its appurtenant 
works be reviewed for earthquake motions associated with the Whittier 
and Chino fault systems as well as those associated with the San Jacinto 
and San Andreas fault systems. This recommendation led to the 
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inveatiítations of the dam to review the results of the investigations 
thlt had been made at both Prado Dam and the Mentone site subsequent to 
the December 1973 meeting. During this period following the December 

meeting Dr. Clarence R. Allen, Professor of Geology and 
Geor.ivsics California Institute of Technology, was added to the 
board The board's findings on the design concepts for both Prado Dam 
and the oroDosed Mentone Dam are presented in appropriate sections of 
this Appendix i**0 The" formal reports of the board for both the December 
1973 and January 1975 meetings are also included as attachments to th 
appendix. 

Construction Data of Existing Embankment 

GENERAL 

? 1? ThP embankment is a rolled earthfill structure with a maximum tlL oî ,06 feet above atreambed and a total volume of 3,900,000 oublo 
yards The dam is composed of four zones: (O a relatively thin 
upstream pervious zone, (2) an upstream random zone, (3) a central 
imnervintiq core and (4) a downstream pervious zone. Conservative 
downstream slopes were used to utilize the large volume of materials 
from the required spillway excavation. Underseepage ® 
steel sheet pile cutoff driven to refusal along the bedrcck profile at 

the center of the dam. 

FOUNDATION TREATMENT 

2.13 During foundation atrlpplng, layara of allt and Olay «ere 
encountered, varying In thlokneaa from a fraction of an ^ to 1* 
monea. Aa atrlpplng progreased, thicker “,r' “n0°“".fíed IZ- 
the left abutment, which required deeper excavation than apeolfled over 
a large area. Thi area required an excavation acme 20 feet deeper than 
the exploratlon trench (elev. 448). It extended fro. beneath the 
uostream toe to approximately 240 feet downstream from the axis and was 
limited*between etatlona ,6.75 and 22.00 
streambed areas underneath the embankment extended ^ el®'ati°" Ju¬ 
píate D-16 shows the extent of stripping and the depth of sneet pile 
along the axis of the dam. 

EMBANKMENT MATERIALS 

2 14 Materials used for the core zone were obtained from a borrow area 
^stream frei the left abutment. The materials are well graced sandy 
clays and sandy silts. Pervious materials, obtained from the spillway 
excavation^are well-graded gravelly silty sands. Random materials, 
obtained from other required excavations and a de8i^“ted t>0rh7'' 
northeast of the spillway, fall between «rading“f ofthftthev 
materials. Plate D-17 shows average gradations of the various 
embankment materials and plates D-18 and D-19 are plasticitychartsfor 
the random and core zones. A summary of the compaotive effort for each 
zone and the compaction results obtained from construction records are 
presented in Table I. 
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Table I 

Embankment Compaction and Density 

Zone Material Compactive effort 

1 Ü.S. pervious 4 passes of 
drum roller 

2 Random 

3 Core 

8 passes of 
sheepsfoot 

9 passes of 
sheepsfoot 

D.S. pervious 4-6 passes of 
drum roller 

Average dry 
density (pcf) 

130.1 

124.5 

118.6 

127.4 

Average 
moisture (H) 

9.3 

10.9 

12.9 

9.8 

All materials were placed in 6-inch layers, before compaction. 

EMBANKMENT CONSTRUCTION 

2 15 The embankment was constructed in three phases to facUitate 

diversion*of water. The initial phase was the 
two-thirds of embankment length from station 8+00 (pi. ® ' 
abutment up to elevation 525. After completion of the °“tlet 
second phase or closure section was constructed the ^ 
phase top elevation. During the second phase the 
incorporated in the upstream portion of the embankment. T P 
completed the embankment construction. 

Recent Investigation 

GENERAL 

2 16 After it was determined in 1969 that the spillway sise mas 

Inadequate, prellen«, field S-S WO tu 

February * 19^^°8 Hurl»* '972. «plorationa »ere ^“Uted J;0 
preliminary foundation date necessary for the^modification of the 
embankment. These investigations disclosed the eed 

of the foundation to address its response when subjected to 
«Iliüi^ load^ngh c<mditionS. Subsequent investigations were conducted 

r ^ÄTebÄ5^ 
irr fi 
No field studies have yet been conducted for the outlet 

modifications. 
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SPILLWAY 

2 17 Explorations »ere oriented t0“a^ the “^'J^Vplllway through the 
exlstlngP spilluay or ^ on. 4-lnoh dieter 
hills immediately »est fMt upstream from the existí"« 
core holes »ere drilled along a Un refractlve s,iamlc surveys and 
spillway crest. In the core holes and on the terrace to 
baokhoe trenches »ere made bet“een made on selected cores from 
the east. Once,.fined 00"^”!‘0n llluay slte. one 4-lnoh diameter hole 
the borings. At ^“’^^Tined in the crest area, and the 
and one 6-inch diameter h°le “ere he 00re holes are shown on plate 
local region »as mapped. Logs ol 

D-21. 

embankment and foundation 

2.18 Forty-two holes, TC THTmV ZoZjt 
(TH72-1 through 15) and 9J Th 1972 investigation focused on ilth a bucket-type P^.^datS upstream from the dam toe. The 
embankment materials and ^unfd ndatl0n upstream and downstream from 
1975 investigation exPlore UDStream berm, and through the downstream 
the dam toes, through the upatream wn , conducted, and disturbed 

toe. m «U ^‘”^10.1 ““ “ 
th/usl hoîe's in loose tones and belo» water table. 

2.19 Thirty-nine holes, 5-lnohes in ^“et"j1™r"nier three separate 
1975, and 1976, with a f^aed on obtaining undisturbed 
contracts. These inve3 ® nd standard penetration test data, 
samples 3 inches fndiajst«-^ The investigations are summarized 
Drilling mud was used in atx oorxiiö 
in Table II. 

Table II 

Drilling Contracts 

Period of Exploration 

July - August 1974 

March - May 1975 

October 1975 - January 1976 

Test Hole No. 

9F - I6F 

17F - 35F 

37F - 48F 

:.20 The July 1974 investigation ^ the^d“« toe 
i amples of foundation ial classification. The March 1975 
•or density determination and materi * undisturbed samples for 

.“-ÄSÄ ÄÄh - - t 
¿'Z SÂÆïï ^.th-"g — — th* 
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standard penetration tests were conducted when undisturbed sampling was 
not attempted. The October 1975 investigation was for the purpose of 
supplementing the standard penetration test data of the foundation 
beneath the central portion of the dam and for obtaining undisturbed 
samples at selected intervals to determine the Jensity. 

2.21 All undisturbed samples taken were 3 inches in diameter. Samples 
taken for density determination were obtained by a Hvorslev fixed piston 
sampler or Pitcher sampler; test samples for dynamic testing were 
obtained by an Osterberg piston sampler or a Pitcher sampler. In 
general, the Pitcher sampler was used to sample compacted embankment 
■ateríais, foundation materials below depths of about 30 feet, or 
materials containing gravel. Hydraulic pressure was used to push the 
samplers, and the average drive pressure for each half-foot of advance 

was noted, to have a record of the driving resistance. 

2.22 Geophysical investigations, consisting of surface-refraction 
seismic and crosshole surveys, were conducted during April 1979. Cross¬ 
hole surveys were *ide at eight locations from which preliminary P and 
S-wave velocities were determined. Surface refractive surveys were 
conducted at seven locations, including a line about a mile east of the 
dam. in an a.tempt to locate the Chino fault. Plate D-20 shows a plan 
of the seis vie investigation. The results of the geophysical 
investigation are presented in US Army Engineer Waterways Experimen 

Station, Miscellaneous Paper 5-75-6, dated June 1975. 

Results of Investigations 

GENERAL 

2.23 The results of the foundation and embankment investigation are 
presented in detail in the report titled "Prado Foundation Analysis, 
dated July 1976. The following describes the information gained from 
the foundation and embankment explorations, the laboratory and field 

testing, and the geophysical surveys. 

SPILLWAY 

2.29 Most of the spillway is founded on bedrock consisting of sandstone 
strata with some siltstone and conglomérat interbeds. In the approach 
channel, irregular thicknesses of older alluvium overlie the bedrock. 
The alluvium becomes even thicker under the terrace to the east. The 
alluvium generally consists of silts overlying loose sand and gravel 
with occasional cobbles to 12-inch diameter. The sandstones and 
conglomerates range from fine to coarse grained and are weakly to 
moderately well cemented. Generally, they are moderately hard when dry, 
but lose coherency and soften when wet. The siltstones comprise less 
than 50 percent of the straU around the spillway crest. They are 
relatively hard when dry and do not significantly lose coherency when 
wet. Unoonfined compression tests on five sandstone and siltstone core 
samples indicated the sandstone had strengths ranging from 1.00 to 
3.17 tons per square foot and the siltstones 19.9 to 19.5 tons pe 
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* 4. TV,» aiiYiHarv aoillway would be founded on weakly cemented 
sandstone^ with harder siUston,, In the lower half of the 
allneraent. No teste were nade on the core samples, but v1™® 
!w«tlon indicated the sandstcnes in the crest area are weaker than 

those in the existing spillways 

EMBANKMENT FOUNDATION 

2.25 The investigations revealed the presence ^ ’"„The 

ground bsurfaoe.e This layer is approximately 10 feet thick and underlies 
grouna suna lin<.tream half of the dam. The comprehansive field and 

laboratory°study,^iVpresented in the report titled "Prado Foundation 
i 4 n Haí-pfi luiv 1976 Evaluation of the field and laboratory data 

obtained ' to'date Cicates’ that^the layer of sand is «eismically stable 
under normal operating condition. However, should the dam be^isedin 
height, the foundation conditions would be reanaiyzed. in ^ 

’ fuidevair.tc^ 
currently being conducted as part of the Prado Interim ProjectReportto 
evaluate7 the stability of the foundation material under the larger 
embankment (maximum) section being considered within this report. Any 
interim construction at Prado Dam will be structurally compatible with 
the overall Santa Ana River Project. Remedial construction aay 
carried out independently of this study and be initiated as soon 

practicable. 

EMBANKMENT 

2 26 The results of recent investigations, and particularly the 
available^6 construction control data, indicate that the existing 
embankment materials are dense and „.tl, ccars. *r^«l. Jb»« 
materials would yield minimal post construction settlement resulting 
from the load of the additional fill required for proposed 
modifications. 

OUTLET WORKS 

2 27 Although no exploration has been conducted, it is anticipated the 
outlet works*would be excavated through sandstone and siltstone bedrock 
similarité that exposed In the spillway. These materials, though 
relatively soft, are competent and appear to be unbroken by faulting. 

BORROW AREAS 

2 28 Materials suitable for the enlargement of Prado Dam end for any 
required ^foundation modification would be available ln »ufflolent 
quantity within the reservoir area east of the spillway, see plat , 
and from required excavation from widening the spillway. 

D-11 



Technical Feasibility 

EMBANKMENT FOUNDATION 

2.M The Itduefiottoo poWrtUl of ll 

D.23. Correctlee «..uree ““ abátante proelde 

l^'lTnV^ 0%it?£l£ the proposed ^tr.oattohs. 

EMBANKMENT MODIFICATIONS 

2.30 The preposed aodifiCat^^i^,qaU^t TyW^OO^oTlwToOO cubic 
40 feet. This wuld inTolve Plafc^ ^70OTStre^ face of the 
yards of e«bank*ent »aterial on stripping the crest surface and 
da.. Preparation for fill would InTolve strippir« tne^ ^ exiating daB 

^uîr^cÂed by scarifying, listening, and 

r^SerÆrf “™ptual section of the proposed 

émargeant is shown on plate D-23. 

SPILLWAY MODIFICATIONS 

2.3, in ,969. It w»s 
atom flood of greater th". %P) .„.id be about 700,000 
that pert Inflow fro. a spmww fl<£ ^ of splllwy 

cubic feet per wound “J. ^ ¿he .ilatlig da.. The plan also 
crest was needed to pass thls fl°” tll „ around the right abutment 
considered constructing ^al^e*'n . DoSsibiiity of adding gates to the 
in lieu of the widening^ ^gening the 
existing spillway. However to found the proposed gates 
spillway ^XKd .^/^iineJ^Tshould be located near the existing 
uniformly on bedrock, the al r*»r -ouare-foot loading should be 
crest. Oates designed for a j*" la ~Dianned it would have to be fully 
subl. lf en ^ ‘Ino. the allo«ble 

iSl, îTthU sî^oîl should be no nor. than 2 tons per .guaro 

foot. 

levee 

2.32 Th. roaulta of th. ^ti«^«“* 

o7Äs sJlW ^ rfo^de^.^eŒ^ 
tests, Iw'loat. that th, «t.rl.l. w. nnifomly^ foundatlon 

treatwnt e^lomtlon trench. The proposed 
area and excavation of a -ecticn »ith an internal drain as 
embankment would have a random cross secticn nui a 
shown on plate D-23. 

.ipaMMMPi 
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Board of Consultants 

107* mftatlwr the Board of Consultants stated that 
2.33 At the Jan^ryh^97.5n them at that time did not suggest any major 
the evidence available to them at t would the proposed 
soils, geologic, or se sm feaslble> They recommended further 
modifications to Prado verify this tentative conclusion as 
geologic and geophysica f realistic design earthquake. The 
Sell as to permit the assignment of * riding liquefaction of the 
board stated that the necessi y particular concern, and 
materials underlying the blem A0Uid probably be controlled by 
expressed the opinion that this J^jj^iered, or by appropriate 
remedial measures similar to tho on ded that further 
modlfications of such «aauraa. ^^^llabiUt, of the several 
studies be un,Jertak t the question of the possible brlggerlne 
measures proposed. Elative to 4 impoundinent behind the dam, the 
of earthquakes as a result of water ;mpo t0 be 3toreJ behind 
board indicated that the maximum . P d not appear to be consistent 
Prado Da. and Its short btorw bl» ,“.^1, been triggered by 

reservoirs/^Th*8 completa Crb of the ^ard of Consultant, for the 
January 1975 meeting is presented in attachment No. 2. 

2.34 Soils for the construction J borrow areas for embankment 
from within the reservoir area. PO®® ^ durable aoils with medium 
material are shown on plfe °"2 ‘ characteristics for the 
high shear strength and low . transition zone would be 
construction of the out,r sh,lls *,nd the^trar»!^^^ 

naterial ^00^^^0 those of the existing e.b.nh.ent could 

also be obtained from the basin. 

2.35 Other construction anT^nd^ oí^V^ained 
sources. Concrete aggrega * ^ for stone protection can be 
commercially within a radius. Portland cement is 
obtained from quarries within a ju-miie rau* 
available from plants within a 30-mile radius. 

Construction Materials 
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III. MENTONE DAM 

Project Description 

3.01 The Mentone damsite is located in the upper San Bernardino Valley 
just downstream from the Santa Ana River’s junction with ^ 
(See plate D-24.) The primary function of Mentone Reservoir would be to 
collect floodwaters from Big Bear Lake, the upper Santa Ana River, Mill 
Creek. The waters would be detained 4 or 5 days until the high water- 
level at Prado Reservoir had passed and would then be released slowly 
until the reservoir emptied. 

3 02 Mentone Dam would be a horseshoe-shaped earth and rock fill 
founded on alluviel material,. Conatmotlon of th. d«, «ou d 

be combined with the improvement and strengthening of Creek 
levee. The levee would be lengthened about 1.2 miles, extending the 
levee into the reservoir area. To prevent an accumulation of debris 
near the spillway entrance, the levee is alined to direct floodflows and 
debris into the reservoir and away from the spillway. 

3 03 The dam would rise about 230 feet above the streambed. Top of the 
dam would bfat elevation 1,573.5. Spillway crest would be at elevation 
1 548.5. The Mentone Reservoir would have an estimated gross storage 
capacity of 181,500 acre-feet for flood control including 37,000 acre- 
feet for debris storage. 

3 04 Because of the proximity of the proposed embankment to tie highly 
seismic San Andreas fault and considering the comments by the board of 
Consultants in December 1973 on the foundation materials (see attachment 
No. 1), preliminary investigatons were conducted to expiore the in-sit 
characteristics of the foundation soils in order to establish the 
technical feasibility of the project. 

Topography 

3.05 The upper San Bernardino Valley is 5 to 6 miles wide and is 
surrounded by the high and rugged San Bernardino Mountains on the north 
and eastside, and relatively low Crafton Hills on tbs southeast, and the 
also low "Badlands" on the south. Elevations range from approximately 
1,300 beet at the site, to 11,502 feet on San Gorgonio Mountain 18 miles 
east, and to 3,543 feet on Zanja Peak in the Crafton Hills. The 
proposed embankment would span the westerly flowing Santa Ana River near 
the river's Junction with Plunge Creek and Mill Creek; ^ 
the San Bernardino Mountains. The Santa Ana Wash is about 1 mile wide 
at the damsite and has a gradient of about 100 feet per mile. The 
present channel is located on the south side of the wash, an area with 
many boulders, and has a cut bank 15 to 30 feet high. The remainder of 
the wash is covered with about 1/2 foot of soil and well established 
brush. Because the embankment would be totally on the flood plain, the 
abutment slopes would be long and gentle. The right abutment would be 
founded on terrace of older alluvium between the river wash and the 
mountain toe, which slopes about 70 feet per 1,000 feet. The le 
abutment would extend upstream from the left side of the spillway. 
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Geology 

REGIONAL GEOLOGY 

3.06 The region le cowoeed basioelly f\\ñ"L™ártÍño 
Pediments derived fror then. (See plate D-13.) The San Bernaraino 
Mountains are made up of several varieties of Igneous and metamorphic 
rocks; mostly quartz monzonite, quartz, diorlte, and some ® 
ffn^ias all at least 65 million years old (Cretaceous age). The Crafton 
Hills are also composed of these schists and mylonltes and other igneous 
and^m^tMorphlc°rocks over 570 million years old ('re-C-hrian age). 

The Badlands are composed of continental sediments a ou 
old (Pliocene age). Materials eroded from these higher areas have 

lZi:£ rfrÄ Bernardino ,.11., noor The • 
thp «Unta Ana River and Mill Creek at the damsite are the largest ai.d 
moat ^distinct in the valley. The San Bernardino Valley ^ntainssevera^ 

alluvial units of Pliocene to Recent age. The oUest of the3e u 
the consolidated Potato Sandstone located in the Mill Creek * 
Progressively younger, the other units range through older allu^“ “ 

«.d Loh- depoalta around the ,.11«, rl. to ,ounger alluvlua 

^íh rl“r channel deposit, across the .all., floor In general, the 

recent allu,lvia Is underlain b, older alluvial deposits. 

a 07 Slnilar conditions exist In other najor ranges In Southern 
^Hfori £« c«posed of slnilar crstalllne rocks with detritus 

HrÄ-Ä-^u^nrr.r.r-0^ 

units is also similar to those emcocpassing the Mentone damsite. 

SITE GEOLOGY 

o 08 Th* project area contains both crystalline rocks and alluvium 
p;îLrilÏ serrated by the San Andreas fault along the toe of the 
^ a. j ^ / Ä ni of* n The dan would be located no closer than 0.3 T ûth of t£ f£i?a JZ rZTir.ce so that the enbank«nt and 
U, a»^^» to tall, on alluvion. The depth of 
Inurir^uS^the^t. is unknown. In the Hill Creek area between .... 
Craft« Hills and Hentone, well data Indicate bedrock is a little over 

“ n- r 
'ívallabíe daU Indicates the alluvion lies on an Irregular crystalline 

irusr«, ^TrTJ^T^ ÄS 

rlnt«T.,.^ JhU -, b. withered b«rock. was encountered below 
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«.t-n <■ .joi Thp alluvium is made up of two known age 
235 feet in the 350"fo1O(Jfi”ell,Recent alluvium is apparently more than 
groups, recent ana older Re^nt Jlluv1 j Pliocene age 
100 feet deep and is foundation for the left 
alluvium. The ^ the embankment. This alluvium 
abutment and streambed portions ud ted materials, which are 
consists of unw®^dyre aVef A large portion of the material is in 
generally coarse sandy grave 6 dlaoeter with the sand portion 
the cobble and boulder sizes to J^foot ^ ^ ^ iayers of varying 

generally well graded. ,oontinuous small sand lenses and some 
thickness and b ”^" havlng occasional point to point concentrations of cobbles ^ hould.rs^a^gains mtl, fln„ ana the 

contact. “e y g 1 ^ ^ yertloal exp0sares are 
sand lenses tend to be 10« to ■ natural channels. Oravel 
stable »here exposed “ the alt. have near vertical 
pits approximately 2 miles essentlally n0 caving. older 
walls over 100 feet nign, w surface north cf the Santa Ana 
alluvium becomes exposed at the gr abutment. The top of the 
Wash and would be the foundation /°1,‘h* ”“^„teriMd by a Olay 

:rgr;“tr^ 

rr:! «cfhoronsVZd, ä; 
riir:ipCsnedyferÄ 

rifunrrrped^ouï ~ o«ä 

exploration t^oh «T. Ä-“ no^lhe gravel PU. 2 «lies 

downstream. 

GROUNDWATER 
3.0, Groundwater inforsBtion available^i^the^roJeot 

that the groundwater condition „enneability rates, the region is 
coarse, recent alluvium with 6 oontours generally follow the 
highly sensitive to re°ha^®‘ D^25A< Faults and barriers appear to 
ground surface contours ae® plate D 25A. 8uch as the San 

affect them only slightly exceP^ ,atl;elv ateep at the head of the 
Andreas fault. The Mentone barrier. Downstream of the 
Santa Ana Wash of the dam site, the contours 

flatten sUghUy and th"en flatten further into an artesian area caused 

by the San Jacinto fault. 

. fVlo Qniifhern California weather is typical of semi- 
3.10 In general, the Sou^ern reourrence patterns of wet and 
arid regions. There are no definit average precipitation 
doy dyol« or »«06, °' l“h.s .T.«r«Ps 16.54 
per year in Los Angeles is pp .. t year 0f record occurred in the 

5 r 
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only 1.85 Inches of precipitation. One f oT^ÜX'’^ 
during 3 consecutive years 1977-80 with a total oi 

3 years. 

Sr^tJeeU."^.^ 380060h, 360,586 a„C 36006 0 na.e heen 

ZVuL Snoe .838 and the 3 ^7““ “^Â.Ts "«e 
D-25A for locations. * Wreview °f .Lo ?0 ,077 the water table was 
Mila indicate that in the period 93 . ter’of ,938-39, see Plate 

r-T r JrÄ^rlTthe^erS IT«« "an ^ inches of 
D-25D. In early ^ t ...4.1 10 pppt of the ftround surfacey 
rain fell, -ter ^« daia for the«'.ell. »as not 
see Plate D-25B and 250. A1 ugh . . 0ther wells within the 
available beyond June 1980, -jore recent levels ^ °th tQ 
basin indicate the water table peaked in V^y-June n can 
dedined several feet during^the^r J the Mentone sile l3 deeper 

fjm f«t ^for extrcely ».t seasons, the »ater table rise, 

nearly to the ground surface. 

3.,2 Withdraw!, fro. the 

subsidence in tbt »»11®^' Because of the high recharge and light 
about ,0 «lies «est of the site. Be«use or^tne tccordlng t„ 

pimping at the site, subside sstluated to be about 0.02 feet 

'‘•‘•'h.^n W and '956 This subsidence rate »ould pose no zizíJL ^ « «i, 

SEISMICITY 

3.13 A review of the andjei^cUy o^the^ ^egion^shows 

conclusively that the Menton dividing line which separates two 
hazard. The San Andreas fault is a we9t is known as 
■ajor plates of the earth s crus ^ ^Th ^ ^ San Andreas is the 

the Pacific Plate ^ese plates, and others foraing the land areas 
North American Plate- ^ in slowly slipping past and 
on the surface of th along the San Andreas fault is 
towards one another. The P ^ sUp caU3e3 regi0nal 
estimated between 1/2 and 2 inche pe 7 relieved by occasional 
shimr «»I ■^.un or a^lor s.^let«, faults, such 
sudden movements along the _ . an(J ^ Fernando. Movement on 
as the San Jacinto, Aewpoe - ng ’ T j earthquake (estimated 

the Sau »ndr«» ».. ^ ^ Pra"=lM<> 
r*” í; é i a, ?o ,906 In thM. .»eots the ground »as displaced 
(■agnltude 8.3) tM San Pranclsoo earthouake and reported 
approtinately 21 feet during t »ertical dlsplacenent »as 
up to 30 feet Ion« £ FortTeJ«»«*- repture », .bout 200 

sr r i.of^ -riSi-Ti ^ t^-r,r 
. f™. or .n 8. 
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.h1e qnmewhere on the San Andreas every 100 to 200 
earthquake is P°”^le ^ movement along the fault has been more 
years. In the 20th °entury* Callfornia than In the southern reach 
active in northern and centr seigmic activity in this reach has 
that includes San Bernardino. Most seismic^ ^ ^ Jacinto fault> 

occurred along , itS ^0atreS3 0n the San Andreas. Since at least the 
possibly relieving s itude 6+ earthquake has occurred on the San 
turn of the ceiJtu y' . In july 1923 a magnitude 6.3 earthquake 
Jacinto every 5 to 2 y *f ult near Box springs Mountains about 10 
occurred on the San _ite The last significant event on the 
miles southwest of the Men * Borrego Mountain in April 
fault was a /vVaÂ reoeîï years is shown in table III 
1968. The seismicity of the area i only 5 events greater than 

and on plate D-26. rtdius of the site and these were rrr o.n«r.d ^ th. s» »„dr«, 

fault. 

Table III 

Cwnmarv of local earthquakes between 193^ and 1974 

Magnitude 

2.0 to 2.9 
3.0 to 3*9 
4.0 to 4.9 
5.0 to 5.9 
6.0 to 6.9 
7.0+ 

Radius 
from site 
(miles) 

Total number 
within radius 

10 
10 
20 
50 

100 
150 

141 
59 
23 
16 
8 
1 

«■«h «-haï- a malor 8+ earthquake will occur on the 
3.14 it can be e*Pected that oJf the Mentone Dam. The most recent 
San Andreas fault dui'in8 t oOUthern branch located about 0.3 miles 
trace of the fault, which is the 3°^®™ &rancn ¿ moat ukely site of 

beyond the north end of th® ^nta! ground displacements of up to 20 
future rupture devel°Ping expecttd to occur within a few feet of 
feet. Future move“ent Althou!h displacement would be primarily 
the single main trace. vertical displacement of several feet 
horizontal and right lat®^a * branching from the San Andreas fault or 
could also occur. Lesser fauU» br“ hi g^ under the proposed 

subsidiary to it are not Poaibiu^tekrn07ata in which barriers in the 
dam but are inferred from ground ^ dissect the valley floor 
older, deeper alluvium have forme . San Andreas and near normal 
in two general directions, ^ Qf the fault3 appear t0 underlie 
to it, (see plate D-25.) fauitina there is a real possibility, 
the damsite, the exiatence ttvely iow at the site during the past 
Since seismicity has been comPara *lpter fauita are known to extend 
7 000 to 10,000 years, none of the splinter iam», 
into the recent alluvium overlying them. 
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3.15 The possibility of an earthquake being generated by temporary 
impoundment of water in the Mento»e Reservoir has been considered. In 
the present state-of-the-art, little is known whether earthquakes 
occurring near a reservoir might be caused by increased fluid pressure, 
by crustal loading, or by both. It is known that quakes have been 
reported in association with the filling of some smaller reservoirs and 
lower dams. However, the damaging earthquakes of relatively large 
magnitudes have occurred near large reservoirs. A large reservoir is 
defined as one with a volume of at least 1,000,000 acre-feet, usually 
impounded behind a dam 300 feet or greater in height. Those reservoirs 
that have experienced earthquakes generally did so over a period of 
months as the reservoir filled, with the greatest tremors occurring 
about the time the reservoir was full to possibly 2 years later. 
Because Mentone Dam would be a flood control structure with a reservoir 
capacity of only 181,500 acre-feet, it is unlikely that a major 
earthquake would be produced by the reservoir filling. Also, should the 
reservoir become full, current plans are to drain it in about a month's 
time, thereby quickly reducing the effect of the water on the 
reservoir's foundation. 

Investigations 

GENERAL 

3.16 The field investigations for this feasibility report consisted of 
foundation explorations and geophysical surveys. The following describes 
the type and extent of the investigations. 

FOUNDATION INVESTIGATIONS 

3.17 Preliminary reconnaissance at the project site and review of 
investigations by others disclosed a large excavation for concrete 
aggregate in the streambed of the Santa Ana River downstream from the 
proposed dam site. The excavation is several acres in area and 
approximately 100 feet deep. The materials appear to be uniformly dense 
and stand nearly vertical for the entire depth of the excavation. Logs 
of the three observation wells, drilled by others in 1974, to depths 
ranging from 240 to 350 feet, disclosed that the streambed alluvium is 
very pervious and extends to variable depths of at least 240 feet. A 
review of a report by others of a materials investigation in the 
streambed near the foundation of the proposed dam showed that two pits 
excavated in November 1973 by clam shell, to depths of 30 to 80 feet, 
encountered recent alluvium classifying mostly as sandy gravel with 
large amounts of cobbles and boulders. 

3.18 Based on the visual observations made possible by these large- 
scale excavations and on the well data, it was decided to limit the 
scope of this phase I level investigation to determining the gradation, 
in-place density, relative compaction, and specific gravity of the upper 
50 feet of the foundation. It was tentatively assumed that the material 
below the 50-foot depth would be as dense or denser based on the 
knowledge of their deposition. Later, when sand lenses were exposed in 
the trench excavations, additional studies were made to determine the 
extent, gradation, and density of the sand lenses. 
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Field end Laboratory Testa, Streamed Alluvia. 

3 19 To determine the 8rada“onba"ie1nnt'P^Ce\vat"ÔnVuere,Mde1în May 
i ’foundation of the the atreambed For 

and June 1974 at three mprea.ntatlve lo 3 lrenoh,», TT-1 thrown 
this feasibility study It uas apart alone th, allnement would 
TT-3, excavated approximate y tvoes of materials on which he 
S adequate to sufflclnntl, °the district', experlunoe 
embankment would be founded‘ ^11uvtal Cones, at the base of the ¿an 
that the materials Mit^ln J tlVeiy consistent in terms of 88°10¾ 
Bernardino Mountains are rela t atlflcation and range in material 
depositional envirorvmentsoil t “ Exploration and plates D-28 
gradations. See plate D-27 ^the na ^ ^ flr8t by excavating 

through D-30 for 30i'L f^3*deDth"with a D-9 dozer. Large-scale in-p ace 
to approximately a 25^0°1 depth wl 5_foot depth lnorements. A 

density test were cond,Jc^e^ d „ in diameter, was used to obtaJ" ^ 
steel ring, 8 inches hi8h materials. Materials were excavated to 
place densities of the all . _ xlmateiy i 270 pounds of material wer 

rraluToo^f bhÆdlplc was obbalnad for .ach Lab 

determine the in-place dry density. 
^ «vw»n below the bottom of each 

3.20 A shaft was excavated y c ^ t;.f0ot depth increments in 
trench to a final depth °f ab°^ 50 f * wa3 installed, equipment and 
each shaft, an 8-foot ¿l***^™*^ an in..place density test was 
personnel lowered into the sh , densities were the same as 
taken. The equipment and methT0hde Average diameter of the shafts was 
those described previously. The averag 
about 12 feet. 

3.21 The minus 6-inch ^“accordance^witHh^State 
was used to determine the “fX t dReaources (CDW), maximum vibrab®d 
of California Depart««it of «.‘«r 6_lnoh Mt,rl.l ms removí 
density test .ethod. In this t t th P^ Belght of plus 3 to .Inus 
from the sample and repla -„„mvlmately 500 pounds ms placed in 
6-lnch material. A sample OPP calculated amount of water to 
27-inoh-dlameter by 30-lnoh-hlgh moM. A piac,Mnt, the surface 
almost saturate the sample “aa l0r to placln* a 2-pal 
leveled, and a aurfaea at approximately 6,000 *16rations 
surcharge. The "dd was then *ibr t d^ PPloltnaa3 «„ measured before 
per minute for exactly 15 minutes, cr 
and after the test. 

3,22 A few tests -ere also 
method on minus 3-lnoh material t d.naUy teat using the suos 
results of the test to the 3tBniar“ f eaoh field density test was 
materials. The minus 3-lnoh ^ ^nlM1 density In aooordar.oe 
used for deteminatlon of the maxim J Solis Testing, using the 
with Appendix H1' for E^iP”« a4 3,600 coles per minute 
0.5 cubic-foot mold, vibrated ror & 
with a 26 psi surcharge. 
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'.23 During the excavation of the trenches and shafts, the inspector 
visually classified the materials encountered and collected disturbed 
samples for laboratory classification tests. All materials from in- 
place density tests were graded and classified. The total sample of 
minus 6-inch material was graded using large vibrating screens. 

Field and Laboratory Tests, Sand Lenses 

3.24 When the exposed materials on the sides of the three trenches were 
examined, it was disclosed that several discontinuous lenses of clean, 
relatively loose sands existed. It was decided to increase the 
investigation to include the determination of in-place density, relative 
density, gradation, moisture content, and the extent of these layers of 
sand and some gravelly sands. In excavating for these layers of 
materials, it was disclosed that their extent is quite limited in 
thickness, length, and width. The majority of the iayers «P®*®* 
each side of the trenches could not be traced sufficiently into the side 

of the trench to be able to test for in-place density. 

3.25 The in-place density of the sand layers was determined by the 
standard sand cone test and/or by excavating a larger pit up to 1.5 
cubic feet and using plastic sheet and water to determine its volume. 

3.26 The laboratory maximum-minimum density tests were conducted in 
accordance with Appendix XII, EM 1110-2-1906, Laboratory Soils Testing, 
using the 0.1-cubic-foot mold. The maximum particle size was less than 

1-1/2 inches. 

3 27 The materials excavated during the density test were visually 
classified, and samples were collected for laboratory classification 
tests. All materials from in-place density test were graded and 

classified. 

Crosshole Seismic Survey 

3.28 Two sites, designated G-1 and G-2, were selected in the vicinity 
of test trenches TT-1 and TT-2, respectively, see plate D-27. The 

purpose of the Investigation was to determine the Fand S-wave 
velocities, as a function of depth below the ground surface. Three 
holes were drilled along a straight line at each of the two 1 
enc hole was used as the shot hole; the other two hoies, located 20 and 
120 feet from the shot hole, were used as receiver holes in which 
geophones were placed. To keep the borings from caving, it uas 

necessary to insert plastic casing. The test ^1°1^ “ef* drille_ . 
depths of 92 to 107 feet in May 1974 with a Becker 180 drill rig. Each 
hole was surveyed to measure the deviation and drift. 

3 29 Crosshole surveys were conducted using the Dresser SIE refraction 
uiit modified to accept calibrated triaxis geophones. Thegeophones 
were placed in two boreholes at the same elevation as the energy 
source, which was placed in the third hole. The energy source for the 
crosshole survey at site G-1 was an electric blasting cap with a 25-gram 
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w *. at- alte G-2 two tests were made. The source of ene£p 
dynamite booster. At site u borehole vibrator. The 
for one test was explosives «ouroe used the same 
crosshole surveys conducted «iXh ^ conduct of the other 
geophone, and .eia^c unit 30UrCe wa. a 25-p.und 
crosshole surveys. T .. j aluminum tubing that extended down 
electromagnetic vlht.torjoont. « Anoth.r geophon. 
the borehoie and attached t bQX member was placed in the 
(receiver) attached t th 1^ elevatlon a3 the aender. Prior to 

borehole 20 feet away sweeo from 20-400 Hz was used to 
recording data, a manua freaUency for that particular combination of 
select the best propagation frequ y p ,. and mechanical 

layer thlcknee., ^ el.otr'lo.1 Input to the 
coupling. Havlne s'le ‘ "tonehurat generator allowing a period of no 
»ibrator wa. gated with a tone0 s ,lbratlon. The reaultlng 

Sr/^rl’raided -- ^ 'Z 
“VS*t.d ‘^ta^alf^íred elevation, had he. 

tested. 

Refractive Seismic Survey 

anata* G-1 G-2. and G-3 were conducted in 
3.30 Seismic surveys, designated ^ ^ re8pectively, see 
the vicinity of test tren ' lion t0 determine iones of 
plate D-27. The the or"p0eed dam and to correlate 

vZuîeTiuh loîÆ Ä» £ «» ° 7“r ' ‘ refraOUO" 
seismic line 1,450 feet long was conducted at each si e. 

Results of Investigations 

GENERAL 

3.3, Complete result, of di—‘^ní 
are available geophysical investigation is 
Branch files. Comple "fPODhvsioal Investigation, Prado Dam 
available in the report June 1975 by US 
and Mentone Damsite Miscellane P® f0ii0Wing is a summary 
Army Engineer Waterways Experiment Station. The following 

of the results. 

FOUNDATION INVESTIGATION 

Field and Laboratory Tests, Streambed Alluvium 

, ,- The minus 6-inch materials typically are sandy «ravels withB 
3.32 The minus « xu gand and 57 percent plus No. 4 size. 
percent or: fjj“’vanyïng amounts of cobbles and boulders. It is 
The material contrins varying of the alluvial material is 
estimated that approxima e y " f the sides of the trenches and 
larger than 3 Inches. Close J”“pbottom of the trenohee Indictee that 

:Lth;oinhtaftoS polnt^oonUot tÄi. cd bould.r. e,i.t. There 
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«. „o evidence of neatln« of cobbl« or ^opoo gr^ 

r %în“M1 D'33' ‘ sumary of the data is shown in table IV. 

3.33 Logs of “J*ria^ al3^VaorniOUpSiatMatD^28 through D-30. The 

Moh tMt are prM on 
plates H-31 through D-33- 

Table IV 

In-Plaoe Dry Density 

In-place 
dry density (pcf) 

Upper quartile 

Median 
Lower quartile 

138 
133 
128 

,, .. fmwRl «as conducted on each material from 

a7 “r. :plates D‘3’th 33. A sumary of these daU is shown in table . 

Table V 

Laboratory Max. Dry Density 

Lab. max. 
dry density (pcf) 

Upper quartile 

Median 
Lower quartile 

140 

13“ 
131 

^ in accordance with the CDWR vibrated 
rhe above densities were determined in acco 
lensity. 

. 1 _ tests (ASTM) were conducted 

3.35 » ““¿.ftb. 33 lo-bl.co donolt, toots. » 

on toble H. 

Table VI 

Minus 3* Laboratory Max Dry Density 

Upper quartile 

Median 
Lower quartile 

Lab. max. 
dry density (pcf) 

139 
137 
130 

D-24 



m imU-w” mÍÍ"? 0d.5-'Ä»? ^dTünu^-lMh material. 

3.36 Th. relative ^ p’^antéd^ 

?LrsD.nnuH-3urA «» » ^ m t.hi. vn. 

Table VII 

Relative Compaction 

Upper quartile 
Median 
Lower quartile 

Relative compaction 
percent of maximum 

100 
98 
95 

The relative ^ ^tg^o^nus^tinch^ateílal, are summarized 
using the maximum-minimum test on min 
in table VIII. 

Table VIII 

Upper quartile 
Median 
Lower quartile 

Relative density 
percent 

116 
71 
62 

Field and Laboratory Tests, Sand Lenses 

3.37 The investigation for ^^sUMted^t^t 

„as limited incnthicknesf3' exposed on the sides of the 

SS»«« 1.3.PSn“ f..t thick and 1... tMh 5 f..t »Id.- 

3.38 » total of 36 ln-plao. d.n.lt, t..t. -d^radatl«» m«. Wk« In 

r.t«V3k M ÄfTatTVor th..; data 1. pr...nt.d In tahl. 

IX. 
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Table IX 
In-Place Density 

Upper quartile 
Median 
Lower quartile 

In-place 
dry density (pcf) 

130 
103 
99 

.39 The results of 36 363.^ A^uLary 
Blative densities are presented on plates 0-3^ ^nro g 

f these data is presented in table X. 

Table X 
Relative Density 

Upper quartile 
Median 
Lower quartile 

Relative density 
percent 

69 
60 
40 

rosshole Seismic Survey 

__ , tw- t-,«» p and S-wave velocities are 
.40 For site 0-1* n®*1* TT-1, t „laf,.« n-37 and D-38. The 

r rrCthf- 

;pp^U57/5 YrHS. ri-”” afÄorlS 
r t“ or approxlaately ,5 raet 

[elevation 1,290). 

_ 0 4.—,« p_ and S-wave velocities are 
,.<1 for .It. 0-2. “jr ”-2- ^ ¿’Z L»,a ».locltl.. l»li=.t. a" 
shown on plates D-39 and D- . f the holes at approximately 

^tr tz *. t" »r 
elevation 1,3^0. The S-i* .. ,h_ average true velocity at 

crosshole tests were 0 _ velocities range from 509 fpa 
each test elevation. The average S- 1 ^ at ^depth of 70 feet 
at a depth of 20 feet (elevation 1,410) to 993 n> ^ ^ d th of go feet 

(elevation velocities in general increase 
(elevations 1,350 and ,3 • ¿^Dth of 20 feet (elevation 1410) r. ro^o- -350. 
Refractive Seismic Survey 

«11 . „rresults of the surface 

- «■ p^= ->•*- for 
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altes 0-1, 0-3, anO «• , 
three true-veloclty tones. ">« ”“r su"aoe f 13 t0 26 reet. Th. 

or 2,000 fps and ,x”nf“ “ s MO fos^nd eltends fro. belo« the near 
second zone has a veloci y , ^ feet. The third zone has 

r;rirof%Ä^ iepth' prob■bl, 
in excess of 400 feet. 

S3 
depths ranging from 11 to ^4feet> The g^face^one to depths rangig 
3,500 fps and extends ^ ‘^.s a »eloolt, of 5,150 fps and 
from 84 to 112 feet. T^e th e fourth zone has a 
extends to depths ranging from 232 to ¿«n 
velocitv of 9,250 fps. 

3.44 For site 0-3, the profile ZZÏïTvïTlÜT 
zones. The near surface zone ind^atjg feet< Th/second zone has a 
extends to depths ranging 9 to 18 f t. ^ thlrd 

irS “Z to an «.t.rmlned depth, 

probably deeper than 400 feet. 

Geophysical Survey Summary 

3.45 The geophysical survey r-eauits indicate tha^ ^OO^to 3,000 fps 

under sites TT-1 and TT-3 are ^^ ^nd ^ foot depths are 
P-wave velocity ^terials extending to 13^ and ^ ln 

possibly recent alluvium0 simi650 f p_wave velocity materials under 
the excavations. The 7,200 to r, ■■ «idep alluvium. However, no 
the upper zone could he the ïïenUfled at either 
positive crystalline bedrock surf th t t the other two 
site, it site TT-3, the upper „molt, helo, this 
sites to a depth of 112 feet. The 5, b P which is in line 

upper zone is indica“^ °25 Veet^in an observation well nearby. The 

fSoVs "pit zone below a depth of 241 feet could oj^Pond to the 

Si atif rt - 
irregular or faulted under the proposed dam. 

Evaluation of Dam Site Feasibility 

GENERAL 

3.46 The O*31»1 00ntSB1ea"ea>r ’surface* inundation muÍu“ f^ 

Ä sauratedhhy ^ 
feasibility this evaluation conservaJ’f ® yh t ~ at thePground surface, 
saturation resulting from the water ta density and gradation of 
For that condition it becomes apparent that the density 
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the foundation materials have a major impact in the embankment stability 
assessment. To demonstrate technical feasibility for this study the 
district considered the two following alternatives: 

a. Perform additional field testing to verify the in-situ relative 
density, permeability and gradation to show they are sufficient to 
nullify the concern about potential liquefaction, or 

b. Demonstrate with existing data that the foundation materials are 
relatively uniform, adequately dense and pervious enough to safely 
support the proposed dam under strong earthquake motions that may 
develop at the site. 

3.47 A review of site specific information combined with other 
available data, technical literature, and case histories indicated that 
the second alternative would be adequate and efficient. The following 
discussion presents the data and rationale to support the adequacy of 
the foundation materials at the Mentone Dam site for the above 
groundwater conditions. 

EMBANKMENT FOUNDATION 

Gradation 

3.48 A ;*eview of the gradation data of the streambed materials from the 
three trenches tested during the investigations conducted in May and 
June 1974, indicate the materials do not vary significantly from trench 
to trench, see figures 1, 2, 3, and 4. Because of the distance between 
the test trenches, up to 5000 feet apart, and the similarity of the 
materials from trench to trench, the gradations obtained in the three 
teat trenches are considered representative of the streambed alluvium to 
a depth of 50 feet within the embankment foundation. Gravel pits, 
located approximately a mile downstream of the site, expose the alluvium 
to depths up to 100 feet. The alluvial materials at the gravel pits and 
the proposed dam site are similar in terms of gradation and 
stratification to known depths of 50 feet. The similarity is based on 
visual inafection, the materials originating from the same source and 
the materials were deposited in the same depositional environment. It 
is, therefore, reasonable to assume the foundation conditions at the 
proposed dam site are comparable to the gravel pits for a depth of at 
least 100 feet. No conditions were encountered in the test trenches or 
the existing pits which would indicate anything other than consistency 
of foundation conditions. 

3 49 An evaluation of additional gradation data on materials with 
similar depositional environments, from district projects located at 
Cucamonga Creek, Santo Fe Dam, San Antonio Dam and Deer Creek, indicate 
that the alluvium of the Mentone Dam site is not unique. The average 
gradations of materials from these various project sites are plotted in 
figure 5. The gradations indicate that materials deposited under 
intermittent, high velocity stream flows are in general very coarse and 
consistent from alluvial cone to alluvial cone. 

» 
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3.50 Therefore, it can be oonoiuded^that^the “Jerhaps 100 

the Mentone Dam 9ite'toepSrse grained sandy gravels andgravely 
feet consist of reiatively 0°^ 8 boulders, up to 57 percent 

-- - ab0Ut 36-inCheS* 

Density 

3.51 The in-situ density ^ta obtaine^in the ^^"ts^Sioîte that 
depth, of 5S feet are ,u«rl^ ^ f1»“ d„M,r „„h depth. The 
the foundhtlon material,, 1“ 8*“^ J t0 10 feet, ,30.9 pof from 10 to 
average Penalties are 123.7 por density va depth plot, 
35 feet an! 137.7 in " , foundation are, In general, 
figure 6, indicates the h trench. The densities are 
uniform knd increase with ^ ^luvS to ã depth of 50 feet within 
representative of the streamed alluvl t an(, 00„3ervative 
th® embantaent foundation^ ^ t^therefore, ^ ^ ^ pcf ^ 

the^mMntawnt^ foundation^below depths of 50 feet. 

3.52 These In-sltu density ^^0^" "dTo 
at an average relative compa atate-of-the-art techniques were 
percent, respectively. Even though ^ ^ uncertalnty m the results 
used to determine these values, density. This is due to the 
of the laboratory maximum and minim and the difficulty of 
sensitivity of obtaining the . ld during the maximum density 
overcoming bulking of d.te^ne «.Si“d minimum d.nalt es 

rs„;w ÄÄ“ .“.rin the design phase to determine In- 

situ conditions. 

3.53 To obtain additional i^01^10^^ ^s obtained from district 
materials at Mentone sitt, density ^ almilar gradations. The 
construction projects having "»atei 1 lndicate that coarse grained 

density data are su®ar\z®\i"density of about 138 pof based 
materials can be compacted to an averag materials. The average 
on actual construction experience f 05 feet indicates that the 
In-situ density (137.3 pcf) below a present construction 
foundation materials are Prob * con3truotion information further 
methods can compact tbem: t teat results and supports the 

conclutlon^that^alluvlel o^^erUl. of this type are naturally 

dense. 

Liquefaction Potential avdVAWB« - -- — 

3.5« A review of the data on 

indicates in the past have shown ure development, there should 

be^esrconceínTouí 0^^^10 liquefaction based on the following: 
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a. The foundation materials are coarse grained cohesionless soils 
with relatively high permeabilities. The U.S. Geological survey has 
estimated from percolation studies the permeability of the alluvium at 
190 feet/day. Calculated permeabilities, which seem to be high, using a 
relationship developed by Justin, Hinds and Craeger, see figure 8, 
ranged from 110 feet/day to 4800 feet/day. Field permeability tests, 
using a constant head and failing head stand pipe procedure, were 
conducted by this district in foundation materials with similar 
gradations at Santa Fe and San Antonio Dams and indicated permeabilities 
of 9 to 390 feet/day. The average measured field permeability at Santa 
Fe and San Antonio Dams was 29 feet/day and 76 feet/day, respectively. 
Beciuse of the relative coarseness and relatively high permeabilities, 
the foundation materials would be subjected to partial drainage under 
seismic loading. This partial drainage would increase the dynamic 
strength of the soil over the undrained dynamic strength. 

b. Coarse grained relatively dense cohesionless soils tend to 
develop less strains (Wong 1971), (Banerjee, Seed and Chan 1979) than 
the kind of alluvial deposits that have historically shown evidence of 
liquefaction. The foundation materials at Mentone site, under dynamic 
loading, may at the very worst, have the potential to develop a 
condition of initial liquefaction with limited strains. "Initial 
liquefaction with limited strain potential," as described by Seed et. 
al. 1975, "denotes a condition in which cyclic stress applications 
develop a condition of initial liquefaction and subsequent cyclic stress 
applications cause limited strains to develop either because of the 
remaining resistance of the soil to deformation or because the soil 
dilates, the pore pressure drops, and the soil stabilizes under the 
applied loads". Testa conducted on Oroville gravels (Wong et. al., 1974 
and Banerjee et. al. 1979) indicate limiting axial strains, on samples 
at 60 to 84 percent relative density, ranged from + 2.5 percent to over 

♦ 10 percent. 

c. Previous strain history from earthquakes dynamically lending the 
foundation materials at the site may have increased the resistance of 
the foundation materials to liquefaction. Studies conducted by Lee and 
Fooht (1975) indicated that previous strain histories led to an increase 
in cyclic strength for dense sand by a factor of at least 1.5. 

3.55 Due to the above three reasons, there are few known instances of 
liquefaction-type phenomenon or large deformations recorded in gravelly 
soils. A study reported by Wong et. al., 1974, during the Alaskan 
earthquake of 1964, see figure 9, on movements of bridge foundations in 
the areas indicate large movements of foundation founded in sandy 
soils with much smaller movements for foundations founded on gravelly 
soils. A plot of case history data for stress ratio's causing 
conditions of liquefaction and non liquefaction in the field and maximum 
ground acceleration is shown on figure 10. The data indicate that the 
gravels did not liquefy under loading conditions which caused 
liquefaction in sands. The one possible exception was at Valdez during 
the Alaskan earthquake of 1964, where sands and gravels liquefied. The 
depositional environment (glacial soils were deposited through water) 
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f 
and nonuniformity of a‘f layer” of^UU and aand’a ttre the 

&lnoar:5f Uquriactlon »8, not the «rave!. 

3.56 in summary, 

relativelyetdenae ' foiuldatlon Mteriala ^ the type ^^gg^p^ned 

^erl^U» ;SlyCdeveÄHr fynamio strains on the order 

Of + 3 to 5 percent. 

FOUNDATION TREATMENT 

3.57 Should detailed in^eti^tion^ even^marginal, in 

stage, indicate ^hat ^ 8 they wouid be improved by removal or 
terms of grain size or 'lte 3peclfl0 density data indica e 
compaction, see p.ate 48. ^ ^ feet. But were this 
the materials are very dense 8elo» ^ t reMVe material dovm 
not the case it would pockets, remaining below 
to at least 50 feet, ‘^‘“ " „^at leas“ another 50 feet by dynamic 
that depth, would be c°mpac t al 1980). Removal and compaction 
compaction procedures '^onarda \ dense foundation beyond depths to 
of loose materials “^"^'cany been known to occur or it is 
which liquefaction has historically 
reasonable to postulate it could occur. 

ASSUMED FOUNDATION LIQUEFACTION 

3.58 To study the impact 
materials to a depth of m-hlidfv analysis was conducted (see figs. 

r2"). a The'analysis 

not1 be^complête'loss Tf^strength^n the materials nor could they liquefV 

to the 100 foot extent shown in figure 

FOUNDATION FEASIBILITY SUMMARY 

3.59 The foundation a^JJv^\ embankment^ora'nood control 
suitable foundation on which to 1 not oocur as the 

result CQfa liquefaction1^6 the'foundation °under seismic loading because 

of the following reasons: 

a. The foundation materials are relatively coara. and dense. 

„. The foundation materials are subject to partial drainage during 

dynamic loading. 

. are only susceptible to initial 
'• liquefaotion^and ÄV^Äantl/l (3 to 5 percent,. 
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d. Historical data do no indicate a liquefaction potential for 
alluvial materials similar to the foundation materials at 
Mentone dam site. 

e. Assuming liquefaction of the foundation to a depth of 100 feet, 
with no strength in the liquified zone, results in a calculated 
static slope stability factor of safety of at least 1.2. 

f. The foundation materials, should questionable areas be 
discovered during design or construction phases, can and would 
be improved by densification to a depth of about 100 feet. 

g. The concept for the embankment cross section is very 
conservative and the rockfill portion of the embankment would 
preclude a piping or rupture failure due to large flows of water 
through the structure. The rockfill also provides resistance to 
cracking, erosion from overtopping, loss of freeboard, 
liquefaction of the downstream slope, and improves the overall 
stability of the embankment. 

Consultants Findings 

1975 BOARD 

3.60 At the January 1975 meeting, the board expressed the opinion that 
an earth-rockfill dam and appurtenant works could be constructed on the 
proposed site in such a way that the consequences of a major earthquake, 
such as a 8+ magnitude associated with the adjacent San Andreas fault, 
would present no significant hazard. The board's opinion was predicated 
on the conditions that the dam would not be used for water storage 
except on the rare occasions when major floodflows occur and that 
ooaplete drawdown of the reservoir would be rapid. The board 
recoBBended that the dam and its appurtenant works be designed to resist 
the lateral and vertical forces appropriate for a major earthquake 
(M 8+) on the San Andreas fault using the most recent dynamic analysis 
techniques for simulating strong shaking. The board concluded that 
because "the normal groundwater table is below 150 feet at this site, 
the likelihood of adverse ground effects In strong shaking is quite 
small". Furthermore, the board concluded; "In view of the inevitable 
uncertainly associated with the stability of the foundation soils should 
they become saturated, it would seem desirable to explore the 
possibility of eliminating this problem by preventing them from becoming 
saturated as a result of water storage. The foundation materials will 
be dry throghout most of the life of the project and a high degree of 
saturation my well be avoidable if storage of water is limited to 
relatively brief periods of time." The board indicated the need to 
consider in the design the possibility of branch or splinter faulting 
with permanent ground displacements up to 3 feet, either horizontally or 
vertically in the foundation of the dam. Regarding the possible 
occurrence of earthquakes associated with the reservoirs loading, the 
board expressed the view that, as far as the triggering mechanics of a 
large reservoir are understood, the necessary conditions would not even 
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fõrrthe January 1975 »eating la presented In attachment No. . 

1,80 CONSULTANT INPUT ON CHANGED GROUNDWATER CONDITIONS 

r of the 1975 Board of Consultants, groundwater, 
3.61 Since the convening of the ? ffrpater than 100 feet, has over 

rías"“ ^‘rla^lthln 10 feet of the 

- oft« l£ 

he considered the site »‘^“^^tnttûohient No. 3. In 

dM; D!heSereedPl,stítedf *ln vie» of the high natural water levels no» 
attated and saturation helng developed ^^/^^1^0 

the ground surface In ^1.0^5J?n such a »., that 
reconsider the original cone p saturated This will require a 
the foundation would be only P^13.11^^^/ îo^dation soils. In a 
re-evaluation of in-situ densitie these soils, provided 
partially saturated condition, the tenait evaluating 
they were reasonably dense were not & ^itenion fQr ^ 
their seismic stability but if design ^is ^ reliable 

foundation soils in a satura e denalfic¿tion will become of major 

rr TÍtHS?S¿?ás= T 0=¾ 
density as in-oitu shear wa conduct of these tests will 
"there Is good reason to exp«t that the oo«not o^p„ ^ 

Show the foundation COnî^ig,îp0ng0 earthquake motions which may develop rr « oh«oR 
this preliminary opinion is desirable." 

3.62 Additional «^’'th^r^.uTr.lt"; 

=01« =rtir of1 all existing data and literature 
pertinent to the foundation material »111 also be made. 

I960 CONSULTANT INPUT ON SEISMICITY 

3.63 Due to possible changes in the 

knowlede about the San Andre®3 ’ December 1980 to review their 
district asked Dr. Allen and Dr. Bolt in December 190U ^ ^ ^ ^ 

findings. Speciflcag1.y,(1t) eJheWedresign parameters for the potential 
re-establish or revise, ® (2) mount of displacement on 
maximum event ontheSan Andreas rau , tential for triggering 

rS as a=f rsssrvolr filling. Through personal 
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communication they indicated that there are no significant changes from 
the 1975 Board findings. Dr. Allen’s written reply to this inquiry is 
included in Attachement No. 4. 

Seismic Design Considerations 

GENERAL 

3.6M As stated previously a board of eminent consultants was selected 
during the initial planning stage of this project. Available members of 
this board would be reconvened during the design phase of Mentone Dam. 
In addition, the services of experts in the field of dynamic -jsponse 
would be retained to review work as it is planned and accomplished. It 
is anticipated that the investigation and design for Mentone Dam would 
require higher than usual efforts, considerable expertise and special 
considerations due to (11 the relative coarseness of the foundation and 
proposed embankment materials, and (2) the location of the dam in a 
highly seismic area. 

3.65 The basic design approach presently envisioned for this project 
would be submitted to the board of consultants during the initial stages 
of design. The design would be accomplished in phases. A determination 
would be made at the end of each phase, to decide whether additional 
studies are required. Should any of the studies indicate the embankment 
and foundation are seismically unstable, results and recommendations 
would be presented to the board of consultants. 

SEISMIC DESIGN CRITERIA 

3.66 Tentatively, it is estimated that the peak horizontal 
acceleration, from a magnitude 8+ earthquake, will be 0.75g with a 
duration of strong shaking of 60 seconds. The intensity of vertical 
shaking may be as great as the horizontal intensity. The design of the 
dam will consider the possibility of the proposed embankment being 
ruptured by movements along subsidiary faults thay may underlie the dam. 
The amount of subsidiary rupture is not expected to exceed 3 feet at the 
bedrock surface, conservatively, it is assumed that the magnitude of 
this rupture will be transmitted through the alluvium to the ground 
surface. Future studies on the seismic and the foundation conditions 
under the embankment will refine the design earthquake parameters to be 
used. 

MATERIAL PROPERTIES 

3.67 During the design stage of the project, complete laboratory and 
sub-surface geotechnical investigations would be conducted to obtain 
adequate data necessary to evaluate the geology, foundation and to design 
the embankment. 

3.68 The foundation investigation would include in-situ density, field 
test fills in which actual foundation materials are compacted with heavy 
vibratory rollers, field permeability, mass gradation tests, void ratio 
and critical void ratio deteminations, P and S wave velocity 
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measurements. The data would be used to assess the response of the 
foundation materials under dynamic loadings. 

, 6o The investigations for the embanlcment material would include the 
nation of all static properties (gradation, permeability, 

densiU strengths etc.). In addition dynamic strengths and response 
properties would be obtained. The static and dynamic performance of the 
Lterial would be analyzed using varying combinations of material 
densities and corresponding strengths. 

ANALYSIS 

Level of Risk 

1 70 Since Mentone Dam would be operated as a flood control structure 
without a permanent pool, the combined annual maximum 8art^uak'/fl0°l 
oool loading condition would have a recurrence interval on under of 
“™,t T-r However, given the proximity of the project to the San 
fn^eaa fault ayate., the embankment will be dealgned and evaluated to 
preclude catastrophic and uncontrolled releases of water. 

Transient Seepage Study 

1 71 Since the dam would be operated as a flood control structure, 
without permanent pool, floodflow impoundments would partiaily saturate 
the foundation and embankment materials under normal groundwater 
conditions? To determine to what extent partial saturation wou d occur, 
a finite ele^nt program would be used to evaluate the transient seepage 
condition for various flood pool elevations. The computer program would 
Snu“,d to ev.iu.«Sthe eff.ctlven.cs of the blurry trench id reducing 
the saturated zone in the near surface foundation materials. 

Pore Pressure Dissipation 

3.72 The embankment foundation materials consist P™domlJJ?^y 
coarse grained sandy gravels and gravelly sands with cobbles and 
boulders Because of the coarseness of the foundation materials, pore 
pressure' dissipation may have a significant effect on the Uquefaetlon 
ootential of the soil. Data from the previous studies, consisting of 
the material properties, combined with earthquake/flood pool loading and 
transient seepage condlilons would be used in the stud, to evaluate pore 
pressure buildup and dissipation under seismic loading. 

Detailed Liquefaction Analyses 

3.73 Because of the relative coarseness of the foundation materials, 
the current analytical approach for assessing liquefac ^on would 
easily applied. Extensions to the current state-of-the-art would 
probably be required with regard to: (1) Laboratory testing of coarser 
materials and (2) simultaneous computation of excess Pore p^su^ 
development and dissipation, possibly in conjunction withuse^ 
nonlinear soil properties. In any event, the analyses deemed most 
appropriate at the time of the studies would be conducted. 
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Seiche Evaluation 

Í 71» Seiche is not considered to be a problem at Mentone in that this 
will be a flood control project, which during the life of the 
wruld have a huge amount of freeboard available. However, to address 
Te impact of an extreme case of this phenomenon on the project the 
following discussion is presented. 

, 7C The word tsunami is generally associated with long water waves, 

impulsive y y volcanic eruptions, submerged land slides 

a _ ja. qiiHp alonR a submerged inclined plane and y 

rotation of rigid blocks. Based on model stud1®^ ^ "percent^nd 
thp wave energy liberated ranges between a fraction of P .. ,, 
aboutTpaS of the net potential energy of the dropping or sliding 
mass (N.M. Newmark, E. Rosenblueth). 

Í 76 Based on the tectonics of the Mentone Dam site, it is virtually 
Inasible to generate a selohe, however, for aoadenlo purposes it s 

¿SÄ known teotonlos .« "^fLTthe"“« 

?rnatd a"pPin“ crr.r U ^he«"^ rohe breaks a^a 

“0 ^^«“oo^t^eaUtCon“ he ups'tZ. end'of 

teotonlos). For this stud, it has been aasioed that a fault slippag ^ 

up to 30 feet would th[2\he re3Tr,o"i?, Ts as'suaed to be on the 
TTk^r S n e thf potential energy released during fault 

ruptur^ is transferred to 

SnííSl“. ‘"¿«Hn^o^ñíS o'oU'L^râs.“« T eabanknent 
145 nef and base shear friction angle equal to 45 

degrees the peak embankment movement velocity was 
orter of 25 fps. The total kinetic energy of the embankment mass 

given by the equation: 

K.E. = JV 

Whsr. m is the Kss of the embankwnt and v is the peak enbanknent 
movement velocity of 25 fps* 
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3.77 Incorporating a saf^y [a^33 lsf aa3umed to be transformed into 
kinetic energy of the Kenerated is assumed to be a solitary 
seiche wave energy. Th® digturbance and propagated essentially 
wave produced by a E^^„“ry to generate the solitary wave 
unaltered form. The ener8y* ’ thy reaer.Voir bottom below the 
is related to the d«Pth, D, of the ^res. y . The enepgy of 

undisturbed pool the equation: (H.M. Morris) 
the solitary wave is given approxinwu jr 

E = 
8 7 (HD)3/2 

3vr 
3-r iTw? tLTnew necessary0«1 Senerste a^oilWry‘«ve, tto embankment and the energy > e,uatlon: 
resulting wave height is given uy u ... 

H 5 

3.79 Due to the »l«1? »ould 'be^issip'até? over a broad 
shore of the fl00<i P0®.1’ effects should not be significant. The 
area and wave reflection effect ln effeot, a sudden 
returning wave run-up may be transient run-up of water along 
increase in run-off. To pr0 e® during movement of the embankment into 
r UfPl3oodeapœoofrethe ri P? roUcttningof"the dam is extended up to the 
pa«d orestTf ’the dam and d’oun over the dounstream face. 

Embankment Sections 

PROPOSED EMBANKMENT SECTION 

3.80 The proposed embankment shown and vertioal 
section would be design , .. „4th a major earthquake (M8+) on the 
displacements and forces a3S0^a board of consultants. Freeboard 
San Andreas fault re®om“e"f®dtQysati3fy 3eismic considerations. The 
requirements would be "rest width, relatively flat 
proposed embankment section has ®dte large displacements, in 
alopea. generoua “„ru^a b^atr.hith materiale, 
excess of those recommended by the consult , ^ portion of the 

am inclined «« ,1,^^*“ on. oh the downatrea. aid. and an 
embankment remains dry, alarg alurry trench at the upstream 
UtP«!”“Æd°« an «Clientaeiamlc realatant atructur. which «.uld 

preclude catastrophic release of water. 

3.81 The upstream impervious ^^^¿g^pag^^ro^saturating the 
designed to control any near surfa ^ thickness of the blanket and 

^ - withstand permanent ground 

displacements up to 3 feet. 
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MiMRriRRIif 

3.82 The rock zone would consist of plus 3-inch material 
the streambed alluvium. The materials would be weM J 
and 36 inches. The rock zone materials would be compatible ^ 
pervious materials based on preliminary data. During 3ubseque^ 
studies should the rock zone and pervious materials prove not to be 
OMpaUble a transition tona «ould ba added. The ^.1»« rock *™ 
would be capable of surviving a fault rupture beneath the embankment or 

dlX.Lt, of the upatrea. alopa, «ould alio. ™ 

erodible to through seepage and preclude a catastroph 

water. 

ULTIMATE EMBANKMENT SECTION 

General 

3 83 To demonstrate the economic feasibility of the Mentone Project 
even under the most severe and unforeseen embankment loadings and the 
most adverse foundation conditions imaginable, the ultimate embankmen 
«otlôn haa ¿ean davalopad, aaa plate D-M. The laprobabla axtre»e 
loading conditlona, «hloh could occur aeparately or In combination, 

consist of the following: 

a. A maximum 8.5 magnitude earthquake on the San Andreas fauJt with 
an associated fault rupture south of the existing trace though the da. 
causing a lateral displacement of up to 30 feet and vertical 
displacements up to 10 feet. 

b. 
crest. 

A standard project flood, filling the reservoir to spillway 

c. A seiche overtopping the dam. 

d. Groundwater at the ground surface with complete saturation of 

the foundation. 

Vertical and Lateral Displacements 

3.8« Th« «idth of the transition zones «ould he 30 feet' 
would accommodate lateral fault displacements up to 30 feet dis^ib^eJ 
Zr a z^of shear several feet uide. »11 ^tureso 
would be designed to accommodate up to 10 feet of verti 

displacements. 

Foundation Improvements 

3 85 Experience with seismic evaluation of dams indicates that the 
areas of the foundation susceptible to liquefaction is, in genera , 
Î “ed in Th, fr« field, beneath the upstrea. 
the embankment and areas near the embankment centerline. The foundation 
materials for the ultimate section would be removed and recomPact^ ® 
depth of 50 feet beneath the upstream and downstream toes. In add^ 
thf foundation would be densified to a depth up to 50 feet by dynamic 

compaction methods. 
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, oc nu« to the assumption of groundwater at the ground surface and the 
on or athe foundation .ateríala, the bentonite elurry trenob 

?s“Ò“^«rre,ulred, and llgueraotlon la not a potential problem. 

Seiche Overtopping 

i «7 i «Piche was assumed to overtop the embankment. To protect 

upstream elope and from the ereat to the rook aone on the downatream 

slope. 

Slope Flattening 

7 Aft Thp nnstream slope has been flattened to insure stability under 
combined^*/ertica^and‘horizontal acoelerationa at levela of about 1.0*. 

Downstream Rock Zone 

3.8, The downatream r«k zone 

embankment^r^major diaplaoeminta of the upatream alope without allowlns 
a catastrophic release of water. 

Cost Estimate 

o 09 The estimated total cost for the "Ultimate Embankment Section" is 
* hoc gob 000 an increase of $50,485,000 over the cost estimate 

J* A._A. 1 ^ 

EMBANKMENT 

Shell 

o q1 Materials for the construction of the embankment shelis would be 
available in sufficient quantities within the reservoir area. Sound and 
durable materials with high shear strength and low consolidation 
characteristics for the construction of the pervious zones would be 
obtained from required excavation and designated borrow areas upatream 
from the dam site. Material for the rock zone would be produced from 
the streambed alluvium by screening the plus 3-inch material. 



Core 

3.92 Approximately ten million cubic yards of core materials are 
required for the construction of the dam. The core materials would 
consist of plastic sandy silts and clays. Materials in the immediate 
vicinity of the dam site would not meet core material requirements. 

3.93 Materials meeting core material requirements are available in 
sufficient quantity in Prado Basin upstream of Prado Dam. pr,ado BaaJ" 
is located approximately 30 miles from the damsite. The 30 mile 
distance was used as the maximum radius from the damsite within which to 
locate potential core borrow areas. Potential borrow areas were located 
and identified by using soil survey maps published by the Department of 
Agriculture. The potential areas were visually tinspected./° n°^ 
cultural features not indicated on the maps. Factors considered in 
selecting the potential borrow areas consisted of he following, 
(a) transportation systems capable of moving large quMitities 
materials; (b) haul distances from the damsite; (c) cultural features, 
and (d) site drainage. The pertinent data of the potential borrow areas 
studied are summarized on plate D-44. 

3.94 Based upon the quantities available, transportation systems 
available near the borrow areas and lack of any significant 
developments, potential borrow area No. 4 located in Prado Basin an 
borrow area No. 1 located approximately 14 miles southeast of Jhe 
damsite are considered ar likely sources of core materials. See plates 
D-45 and D-46. The selection of the borrow area would be based on 
economic, environmental and future developmental considerations. 
Quantitative and qualitative studies would be required during subsequent 
studies to delineate the borrow areas. 

Slope Protection 

3.95 Rock for stone revetment could be obtained from the basin 
excavation. Basin materials would be processed to obtain the required 

rock for slope protection. 

CONCRETE 

3.96 Suitable construction materials are available from required 
excavation and co-eroial aourcea. Concrete aggregates conld be 
obtained from basin excavation. Portland cement is available fr 
plants within a 20-mile radius. 
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IV. LOWER SANTA ANA RIVER 

Project Description 

«.0, Th. lower reach of the Santa Aha Mver 
concrete rectangular chanh.1 tnanaltlonlng ^a^ho^ ^ ^ 

with either concrete T"wa^ . , by Greenville- 
»„a Hl..r channel would ^uld he a paved 

rectangular^aectlon. For a complete project deacrlptlon ... the main 

report. 

a «..«H nf thp ‘îanta Ana River channel would be a concrete 4.02 The lower reach of the Santa Ana 2() feet hlgh< 

section above 3tatlon ’ channel would be soft-bottomed with 
Downstream of station ^50 the channel would 
vertical walls about 20 feet nig located 
alao have vertical walla about 20 feet high andjou ^ 

«if ^.‘^in^nnthg Channel ^“n tr^ltlch Int^a 

s=.i;> râlant. Tr ^ 
s;r.;. "» - - rärr 
from acour by armor atone located below the Invert, an 

Ä"“-« V'^Äir Z ^ Elevation with the 

surrounding ground level within this reach. 

Topography 

, ^ »-hA «íanta Ana River enters the Pacific Ocean 4.03 The lower end^ of the^SanU Ana^ a coastal lowiand 

".."trrta^a c:pTh.?p -r 

report Zl aZ}Z r.r in elevation from 

50 to 85 feet higher than adjoining areas in the gap. 

Regional Geology 

,.0A The gap 1» located AÄ 

marine baaln. °f ,* vt^ thouM¿l f«t of 
sedimentation occurred within this basin . ^ ^ located ln an area 

marine deposits were d0™\ fJîdiig^ave and are continuing to 
where large 9cale onic forces, the once deeply buried 
occur. As a result of these t f . th t eariy pleistocene 
sediments have been deformed and The gap 

itself'was creatTnear ^ end of the 

in sea level occurred, ^e ancest 1 f re3p0nse to the changing base 
the Santa Ana GjP. a»>out 200-feet in^re^p ^ ^ ^ ^ 
S'ai'to rise the river began to aggrade depositing coarse alluvium 
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íTalhnrt Anui fer) As the rate of sea level rise slowed, the sed.ments 
tn the gap became finer grained. Theae relatively i«P«r*lou» 

silts, clays and organic deposits effectively confined the very 

permeable sands and gravels below. 

Faulting and Seismicity 

4 05 The Newport-Inglewood structural zone is the predominant 
structural/tectonic feature to cross the Santa ^a Gap. The zone 
approximately 4 miles wide near the mouth of the river. It is 
characterized by northwest trending parallel faults and folds, 
location of several named brenches of the fault under the gap are based 
“l «"Tf, ground .«ter barrier, in the older eedimente an 

aurface geologic mapping in the meaaa on either aide °f the ™ 
1* seismicallv active as evidenced by the i-ong Deacn 

earthquake as well as subsequent macroseismic activity. "Disruption o 
Aground' aurface, not neceaearll, along Know, fbulta will probably 
occur* during any future local shock of the magnitude and duration of the 
^¿ach earthquake. The extensive cracking of the ground in the 
tiiinHy of the mouth of the Santa Ana River...may actually represent a 
major cause of damage during future shocks." 

Groundwater 

HYDROGEOLOGY 

4 06 A tvoical geologic cross-section in the gap along the river would 
d. lot thÄnlta *ich control th. «-und uatar movement and a 

aalt unter intrualon. Theae unite are: <11 a surfflne 
.. /-t aw. Taihprt sands and gravels, and (3) older Pleistocene 

îô^tlis. At tir^ttl of the Section are the various Pleistocene 
water bearing formations containing individual aquifers. ese 
formations have been tilted and extensively faulted so that £rrie" ° 
hydrologic continuity have been created and the saHne ocean wat 
nannnP rtirectlv intrude them. These formations are separated from the 
hna. of the Talbert aquifer by an eroaional unconformity. Continuity 
ÄÄ^een^Uert and acme of the flying older a,u^era 

flying tbe Talbert a^d. aííínir" of aanï. Theae 

sediments ’than Pfeet thick and except in isolated 

areas near the ocean, these fine sediments confine the Talbert aquifer 

within the gap. 

Structural Zone, Southern California, 197 . 
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SEA WATER INTRUSION 

4.07 The Talbert and êarlj'‘s “rl» 
have yielded great . t had lowered pressure levels In 
ha: 1930 the mining Cl and -a water intrusion began, 
the shallow aquifers to below sea ^ Qf the Talbert aquifer in 

igéî.^^lt'ce'the^Talbert gutter waa^tn 

4.08 The problem of^aW JJ* 
studied in detail by f the 3tudy were presented ^ 80 
results and recommendations of t¿er¿^^fie_Count1. One of the 

147-1, Santa__Anaj:^r ^"V -n/ruston was to create iTlnJectlon ridge 
suggested plans to The plan was later implemented 
along Ellis Avenue, war wella that have been successful in 
by establishing series of injectl w lntruslon 0f saline water. Plate 
reversing the gradient and halting ^ contour œap of the gap. As a 
D-3 shows a recent Piszometrth P0ranf,e county Water District monitors a 

-/ä:ä £L-ât-MÆ 
*nd th'rMUlts pub11 8 

Tal hart Barrtar Performance Report. 

Project Effacta on Sea Hater Intrualon 

4.09 In 1979, ten »ballon 5011 ^^’p^^fcoatt’Highway along the 
auger between Hamilton »v«™* a"d %e geo«ralltel Information fro. 
existing Santa An. Hiver ohanneU drlll,d observation 
these borings in addition ,. tlons conducted along the Santa Ana 
„ells and shallow soils d_3> ^ f 
River channel are presented in xrt.ntified in the deeper observation 
the Talbert aquifer is Po9Ítive_J0Í^nd _70 feet MSL. Downstream from 
wells at an elevation betwee oositively known. However, it 
well M-10 the top of the aquifer Regardless, excavations for a 
may daylight at MSL near* statioJ* 3 woul*d not8 effect the quality of the 
soft bottom channel ln this r aqulfer is already in hydrologic 
ground water because the Talbe ^ program upstream maintains a 

landward movant of d.gr.d.d 

water. 
Recent Field Investigation 

_ the proposed channel Improvements consisted of 
4.10 The exploration oftheP p and 22 test trenchs, TT79-1 
drilling 10 test holes, TH79-1 tnro“8 ’t0 a depth of 40 feet with a 
through 22. The test Auguat 1979. The test trenches 
continuous hollow stem auge , .. f ^ feet with a backhoe during 
were excavated to an appro*!».» tMt lr.noh.s are sho«. 
i..!« 1Q7Q. The locations or tne resi. 

D-43 

____ 



HP 

on platea D-4, D-5, and D-6. The materials encountered were visually 
classified and disturbed and soae undisturbed samples of representative 
material types were obtained for detailed laboratory testing. Soil 
samples were obtained at intervals of 5 feet or at TOr* fr*?ue"* 
intervals if the soil type changed. Drive samples were °btal" 
determine in-situ densities and standard penetration testing was 

conducted within all the test holes. 

Previous Field Investigation 

4.11 Prior to the recent investigation, a literature search was 
conducted for geotechnical information on the subject area. Seven 

existing studies were located. 

4 12 Two of thes* studies dealt with the levees within the subject 
reach. The first is titled DUe Stability Investigation, Santa An^ 
River San Diego Freeway to Fifth Street. Orange Countv. California and 
Z p'rZrel Z the Jange County Flood1 Control District by ^Wd- 

McNeil and Associates. The test borings found in that study hav« 
des Inna ted TB73-1, 2, 3, 4, and 5. The second report is titled 
Geotechnical Investigation. Santa Ana River Channel Improvements^ 
Pacific Coast HUhway to Garfield Avenue, Orange County, ^ 
was prepared for the Orange County Environmental Management Jgency by 
Woodward-Clyde Consultants. The tes; boring found in that study have 

been designated TB76-1, 2, 3, and 4. 

4 13 The remaining five studies were conducted at specific bridge 
improvement locations. Each study was conducted by the Orange County 
Environmental Management Agency. The reports discuss the Ration 
conditions at the Hamilton-Victoria bridge, the Adams Avenue bridge, the 
Slater-Segerstrom bridge, the McFadden Avenue bridge, and at the 17th 
Street bridge. The information from each of these studies has beer, used 

to supplement the recent Corps exploration. 

Laboratory Tests 

4.14 Mechanical analysis, Atterberg limits, »^ture 
determination, compaction, consolidation, permeability, unconflned 
compression, unconsolidated undrained triaxial, consolidated uojrained 
triaxial, and consolidated drained triaxial tests have been conducted on 

representative disturbed and undisturbed samples in accordance ^j*- 
1110-2-1906. The soil classification is in accordance «i«» criteria 

provided by the Unified Soil Classification S?31«»- ^ f th 
detailed laboratory tests and analysis are summarized in Table XI. 
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(Analysis of Data 

i 
■ I 

C 

FOUNDATION 

Streambed Conditions 

».15 »„ evaluation of the 

ItTZ UÎIW "f “ "r rta 8r7^.' W he hlvlheh Into tuo 

distinct areas as follows. 

a. *-..-u.»on Condition, fnon Vl°t°rl»-Ha.m.on 

Pacific Ocean. The materials dK) Mnd3 or „on-plastlc silty 
D-P and D-5) are predominately poo y g lature contents ranging 
sands. The materials *r' ’T“ urfao. XX day material, »hloh 
from dry to saturated. There 1 ln(lM or th, sancy clay ranges from 
appears to be fill. The P-^a y . «« Ground water was 

28 10 M r rdedhs »arnnVZ Ho fast helo, the ground 
tS“.".! Th« logs of borings conducted In this reach are shown on 

plates D-4 and D-5. 

si lí.™“f”" £5?, ‘¿ï "< 
as much as 90 percent fine . p i(i limit range8 from 31 to 
and clays ranges from 9 to 33, dl dense wlth moisture contents 
60. The materials are loose to medium dense wu^ ^ encountered 
ranging from dry to complete y sa ^ * ^ log9 0f borings conducted 
from 1 to 10 feet below ground surface, me logs o 
in this reach are shown on plate D-6. 

PRELIMINARY DESIGN VALUES 

Ü ••s-rr.Ä-.s sää 
representative remolded and undisturbed materials. 

Densities 

h.u The selection of ^ Â^t^Ust‘oi 
was based upon the 7sult® .8^ ud_it ^ight was assumed to be at 95 
representative materials. The tw content. The mean density 
percent maximum density and optimum d b undisturbed sampling 
values of the in-situ materials were Jy ^ndl naterlal9 

g^darÄ,r." riX-rs^ifio of ,w. 



... 

Strength 

,.,e p^i^r 

r^v/riñt 
T^LZTl^Tr1":- 'triaxial 3h„r test, on nndisturOed 

samples. 

Consolidation and Permeability 

«.19 Trie selection of con»lldatlon a^ pen»bllltJ val dlstürbed 
on the result» of consolidation and lnformatlon from 
saaples of the l„-,ltu -terla^nd ^.xtrapolatlng^^^ 
the remolded tests in accordanc River 
Preliminary representative design values for the Lower ban 
Project area shown in table XI. 

Table XI 

Preliminary Design Values 

Victoria-Hamilton Bridge 
to the Pacific Ocean 

Dry weight, (pcf) 

Moist weight, (pcf) 

Saturated weight, (pcf) 

Angle of internal friction 
S-type, (degrees) 
R-type, (degrees) 

Permeability, (fpd) 

Equivalent fluid weight, 
(pcf) 
active, 
passive 

Bearing Capacity (psf) 

Compacted Fill 

110 

126 

132 

31» 

0.1 

40 
400 

2,500 

Tn-sltu Material 

100 

118 

127 

36 
30* 

10 

2,500 

• Failure in strain, as defined at 15 percent. 



Table XI (Continued) 

17th Street Bridge to 
Victoria-Hamilton Bridge 

Dry weight, (pcf) 

Moist weight, (pcf) 

Saturated weight, (pcf) 

Angle of internal friction 
S-type, (degrees) 

Permeability, (fpd) 

Equivalent fluid weight 
active, (pcf) 

Compacted Fill 

110 

126 

132 

35 

0.1 

40 

Design Applications 

CHANNEL DESIGN 

i t-hp lowest reach of the Santa Ana River, from 

— » — ■ t-”u 

section, or as a reinforced earth section. 

T-wall 

4.21 The T-wall section, as foot structure! 

the foundation “aterl*ÍS JJT®eet beiow the finished invert. A buried 
The footing would be located 5 fe beyond the toe of the 
stone protection M extend at a Jh the base of the 
T-wall, to a depth of lea lnhlblt scour or movement of 
structure. The stone Ir order t0 lengthen the seepage path 
supportive foundation material . reduce the exit gradient, a 
beneath the T-wall /^^ntonite sîûrri trench cutoff is proposed. 
15-foot deep concrete or bentonite slurry h Qf 
The cutoff would extend from placed at the 

'5 InoTr to r.duo. uplift. An *ltern.tl,. to 

ï« two phased foundation ‘“d’”PlÄ Trltd «on. 
eliminate the concrete or bentcmlt« cutoff d fort, „„m p, 

with a Prepakt-type lnch.s Adding material would 
placed with an average thickness or •* menea. 
not be required beneath the grout. 
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Reinforced Earthwall 

4.22 The reinforced earthvall section is shown on figure 15. ^ 
would extend at least 5 feet below the channe! invert to prevent 
localized low-flow scour. The foundation preparation wouldinclude^ 
starter wall for the first course of reinforced panels, and the complet 
«n .v.PPort.d b, th. Integral baeKfUl. Tbe,cour are seepage 
controls would be as described in the preceeding paragraph. Coarse 
grained materials available from invert excavation along the Lower Santa 
Ana River would be used for construction backfill for the wall. The 
facing panels or skin of the wall would be approximately 4-feet square 
and '^would consist of precast concrete to resist corrosion and 
abrasion. Filter fabric or gravel would be useó t0Prevent ^ 
migration of backfill materials, through the skin Joints, 
reinforcing strips or ties, which stabilize the backfill and retain the 
skin, would consist of aluminum-magnesium alloy to inhibit corrosion. 
The horizontal embedment of the ties would approximately equal to the 
height of the wall. 

CHANNEL EXCAVATION 

4.23 The proposed sub-invert improvements would be constructed by open 
cut. The cutoff trench excavation would be held open by benton . 
slurry as work progresses. Temporary slopes would not be peeper than 
IV:i!!! The invert materials to be excavated bet“e®n. 
Hamilton Bridge and the 5th Street bridge may be used as ?r 
backfill for the reinforced earth channel wall. See paragr p . 
quality and selection criteria of backfill. See paragraph 4-3°for 
beachfill criteria. Excess excavated materials may be used as a fil 
the Santiago Creek phase of this project. 

COMPACTED BACKFILL 

4 24 Structural backfill would consist of select material from the 
required project excavation. Select material would consist rf sand or 
silty sand from invert and levee reconstruction. The materials used -s 
McSflU for the reinforced earth structure would be granular and 
nonplastic in order to develop friction between the reinforcing strips 

The reinforced earth bachflll «ateríais «uld he sand 
obtained oriaarily from the invert excavation and would have a 
percentage of fines not to exceed 15 percent by weight P^ing the 
200 sieve. Backfill materials for other structures would be sand 
obUined from both the invert excavation and the silty sands from t 
existings levee. The material would be placed in 1 foot thick lifts and 
compacted to not less than 95 percent of maximum density (ASTM 698) a 
within 2 pereant of optimum moisture. 
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SUBDRAIN SYSTEM 

4 25 The channel invert between station 142+50 to station 528+00 M0^d 
b¿ oavTd A clay cap that lies within a depth of 40 feet under the 
channel, may cause perched water to collect under the paved invert* 
reduce uplift, a subdrainage system will be placed under the paved 
invert between station 142+50 to station 528+00. 

nn Considerations 

DEWATERING 

4 26 The excavation for the proposed improvements below the VictorJ®- 
¡¡futon Bridge would be In peme.bl, nllu,lu.. FlnUbed 8--1. J 
channel, within this reach, would be below the water tebU Md «ten»!« 
dewatering would be required during construction. Dewatering may 
accomplished by combing dikes to control tidal inundation with a well- 
point syptem to draw the local water table down, 

INVERT REPLACEMENT 

t 27 The winter atoms of 1979-1980 removed nuch of the anta Ana »Iyer 
bf torn materials, within the study area Between 17th S reet and he 
San Diego Freeway, the river bottom has been eroded to below ’*« 
finished grade for the proposed project. The Invert may be rebuilt v 
utilizing^the excess sands and silty aands obtained from the proposed 

required excavation channel. 

BEACHFILL MATERIALS 

4.28 The excess sand materials excavated from the invert ofthe lower 
Santa Ana River were evaluated for use as a potential beach fill 
source The logs shown on plate D-6 present the invert materials as of 
Julv 1*974 The* winter storms of 1979-1980 have significantly changed 
diferí profile. For this report, It Is assumed ‘het ‘he genera 
composition of excess materials are the same as shown on the (p^* 
D-6). Only the location and quantity of materials have changed from 

what is shown. 

4 29 The grain size data from the soils exploration along the Santa Ana 
Blver «re utilised In determining potential beach fill P~P«rtl.s ■"< 
"¡mes. Huntington and Newport Beach materials «« .iao sampW^and 
tested to determine the grain size composition of existing^ beam 
materials, In order to establish grain size criterion for beach fill 

replacement. 

4.30 The Environmental Protection Agency (EPA) has established a 
guideline for artificially placed beach fill material. The EPA sta 

that either (a) the material have less than 1 ° °0ff ^ 
oassing the number 200 sieve and no less than 90 percent of its weignt 
passing the number 4 sieve, or (b) that the replacement material be 

comparable with existing materials. 
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4.31 The beach sand samples collected in May of 1979 indicate that the 
materials are sand-silty sands (SP-SM) with about 9 percent passing the 
number 200 sieve and 96 percent passing the number 4 sieve. 

4 32 Currently the only definable source of beach fill type materials 
comparahierin size to those existing on the beach would be between A ams 
Avenue and the San Diego Freeway, where the invert is now approximately 
8 feet higher than the final construction grade. In the other areas 
studied, the current channel invert is below ¿he proposed channel 

invert. 



V. SANTIAGO CREEK 

Project Description 

5.0, For geotechnical ço»J^tlon the propoeel l;=t, along 

Santiago Creek may be consid ^ ln report. The first element 
complete project descrip ° , s tl g0 Creelc between the Bond Street 
would be the improvements ^ Santla*° k ld be developed in two 
Gravel Pit and the Santa Ana J1;"- with a depth of about 
separate reaches as an armore ^eev remaining undeveloped. The 
11 feet, and the center reach of th* ^“ the Cd Street Gravel 
second element would be The el pit M0Uid serve as a 
Pit at the upper reach of the ProJe - t V11gla park Road, and a gated 
flood detention basin, with an inlet at vina 
outlet structure at Prospect Avenue. 

Topography, Geology, and Faulting 

5.02 Santiago Creek ^ 

STno/re-íat regulate., h, = TÄ 
miles uPstream/r.0,D.othbevPtheJ thick accumulations of relatively coarse 
Creek is attested to by the t ls located, At the upstream 
alluvium in the fan on which the p J been excavated m cobbley 

end of the finer aedlnenta encountered in hcrlnga 

Œr ÄST the álluvlu. in the project area la on the 
order of several hurdred feet. 

5.03 Juat up.tr.,. fro. the projet. ^ active 

bounded by terrace deposUa r.au g f „„elation, of Tertiary 

aedlaenta^and*on^thV aouth^a*de oTthC. /reek Tertiary volcanic. 

fho ti^GS1 and the CDMG2 show the volcanics to 
5.04 Geologic mapping by the USG „Ä-öni.lv active faulting in the 
be extenalvel, faulted, «ouever, no oeoently^oti« fau ^ of 

volcanics is implied. lppr°* . . exten8ion of the Norwalk fault cuts 
the project, a poaalble concealed ektenalc ot ^ 

acroaa Santiago Ccek. ”00gnl„d active f.ulta to the 
Quaternary movement . The M.UPl0rt-InKlewood. Both faults are 
project are »e mittier and J P 1 * a with major event, on 

A^dreaa o" rgeneraL 'an earth,uake *loh would cauae 

significant ground shaking at the site. 

1„.s. Geologic Survey, Geologic Hap of the Northern Santa Ana Mountain., 

Map O.M. 154, 1954. 

PCalifornia Division of Hines and Geolog Geologic Map of Orange 

County, California, Preliminary ».port 15, 1973. 

^California Division of Hin., and Geology, Fault Hap of California, 

Map No. 1, 1975. 
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c 05 The ground water conditions directly under 33011880 .Cr®®k. 
InoL Lever monitored wells nearby indicate that the depth to water 
increases°upstreani with a «iniau» ^ of «bout ^-^0^ 

oro lec^oay °exceedCe200 fe^t? 'Lu bodies of perched water may be 
present "ally especially downstream and during the wet season. Ground 
water should not be a problem during construction. 

Recent Field Investigation 

S 06 The exploration for the proposed improvements consisted of 
drilling 7 test hole», TH79-1 through TH79-7, along &"tU«o C«.k, nnd 
sampling th. -Ha of the Bond Street Or.»el Pit a 5 -a o„ L 9 8 

through TL79-18. ^^loo.tlon.'î tie test holes 
type po-er ^ me areàs sampled aûng th. walls of the Bond 

Errs, 
Previous Field Investigation 

5i?: x:rtports ,t 

County Environmental Management Agency (OCKMA;. 

•i, r;-'sr ä-““- ™‘~ •«= 
exploration are shown on plates D-8 and D 9. 

Laboratory Test 

5.,0 Heehanioal .«Irais. 
determination, and compaction t inO-2-1906. The soil 
representative samples in accord lth crllteria provided by the Unified 

the laboratory tests and 

analyses are summarized in Table XII. 
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Analysis of Data 

Foundation Conditions 

e „ evaiuation of the date collected by the Ihveatlgetloha end 
laboratory teat Indicate» the following condition»: 

a. Conditions fron the Bond a 
Generally, the Invert ma er a ^terlsls are medlum dense, with molature 
non-plastic 3^y3“ ' ^ ol3t. Ground water was encountered at a 

d£h of Ä at tSeUuth of the CreeW. ^ legs of borings are 

presented on plate D-7. 

b‘ 

and gravel ^ " st^ TÄ 
material variations appear -iones. The waste materials 

"ÂV - aTthe fln/gr.^ allt, 

toward ^he confined by native gravel, having 

cut slopes of IV;1H. 

Preliminary Design Values 

design Rr.r on 1 «a'un.“ ^at,”“ 
representative disturbed materials. 

«« values for the compacted fill material, 
5.13 The selection ^ ASTM 698 compaction tests. The 
was based upon the results . ,. qc oercent of maximum density and 
moist unit weight was a39Uine °d lty vaiue3 of the in-situ materials 
optimum moisture content. The densi y testa, and 
were determined by interpreting values from b\ow the 

from density tests and pit materials were 
relative densities of ® 7Q percent. The preliminary strength 
determined to be approximat y Usina criteria provided in 
parameters of the materials wer Based on the gradation of the 
EM 1110-2-1913, Chapter 3, Zld be at a minimum of 
material and assuming that the - it^ ^ aelected t0 represent the 
70 percent relative density, me Santiago Creek and Bond Street Pit 

angles of ‘"‘"’’‘p.^.híutl.s «A select based upon the D,0 of the 
1%1 r n S:ponP «*.hiïi'y "ata conduotad by othef,. 



Table XII 

Preliminary Design Values 

% 

Bond Street Pit area 
io the Santo Ana Rivgr 

Dry weight i (pcf) 

Moist weight, (pcf) 

Saturated weight, (pcf) 

Angle of internal friction 

Permeability, (fpd) 

Equivalent fluid weight 

Coapacted Fill 

115 

126 

13*> 

S-type, (degrees) 

0.1 

active, (pcf) 

Tn.altu Material 

120 

130 

138 

35 35 

10 

40 110 

Rond Street Pit area 

/ 115 
Dry weight, (pc') 

125 
Moist weight, (pcf) 

Saturated weight, (pcf) 

tagl. of internal friction (degree.) 

Permeability, (fpd) 

125 

131 

i*n 

32 37 

10 

Design Applications 

[ANNEL DESIGN 

,14 The channel, fro* pUoad on bedding material. 

rcnle*!^"1- to 1V:2.5H. T« riprap «nie extenC to 

slow the depth of scour. 

IT DESIGN 

,.15 The Bond Street Gravel the walls of the 
iood retention basin. FUI mould ”at Villa Park Road, 

ionld°be .Tvefa^ ‘ Ä 

S' blankets ^P^tÄ^ ^ ^ 
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sDillwav Another rock blanket would protect the materials to the side 
Òr tir.pinly The approaoh to the gated outlet structure at Prospect 
Avenue would also be protected by a rock blanket. 

CHANNEL EXCAVATION 

g 16 The proposed channel uould be constructed by open cut. No 
temporary slopes would be steeper than 1VHH. Excess excavated 
materials ^y be used as slope rill within the Bond Street Sravel Pit. 
Excavated materials greater than 9-inches would be raked to the channel 
invert for use as bottom armor. 

COMPACTED BACKFILL 

5 17 Structural backfill would be of select silty sand material from 
the required project excavation. Backfill mate-ial would be placed in 
1-foot lifts and compacted to not less than 95 percent of maximum 
density (ASTM 698) and within 2 percent of optimum moisture. 

c ,0 sloDe backfill for the Bond Street Pit would be of material from 
til reculr^Trolect excavation. Sand, silts to »andy gravel» would be 
olaced in not greater than 18-inch lifts and compacted to at not less 
tian 95 percent of maximum density (ASTM 698) and within 2 percent of 

optimum moisture. 

ROCK PROTECTION 

5.19 The specific gravity of the riprap would not be less than 2.60. 
Filter blankets would be required beneath all riprap se 
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VI. OAK STREET DRAIN 

Project Description 

fi m The oroposed improvements along the Oak Street alinement would 

HH -¿r-v lys?: s '¿Z 
Lincoln »venue to the Oak Street channel. The diversion channel wou 
taêe "o-foot high walla. For a complete project description see U>3 

main report. 

Topography, Geology and Faulting 

n? The orolect is located on an alluvial fan at the base of the Santa 
6.02 The ProJ60*- 13 ^ca Cit of Corona. Below the existing debris 

Elsinore faul*- system. 

M3 r Eiâîromuu ‘irt^rvLritriTrritrÄi“^ 
fault “exists as a 3/4-mile wide zone co"Ps°Sef upsîream 
alón« with numerous minor faults. It passes wit , oaTov aiong wiuii num piainnre fault zone separates the early ZZJ: uTthelatuTkr or the sanu «n^Mountal» r . 

sediments! » hill just west of the left atutment Is composed of the 

Silverado Formation. 

6.0k «n irregilar shaped subdued hill south.a.t of th. Flgh^abutment 
has been mapped as older alluvium and terrace deposits. Bowever, 

f^ursUeTZ?'it1 «F t*1.1!0."5 c^pos^Tf Tertiary"««. s^l«nts 
S1 ainoVlt is d-ted for the -t ,^^^11^. 

^0¾ U^ topographlo -d.no. 
. nrolection of the Chino fault passes within 200 feet or tne rignt 

■éèí 

'converse La.ts Dixon «ssoclates. Geotechnical F.aslbUlty/Sltlng 

1977. 
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th, rin,2 across th, susp«ct,d tract did not r,v,al an, signs of 

faulting. 

6.05 Although both the ftln0 and ^“reomt^actlílty Is 

^uorjîr äädTri^rU, h^tiet.™rr'H0»«“ • 

- rÄot.r. r,í s ^rt,^,^ 

6.06 A 1972 stud, by Langen!«« “^^VL^^ñcíusTo^1 thaï: 
the Elsinore fault zone led the r vicinity of the Corona 
(1) the micro-earthquake activity s eas f u l8 not tectonically 
and increases to the south; (2) the rauit an(J (3) the flrst 
as active as the .San Andreas of San Jacl^t0 faof th’e moveinent „hich i3 
motions of events indicate a eompiex geome y Botlon on the san 

Änddtn3lVl?0nrrefor°e, ^ ~ 

tí; lit. Vanity is 

low. 

6.07 existing debris »»‘"A’.Hh'a 
alluvium. The foundation l3 ' lobbies Couard the uestside and more 
greater percentage of gravel and 'e»»1 ¿ ™ drlUed along 
silt and cla, touard the east. In '978 four n ^ not 

the dam axis to a “f"“" dep“ „t.r it a depth of 36 feet. 
=r,9rtur^£rLs also -cate rMth;d.pthtto 

valley Center, ^^mind*wter ^Is*«! ^expwted to pose problems In the 
construction of channel improvements downstream. 

Recent Field Investigation 

6.08 The exploration of the ^«^^“^^Te^treTh«'^ 
excavating 8 test trenches, TT79-1 a baolthoe, during 

excavated to an approxiiJV® 0f the test trenches are shown on plates 
November 1979. The locations visually classified and 
D-10 and D-11. Th. “^^^f^riTt^pes were obtained for 
disturbed samples of >'ePr«a®nU saBpie9 were obtained at 

r.ris rrz ^,,ou ^ 
changed. 

.„ 's=,r 
Facility. June 12, 1978. 

^lAngenkamp. Ifcvid and Combs^ Jl^. WldroMrthciuaXe^Study^ofythe 

Elsinore Fault Zone, Southern canrorma, 
American Builders. 
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Previous Field Investigation 

6.09 Geotechnical studies by other agencies, of the subject area, were 
utilized as supplemental elements of analysis for this report. A study 
by Alderman, Swiff and Lewis Consulting Engineers for the City of 
Corona, titled, Sixth and Tenth Street Bridges over Oak Street Channel, 
was used to supplement information about the material types along the 
proposed alinement. The logs are shown on plate D-12 and the 
exploration locations are shown on plate D-10. 

6.10 A second study, entitled, Proposed Oak Street Channel Debris 
Control Facility, was prepared by Converse, Davis, Dixon Geotechnical 
Consultants, for the City of Corona. The study discusses geotechnical 
design considerations of the debris structure. 

Laboratory Tests 

6.11 Mechanical analysis, Atterberg limits, moisture content 
determination, and compaction tests have been conducted on 
representative samples in accordance with EM 1110-2-1906. The soil 
classifiction is in accordance with criteria provided by the Unified 
Soil Classification System. The results of laboratory classification 
tests and analysis are sunmarized on plates D-10 to D-12. 

Analysis of Data 

MATERIAL CONDITIONS 

6.12 An evaluation of the data collected from the explorations and 
laboratory tests indicates that the materials encountered along the Oak 
Street drainage channel (see plates D-10, D-11, and D-12) consist of 
non-plastic silty sands or silty gravels. There are occasional pockets 
of clayey sand in the upper reach of the channel. The plasticity index 
of the clayey materials ranges from 6 to 14, and the liquid limit ranges 
from 22 to 32. The materials are medium dense to dense with moistures 
from dry to moist. Ground water was not encountered. 

Preliminary Design Values 

6.13 Design values are tentatively selected for preliminary design 
based on results of field and laboratory tests conducted on the similar 
types of materials. The preliminary design values are presented in 
table XIII. 

DENSITY 

6.14 The selection of density values for compacted fill material, was 
based upon the results of standard ASTM 698 compaction tests on 
representatives materials. The moist unit weight was assumed to be at 
95 percent of maximum density and optimum moisture content. The density 
values of the in-situ material, as determined by others, were consistent 
with densities encountered during the recent Corps field observations. 
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STRENGTH 

6.15 The preliminary strength parameters of the materials were 
established with criteria provided within EM 1110-2-1913, Chapter 3, 
paragraph 8. Based upon the gradation of the materials and assuming 
thAt the in-situ material would be at a minimum of 70 percent relative 
density, a mean value was selected to represent the angle of internal 
friction for the Oak Street drain channel materials. 

PEFÆABILITT 

6.16 Permeabilities were determined upon the Diq of the materials and 
from test results conducted on similar types of materials. 

Table XIII 

Preliminary Design Values 

Oak Street Drainage Channel 

Dry weight, (pcf) 

Moist wei,ght, (pcf) 

Saturated weight, (pcf) 

Angle at internal friction 
S-type, (degrees) 

Permeability, (fpd) 

Equivalent fluid weight 
active, (pcf) 

Compacted Fill 

115 

126 

13*» 

35 

0.1 

40 

In-situ Material 

120 

130 

138 

35 

0.1 

Design Applications 

CHANNEL DESIGN 

6.17 The Oak Street channel and the Lincoln Avenue diversion channel 
would be constructed as either an L-wall or U-wall rectangular 
section. A subdrain system is not required for the channel, since the 
structure is not expected to intercept groundwater. 

CHANNEL EXCAVATION 

6.18 The proposed channel would be constructed by open cut. No 
temporary slopes would be steeper than 1V on 1H. Control of ground 
water is not expected to be a construction consideration. 
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COMPACTED BACKFILL 

6 19 Structural backfill would be select silty sand material from the 
required project excavation. Backfill material would be placed in 
1 foot-thick lifts and compacted to not less than 95 percent of maximum 
density (ASTM 698) and within 2 percent of optimum moisture. 

Existing Oak Street Debris Basin 

6 20 The existing debris basin located at the head of the proposed 
channel improvement, was given a cursory review. The embankment appears 
to have been designed with adequate geotechnical consideration Emento 
seepage, static embankment stability, and construction material 
control. Should the basin be found to be hydraulically adequate, 
additional investigation of the Chino fault and its effects upon the 

embankment would be made. 

! 
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NATHAN M. NEWMARK 
1705 S. PLEASANT ST.. URBANA. LLINOIS 

27 December 1973 

Col. John V. Foley 
District Engineer 
Los Angeles District, Corps of Engineers 
3OO N. Los Angeles Street 
P.O. Box 27I I 
Los Angeles, California 90053 

Dear Colon-’l Foley: 

The undersigned Board of Consultants, having met with representatives 

of the Los Angeles District, the South Pacific Division, and the Office of the 

Chief of Engineers, at your office on 11 and 12 December 1973, and after 

consideration of the information presented to us concerning the Mentone Dam 

flood control project, respond to your questions with the following 

recommendations and suggestions. 

1. The close proximity of the proposed site to the south trace of the 

San Andreas fault does not in itself rule out the construction of 

a safe earth-rockfi11 dam on the site. 

From the historical and geological record, displacements on the San 

Andreas fault are of strike-slip type with rupture confined, in even 

a major earthquake, to a narrow zone with only minor vertical offsets 

Because horizontal offsets on the San Andreas of up to 20 ft must 

be expected in a major earthquake, the Board recommends an alignment 

for the embankment which does not cross the south fault trace. 

2. With the use of recently developed techniques of analysis and design 

it is feasible to construct a properly engineered earth or rockftll 

dam and appurtenant structures that can safely resist transient 
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vibratory motions of the high intensity associated with primarily 

strike-slip motions arising from proximity to major faults. These 

motions are not significantly greater adjacent to the fault than 

they would be several to ten or more miles away. 

3. However it should be recognized that the characteristics of the 

foundation soils on which an embankment dam is constructed have a 

major influence on the seismic stability of the embankment and the 

reliability of the control works associated with the dam. Currently 

there is very little information available on the stability of the 

foundation soils at the Mentone site under earthquake loading 

conditions. Furthermore, while there Is a good likelihood that 

they will prove to be adequately stable for the expected seismic 

environment at the site, there Is also some probability that the 

generation of increases in pore water pressures in these soils 

during earthquake shaking could lead to undesirably large 

deformations of the embankment. Accordingly, before a decision 

on the technical feasibility of the project can be reached, it Is 

essential to explore in reasonable detail the in-situ characteristics 

of the foundation soils. 

4. While this will present special problems at this site because of 

the presence of cobbles and boulders, in view of the importance of 

the project and the chances of establishing its technical feasibility, 

the Board believes that It would be justified at this stage to expend 

about 200,000 dollars on a comprehensive exploration of the 

characteristics of the foundation soils. 
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In addition, part of the information needed for a finai evaluation 

of the site is exploration of the geological structures which 

underlie the proposed dam. Geophysical profiling and more detailed 

geological mapping should be aimed at more precise definition and 

classification of water barriers and inferred faults shown on 

available geological maps. 

Since the Mentone Dam is part of a flood control system that acts 

together with other facilities, it is essential that the safety of 

the other critical parts of the system be considered in the design. 

Hence the Board recommends that the safety of the Prado Dam, outlet 

works, spillway, and downstream channelization be reviewed for 

earthquake motions associated with the Whittier and Chino fault 

systems, as well as those associated with the San Jacinto and 

San Andreas fault systems. 

7. Because of the triggering effects of sustained excess hydrostatic 

pressure on fault motions, the design requirements to limit the risk 

of failure to acceptable levels are substantially higher for a dam 

that is required to store water for continued periods of time rather 

than for a limited period to provide flood control. The Board would 

not recommend the construction of a dam at the Mentone site to provide 

a long term reservoir unless further consideration is given to the 

potential consequences of the water impoundment. 

Respectfully submitted, 

QsßMr 
Bruce A. Bolt 

4>1. 
Nathan M. Newmark 

H. Bolton Seed 
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nathan m. newmark 
1705 8. PLÍA8ANT ST.. 

URBANA. ILLINOIS 

11 March 1975 

Colonel John V. Foley, C.E. 
District Engineer 
Los Angeles District. Corps of Engineers 
P. 0. Box 271 i 
Los Angeles, California 90053 

Dear Colonel Foley: 

The undersigned Board of Consultants met with representatives of 

the Los Angeles District at your office on 31 January 1975 and reviewed 

the investigations conducteo to date concerning the Mentone Dam and Prado 

Dam flood control projects. At the conclusion of the meeting a number of 

questions were addressed to the Board concerning these projects, and our 

responses are presented In the following pages. It should be noted that 

the Board was presented with only qualitative descriptions concerning the 

project and did not have an opportunity to review all of your studies in 

deoth. The comments below should be considered in that light. 

A. Proposed Mentone Dam 

Question 1. Based on the information which was presented to you at the 

first meeting of the Board on 11 and 12 December 1973 and 

the subsequent data obtained by the Los Angeles District 

during the past year on the characteristics of the founda¬ 

tion soils on which the Mentone Dam embankment and 

appurtenant structures would be constructed, presented at 

this meeting, does the Board consider the plan for a flood 
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control dam at the Mentone site as presently conceived to 

be technically feasible? 

agspons«: As indicated b, the Board In Deee»b,r 1973 there are a number 

of different aspects which must be considered In making a recommendation. 

In the ensuing year some additional Information has been obtained by the 

Corps of Engineers, In part In response to the Board's earlier suggestion 

that the In-sltu characteristics of the foundation materials be explored 

In reasonable detail. Other aspects of background knowledge necessarily 

remain the same. Including the regional structural geology and the historical 

earthquake record. 

While, as is often the case in such site evaluations, the 

Information available Is spars. In certain respects, the Board feels that 

I, can respond with reasonable assurance to the main questions of technical 

feasibillty. 

(a) The proposed dam and structures are closely adjacent to 

the south trace of the San Andreas fault. The proposed embankment, however. 

does not cross the fault trace. 

In our opinion this site may be subject to earthquakes (up 

,0 magnitude 8e) associât«! with significant horizontal offsets along the 

San Andreas fault trace at any time. »S a consequence the dam may be 

subjected to very substantial strong ground ».ion. Horizontal accelerations 

may occur exceeding O.Sg and shaking continue for 60 or »re seconds. 

Secondly, the fling along the fault might produce a seiche of significant 

a»11tude In any bod, of water In the reservoir at the time. Thirdly, 

"subsidiary" faulting may occur under the embankment associated with the 

major displacement on the main San Andreas fault trace. Offsets of up to 
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2 or 3 feet, either horizontally or vertically, may occur under the dam In 

such an earthquake. 

(b) It is the Board's opinion that an earth-rockfi11 dam can 

be constructed on the site In such a way that the consequences of a major 

earthquake, described above, will present no significant hazard. Our con¬ 

clusion is predicated ort the following conditions. First, the dam will not 

be used for water storage except in the rare occasions (perhaps one per 

century) when major flood-flows occur. Complete draw-down of the reservoir 

will be rapid, not exceeding a few weeks. Under these conditions the joint 

probability of an almost simultaneous major earthquake and major flood can be 

estimated as extremely small. 

(c) Nevertheless, the Board recommends that the dam design be 

developed so as to resist the lateral and vertical forces appropriate for 

a major earthquake on the San Andreas fault. This design should be based 

on the most recent dynamic analyses techniques for simulating strong shaking 

and also should permit permanent ground displacements of the scale mentioned 

above without critical damage to the embankment. 

(d) The Board reiterates that there still is available only 

little information on the behavior of the foundation alluvium (principally 

sandy gravels with cobbles and boulders) under earthquake loading conditions. 

The Board feels, however, that because the normal water table is below 

150 feet depth at this site, the likelihood of adverse ground effects in 

strong shaking is quite small. The Corps should investigate the hydrological 

changes in the alluvium under planned conditions of temporary water storage. 

SHEET 3 OF 9 



1' I'll'IWW— 

Question 2. Does the Board have any specific comments or recommendations 

regarding the present concepts proposed for foundation 

treatment, the embankment cross-section, and the spillway and 

outlet works structures? 

Response: Major problems associated with insuring the seismic stability 

of the proposed Mentone Dam are associated with the nature of the founda¬ 

tion materials and the possibility of branch faulting in the foundation of 

the Dam. 

The foundation materials consist of extremely variable sandy 

gravels with many cobbles and boulders and occasional sand lenses. There are 

no techniques available for reliably determining the character of such a 

material although the excellent investigation already completed indicates 

it to be reasonably dense and only vulnerable to strength loss under 

extremely strong shaking. Nevertheless, strong shaking is possible at the 

Mentone site. In view of the Inevitable uncertainty associated with the 

stability of the foundation soils should they become saturated, it would seem 

desirable to explore the possibility of eliminating this problem by 

preventing them from becoming saturated as a result of water storage. The 

foundation materials will be dry throughout most of the life of the 

project and a high degree of saturation may well be avoidable if storage of 

water Is limited to relatively brief periods of time. This possibility 

should be explored in detail. 

A related study should also be Initiated to determine the 

statistical probability of various earthquake and flood combinations which 

../: . i.,..M JliLm... .i» ' ■ .fmi; ,L[ . 

... ...-.. 
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may occur in the lite of the dam. 

It should be recognized that, although the dam itself is not 

located on the San Andreas fault, there is a possibility of branch or 

splinter faults developing close to the major fault, and therefore in the 

foundation of the dam; the cross-section should be designed for this 

poss1bi1ity. 

Embankment stability should be ensured by requiring a very 

high degree of compaction; epecial care «ill be repaired In the seismic 

design of spillway and outlet works structures. 

0ues,ion 3. hecogniting that additional geophysical profiling and detailed 

mapping are required to provide more precise definition and 

classification of water barriers and inferred faults shown 

on available geological maps, is it the opinion of the Board 

that the proposed plan for retaining flood flows in the 

reservoir would be satisfactory from the standpoint of possible 

triggering of earthquakes? 

Response; In recent years special checks for related seismicity have been 

mad. at many hundreds of moderate to large reservoirs around the »orld. The 

conclusion has been that there are only perhaps ten to fifteen cases of 

earthquakes that can be associated with the reservoir loading. The only 

»ell-documented cases are for reservoirs behind large dams, l.e.. I" 

of 300 feet high, which hold water permanently. 

So far as the triggering mechanism of a large reservoir is 

understood, the necessary conditions would not even be approached at the 

SHEET 5 OF 9 



Kim 

»enton. facility if permanent storage of »ater behind the dam is avoided. 

The embankment and reservoir capacity are of insufficient site to fall 

into the category where concern for triggering might be needed. Two other 

factors essentially rule out hatard from reservoir triggering In this case. 

First, any peak water load on the crust would be sustained only for a few 

days at most. Secondly, no reservo!r-lnduced earthquake is known with a 

magnitude greater than 6.5. The Board is recoamnding that the design 

of this facility take into account a magnitude 8* earthquake associated 

with the adjacent San Andreas fault. 

B. Prado Dam 

duestion I. Based on the information presented at this meeting on the 

geology, faulting and seismicity of the Prado Dam area and 

the field investigations and analyses of the Prado Dam 

embankment and foundation conducted by the Los Angeles District 

during the past year, is it the opinion of the Board that the 

apparent high potential for liquefaction of certain strata 

of the dam foundation can be controlled adequately by the 

presently conceived remedial plans subject to their veri¬ 

fication and further development as a result of the detailed 

study being undertaken by the Los Angeles District? 

Response: The Board believes that the apparent high liquefaction 

potential of certain strata in the foundation of Prado Dam can probably be 
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adequate ly centro, led by re™d,a, ™aSures sW,.r to tboa. proposed, or 

b, appropriate modifications of such measures. 

(tnestion 2. Does the Board foresee any problems in the soils, geologic or 

seismic areas which would render the present concepts for the 

proposed project modifications of Prado Dam and its appurtenant 

works technically infeasible? 

„spees.. Evidence avaliable to the Board a, this time does not suggest 

any major soils, geologic or seismic probiems that wouid mak, this project 

infeasible, however, further geologic and geophysical studies should be 

carried out to verify this tentative conclusion, as well as to permit the 

assignment of a realistic design earthquake. In particular. a„ avaiiabi. 

published and unpublished studies on the configuration and possible Quaternary 

activity of the Whittier and Chino faults should be summarired, and gaps in 

knowledge identified. The arguant for the absence of faulting through the 

dam itself would be considerably strengthened if continuity of the akls 

th« Aren, Bianca sync,Ine could be demonstrated; perhaps exposures in 

challo- treno.. the east abutment, bucket-auger observation holes, or 

shallow drill-holes yielding oriented cores could quickly establish this. 

A very detailed, large-scale geologic map of th. imeediate are, of the dam 

does not seem to exist, and this should certainly be a minima, requirement 

for the Prado — or any other — dam. 

Question 3. Does the Board have any specific comments or recommendations 

regarding the present concepts proposed for the embankment 

cross-section, spillway and outlet works structures? 
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Response: The general cautions described elsewhere in this letter 

regarding the provision to resist dynamic motions, fault slip, and possible 

liquefaction, are applicable also to the Prado Dam. Of particular concern 

is the necessity for avoiding liquefaction of the materials underlying the 

present dam. Further studies of the relative reliability of the several 

measures proposed shojld be undertaken. 

It is also recommended that studies be undertaken to locate 

more precisely possible fault systems that may cross or intersect the site, 

and that provision be made for the relative motion that might be caused 

by subsidiary faulting in the embankment, or in the spillway and outlet works. 

With regard to the embankment cross-section, it appears likely 

that a larger stabilizing buttress will be required than that indicated on 

the tentative cross-sections for proposed remedial measures. 

Question 4. Recognizing that additional geophysical profiling and detailed 

mapping are required to provide more precise definitioi. of 

faults shown on available geological maps, is it the opinion 

of the Board that the proposed plan for retaining flood flows 

in the reservoir would be satisfactory from the standpoint 

of possible triggering of earthquakes? 

Response: As is the case with the proposed Mentone Dam, the maximum 

depth of water to be stored behind the Prado Dam, as well as its short storage 

time, do not appear to be consistent with tfose few cases where earthquakes 

have apparently been triggered by reservoirs. Furthermore, the maximum 
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credible earthquake to be specified for the nearby faults is likely to be 

at least as large as the largest reservoir-induced earthquakes that have 

ever been observed. 

MilU 

Bruce A. Bolt 

Nathan M. Nevmark 

H. Bolton Seed 

» 

_ 
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Mr. L. Lauro 
Department of the Army 
Los Angeles District. Corps of Ehgineers 
Attn* P and M Branch, Hoorn 6627 
P.0. Box 2711 
Los Angeles, CA 90055 

Dear Mr. Lauro, 

cÄ thS on n review of the «ter level d.U «loh you 

provided and reviewed at the meeting* 

1. When the feaeibility of deeigning and conetrocting . etío^dMat 
thie eite «e dieoueeed by the Consulting ^ 

“Ttoluofa ^‘ttaf the'fSion solle for th. d« «uld not 
^saturated even dnrlngperiods 
that time water levels were typ y hiidier than 

roÄJSn îS’tfrft^ÂÎ ““ 
iir^rc^rdiÂt^Â 

the safety of the proposed dam. 

2. In view of the high the^^ound sux- 
saturation being developed are desirable to reconsider 
face in the region near “^ST^ch a «y that the 

ÎLÂ «ïïc^. 
: Sv^r-OÄ, 

reliabl.^deterninati«^of^their degree of deneifloation will heoo» 

of major importance. 

>• ir.i.Ä-srs.nÄrÄ iiï 
characteristics, I would recommend* 
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(a) 

(b) 

„U.* including such Ludicator. of dm.ity ac in-citu ahcar wave 

velocity measurements. 

lhe conduct cí field compaction teete in ^ “^^^ä^ifts 
.oil. ^ compacted with ^ pUced. 

r^Ä^^tTtir-f 
K^rcoSi’tÄ STf^U« ^«Ji- t^ c«. be obtained 
from comparieons with laboratory compaction data. 

ic) Tr^rtirriîe'Âi-Tuîrde^of 
SlSÍuÍrt determination, may be the 

only way in which this can be done effectively. 

There i. good reason to erpect that th. °onduot_of 
Show the foundation conditions to be ^ which ^ develop at this site. 

r£i«* 'ÄSSÄoom-ntatlon to oh«:k this preliminary 

opinion is desirable. 

Sincerely youis, 

44. ^ 
H. Bolton Seed 



CLARENCE R. ALLEN 

700 South Lake Avenue. Aft. 322 

Pasadena. California »1106 

2 January 1981 

Mr. Norman Arno 
Chief, Engineering Division 
Los Angeles District, Corps of Engineers 

P. 0. Box 2711 
Los Angeles, California 90053 

Dear Mr. Arno: 

In your letter of 12 December 1980, you asked me to review 

some of our earlier recommendations concerning the seismic design 

parameters for the proposed Mentone Dam of the Santa Ana River 
Project. In particular, you asked that I reconsider certain questions 

in the light of technical knowledge that may have been gained since 

the time of our Consulting Board report of 11 March 1975. 

Let me discuss in order the various items that you mention: 

(1) Earthquake magnitude.—We suggested in the 1975 report a 

magnitude 8+ design earthquake centered on the nearby San Andreas 

fault, and I see no reason to modify this recommendation. Geologic 

studies by Dr. Kerry Sieh, carried out subsequent to 1975, suggest 

that earthquakes of this magnitude level have occurred about every 

150 years along the San Andreas fault near Valyermo, 50 miles north¬ 

west of the Mentone site. Although there is some debate as to whether 

the same recurrence interval characterizes the fault near Mentone, 

because the fault system is fraying-out southeastward, we must 
conservatively assume a similar degree of activity in the two areas. 

In any case, a great earthquake centered very close to the damsite is 

a likely event during the life of the dam and should be considered in 
the engineering planning. Although we use the term "8+", the ground 

motion at the site will not be predictably different whether the actual 

magnitude (Mg) be 8.0, 8.5, or some other nearby figure, owing to the 
great length of faulting that necessarily will be associated with such 

a large event, the complexity of the fault-rupture process, and the 

nature of the resulting ground motion. 

(2) Acceleration and duration.—Within the past five years, we 

have learned a great deal about the nature of strong ground motion 
during earthquakes. However, this is somewhat outside of my field of 

expertise, and other members of the Board of Consultants are more 

qualified than myself to advise you on this subject. 
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Mr. Norman Amo 
2 January 1981 

/1) pauit displacement. —Surface fault displacements °f up to 20 
feet on the main trace'^F the San Andreas fault were specified in^he 
1975 report and 1 see no reason to modify this recommendation. The 

main trace of the fault does not, of /^^^has'shown 
the structures of the proposed dam. Historic «per earlier 
tl« and a Rain that fault »'«"a ten t^epe.tj.lthfull^.longe^^ 

breaks, and it is exceed ng y un y chifr during a future 
the main trace of the San Andreas fault would ^ift dur * , ^ 
earthquake to a new location beneath the dam, the nea . p 
is about 0.3 miles from the presently active main fault trace. 

„7 Subsidiary faulty.-X Board d^n^OT^that as^muc^ 

as 2 to 3 feet of displacement, in any direction, 
on subsidiary faults that might pass beneath the dam itself. Thi 
reco-endation van baaed on the obaervatlon that^Ino^aubs y 

fractures have Indeed aonetlnea occurred adjacent « ¡a"robably 

and because the very recent atrean gravels S“e"°; b(!Pprese„t. 
conceal any branch or subsidiary fj*ult® a area have been attri- 
Furthernore, various ground-water barriers vated t0 bedrock, 

‘U U lliïZZ finît: riî°bbeeoeh:erved, although 

It iS my judgment that, assuming a major slip °n«*e adjacent 

^rg:Ln:!altî^:sîtY:pft1yc^îî;^8::.^,” 
rÆ “äS ÄÄg 
displacement directly through • ipneth is by no means 
during the life of the dam, somewhere along its length, is by 

incredible. 

, . . r.f 7 rn 3 feet of maximum offset on The basis of our judgment of ¿ to j leet ui 

“ î:r. r Si«« 

- - il -- 1- 
SM^Andreas trace ln Marin Cn^ty. BlnpU«- 

ir^îfhr.criîu^r^.^^.t.tutic.ii. 
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Mr. Norman Amo - 3 - 2 January 1981 

occur during the next great earthquake on this segment of the San Andreas 
fault, (2) the dominantly strike-slip nature of the San Andreas fault, 
(3) the fact that the average distance from the fault of the dam (^lud- 
inR its most critical segments) is perhaps 2 miles, and (3) the exceed 
ingly unlikely occurrence of a major earthquake during the very infrequent 
periods when the dam is impounding water. Were it not for this la 
factor, a more appropriately conservative displacement figure might be 
3 feet of vertical and 5 feet of horizontal displacement. 

One geologic map of the area (Dutcher and Garrett, 1963) shows 
two faults trending toward the dam, although not actually continuing 
beneath it. These faults, "K" and "L", are, however, "postulated on the 
basis . . . of somewhat inconclusive evidence" relating primarily to 
eround-water effects, and I do not consider them to te sufficiently well 
documented to call for specific engineering planning 
under the overall umbrella of 2-3 feet of subsidiary faulting already 
specified. If subsequent investigations show these faults to break 
young alluvium at specific localities, then further consideration will 
be called for. Such investigations should be undertaken. 

(5) or ground-surface faulting?-^ specifically asked 
whetherlhTspecified amount of subsidiary faulting sh°uld ^ *88U!^ 
to occur at the ground surface or on the buried bedrock surface. Our 
assumption was that this should be considered a ground-surface displace¬ 
ment, at the base of the dam. We recognize that the alluvium is 
relatively thick at the damsite, but thick alluvium in itself does 
not necessarily dissipate fault displacement imposed by underlying bed 

rock dislocation. 

(6) »^rvnir-induced earthquakes.-1 note one statement in the 1975 
report that requires modification: On page 5 we stated, with regard 
reservoir-induced earthpuakes, thar "the only »ell-documented casen are 
for reservoirs behind large dams, i.e., in excess of 300 feet high, 
which hold water permanently." This statement still applies io* 
relatively large reservoir-induced events - those in excfef 
5 7 — but there are now several well-documented cases of induced low 
level (non-damaging) seismicity in shallow reservoirs. For reasons 
stated in the 1975 report, however, I continue to recommend no special 
consideration for reservoir-induced earthquakes at the Mentone Dam, 
primarily because a very large naturally-occurring design earthquake 

has been specified anyway. 

I should emphasize that in reviewing our 1975 conclusions I 
have not made an extensive literature search of geologic, hydrologic, 
or geophysical work that might have been done in the damsite area since 
that time. Nor have I talked at length to engineering geologists who 
have recently been working in this area. I assume that your own 
geologic staff will advise the Board of any such studies, and I of course 
stand ready to modify my conclusions if any relevant new wor s ou 

come to light. 



Mr. Norman Arno 
2 January 1981 

Dr. Bruce Bolt and I have talked over the telephone about most 
of the items covered in this letter, but, in the interest of time, we 
are submitting separate letter reports. If you wish, we can at 
time formulate a joint statement. 

Vefy truly yours, 

Clarence R. Allen 

cc: Dr. Bruce Bolt 
Dr. Nathan Newmark 
Dr. H. Bolton Seed 
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APPENDIX E 

REAL ESTATE 

I. INTRODUCTION 

The right-of-way requirements for the Santa Ana River, Phase I GDM are 

broadly set forth as follows: 

The All River Plan 

This plan, in main, proposes to (1) Raise the Prado Reservoir 10 feet 
from elevation 556 feet to elevation 566 feet; (2) Upgrade the existing 
title of the basin from easement to fee; and (3) To construct a second 

dam 34 miles upstream near the community of Mentone. 

The (NED) Plan 

This is an alternate plan which, in main, proposes to (1) Raise the 
Pr-do Reservoir 26 feet from elevation 556 feet to elevation 582 feet, 

and (2) Upgrade the existing basin title from easement to iee. 

Note. Both plans include the rights-of-way required for two 
tributaries—the the Oak Street Drain in the City of Corona which flows 
into the Prado Basin at the southeast corner and Santiago Creek which 
flows westerly to the river approximately 18 miles downstream in norti 

Santa Ana. 

The Marsh Area-A Wildlife Habitat Adjunct 

Over and above the real estate requirements for the above two concepts, 
the acquisition of lowlands on the east side of the river between 
Pacific Coast Highway in Newport Beach and Victoria Avenue in Costa Mesa 
is contemplated as a wildlife habitat for certain endangered species 
such as the Least Tern. These lowlands which are known as the Marsh Area 
is a part of the West Newport oil field and is involved with over 10U 

oil and gas wells. 

It should be noted that the river channel improvement adjacent to the 
Marsh Area would require a 200 foot strip for the widening of the right- 
of-way. Consequently, the Marsh Area proposed for the wildlife habitat 
is actually the remainder located between the 200 foot strip and the 
bluffs to the east. Because of the oil field various acquisition 
alternatives are possible but only the following ones are considered at 

this time: 

(1) Acquisition of exclusive rights including the oil and gas 

interests . 

(2) Acquisition of the fee subject to the remaining economic life 

of that portion of the oil field affected. 
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(3) Acquisition of exclusive rights on Areas 1, 2, 3, and 5, and a 
600 foot corridor (Area 4A) abutting the river from Area 4 which 
connects Areas 1 and 5. See plate E-l. 

II. ASSUMPTIONS AND LIMITATIONS 

Genera 1 : 

The foregoing right of way estimates are based upon gross real estate 
appraisals of the fee title estates unless otherwise indicated. The 
acreages are approximate but commensurate with the mapping provided by 
the project engineer. The value estimates are made as of 1 March 1980. 

The All River Plan 

Reach A (Prado Dam and Reservoir) 

The Corona National Golf Club, a private golf course, is located partly 
within the existing basin and partly within the expansion area f°r 
elevation 566 feet. It has been assumed that land only will be acquired 
and that the owners will desire to remain and operate the course under a 
recreational agreement. 

The California Institution for Women, a major state prison will remain 
in place protected by appropriate flood proofing. It is located on 
Chino Corona Road in San Bernardino County south of Pine Avenue. 

No dairies are being acquired on a partial basis since dairy owners 
would not be able to comply with space requirements needed to avoid 
water quality control and pollution problems. 

It has been assumed that the Yorba Slaughter Adobe, a registered 
monument, can and will be relocated within a reasonable distance, hence, 
money has been included for this purpose. 

It has been assumed that the Sunkist Growers, Inc. owners of the land on 
the southside of Rincon Street at Main Street in Corona will be allowed 
to continue to dispose of their waste water on this property from their 
lemon processing plant located elsewhere as the waste water cannot be 
discharged directly into a stream or the Prado Basin without additional 

treatment. 

Reach B (Upgrade Existing Basin Title) 

With respect to the upgrade of the existing basin, it has been assumed 
that existing oil wells, golf courses, City of Corona Airport, sewage 
treatment plant and settling ponds, and various water wells will be 
allowed to remain and operate in place subject to flooding from time to 

time. 
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Reach C (Oak Street Drain) 

■ „il nprpssarv rights of way now held by either 

rcur:" crZdoi theaL“y Of /¡.e-ue win be wade av.il.bie at 

no cost for the project. 

U hat also been assumed ‘J“a'L^tgetb%u°Cl‘ 
the rear property line of a the leagt 
southwest corner of uncoln A and that the 

possible interruption of _ vehicular circulation and/or parking 

^'ir^rd^r^on^tïe co,ered drain across the rear 

of this property. 

Reach D (Mentone Dam and Basin) 

The following assumptions have been made: 

1 That the abandonment of the Atchison, Topeka and Santa Fe 

and salvaged by Santa Fe prior to construction of the project. 

? That the three radio towers in the basin area belonging to 
station KCAL may be relocated without undue difficulty to a pom 

outside the basin. 

1 That Creenspot Road, a major local road, will not be severed by 

the proposed dam but will be parti y , . r wup anm 
Rold to Weaver Street thence around and over the north end of the dam 
and thence souther., to Santa Ana Canyon Road and back to Greenspot. 

4 That that portion of the spreading ground ponds and structures 
affecied and belonging to the San Bernardino Valley “eter Conservation 
h «ï ct can be relocated. The District opposes interruption of their 
a"ivit!es on the basis that they have prior rights by virtue of a 

Congressional Act dated 1 February 1909. 

Reach E (Santa Ana Canyon) 

,t has been assumed that the project incur, no «Pe“e "^"‘„^ioMl 
the lands and improvements of the County of Orange Featherly Regí 

Park. 

Reach F (Santa Ana River Main Stem) 

The following assumptions have been made: 

(1) That the power poles located within the right ^ ^ 
south of Gisler Avenue, Cost. He,, will remain in *"d' 
it is necessary to remove and relocate al or par i 
cost will be a construction item and not a real estate item. 
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(2) That construction will affect two greens of the River View Golf 
Course which is north of 17th Street in the City of Santa Ana. One 
Kreen is on the west of the river and one on the east side at the south 
end of the course. Further, that the access between the west and east 
portions of the golf course in the form of two small bridges across the 

river is unimpaired by the project. 

(3) That the right of way required along the east side of the river 
between Victoria Street, Costa Mesa and Pacific Coast Highway in Newport 

Beach is a 200 foot strip. 

Reach G (Santiago Creek) 

It has been assumed that the remaining economic life of the Con Rock 
sand and gravel pit located just southerly of the Garden Grove Freeway 
is approximately six years; and further, that prior to the time of real 
property acquisitons, the major existing improvements will have been 

removed by the owners. 

The NED Plan 

Reach H (Prado Dam and Reservoir) 

The Corona National Golf Club, a private golf course, is located partly 
within the existing basin and partly within the expansion area for 
elevation 582 feet. It has been assumed that land only will be acquired 
and that owners will desire to remain and operate the course under a 

recreational agreement. 

The California Institution for Women a major state prison, is located on 
Chino Corona Road south of Pine Avenue in the County of San 
Bernardino. It has been assumed that the prison cannot be floodproofed 

and must be acquired. 

No dairies are being acquired on a partial basis since dairy owners 
would not be able to comply with space requirements needed to avoid 
water quality control and pollution problems. 

It has been assumed that the Sunkist Growers, Inc owners of the land on 
the southside of the Rincon street at Main street in Corona will be 
allowed to continue to dispose of their waste water on this property 
from their lemon processing plant located elsewhere as the waste water 
cannot be discharged directly into a stream or the Prado Basin without 
additional treatment. 

It is assumed that the aluminum plant on Rincon Street east of Smith 
will be acquired. This is a substantial property owned by the Aluminum 

Company of America. 

The State of California property located on the east side of Bluff Road 
north of River Road is improved with three water wells which furnish 
water to the California Rehabilitation Center and the U.S. Naval 
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Reservation in Norco, California. It has been assumed that adequate 
substitute water sources are available for these institutions. 

For purposes of this estimate it has been assumed that any islands of 
land created by the 582 foot contour lines will be acquired. 

Reaches B, C, E, F, and H are assunmed to apply to the NED plan as they 
do to the All-River Plan. 



III. RIGHT-OF-WAY COSTS 

SUMMARY : 

The All River PLAN 

Reach 

(A) Prado Dam and Reservoir 

( ) Upgrade Existing Basin Title 

(C) Oak Street Drain 

(D) Mentone Dam & Basin 

(E) Santa Ana Canyon 

(F) Santa Ana River to Ocean 

(G) Santiago Creek 

Totals 

Acres 

1,461 

3,542 

7 

3,110 

1,500 

85 

184 

9,889 

Amount 

$ 60,000,000 

31,300,000 

930,000 

21,500,000 

13,000,000 

6,040,000 

3,500,000 

$136,270,000 
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The NED FLAM 

Reach 

(il) Prado Darn and Reservoir 

(B) Upgrade Existing Basin Title 

(C) Oak Street Drain 

(E) Santa Ana Canyon 

(F) Santa Ana River to Ocean 

(G) Santiago Creek 

Totals 

Acres 

4,290 

3,542 

7 

1,500 

85 

184 

9,608 

Amount 

$302,700,000 

31,300,000 

930,000 

13,000,000 

6,040,000 

3.500,000 

$357,470,000 

R.O. $358,000,000 

The Marsh Lands Adjunct 

(Wildlife Habitat) 

Alternative (1) Arf— 

1 

2 

3 

4 

5 

Totals 

Less 200' widening for 

Santa Ana River channel 

Alternative (1) TOTALS 

Acres 

72 

10 

15 

150 

79 

326 

35 

291 

Amount 

$ 7,700,000 

313,000 

720,000 

67,300,000 

3.700,000 

$79,733,000 

1.452,500 

$78,280,500 

$78,300,000 
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The Marsh Lands Adjunct (Cont'd) 

(Wildlife Habitat) 

Alternative (2) Area "cr£lL 

1 72 

2 10 

3 15 

4 150 

5 _Z2 

Totals 326 

Less 200' for widening the) 

Santa Ana River Channel) 

Alternative (2) TOTALS 

Amount 

$ 3,120,000 

313,000 

720,000 

8,400,000 

3,700,000 

$16,253,000 

$ 1,452,500 

$14,800,500 

R.O $14,800,000 

Alternative 3 Area AcrPi. 

1 72 

2 10 

3 15 

4A 33 

5 79 

Totals 209 

Less 200' for widening the) 

Santa Ana River Channel) 35 

Alternative (3) TOTALS 174 

Amount 

$ 7,700,000 

313,000 

720,000 

4,100,000 

3,700,000 

$16,533,000 

$ 1,452,500 

$15,080,500 

R.O. $15,100,000 
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REACH (A) 

(Prado Dam and Reservoir, Elevation 566') 

R/W COST ESTIMATE 

LAND: 

1m. 

Agricultural 
Industrial 
Recreational 
Residential 

Totals 

Acres 

Unit Cost 
(R.O.) Amount (R.O.) 

29 
19 

1 
94 

143 

1,230 $16,500 
122 19,750 

3 66,650 

106 29,150 
17461 $17,800 (AV) 

IMPROVEMENTS: 

Type 

Agricultural 

Residential 

Number of Building Units 

23 dairies, 6 mise farm units 
including a horse ranch, a calf 
ranch, a cheese factory, a hay 
loft, a feed lot, a fertilizer 

plant 

46 houses (does not include 
agricultural residences) 

Total 

ADMINISTRATIVE CHARGES: 

Acquisition Josts, 143 owners @ $5,000 = $ 715,000 

Relocation Costs (per P.L.. 91-646) 
46 houses @ $15,000 - 690,000 
29 farm units @ $25,000 * 725,000 

Total $2,130,000 

District Overhead (R 0.)  370,000 

Total 

CONTINGENCIES @ 20Z 
TOTAL OF REACH (A) 

E-9 

Total 

$20,300,000 
2,410,000 

200,000 
3,090,000 

$26,000,000 

Amount 

$18,000,000 

3,500,000 

$21,500,000 

$ 2,500,000 
$50,000,000 

10.000,000 
$60,000,000 



REACH (B) 

(Upgrade Existing Basin Title to Fee) 

R/W COST ESTIMATE 

LAND 

Type 

Agricultural 

Industrial 

Ownerships 

Riverbottom 

Totals 

Unit Cost 

Acres (R-O-) 

TOTAL 
Amount (R.O.) 

1,825 $ 11,200 

15 20,000 

1,702 2,000 

3,542 $6,800,000+(AV) 

$20,400,000 

300,000 

3,400,000 

$24,100,000 

ADMINISTRATIVE CHARGES 

Acquisition Costs 

District Overhead 

3,542 acs @ $480 $1,700,000 

300,000 

CONTINGENCIES (? 20% 

TOTAL OF REACH B 

$ 2,000,000 

5,200,000 

$31,300,000 
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REACH (C) 

(Oak Street Drain) 

R/W COST ESTIMATE 

LAND 

Type 

Agricultural 

Residential 

Commercial 

Industrial 

Total 

Owners 

12 

3 

7 

_2 

24 

Acres 

1.29 

0.34 

3.32 

1.69 

6.64 

7.0 R.O. 

Indicated 

Unit Cost 

$20,500 

$24,250 

$87,500 

$37,100 

$58,450 

Total 
Amount (R.O.) 

$ 26,500 

8,300 

290,500 

62,700 

$388,000 

IMPROVEMENTS 

Commercial 

Description 

Part take on (1) Mobile Home Park 

(2) Fast food restaurant and (3) Churcti 

Amount 

$198,000 

acquisition CHARGES 

Acquisition Costs: 24 owners @ $5,000 

Relocations (per P.L. 91-646) 
4 Mobile homes @ $10,000 • 

Total 
District Overhead 

$120,000 

40,000 

$160,000 

29,000 

Total 

CONTINGENCIES @ 20X 

TOTAL OF REACH (C) 

$189,000 

$775,000 

155,000 

$930,000 



REACH (D) 

(Mentone Dam and Basin) 

R/W COST ESTIMATE 

Agricultural 
Flood Plain 
Residential 

Totals 

Owners 

14 
14 
38 
66 

Acres 

465 
2,260 

"85 

Unit 
Cost/AC (R.O. ) 

$ 6,000 
1,300 

$17,600 
$ 4,000 

Total 
Amount (R.O.) 

$ 2,800,000 
$ 3,000,000 
$ 6.800,000 
$12,600,000 

Description 

15 Single Family Houses $65Hnn 
Miscellaneous chicken and rabbit housei, J, 
1 Metal Storage Building and 1 office _—i- 

Industrial improvements includes ) 
1 - office building and raise concrete) $ /u,3uu 

slabs and outbuildings ) 
6 Single Family House /:)U> — 

Amount 

$ 846,000 

320,500 

Relocation of facilities in lieu of 
acquisition: 

(1) 3 KCAL radio towers 
(2) Water Conservation District 
(3) Relocate Greenspot Road* 

Residential 18 Single Family Houses 

ACQUISITION CHARGES 

Acquisition Costs, 66 owners @ $5,000 = 
Relocations per P.L. 91-646) 

39 houses @ $15,000 ■ 
4 businesses C 10,000 

Total 
District Overhead R.O. 

100,000 
586,000 
none 

$ 686,000 
$2,347,500 
$4,200,000 

$330,000 

$585,000 
40,000 

$955,000 
175,000 

$ 1,130,000 
$17,930,000 

3,570,000 

Total Including Land 

$ 21,500,000 

Improvements will be replaced by project construction and not by real estate. 
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REACH (E) 

(Santa Ana Canyon) 

R/W COST ESTIMATE 

LAND: 

Type 

Upper Bench Land (Citrus or Dry.Far“^g) 
Flood Plain between Bench and Riverbe 

Wash/Riverbed 

Acres 

662 
272 
566 

1,500 

Unit 
Cost 

$13,000 
5,000 
1,000 

$ 7,030 (AV) 

IMPROVEMENTS: 

IïE£ 

Citrus or Fry farming 

Number and Type of Structure^ 

5 houses, 1 quonset, 1 aluminum 
storage bldg., 6 steel tanks, 10 
irrigation wells, 2 orchard fans, 
151,600 SF of chicken pens, mise, 

small sheds, etc. 

ADMINISTRATIVE CHARGES: 

Acquisition costs, 22 owners 0 55,000 

Relocation Costs (per 

1 chicken ranch 

District overhead 

$110,000 

= $75,000 
10,000 
35,000 

Total 

CONTINGENCIES @20X 

TOTAL OF REACH (E) R.O 

* The lands are valued on a higher use basis. 

Total 

Amount (R.O.) 

$ 8,610,000 
1,360,000 

570,000 
$10,540,000 

Nil* 

$ 230,000 
S10.770,000 

2.150,000 
$12,920,000 

513.000,000 
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REACH (F) 

(24 miles downstream from Yorba Linda) 

R/W COST ESTIMATE 

UND: 

Location Owners 
(1 ) Yorba Linda to 

Victoria Avenue 13 
(2) Victoria Avenue 

to Pac. Coast Hwy 6 
(3) Beach and Highway 

Frontage 2 

Acres 

41 

35 

9 

Unit 
Cost (R.O.) 

$17,500 

$41,500 

96,000 

Total 21 85 $35,700 (R.O.) 

IMPROVEMENTS: 

Location 

(2) Set above 

(3) See above 

Description 

Relocate 9 oil and gas wells and abandon 

old holes 
Adjustment of Fencing for Least Tern 
area and adjustment beach maintenance 
area included in (3) under land 

Land and Improvements Total 

ADMINISTRATIVE CHARGES: 

Acquisition Costs 21 owners @ $5,000 ^ 105,000. 

Relocation Pursuant to 91-646 None 
District Overhead )9 000 

Total 

CONTINGENCY @ 202 

TOTAL OF REACH (F) 
R.O. 

Total 
Amount (R.O.) 

$ 718,000 

1,452,000 

864,000 

$3,034,000 

Amount 

$1,872,000 

$4,906,000 

124,000 

$5,030,000 

$1,010,000 

$6,040,000 
$6,040,000 
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reach (g) 
(Santiago Creek) 

R/W COST ESTIMATE 

LAND 

Speculative Residential 

Industrial 

Total 

Owners 

15 

10 

25 

Acres 

9 

175 

184 

Unit 

Cost (R.O.) 

’3,350 

15,000 

Total 

Amount (R.O■) 

$ 120,000 

2.625,000 

$2,745,000 

IMPROVEMENTS: 
None 

See Assumptions and Limitations 

ADMINISTRATIVE: 

Acquisitions Costs: 

Relocation Costs 

District Overhead 
$ 147,800 

Total $2,892,800 

25 owners @ 000 * $125,000 

None 

22,800 

CONTINGENCIES: @ 20X 

TOTAL REACH (G) 

$578,560 

$3.471,360 

$3,500,000 



REACH (H) 

(Raise Dam 24') 

R/W COST ESTIMATE 

LAND 

Type 

Agricultural 
Commercial 
Industrial 
Recreational 
Residential 
Special Purpose 
Roads, Railroads, 

Streambeds 
Totals 

IMPROVEMENTS 

Ownerships 

93 

15 

48 

1 
760 

2 

IZE! 

Agricultural 

Commercial 

Industrial 

Residential 
Special Purpose 

919 

Acres 

2,975 

29 

390 

3 

775 

118 

735 

5,025 

Unit Total 

Costs (R.O.) Amount (R.0..)_ 

$16,500 $49,088,000 

45,550 1,321,000 

23,350 9,107,000 

61,600 185,000 

35,270 27,334,000 

16,650 1,965,000 

$20,750 (AV) $89,000,000 

Number of Building Units Amount 

63 dairies, 28 mise farm units including 

3 horse ranches 3 calf ranches, 14 ranchetts, 

and 8 others such as a cheese factory, two 

fertilizer plants, two hay lofts, a feed 

supply company, and an auction yard. 

4 mise units including 1 garage, 1 coffee 

shop, 1 market, 1 service station 

7 mise type improvements including 3 water 

wells, 1 defunct dairy, 2 factories, 1 

animal shelter, etc. 

589 houses 

California State Womens Prison and a 

State Historical Monument 

Land and Improvements Total 

$ 70,000,000 

$ 1,600,000 

$ 14,400,000 

$ 33,900,000 

S 25.100,000 

$145,000,000 

ADMINISTRATIVE CHARGES 

Acquisition Cost 919 owners @ $5,000 

Relocation Costs (per P.L. 91_646) 

589 houses @ $15,000 = 

91 farm units @ $20,000 * 

3 industrial units * 

1 special purpose - 

District Overhead R.O. 

$ 4,595,000 

8,835,000 

1,820,000 

150,000 

50,000 

$15,450,000 

2,800,000 $ 18,250,000 

$252,250,000 

CONTINGENCIES @ 20Ï 

TOTAL REACH (H) 

50.450,000 

$302,700,000 
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R/w Cost Estimate—Cont'd 

For Raising Prado to Elev. 582 instead of 

dairies affected, 70 additional homes 

establishments. 

580 there would an additional 6 

and several more business 

Tl,e addUi.n.l real estate tost would be $3.,500,000 and additioual land 

requirement 520 acres 

For Prado Reservoir raised to elevation 582 feet 
the principal elements are. 

Dairies affected 

Homes affected 589 + 70 “ 

Incremental Land requirement 

Plus existing reservoir area 

New reservoir area total 

Total Real Estate Cost on additional land (5545 acres) 

69— 

650— 

5,545 

9,741 

15,286 

$336,200,000 



The Marsh Lands Adjunct 

R/W COST ESTIMATES 

Item 

Number 

of owners 

Extent Unit Total 

of Units Value(R.O.) Amount (R.O.) 

AREA 1 ( Alternatives I and 3) 

LAND A 72 Acres 

MINERALS 2 10 Oil & Gas Wells 

ADMIN COSTS: 
Acquisition Costs, 6 owners @ $10,000 = 

District O.H. 

$35,420 

$377,000 

$60,000 

11,000 

Total 

CONTINGENCIES @ 20Z 

TOTAL AREA 1 
R.O. 

$2,550,000 

3,770,000 

71,000 

$6,391,000 

1.278.200 

7.669.200 

7,700,000 

AREA 2 (All Alternativos) 

LAND 3 10 Acres 

MINERALS 

ADMINS COSTS: 

Acquisition Costs: 3 owners @ 

District Overhead 

CONTINGENCIES @ 201 
TOTAL AREA 3 

$22,500 $ 225,000 

None 

$10,000 =■ $30,000 

5,500 

35,500 

Total $ 260,500 

52,100 

$ 312,600 

R.O. $ 313,000 

AREA 3 (All Alternatives) 

LAND 1 15 Acres 

OIL AND GAS 

ADMIN COSTS: 

Acquisition Costs: 1 owner @ $10,000 * 

District Overhead 

CONTINGENCIES @ 202 

TOTAL AREA 3 

$39,050 $ 586,000 

None 

$10,000 
1,800 

11,800 

Total $597,800 

119,600 

$717,400 

R.O. $720,000 

E-18 
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The Marsh Lands Adjunct (dontI 

Item 

Number Extent 
of Owners of Units 

Unit 
Value (R.O.) 

Total 
Amount (R.0») 

LAND 1 
OIL AND GAS 1 
ADMIN COSTS: 

Acquisition Costs: 
District Overhead 

apea U ( Alternative 1) 

150 Acres 

105 oil and gas wells 

2 owners @ $10,000 = 

$ 46,610 

$467,695 

$20,000 

3,600 

Total 

CONTINGENCIES @ 20% 
TOTAL AREA 4 R.0. 

$ 6,992,000 

49,108,000 

23,600 

$56,123,600 

11,224,700 

$67,348,300 

$67,300,000 

AREA4A ( Alternative 3) 

LAND 1 
OIL AND GAS 1 
ADMIN COSTS: 

Acquisition Costs: 
District Overhead 

33 Acres 
9 Wells 
(relocate in lieu 
of purchase) 

2 owners @ $10,000 = 

$46,600 

$204,000 

$20,000 

3,600 

Total 

CONTINGENCIES @ 20% 
TOTAL AREA 4A Ri0. 

$1,538,000 

1,836,000 

23,600 

$3,397,600 

697,500 

$4,077,100 

$4,100,000 

apea S ( All Alternatives^ 

LAND 2 
OIL AND GAS 
ADMIN COSTS: 

Acquisition Costs: 
District Overhead 

CONTINGENCIES @ 20% 
TOTAL AREA 5 R>0. 

79 Acres $38,730 

2 owners @ $ 10,000 
$20,000 

3,600 

Total 

$3,060,000 

None 

23,600 

$3,083,600 

616,700 

$3,700,300 

$3,700.000 
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The Marsh Lands Adjunct (Cont) 

Item 

Number 

of Owners 

Extent 

of Units 

Unit Total 

Value (R.O.) Amount (R.O.) 

AREA 1 ( Alternatives 2) 

LAND 4 72 Acres 

OIL AND GAS 

ADMIN COSTS: 
Acquisition Costs: 4 owners @ $10,000 = 

District overhead 

CONTINGENCIES @ 20Z 

TOTAL AREA 1 

$35,410 $2,550,000 
None 

$40,000 

7,300 
47,300 

Total $2,597,300 

519,500 

V16,800 
R.O. $3,120,000 

AREA 4 (Alternative 2) 

LAND 1 150 Acres $46,610 

OIL AND GAS 

ADMIN COSTS: 
Acquisition Costs: 1 owner $10,000 

District Overhead 1>800 

Total 

CONTINGENCIES @ 20Z 

TOTAL AREA 4 
R.O. 

$6,9~2,000 

None 

11,800 
$7,003,800 

$1,400,800 

$8,404,600 
$8,400,000 



recommendations 

The District recommends: 

,. That Congress authorize an advanced land acquisition fund for the 
Santa Ana River Project specifically. 

2 That the fund be established at 7.5» of the total estimated real 

estate cost of tht authorized project. 

„¿.rÆrrïÂnÂMrr.sâ 
reserved to Division and OCE levels only. 

The purposes of tue above -^"^“““ts"who‘w.n'Í"to^ell^hífr 
problems of property owners within proje J ^ because of lack of 

properties to tn® gover"”®b th0ge properties which are likely to escalate 
substantially0* ecause^^ey^re ripe for subdivision or Improvement with ne« 

buildings, etc. 
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Appendix F 
DESIGN AND COST ESTIMATES 

I. INTRODUCTION 

1.01 The recommended project plan would improve flood control along 
the Santa Ana River from the foot of the San Gabriel Mountains to the 
Pacific Ocean. The plan would include construction of 
improvement of Oak Street Drain and its tributaries, f>dific^ion 
Prado Dam, and improvement of Santiago Creek and the Santa Jna 
below Prado Dam. Improvement of the Santa Ana River between Mentone 
Dam and Prado Dam would not be economically justifiable; therefore, the 
application of flood plain zoning, flood proofing and flood insurance is 
recommended for the prevention and reduction of future flood damafe3 
the unimproved reach. Features of the recommended flood control plan 
are presented in the following pages of this report. 



II. MENTONE DAM 

DAM UNDER THE ALL RIVER PLAN 

General 

2.01 Mentone Dam would be located approximately two miles 
of the confluence between Mill Creek and the Santa Ana River no/th °f 
the city of Redlands in the southwestern part of San Bernardino County, 
California. This damsite was recommended in the Review Report dated 
December 1975, and the site is still considered the b-t a e 
evaluation of the size of dam needed and location of the San Andreas 
Fault At this site, the dam would control runoffs from a drainage 
area ¿f 260 square miies. Major features of the dam would nolude th. 
embankment, spillway, outlet works, and a low fiowohannellnaddi 
the existing Mill Creek levee would be raised and extended to di 
floodwaters into the basin of Mentone Dam. 

Embankment 

2.02 With the top of embankment at elevation 1573.5 feet above the 
mean sea level, the horse shoe-shaped embankment would be approximately 
17,200 feet in length, and 220 feet above the existing ground surface. 
The embankment would have a top width of 66 feet, and side sl°Pe® 
on 3H. The compacted-multizoned-earthfilled embankment would contain 
: pro" Lately 66-.llllon cutio yarda of ferlais lnoludlne °-.lUlon 
cubic yards of core material to be imported from sites at least 30 miles 

away. 

Outlet Works 

2.03 The outlet works (see pi. F-7) would consist of the Intake 
structure with a gate operation room and access gallery, a transition 
structure, conduit under the embankment and a stilling basin. 

INTAKE STRUCTURE. Concrete wing walls would be provided at the 
upstream end of the structure for the retention of embankment materials 
away from the entrance channel to the outlet conduit. In order to 
prevent floatable debris from entering into the outlet works, a “^al 
trash rack would be installed on the upstream face of the in^® 
structure. The gate operating room would be directly above the gate 
chambers where three 5.5 foot by 8.5 foot gates would be housed. An 
access gallery with stairs and an electric tramcar would P^ide access 
from the top of dam to the gate operating room. A slot for stop logs 
would be provided at the upstream end of the bellmonth. 

TRANSITION STRUCTURE. Downstream from the intake structure would be 
the 145-foot long reinforced concrete transition structure where outflow 
from the three gate chambers would be conveyed to a single 14-foot 

diameter conduit. 
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CONDUIT The reinforced concrete conduit under the embankment would 
“™Ve«tln length, and would nnZr fho 

conduit would be designed for four different depths of fill over 

conduit. 

SHILLING BASIN. The concrete stilling basin would be located at the 

rr-wÄf^v£S-5 
varying from 7 feet to 21.4 feet. The total length of the basin would 
be 308g feet. Five baffle blocks would be proviced at the downstream 
portion of the basin for dissipation of hydraulic energy. 

Gates and Operation Equipments 

2 04 The flow of floodwaters through the outlet works w°u1^ be 
; by a hydraulically operated slidegate located in thr« 

rectangular gate passages in the gate chamber of the intake tower. 
No emergency gates would be provided. Instead stop ^ J 
utilized for emergency inspection or repair of the service gates. 
Three 36-inch diameter air vents would be installed near the access 
gallery to provide the necessary air for the operation of the gates. 
Chain hoists and jib cranks would be f^nifed in the ope^ting 
nhamhpnq An emergency generator would supply the electric! y 
UghUng’and ôperatTon^f^e trancar. The generator would be hou»d 
in a control house at the top of the embankment near the outlet works. 
For details of the gates and operation equipment, see plate .-o. 

Spillway 

? 05 The spillway site was selected for the following considerations: 
(i) The spillway would be located within the existing streamed of the 
Santa Ana Myer thereby eliminating the need for acquisition of a 
fargã area of ãddltiona/ rights-of-way, or flowage easement, between 
the downstream end of the spillway and the existing river a^ ( ) y 
delaying the construction of the ogee section, the 6,100-foot long 
rectangular-concrete spillway channel could 
and control of floodflows from the Santa Ana River and Mill Creek during 
tie relocation of the Santa Fe Ballroad track and the construction of 
the outlet works and dam embankment. 

The spillway would have a crest length of 1,000 feet, and a mass 
concrete ogee section with a crest elevation of 1,548.5 feet above the 
mean sea level. The rectangular concrete lined sPillway 
heights ranging from one foot to 59 feet, and a length of 6,478 feet. 

Spillway walls in the vicinity of the ogee section would have 
heights ranging from 20 feet to 59 feet. Due to their tremendous 
íãilhts, the walls would be designed as counterfort walls supported by 
bearing piles, kalis less than 20 feet in height, would be designed as 
L-type walls. The spillway, downstream of the ogee section, would 
equipped with a subdrainage system. 
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A downstream energy dissipator would be requtred at tHe end of the 
concrete lined spillway. Details of the entire spillway are shown on 
plates F-5 and 6. 

Diversion and Control of Water During Construction 

2.06 The concrete lined spillway between sta. 41+55 and sta. 109+20, 
excluding the Ogee section, would be the first structure to be 
constructed during a dry season. A temporary upstream and protection to 
be constructed with sheet piles and grouted stone would be provided at 
sta. 109+20 so that the spillway can be utilized during the subsequent 
rainy seasons to adequately convey floodwater.s fron, both the Santa Ana 
River and Mill Creek. A temporary dike, approximately 14 feet in height 
and 0.6 miles in length, would be constructed in a northeastern 
direction from the upstream limit of the north spillway wal 
Camp Road for prevention of floodwaters from intruding the construction 
areas for the embankment foundation and outlet works. ru 
from the borrow area west of the temporary dike would be JJverted 
Plunge Creek by construction of levees and ditches around the working 
area to allow construction of the outlet works. UP°" 
outlet works and the dam embankment south of Plunge Cre®k t0 ®leva^°" 
1380, all flows from Plunge Creek would then be diverted to .he outlet 
works by constructing a 2,600-foot long levee extending from the 
completed dam embankment to high grounds on the northern bank ot Plunge 
Creek. The levee would have a maximum height of 17 feet with the top of 
levee at elevation 1380. The outlet work under this condition, without 
gates, would be capable of discharging a 25-year 
4,800 cfs from Plunge Creek. Construction of the remaining d 
embankment would continue until its completion. Removal of the 
temporary spillway protection, and construction of the Ogee Section 
would be accomplished during a dry season after completion of the dam 
embankment. 

Instrumentation 

2.07 For monitoring the rate and magnitude of foundation and embankment 
settlement, soil pressures in the embankment, seismic activity n e 
project area, and water levels at the downstream toe area of the 
embankment; following instruments would be installed in various 
strategic locations of the flood control facility: 15 settlement 
plates, 80 settlement monuments, 30 pressure plates, 30 piezometeres 
with observation wells, and 4 accelerometers. 

Groin Field 

2.08 Eight grouted-stone groins would be constructed in the res®r^°i^ 
area downstream from the confluence of the Santa Ana River with Mill 
Creek. Groins would be designed to deflect floodflows away from th 
intake area of the spillway. Length of groins would vary from 1,600 
feet to 2,400 feet, and the distance between groins would be ranging 
from 700 feet to 1,500 feet. Groins would have a trapezoidal cross 
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-AïVy r»f 1P fppt side slopes of 1V on 2H, and a 
.section with a top widt . Î . unuld extend at least 6 feet 
36-inch thick grouted-atone armor which would extend 
lie low the existing ground surface. 

Mill Creek Levee 

>.09 EXISTING LEVEE. Construction of the existing 

left bank of Mill Creek wa® ,aU8l°T ^ _reas 2d Session. The levee 
17 May 1950 corps of ’Engineers, Los Angeles 
was constructed by the U.b. J ^ Bernardino County 
district, between Ha, and S'P«"1«'- of l9“’ »alntalns 
nood Control District owns all P^^and^ ^ the 

;hteandar7dproTea riSd peax discharge of 33,000 cubic feet per second. 

The existing cospaoted earthflll levee^h» a Up 

and a total length of 2.6 miles. downstream 0.35 miles where 
revetted with grouted stone e*cep he levee 

- pf:rn%dr^rt%rvePrde°slg“egrSadrrd the stone revetment 

2 extended at least 7 feet below the invert grade line. 

„DED LEVEE In order 

floods from ^e SsnU *ja J ^ the doun,tream terminus of the 
extension of 6 720 feet woul leaee Hould have a top width 
existing Mill Creek Levee, i on feet above the existing 
of 16 feet, and a height of approximately 20 f«»- >“v'rsl 6Q0 feet 
atreambed. For adequate Pf»«'“«"Jt the 00„struoted with 
of levee the bottom 17 feet of the levee "OUi be armored 
gabions, ard the remaining top por °a section of the recomended 
with 18 inches of grouted stone. Atypical of levee would 

Levee is shown on plate F_9. existing levee, i.e., compacted 
lave t-he same structural section as the existing ievee ^ • 
oarthfitl embankment with 18-inch grouted stone protection. 

«1DIFICATI0N OF EXISTING LEVEE. ’3,100 linear-feet of 

XyC ditiue ^ Ä Â^^sting levee 
wou!d be raised from 2 to 12 feet as shown on plates F-9 and F-10. 

\ccess Roads 

i::. H 
dUucatnure0oefSthe0aodutTeUt works-Tnother ^d -otld be -"at a0ted to the 
right bank of the spillway. Turnarounds would be P^dU 

Ä re—aiÄ: Tav^r^Ä ^io streets 

would be provided. 
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Relocations 

? 11 SANTA FE RAILWAY. An existing spur line owned by the Santa Fe 
»¡ U run. through the reservoir area of Mentone Dan. ^instruction 
of the dan would require relocation of the spur line to the downstream 
toe of the dam structure. The total length of a new track would be 
approximately 3.8 miles including a 1,000-foot lon« bridge over 
spillway. The track would be designed to have a maximum slope of 
2 percent, and the compacted embankment would have a maximum height 
ofP45 feet above the existing ground surface. The new facility 
constructed as the first item of work for the fiood control facility, 
while the existing spur line would remain to serve without the need of 

a shoofly. 

EXISTING ROADS. There are several roads and streets in 
area that would be affected by the construction of Mentone Dam. 
Considering the existing housing development of the area, only the 
following roads and streets are selected for relocation or modification. 

Church Street would be modified as a dip crossing over the invert of 
the outlet channel from Mentone Dam. 

At the upstream side of Mentone Dam, Greenspot Road would be 
relocated to join Santa Ana Canyon Road, then join We^erStreet, and 
continue on Baseline Road. From Baseline Road, the relocated road would 
follow the toe of the dam to connect to the existing Santa Ana Canyon 
Road; then continue southwest to Greenspot Road. 

Opal Avenue would be modified to go over Mill Creek levee at 

Sta. 28+00 and Sta. 50+00. 

Garnet Street would be raised to meet the gradeline at the top of 

Mill Creek levee. 

UTILITIES. Two existing powerlines, one along Abbey Way and another 
along Greenspot Road, would be relocated to go around the north abutment 

of Mentone Dam. 

An existing 78-inch waterline owned by the San Bernardino Valley 
Muniíípal Water District would be under the right (north) abut-nt, an 
would be in the reservoir area of the recommended Mentone dam. (See 
plate F-2.) The 500-foot long portion of the waterline under the 
embankment would be relocated around the right abutment* ftn additiona 
6,800 feet of the waterline within the reservoir area would be 
in place with reinforced concrete encasement to prevent the waterlin 
from rupture under a pool of floodwaters. 

Real Estate Requirements 

2.12 The guide taking for the reservoir area would be along elevation 
1551.5 feet, which would be 3 feet above the maximum water surface of 
the Standard Project Flood. Approximately 1,800 acres would be required 
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for the reservoir area. In addition, 
rights-of-way would be required for the 
Mill Creek Levee. 

about 2,500 acres of permanent 
structures of Mentone Dam and 

Cost Estimate 

^ or^constructlon ^ind°$25,996,o'oo ÄTni 

California. Detail of estimated costs is present in Table 4. 



III. OAK STREET DRAIN 

EXISTING CONDITION 

Existing Debris Basin 

3 01 Since the Review Report was completel In Decemher 1975, the 
R verside Flood Control District has constructed a debris basin at the 

nr naif Street Drain. The outlet works consist of an ungated 
intake structure and a 48-inch diameter reinforced concrete pipe under 
the spillway. The 171-foot long rectangular concre5;e spillway1?hafS t 
width Pof 120 feet and wall heights varying between 4 feet to 12 fe 
from the spillway crest to the downstream energy dissipator. 

Existing Channel 

S 02 The existing channel improvement consists of 1.75 miles of 
vertical rail* and wire mesh fence, 0.62 miles of concrete walls and 
invert, 0.94 miles of concrete lined trapezoidal section, and 0.18 miles 
of unlined trapezoidal section. 

RECOMMENDED IMPROVEMENT 

Open Channel 

3 03 The recommended Oak Street Drain would begin at the down®tr^“ 
nf the existing spillway structure. Connection of the concrete channel 
walls to the existing spillway wall would occur 105 feet do^tream from 
the existing spillway crest. The transition channel would have a total 
. .h f a ooo feet Within this length and beginning at the upstream 

n * 300 f would have'T.foot high concrete walls with the invert to 
loi; the existing invert. The balance of 700 feet of transition would 
be a rectangular concrete section with wall heights ranging from 
to 8 feet. The channel transition widths would vary from 
upstream to 20 feet downstream. Beginning at the downstream 
transition, a 2.8 mile long reinforced-concrete open channel and a short 
portion of covered channel under the Riverside Freeway would be 

constructed. 

The open channel would terminate near the Temeeoal Creek where a 
cut-off « lid »e provided. Wall helghte of the reotanguUr o 
channel section would var, from S.Í feet " fe' 
downstream. Base widths range fro. 20 feet 26 r«8t' #t 
downstream end of the rectangular section, for a distance of ^ ’ 
grouted dumped stone trapesodlal transition section J* Pylded^aa 
an energy dissipator to slow ^Ucharge flows Into the Temescal Creek 
The transition widths would vary from 26 feet to 100 feet, ine ri 
500-foot reach of the project would be a dumped stone trapezoids 

section. 
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Covered Channel 

#* 
*# 

3.OH Approximately 1,000 feet upstream from the Riverside Freeway 
there would be a change from an open channel section to a rectangular 
reinforced-concrete covered section. The covered section b® 
24-feet wide by 11-feet high and would continue for 1,400 feet 
downstream crossing under Lincoln Avenue and under the westbound ramps 
of the freeway. At the north side of the freeway a change in dimensions 
would occur and a box section with a height of 13 feet and width of 
23 feet would begin. This 250-foot segment would continue under the 
freeway, and then transition from a covered section to the open channel 

section. 

Stone Protection for Existing Basin 

3.05 At the downstream end of the project and along the west embankment 
of an existing settling basin from a sewage treatment plant, 500 feet of 
stone revetment would be provided to preclude toe erosion of the 
existing embankment. 

Lincoln Avenue Diversion Channel Confluence 

3 06 A 300-foot long confluence structure would be provided between 
Sta. 93+00 and Sta. 96+00 of Oak Street Drain for the proposed Lincoln 
Avenue Diversion Channel by local interests. A 5-foot invert cutoff 
wall would be provided at the upstream limit of the confluence 
structure. 

Mangular Channel and Confluence 

3.07 A 400-foot long reinforced-concrete open channel and 300-foot long 
confluence segment would be constructed to Join the existing concrete 
lined channel. The channel and the confluence structure at Oak Street 
Drain would have a wall height of 12 feet and a base width of 18 feet. 

Access Roads 

3.08 Roads for inspection and maintenance purposes would be provided 
along the banks of the open channel. Access to the roads from public 
streets would be provided as necessary. 

Relocations 

3.09 New bridges over the proposed Oak Street Drain would be 
constructed at Railroad Street, Pomona Road, 6th Street, 10th Street, 
and Ontario Avenue. In addition, a 1,400-foot long covered section 
would be provided under the existing Riverside Freeway. The covered 
section would be constructed in stages to minimize disruption of traffic 
on the freeway, and to reduce the cost for detours. 

A 30-inch gasline located at the downstream end of the project would 
need relocation. 
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Heal Estate Requirements Keai Dau-auc - 

3.10 Only 7 acres of aldlUonal rlghu-of-uay would needed foI. 

-da,8 “.s a;«,, and =ontraotor.s -orW area and 

storage yard. 

Cost Estimate 
4. r naif street Drain is presently estimated 

3.11 The total first cost of OaH Street congtruction, rights-of- 

at $11,049,000; which 1 ncreationai facilities is presented in 
way, and relocations ^ ^is shown in table 5 on 
another appendix. A aetan 

page F-36« 
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IV. PRADO DAM 

EXISTING PRADO DAM 

History 

4.01 The existing Prado Dam was ^thorized^by the Flooà^ a3 

22 June 1936, as affiendedr by onstruction 0f reservoirs and related 
part of a general plan for nranKe county, California. The dam was 
work in the raetropolî^n a"eiLoo and Aprii 1941 under the supervision of 
constructed between October 1938 and ^11 y District. The United 
the U.S. Army Corps of ^ineers Los Angel« a^^asement3 for the 

States Government owns all tbe theyLos Angeles District has 
project since its completion in 19^, ana tne 
operated and maintained the flood control facilities. 

Project Features 

11.02 The drainage area above Prado Dam p0”1’'’1“3 1 ^v^^quare miles of 
„ne, of the Santa «na reservoir at the 
tributary to bake Elsinore. T P aere-feet. The dam contains 
spillway crest is approximately!, * ml an(J stand3 106 feet 

approximately 3.»8M0° °dblc f approximately 2,280 feet long 

ra^vÄ30rt irrrpof-—,-ä 

and'^the 00^^3lop/ Is covered with approximately 12 Inch., of 

cobble. 

The approach channel to the^utUt works ^ ^“í'^Vdth "th 

sid^slopes and ^0“^ paved 
two gravity type concrete entrance “alls' a"Hhvsl,7 foot by 12 foot 

fe-o^r-in^rorir^ are slots to accomodate stop 

logs. 

The control tower was ccnstructed of ^reinforced^eConcretet ^ 

with horizontal struts. Ths control h he control house, is 
intake structure, and the finished nour 
66 feet above the top of the trash rack. 

A 90-foot long transition section conduU 
gates and the double reotanguiar^ co^n u,^ double_b>rreled b0x which Is 

under the dam consists of q*.ructure is 366 feet long, and consists 
591 feet In length. ™t “f r^tmgular channel, 80 feet of 
of three types of sections 126 - ..... basin. From the stilling 
transition chute and a 12°- °° extends 1 800 feet and is designed to 

?aS depth of 7 feet. 
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4 03 A review of design features of the existing Prado Dam based on 
present hydrologic and hydraulic design criteria was C0lDPleted ^ 
November 1969. It was found that the existing dam is incapable of 
controlling the standard project flood (SPF) and a maximum probabl 
flood (MPF) under the existing conditions. The deficiency can be 
attributed to the following factors: (1) the inflows to the reservoir 
are estimated to be much higher than those used in the original design 
as a result of urban developments over most of the drainage area, 
(2) the existing reservoir does not have sufficient capac y 
accommodate the estimated volume of floodwaters to be stored behind 
the dam, (3) the outlet works do not have the capacity of releasing mo 
than 17,000 cfs, and (4) the existing Santa Ana River Channel cannot 
safely convey more than 16,000 cfs without severe erosion to the 
streambed and toe of embankments. 

Conclusion 

4.04 In order to reestablish the existing dam as a key fiood control 
element along the Santa Ana River, the dam must be modified to meet the 
current conditions and design criteria. Increased reservoir storage 
at Prado Dam would also provide additional protection below the dam, 
threfore two alternatives would be considered for enlargement of ra 
Dam. One alternative would be to raise the dam crest to elevation 
596 feet and to provide maximum outlet releases capacity 
45 000 cfs. This alternative assumes the construction of Mentone Dam 
and provides the highest degree of protection possible to the area below 
the dam without causing major social dislocations. The 0^ 
alternative would be to raise the top of Prado Dam to elevation 609 feet 
and providing maximum outlet releases capacity of 45,000 cfs. This 
alternative assumes Mentone Dam would not be constructed and would need 
a larger storage capacity at Prado Dam. 

DAM UNDER ALL RIVER PLAN 

Embankment 

4 05 Under this alternative the main embankment would be raised to 
elevation 596, a total of 30 feet above the existing embankment crest. 
This would create a maximum impoundment of about 19,150 surface a°r®3 
anS a gross storage capacity of about 838,000 acre feet It would be 
required to remove the paved road and the upper portion of the dam 
embankment, as well as the removal of the downstream cobblestone facing 
and a signifcant portion of the upstream section of riprap over the 
earth embankment prior to placement of the new fill material. The 
existing dam tender’s house would be relocated to allow 
placement of the new embankment. Under the reservoir spill co"dition’ 
the tail water surface along the downstream slope of the dam would be at 
approximately elevation 494. Stone protection would be provided on the 
downstream face of the embankment below elevation 500 feet. 

I; Í1 
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Outlet Works 

4.06 Because of inadequate discharging capa^ 
ctruotural strength to support the additional load induced by raising 
t-he dam the existing outlet works would have to be abandoned and new 
outlet «“' would be constructed at a location between the east da» 
abutment and the spillway. The existing outlet »brks xouid operate as a 
diversion structure during construction and would be Plu*f®d ^ 

lean-mix concrete grout throughout its entire le"gth UP°fn ^“^foîoed 
nou ontiPt works. The outlet works would consist of two reimorcea 

concrete°towersWwith three control gates in each stature. Each tower 
would control a 25-foot diameter, concrete-lined conduit. 

Spillway Modification 

4 07 The ogee spillway crest elevation would be raised 20 feet above 
lie existing splUway crest to elevation 563 feet. A 10-foot freeboard 
above the peak spillway flow elevation would be provld^ al°"®ae “ 
nraiic! nf t-hp new spillway. The existing walls on the each side oi 
spillway would be removed and the spillway crest length would 
increased from 1,000 feet to 1,300 feet to the east of the existing 
spillway. New cantilevered spillway walls would be constructed on each 
side of the modified spillway. 

Erosion protection for the Riverside Freeway embankment would be 
provided b, constructing a 38-foot high by 20-foot long oonorat. wall « 
the east side of the spillway, downstream from the existing spillway 

flip-bucket. 

Auxiliary Dike Structure 

4 08 Raising the embankment and spillway crest elevations would 
construction of a 7,800-foot long auxiliary dike structure extending 
southeast °from the east spillway wall. This dike would prevent 
floodwaters from escaping the dam and wouid provide fiood protection t 
the Riverside Freeway, the Santa Fe Railroad, and the metropolitan area 
downstream. The dike would be a compacted earthfill structure with 
service'road, on top of dike at elevation 596 feet. A 10-foot freeboard 
above the maximum water surface of the spillway flood would be provided. 

Ring Dikes 

4 09 The California Institution for Women, the Chino Sewage Treatment 
Plant and the Alcoa Aluminum Plant, (see Appendix E, Real Estate Sheets 
Nos. 12, 41 and 42 respectively), are all located on the 
the proposed reservoir. In order to avoid expensive r®lo°ation costs 
for these facilities, a ring dike would be provided around «oh o„e as 
protection from reservoir flooding. The compacted ®arthdik®s would 
have a top width of 12 feet at elevation 566, and would have 12-inoh 
stone revetment on the IV on 2.25H side slopes. The dike around the 
Institution for Women would be approximately 5,000 feet in ^ngth, and 
4 5 feet in average height. The dike around the sewage treatment plant 
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would be about 2^400 foot long, ^nd average 3*^ the Àicoâ 

IZiTnTu 7'Cn SiSs »ith nap 8ates «culi be provided at each 
dike for draining local runoffs. 

Instrumentation 

d ,0 Fifteen settlement plates and 30 settlement »onuments “d“111 
installed in the dam and auxiliary dike embankments to monitor the rate 
and magnitude of foundation and embantoent^setUeMnts ■ 

■’'«nuêfr theUladrea6e m“rty pressure plates eould be installed to 
mesúre soil pressure in the embankments. Tuenty piezometers with 
rr^tion wells would be planed at the downstream toe of embankment, 

to monitor water levels. 

Relocations 

U 11 The existing Corona Freeway would be modified at two locations. 
M in order to "Rêvent erosion of the dam embankment, the existing 
bridge would be elevated to allow for a maximum downstrean water surface 
elevation of W feet which is under resenvoir ’P11100^ “^- Jd 

^rriod%rn^tlrnlutrrrtrrr„tofof%kÄ^ 

S Snd5°«sht ÎT Z^ÄeÄr • Tf C^a 
Riverside Freeway interchange would be revised by oon’J™tln* * ? 
niversiu j u-gj-ö Mn inprpadie in width or additional of ramps fro. the proposed »ridge. No increase 1" «at ^ ^ 
traffic lanes have been considered. v2; neio „„-of 
Freeway would be required to allow the freeway to go over the crest 
elevation of 596 feet of the new embankment at the west abutmen 

main dam. 

Access Roads 

u 1? FxistinK access roads to the various features of Prado Dam would 
ï; utlHzãd and modified, as necessary, to meet the need of vehicular 

«nein R^5to0ftheh<toPpr0oPf°5tehe auxiliar, dike would be provided. 

Real Estate Requirements 

u ThP «mide taking line for the existing dam and reservoir was 

irX “ a5!5!6 rr plan^the 

additional rights-of-way or easement j5® requireadarfv0r fchiS P ° 
improvement. Relocation of many homes would be necessary. 
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Cost Estimate 

.... mmmm 

4.14 The project first cost of improvement under this plan is estimated 
at $207,580,000 based on the price level of October 1979. Table 6 on 
page F-37 shows the cost for various features. Recreation development 
cost is presented in another appendix. 

DAM UNDER PLAN TO PROVIDE SPF PROTECTION BELOW DAM 

Embankment 

4 15 The main embankment under this alternative would be raised to 
elevation 609, a total of 43 feet above the existing embankment crest. 
The added embankment height would create a maximum reservoir of about 
23,000 surface acres and a storage capacity of 1,080,000 acre-feet. The 
downstream slope of the new embankment would intersect the slope of 
existing dam embankment at approximately elevation 465. This line falls 
29 feet below the tail water pool elevation. Riprap protection to an 
elevation of 500 feet would be provided across the downstream face of 
the dam. Removal of existing fill material and other facilities prior 
to the placement of the new fill material would be similar to that 
required for the 596 elevation (all river plan) alternative. 

Outlet Works 

4.16 The outlet works for the 609 elevation alternative are similar as 
those described under the 596 elevation alternative. 

Spillway Modification 

4 17 The existing spillway modification would be similar to that 
described under the all river plan alternative, except the ogee crest 
elevation would be raised to elevation 577 feet. Erosion protection for 
the Riverside Freeway embankment would also be included as described 
under the 596 elevation alternative. 

Auxiliary Dike Structure 

4,18 The dike for the 609 elevation alternative is similar to that 
described under the 596 elevation alternative except that the dike crest 
elevation would be 609 feet and the length of dike would be 9,300 feet 
from the east spillway wall. 

Ring Dike 

4.19 In order for the Chino Sewage Treatment Plant to continue 
operation at its present location, a compacted earth dike, approximately 
1 mile in length would be provided around the facility. This dike would 
have an average height of 35 feet and would have 12-inch thick facing 
stone on top and on its IV on 2.25H side slopes. The dike crest could 
be 12 feet in width at elevation 582 which would be 3 feet above the SPF 
pool behind the dam. Corrugated metal pipes with flap gates would be 
provided for draining local runoffs. 
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Instrumentation 

=i r ^,“ïc “_=r z ri-rzz 
the all river plan. 

Relocations 

i. 21 The Corona Freeway Modifications are the 3am' “ f°r Jíj 
5« elevation alternative except for the additions 
he required to allow the freeway to pass over the crest elevation 
609 feet at the west abutment of the main dam. 

Access Roads 

H.22 Access roads under this plan would be afl3° f 

r cp=r ^.^er^fo^^Æ 
higher under this plan than under the all river plan. 

Real Estate Requirements 

H 23 Under the national economic development plan, the S^de taking 

cost for land is presently estimated at $332,800,000. 

Cost Estimate 

a ?a Table 10 shows the detailed cost estimate under the national 
4.24 Tabl rir of rost for the project incxuding economic development plan. The first cost lor P j 
rights-of-way is estimated at $490,490,000. 



V. SANTIAGO CREEK 

EXISTING CONDITION 

c m Creek is located in Orange County, and is a major 
MbutarTof the Santa L River aoutb of Prado Da». At tbe Santa Ana 
Freeway near the confluence with the Santa Ana River the oreek h.e a 
drainage area of approximately 101 square miles. The existing creek 

between Proapect Street and the Santa Ana River is ,l,out 5'_5^il“aíh 

length, of which »ost ^"^t ".Tat t^ d'Ztr^ end. 

Spstreea»UoPf Prospeñí Street are a series of sand-and-gra.el borrow pits 
owned by a private company. The existing gravel pits are bounded y 
Prospect Street, Bond Avenue, Hewes Avenue, Santiago Qhiyon Road 
boundary line running southwest for approximately 3,500 feet betMe®" 
rCo Canyon Road'and Prospect Street. Mining o henaerl.l. 

these pits has been In operation for “"P t"« Æ5lt 
continue for several more years to come. At this time, it is ditiicui 
t©0 predict the final configuration of the pits prior 
project construction. However, an assumption is made bbatmostorth 
naturally deposited materials will be removed, and the banks df b». Pbts 
will be left on a steep slope of IV on 1H. The existing piw n. 
tota! capacity of approximately 7,000 acre-feet, and their ultimate 
volume couîdbe as much as 8,000 acre-feet. These large pits are 
suitable for the disposal of 4.75 million cubic yards of surplus 
excavated materials from the Santa Ana River, or the storage 
floodwaters for the creation of recreational lakes. 

RECOMMENDED IMPROVEMENT 

General 

s 02 The plan for improvement of Santiago Creek would consist of two 
potions ofP the existing creek: (1) Provision for a storage reservoir 

at the sand and gravel borrow pits with an Jr®f the creek 
channel, and (2) improvement of the downstream 6,000 feet of the °reek 
near its confluence with the Santa Ana River. Plates F-24 thru F 
show the location, plan and profile of the structures. 

MODIFICATION OF BORROW PITS 

General 

5.03 The pita would be modified so that their b‘ ^ 
under a aaturated or aubmerged condition. Compact«! fill would be 
olaced along the bank on a minimum slope of IV on 2H. As a reser 
the pits would be designed and modified to meet required °aP®city 
3,500 acre-feet between elevations 280 feet and 298 feet, an acre- 
feet between elevations 264.5 feet and 268 feet. 

INLET STRUCTURE. The inlet structure would be 518 feet long and 
would cross under Santiago Canyon Road at a point 1,450 feet west from 
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the Intersection with Hewes Avenue. The rectangular concrete covered 
section under Santiago Canyon Road would be located 95 feet from the 
entrance to the structure and would have wall heights of 35 feet, base 
width of 60 feet and a length of 40 feet. Reinforced concrete wing 
walls would be constructed at each end of the bridge structure with 
variable wall heights and base width of 60 feet between the walls. The 
total length from the entrance to the end of the wing walls, including 
the bridge, would be 160 feet. Continuing from the end of the wing 
walls there would be a rectangular concrete channel section with a 
length of 160 feet, wall heights of 12 feet and base width of 60 feet. 
The balance of inlet structure would be a 184-foot long rectangular 
concrete channel baffled with piers on an invert slope of 1 vertical on 
2.5 horizontal. The chute would have wall heights of 14 feet, a base 
width of 60 feet, and 19 rows of concrete baffle piers. A 2-foot thick 
rock blanket would be provided around the perimeter of the inlet 
structure. The designed maximum flow would be 5,600 cfs. 

OUTLET STRUCTURE. The entrance to the structure would be a vertical 
concrete headwall with 3 gate openings into a 46-foot long by 76-foot 
wide open rectangular concrete gate chamber. The gate chamber would 
contain 3-constant downstream Neyrpic level gates in series. An open 
rectangular concrete stilling chamber would follow with a base width of 
80 feet and length of 60 feet. Each chamber would have wall heights of 
approximately 17.5 feet. The maximum outlet flow would be 3,500 cfs. 

Channel 

5.04 Certain reaches of the existing channel would be improved for 
adequate conveyance of the design flood in accordance with the need and 
condition of the channel. Two types of channel are proposed at 
locations as described in the following paragraphs. 

RECTANGULAR CONCRETE LINED CHANNEL. A 328-foot long rectangular 
concrete lined open channel would begin at the end of the stilling 
chamber. The first 50 feet would be a transitional reach with a base 
width upstream of 80 feet and a width of 30 feet downstream. Wall 
heights would be 16.5 feet. The next 178 feet would continue under 
Prospect Street and have wall heights of 14.5 feet and a base width 
of 30 feet. The last 100 feet of concrete lined channel would be a 
transition section from a rectangular channel to a trapezoidal channel 
section with a base width of 30 feet, variable wall heights from 14.5 
feet to 12 feet and side slopes from vertical to 1.0 vertical on 2.5 
horizontal. A 6-foot deep concrete cutoff wall would be provided at the 
downstream end of the concrete channel. 

UPSTREAM TRAPEZOIDAL CHANNEL. Downstream of the rectangular 
concrete lined channel would begin a 3,400-foot long trapezoidal channel 
section. This section would be lined with 18 inches minimum of riprap 
and have a base width of 30 feet, channel height of 11 feet, and side 
slopes of 1.0 vertical on 2.5 horizontal. The last 100 feet of channel 
would be a transition trapezoidal section with an upstream base width of 
30 feet and downstream width of 150 feet. The downstream end of the 
proposed improvement would be near the end of Walnut Avenue. 
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DOWHSTBEAM TRAPEZOIDAL 

frM the Santa with “Í Inch« «1 iau. of 
channel section. This section woux phannel height of 11 feet and 

síralõpesTlV n.“ Downstream end' of Improvement would be at the 

confluence with the Santa Ana River. 

Relocations 

n X hridee would be reconstructed, and approximately 
Sirilneanet of overhead'power lines at or near the reservoir outlet 

structure would be relocated. 

Access Roads 

5.06 The proposed reservoir ^“«uldt 

on three sides by exls“"ft b k o; “e pits. Access road would also 

be^provlded‘along'wie^tanlcs of trapesoidal channels. Ramps from street, 

and turnaround would be provided as necessary. 

Real Estate Requirements 

5'07 rr^tm6st™'Ur.“'.!1 tf. p^.cU 
r^Hlot 3^6 sores of land would be needed for the downstream 

portion of the Santiago Creek. 

Cost Estimate 

’¿Lsjfs Sm.x -as rs.--rrjrrsas 
on table 7. 

0 
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VI. LOWER SANTA ANA RIVER 

EXISTING CONDITION 

Genera] 

6.01 The Santa Ana River between Prado Dam and the Pacific Ocean is 
approximately 30.5 miles in length; of which the upstream 2.5 miles is 
located in Riverside County, and the remaining 28 miles is within the 
Orange County limits. The river winds through the narrow and relatively 
undeveloped Santa Ana Canyon for a distance of about 10 miles before it 
turns southwest into the alluvial plain of the metropolitan area of 

Orange County. 

PRADO DAM TO IMPERIAL HIGHWAY. The upper reach of the river is 
unimproved and still in its native condition except for a few streambed 
stabilizers at selected locations near the mouth of the canyon. As the 
river enters the alluvial plain, runoffs in the river are diverted into 
water spreading basins for flood control and water conservation purpose. 
Formal channelization of the river begins in the vicinity of Imperial 
Highway (Sta. 1057+50) which is approximately 10 miles downstream from 
Prado Dam. 

IMPERIAL HIGHWAY TO KATELLA AVENUE. From Imperial Highway 
downstream to a point about 1,100 feet south of Katella Avenue 
(Sta. 701+10), a distance of 7 miles, the existing channel is 
trapezoidal in cross section wHh a soft-bottom invert and stone 
revetted side slopes of IV on 2H. It has a base width ranging 
from 300 feet at the upstream end to 320 feet near Katella Avenue, 
and levee heights ranging from 12 to 18.5 feet. Within this reach there 
are seven drop structures which function as hydraulic energy dissipators 
and streambed stabilizers. 

KATELLA AVENUE TO GARDEN GROVE FREEWAY. Downstream from Katella 
Avenue to the Garden Grove Freeway (Sta. 595+00), a channel reach of 
2.1 miles, the earth-bottom trapezoidal channel has a base width varying 
between 240 to 270 feet, and side slopes changing from IV on 1.5H to IV 
on 3H. The upper 500 feet of channel with steeper side slopes has 
concrete slope protection, and the remaining reach of this channel has 
stone-revetted slopes. Within this reach of channel two drop structures, 
approximately one-mile apart, were constructed by the Orange County 

Flood Control District. 

GARDEN GROVE FREEWAY TO 17TH STREET. For a distance of 1.5 miles 
south of the Garden Grove Freeway to the vicinity north of 17th Street 
(Sta. 513+40), the existing river has only limited improvement. 
About half of the banks are protected by pipe and wire fence, and the 
remaining banks are stabilized by turf which is a part of River View 
Golf Course. One drop structure has been constructed at the southern 

end of this reach. 
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17TH STREET TO ADAMS AVENUE. From approximftely 1,200 feet 
uDStrear of Wh Street to about 3,000 feet dowastream of »daj.» *»enue 
(SU “63*80), a reach of 7.« miles, the existing Santa »na Hiver 
channel is well entrenched with soft bottom, trapezoidal cross section, 
and wall heights ranging from 13 to 17 feet. The side siopes varying 
from IV on 1.5H to IV on 2H are protected with reinforced concrete. The 
base width of the channel varies si8nificantly withfin1.(5hoo0r®af<;h 
from 160 to 250 feet with a, design capacity of 40,000 cfs for the 
entire distance. 

ADAMS AVENUE TO PACIFIC COAST HIGHWAY. Downstream from the above 
section for a distance of 1.8 miles, the base width of the soft-bottom 
trapezoidal channel is 160 feet. The channel wallheight is 
approximately 16.5 feet. The side slopes of the channel are IV on 3H 
except at both ends where transition of the slopes occur. The 
sideslopes are protected with grouted stone. 

From the above reach to the Pacific Coast Highway (Sta. 9+60) is 
0.6 miles. The improved channel has either a concrete or grouted stone 
invert. The channel width is 160 feet except at the downstrea 
0.2 miles where the width changer to 180 feet. The channel changes in 
cross section from trapezoidal to rectangular as it flows downstream. 
Wall height for both type of channel sections are approximately 
16 feet. The side slopes of trapezoidal section are protected with 
grouted stone, and the 564 feet transition structure and vertical 
channel walls are constructed with reinforced concrete. 

The outlet channel of the Santa Ana River is located south of 
Pacific Coast Highway in Huntington Beach where the river enters the 
Pacific Ocean. The outlet channel consists of a transition section, 
from rectangular to trapezoidal section, with a stone 
700-feet long channel has a soft-bottom invert with a base width varying 
from 180 to 316 feet. 

C 

Deficiency 

6.02 Although the existing Santa Ana River channel was designed to have 
a capacity ranging from 30,000 to 40,000 cfs, severe erosion of the 
unlined channel invert would occur if more than 5,000 cfs is released 
from Prado Dam. Discharge of more than 5,000 cfs from the dam would 
undermine the toe of channel embankments and would erode the foundation 
materials underneath the piers of many bridges. The channel invert 
remains unlined is to allow recharge of the underground water reservoir 
by floodwaters. The Environment Management Agency of Orange County has 
been consistently improving the capability of the Santa Ana River 
Channel during the last 20 years, but the invert of the channel must be 
stabilized and the channel banks strengthened before the channel can 
convey the proposed design flood. 
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RECOMMENDED PLAN 

General 

6.03 Proposed channel improvement for the Santa Ana River was developed 
according to the conditions and needs of the existing channel. In 
general there are five methods of inprovement proposed for various 
reaches of the channel: (1) intermittent levee and bank protection, 
(2) trapezoidal earth-bottom channel with revetted side slopes, 
(3) rectangular concrete-lined channel, (*11 rectangular concrete wall 
channel with soft-bottom, and (5) outlet channel structure. 

Levee and Bank Protection 

6.04 Intermittent levee and bank protection would be provided mainly 
along the upstream 8.1 miles (Sta. 1610+03 to Sta. 1210+00) of the Santa 
Ana River. Stone revetment with a thickness of 24 inches would be 
placed at strategic locations along 3.3 miles of the river ba^s* 
Another 4,700 feet of 18-inch grouted stone revetment would be provided 
at two locations where severe scouring is anticipated. Both types of 
stone revetment would be extended between 15 feet and 25 feet above the 
streambed, and 5 feet to 10 feet below the streambed. Details of the 
intermittent levee and bank protection and various locations are shown 
on plates F-29 through F-35. 

Santa Ana River Channel 

6.05 Starting at a point approximately 2.6 miles upstream from Imperial 
Highway (Sta. 1057+80) to the vicinity of River View Golf Course 
(between Sta. 560+00 and Sta. 528+00), this 12.0-mile reach of existing 
channel would be improved by deepening the invert and raising the 
banks. The channel invert would remain unlined to allow recharging of 
underground water reservoirs, but the channel slopes would be revetted 
with 18 inches of stone over 6 inches of filter material except for the 
downstream 1,500 feet where the stone thickness would be increased to 
24 inches. 

Twenty stabilizers would be constructed at approximately 2,000-foot 
intervals in order to stabilize the channel invert during floodflows. 
The stabilizers would be constructed with 24 inches of grouted stone. 
(See plate F-36). Five existing drop structures would be modified to 
increase their capacity; in addition, four new drop structures would be 
built at critical locations to reduce the velocity of floodflows. 
Proposed drop structures would be constructed with reinforced concrete 
walls and invert. The downstream toe of the drop structures would be 
protected with a stone-revetted apron which would be extended along 
IV on 2H slope, 15 feet below the channel invert elevation. 

At the River View Golf Course, the proposed channel would be 
irregular in cross section. The levee at the right bank would have a 
slope of 1V on 3.5H, and would have a minimum of 2 feet of top soil over 
24-inch riprap and 6-inch filter material. A vertical reinforced 
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concrete waU woutd te connoted 

Sefln,0.Toft0tÄ.i -W remain in its existing natnrai condition 

as a golf course. 

Downstream from the golf course^in the^ v^JjlJ¡ityof Adam3 Avenue 

(Sta. 513+^0) t0 a Point a 0prete’lined rectangular channel would be 
(Sta. I63+7O), a reinforced haVe a base width 
constructed. The 7.1-mile r and wall heights varying from 
ranging from 230 feet to J50 f t rectangular channel is 
12.5 feet to 20.0 feet. k re™1 because of dense urban developments 
recommended for this reac ’ channel would minimize the need of 
along the river banks. A ^^^^^f^ambed would be deepened by a 

"of 10gfeet°inWorder to carry the design capacity floodwaters. 

As a result of , 
bridges and one railroa r would be modified to accommodate the 

fefirn-.31«4 so^¿r--" - —d “"der the lnV6rt 
of the rectangular concrete channel. 

in order to minimize disturbance to2 the'preposed channel 
of the Santa Ana River, the ^rK^fined to have a soft bottom with 
to Pacific Coast Highway would be^d ^g wouid be designed as 
vertical concrete channel wal . Th b0 heaviiy protected by a 
T-type walls, but the toe 0 ^ which would extend froin 

fi/on" 4, /;0r,urfÄ 
aôrrth'e helglTtdof channel'«“la would he 18.5 feet shove the channel 

invert. 

The recommended outlet °hann®^^sant^Tna^ive^enters the Pacific 
the Pacific Coast Highway where ^ ^ ^ in lengtb 

Ocean. The channel withi Hon between the rectangular channel 
including a 200-foot transition section between tne^ ^ q{ ^ 
and a trapezoidal section a ed with a 48-inch layer of stone 
trapezoidal section woul mafpriai The stone revetment would be 
revetment over 12 inches filter material. ^ st°levation> The height 
extended to a depth of .0 feet helow the inverte ^ l8>5 feet t0 

of channel walls above inver ® . wouid vary from 480 feet to 
14.85 feet, whereas the channel invert would vary 

450 feet in width. * 

Greenville-Banning Channel 

6.06 The recommended improved channel would be iocated adJa channel 

east bank of the exlatlng ^nta Ana ^ le„rMp.oUy 
with limited lmprov«»nt ine re0OTenied mprovement for the 
for conveyance of major floods. 1 6oo feet south of San 
existing channel would begin at approximately i.ou 
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Diego Freeway, and would end at about 2,000 feet south of Victoria 
Street for a total distance of 3.3 miles. Due to urbanization along the 
channel, the recommended channel would have a rectangular cross section 
with reinforced concrete invert and walls. The channel invert would 
vary from 50 feet to 60 feet in width, and channel wall heights would 
range from 13.5 feet to 17 feet. An upstream transition section would 
be provided to join the improved rectangular channel with the existing 
channel which is trapezoidal in cross section. Plan and profile of the 
Greenville-Banning Channel are shown on plates F-54 through F-57. 

Huntington Beach Channel 

6.07 Due to the widening of Santa Ana River channel, the existing 
Huntington Beach channel would be relocated about 240 feet to the west 
of its existing alinement. The relocated channel would be approximately 
1,500 feet in length, and would be trapezoidal in cross section. The 
soft-bottom channel would be designed and constructed to match the 
physical dimensions of the existing channel section. 

Disposal of Excavated Materials 

6.08 The proposed widening and deepening of the existing Santa Ana 
River would create a surplus of 7.5 million cubic yards of excavated 
materials. The borrow pits along Santiago Creek, upstream of Prospect 
Street, are considered as the primary disposal sites which could take 
4.75 million cubic yards of the materials. The borrow pit on the east 
bank of Santa Ana River upstream from Lincoln Avenue is ideally located, 
but its limited capacity could hold only 1.75 million cubic yards. The 
remaining one million cubic yards of sandy material from the downstream 
portion of Santa Ana River would be suitable for replenishment of beach 
sand. Up to 650,000 cubic yards of the material could be placed in the 
existing Newport Beach groin field, and 350,000 cubic yards could be 
placed between the Newport Beach groin and the proposed Santa Ana River 
east jetty extension. 

Access Roads 

6.09 To provide access to the channel banks and inverts, a system of 
access roads would be included in the recommended Santa Ana River 
channel improvements. In the upper portion of the Santa Ana River, 
where intermittent protection would be provided on the slopes of river 
banks, existing public streets would be utilized for inspection and 
maintenance purposes. 

Along the banks of both trapezoidal and rectangular channel section 
a 30-foot wide berm would be provided for maintenance vehicles. This 
width of berm was selected to reduce the amount of excess excavated 
mate.ials. Access from public street to the berms and access to the 
channel invert would be provided as necessary. A 20-foot wide bridge 
for operation and maintenance would be provided over the Greenville- 
Banning Channel in the vicinity of its confluence with the Santa Ana 
River. 
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Relocations 

6.10 In order to increase the channel ^^^^epened."8 As a 

r,artt ^ls^utl^r zs £ 
ÄrleCuon of recreaUcn trails In the lower Santa Ana River 

is discussed in Appendix G Recreation. 

RAILROAD BRIDGES. T5reoenebbridge owned by the Sant^Fe Railway 
Transportation Company an the recommended channel, 
would be completely reconstructed to span t con3tructi0n of 
Shooflies would be constructed, if necessary, 6 

the new bridge. 

street AND HIGHWAY BRIDGES. a total of '^“VtcSs 

hridges would réduira „^^Tr^od AvU^ 17th Street, 

are: Lincoln AvenueJ Kcfel, Avenue (First Street), Edinger 
Fairview Street, 5th Street, Taibert Avenue, Victoria Street 
Avenue, Harbor Boulevard, Warne Hiahwav During reconstruction of 
(Hamilton Avenue), and Pacific Coast Hlehway. During t0 an 

«Ä rr; Œ 
iBoediately^dJacent^^o "theTest two tridges would he provided during 

construction due to their isolated locations. 

UTILITIES. The hori7^ relocation or modification of 
River channel has been selected However, the needs for relocation or 
major faculties or utilit y unaVoidable. Following is a list of 
alteration of certain utilities result of construction of 
major utilities which would be affected as 
the proposed Santa Ana River channel. 

LENGTH AND TYPE OF 
UTILITY TO BE RELOCATED 

450 feet of 14-inch waterline 
One pole, and 400 feet of over¬ 

head telephone cable. 
450 feet of 22-inch gasline 
300 feet of 24-inch sewerline 
500 feet of 35-inch waterline 
400 feet of 3-inch gasline 
400 feet of 10-inch gasline 
450 feet of 10-inch gasline 
450 feet of telephone cable 

feet of 48-inch sewerline 
feet of 39-inch sewerline 
feet of 24-inch waterline 

400 
500 



Sta. 189+00 to 
Sta. 169+00 

Sta. 109+80 
Sta. 82+60 

Sta. 82+50 
Sta. 82+60 to 

Sta. 79+40 
Sta. 75+80 
Sta. 60+70 
Sta. 52+90 
Sta. 55+10 to 

Sta. 31+70 
Sta. 45+40 

Sta. 42+50 
Sta. 40+62 
Sta. 37+30 

Sta. 25+90 
Sta. 10+20 

7 pole and 2,000 feet of 
overhead powerline 

400 feet of 30-inch gasline 
5 poles and 650 feet of over¬ 

head powerline 
700 feet of 12-inch conduit 
38O feet of 12-inch irrigation 

line 
Gaped oil well 
Oil well and appurtenance 
700 feet of 12-inch waterline 
15 poles and 2,400 feet over¬ 
head powerline 

Oil well ( Possible protected 
in place) 

550 feet of 6-inch oil line 
550 feet of 6-inch oil line 
Oil well (Possible protected 

in place) 
800 feet of 33-inch sewerline 
850 feet of 10-inch gasline 

Peal Estate Requirements 

6.11 The recommended channel improvement would be constructed mostly 
within the existing rights-of-way or easements owned by the local flood 
control districts. However, additional rights-of-way would be required 
for channel widening, ramps at street crossing, access roads, and 
recreational facilities. Easements would be needed during construction 
for detours, shooflies, haul roads and disposal of 7.5 million cubic 
yards of surplus excavated materials. Additional information is given 
in Appendix entitled "Real Estate". 

Cost Estimate 

6.12 The construction cost for the proposed channel based on October 
1979 price level for similar type of works in southern California is 
estimated at $254,052,000 including relocation of railroad bridges and 
25 percent contingencies. Additional costs for engineering and design, 
rights-of-way, relocation of street bridges and utilities, and 
mitigation would increase the total project cost to $300.1 million. 
Cost for recreational facilities is included in another appendix. 
Detailed cost estimate for flood control including mitigation is 
presented in Table 8. 



\ * 

VII. first cost recommended project 

7.01 The total W oT^r”’0“ »’Seîn 

Aurora.1 ^UtlTcoat eot^te ^ reate« or 
all river plan Is sho-n on Pages F-3« through ^ 

estimates for the plan t” P™sen^d ¿e ¿uwijg considerations and 
items of work were based on the toiiowins 

Assumptions. 

(a) Mentone Dam. 

(1) Impervious material would be imported from the reservoir 
area of Prado Dam whloh is located approximately 30 miles southwest 

Mentone Dam. 

(2) Prices for other embankment materials are based °" 

~=h^„^rTeseCr^rTX“^yRuling 

distance would be about 1.2 miles. 

(3) Concrete would be produced by an onsite plant. 

(b) Prado Dam. 

Materials for the embankments of dam and dike would be obtained 
from a borr« aroa within the basin area. Average one-wa, haul distance 

would be approximately 1.5 miles. 

(c) Lower Santa Ana River. 

The 4 75 milion cubic yard of surplus excavated materials would be 
me h.o buíj-u ' uostream end of Santiago Creek. An 

average^onewway^hauling^distance 'be^déposlt.d^ïn*# 

g^erp'ít^runco'ln Avenue?ave™,e one-wa, hauling distance would 

be approximately 10 miles. 

(d) Entire project. 

m Unit price for Bentonite slurry was obtained from a firm 
who speoianaes inPthis type of construction. Price includes all 

related earthwork. 

(2) With the exception of Mentone °am» „lies of 
obtained from a ready-mixed commercial plant locate w 

the project. 

(3) Unit price for stone riprap »s based on a r«c«nt quote 
from a local supplier whose quarry is located within 30 miles of the 

project. 
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vm- c%iBS0ÄwsREP0BTAKD 

8.01 Table 9 shows the summary ^ ''¡¡Lr^of Engineers1, forRivers and 
costs, one of which wa^ mad pBy_3 and the remaining one is the presnet 
Harbors, another was made fo 3» jarir, the first costs between 
estimate for the Phase ! present estate Is net 
the estimate which was made by BEHR a £ ice level of September 
made, because former estimate ^ t b redevelopment of 
1975. The Phase I estimate was construction cost 
entire project design, and then y ralifornia. The costs for 
for similar types of work in sout^qn.^al^"Ministration were 
engineering and design, and supe con3truction cost. The costs 
estimated at the prevalent rates conform with the Phase I 

df:sirdanrtorree?ÍeactÍOnt3heWrarteest condition of development within the 

project area. 

rOoSre^,lnanrrTnes:nfesUren if P^sVUf in “’hi 

following paragraphs: 

. teg 560.000 for Mentone Dam is due to 
(a) The decrease in cost of Jbb.bou, reserv0iri change of the 

downstrea^erabanlíinent^lope^Trom s maximum of IV en 9H to W on 3H, and 

reduction of excavation in the basin. 

.iä; .rÄS.vi'SÄSS 
interests. 

„ r -jrs:;=r äi s-sz'äs 
costs. 

j *7 70? 000 in the construction cost of Santiago (d) The decrease of »7,792.000 in the c ^ ^ oonorete.llned and 

Creek is due to a complete ® lnBg a standard project flood to 

:T4'eneVbeeîrdt,pe oTcha'nnel which would have a capacity for only a 100- 

year flood. 

(e) The increase of »31,578,000 In ^ruction 
Ana River channel Is due to lrlolusion o 00^structed stone and 
road relocation, the need for removal ^op.s bv local lnt.resU and a 

Mj«»*6design6ohange0between channel ^ 
minimum disturbance to the habitat area of least tern. 

(f) The decrease 0^39,993 000 inmost ^^^îa^'aVÂ 
three factors: (D market value River channel has been 

Increasing^at^"slower rÄn the cost of oonstruotlon which was 



used as the basis ror '^““^„tone and (3) Acquisition 

iriÄrifÄ'sbl'J along the lower Santa Ana »l»er has 

been revised. 
nf i25 065 000 in relocation cost is a result of 

The decrease of „hhhp* 1 . n ovisiMna bridges and utilitiesa detailed study on all existing oriuB 

(h) The increase of *19 •538 ' construction cost for 
the fact that the prevalent per ga.hat 0f 1975; although the total 

srtrrosÄÄ -- - -w 
project. 

of id 5H3 000 in cost for supervision and 
(1) The decrease of $9»5**31 redUCti0n of construction cost at 

administration is priMrily d t (sion ^ administration cost as a 

percentageAf cons^ctlon'cost" Is less than previously used for 3. 



XI. OPERATION AND MAINTENANCE COST 

9.01 The annual operation and maintenance cost for the floodoont¡:^ 
facilities under the ail river plan is estimated at $2,640,000. The 
estimate includes costs for channel and dam embankment repair, deb 
removal in the channel as well as in the outlet works of dams, and a 
full-time dam operator at Mentone Dam. (An average annua 
$348,000 for removal and disposal of 145,000 cubic yards of debris at 
the lower Santa Ana River is used.) Cost for recreation and maintenance 
of recreation facilities is presented in Appendix G, Recreation. 

Estimated annual cost for operation and maintenance is tabulated as 

follows: 

Mentone Dam 
Oak Street Drain 
Prado Dam 
Lower Santa Ana River 

including Greenville- 
Banning and Huntington 
Beach channels 

Santiago Creek 
Total 

$ 950,000 
50,000 

280,000 

1,330,000 
30.000 

$2,640,000 
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TABLE 1 
Mentone Dam 

Pertinent Data Under All River Plan 

Drainage area 
Dam (rolled earthfill) 

Crest elevation 
Maximum height above streambed 
Crest length 
Freeboard 

Spillway (overflow, concrete) 
Crest elevation 
Crest length 
Elevation of maximum water surface 

Outlet works (gated conduit) 
Diameter of conduit 
Length of conduit 
Intake elevation 

Reservoir 
Area at spillway crest 
Capacity (gross) at spillway crest 

Storage allocation below spillway crest 
Flood control 
Sedimentation (100-year storage) 

Standard-project flood 
Total volume (4 days) 
Peak inflow 
Peak outflow 

Probable maximum flood 
Total volume 
Peak inflow 
Peak outflow 

sq mi 

ft msl 
ft 
ft 
ft 

ft msl 
ft 
ft msl 

ft 
ft 
ft msl 

acre 
acre-ft 

acre-ft 
acre-ft 

acre-ft 
cfs 
cfs 

acre-ft 
cfs 
cfs 

260 

1.573.5 
226 

17,700 
8 

1.548.5 
1,000 
1.565.5 

14 
1,373 
1,335 

1,167 
181.500 

144.500 
37,000 

160,000 
126,000 
6,000 

508,200 

265,000 
256,000 

r. 



TABLE 2 
Prado Dam 

Pertinent Data for Dam of 19^0 Design 

Drainage area 
Dam (rolled earthfill) 

Crest elevation 
Maximum height above streambed 
Crest length 
Freeboard 

Spillway (detached, overflow concrete) 
Crest elevation 
Crest length 
Elevation of maximum water surface 

Outlet works (6-gated) 
Conduit Dimension 
Length of conduit 
Intake elevation 

Reservoir 
Area at spillway crest 
Capacity (gross) at spillway crest 

Storage allocation below spillway crest 
Flood control 
Sedimentation (100-year storage) 

100-year flood* 
Total volume (7 days) 
Peak inflow 
Peak outflow 

Probable maximum flood* 
Total volume 
Peak inflow 
Peak outflow 

sq mi 

ft msl 
ft 
ft 
ft 

ft msl 
ft 
ft msl 

ft 
ft 
ft msl 

acre 
acre ft 

acre-ft 
acre-ft 

acre-ft 
cfs 
cfs 

acre-ft 
cfs 
cfs 



TABLE 3 
Prado Dam 

Pertinent data for alternative designs 

National 
Economic 

All River Development 
Plan Plan 

Drainage area 
Dam (rolled earthfill) 

Crest elevation 
Maximum height above streambed 
Crest length 
Freeboard 

Spillway (detached, overflow concrete) 
Crest elevation 
Crest length 
Elevation of maximum water surface 

Outlet works (6 gates, 2-conduit) 
Diameter of conduit 
Length of conduit 
Intake elevation 

Saddle dike 
Crest elevation 
Crest length 
Maximum height above existing ground 

Reservoir 
Area at spillway crest 
Capacity (gross) at spillway crest 

Storage allocation below spillway crest 
Flood control 
Sedimentation (100-year storage) 

Standard-project flood 
Total volume (4 days) 
Peak inflow 
Peak outflow 

Probable maximum flood 
Total volume 
Peak inflow 
Peak outflow 

sq mi 

ft msl 
ft 
ft 
ft 

ft ms 
ft 
ft msl 

ft 
ft 
ft msl 

ft msl 
ft 
ft 

acre 
acre-ft 

acre-ft 
acre-ft 

acre-ft 
cfs 
cfs 

acre-ft 
cfs 
cfs 

2,225 2,255 

596 611 
136 151 

3,890 3,910 
10 10 

563 579 
1,300 1,300 

586 599 

25 25 
1,600 1,600 

H70 170 

596 609 
7,800 9,300 

56 69 

10,400 14,500 
363,000 562,500 

300,000 480,000 
63,000 82,500 

426,000 574,000 
265,000 317,000 
30,000 30,000 

1,570,000 1,570,000 
700,000 700,000 
605,000 605,000 
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TABLE 4 
Mentone Dam 

Detailed Cost Estimates Under All River Plan 
(October 1979 Price Level) 

description 

JNIT 
UNIT QUANTITY PRICE SUBTOTAL 

Flood Control Cost Construction 
and Railroad Modification Cost: 

RELOCATIONS 
Relocate Santa Fe Single 
Track Railroad 

Earthwork 
Trackage 
Bridge 

Dam Cost: 
Diversion 

and Control of Water 
Clear and Remove Obstruction 
Excavation 

Basin 
Impervious Material 
Cutoff 
Foundation 

Embankment 
Bedding Material 
Impervious Material 
Pervious and Rock 
Filter Blanket 
Riprap 
Transition 
Bentonite Slurry 
A.C. Paving 

Outlet Works 
Earthwork 
Backfill 
Concrete 

Intake and Trash Structure 
Gate Structure 
Conduit Transition 
Conduit 
Outlet Structure 

Access Gallery 
Grout With Cement 
Dumped Stone 
Trash Rack 
Stop Log 
Control and Generator Houses 
Hydrographic Facilites 
Slide Gate 

CY 1,610,700 $0.60 $966,000 
L.F. 34,900 47.98 1,675,000 
S.F. 24,400 280.00 6,832,000 

JOB 
AC 

CY 56,036,000 
CY 10,344,000 
CY 1,555,000 
CY 3,390,000 

CY 308,000 
CY 10,344,000 
CY 46,738,000 
CY 3,258,500 
CY 615,000 
CY 4,441,700 
CY 261,200 
TON 3,920 

JOB 1 
JOB 1 

JOB 
JOB 
JOB 
CY 
CY 
JOB 
CY 
CY 
JOB 
JOB 
JOB 
JOB 
EA 

1,200,000 
2,300,000 

1.55 86,856,000 
4.15 42,928,000 
1.25 1,944,000 
1.25 4,238,000 

7.50 2,310,000 
0.22 2,276,000 
0.18 8,413,000 
5.80 18,899,000 
5.80 3,567,000 
0.23 1.,022,000 

27.00 7,052,000 
35.00 137,000 

L.S. 630,000 
L.S. 205.000 

283,000 
650,000 

1,016,000 
2,132,000 

459,000 
1,455,000 

16,000 
15,000 

119,000 
95,000 
30,000 
95,000 

1,050,000 

1 L.S. 
430 5348.84 

1 L.S. 
1 L.S. 
1 L.S. 

12,590 169.34 
3,040 151.00 

1 L.S. 
170 95.18 

1,330 11.10 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
3 350,000 

TOTAL 
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TABLE U (Continued) 

DESCRIPTION 

UNIT 
UNIT QUALITY PRICE SUBTOTAL TOTAL 

Electrical System 
Other Equipment 
Ladder, Platforms, and 

Appurtenances 
Float Well and Gate Position 

Indicator 
Spillway 

Excavation 

Backfill 

JOB 
JOB 

JOB 

JOB 

JOB 
JOB 

Concrete 
Ogee 
Cutoff Walls 
Walls 
Wall Footing 
Invert Slab 

Cement 
Rein. Steel 
Structural Steel 
Grout With Cement 
Down Stream End Protection 

Sta. 48+00 to Sta. 40+25 

Subdrain System 
Beautification 
Mill Creek Levee 

Diversion and Control 

of Water 
Clear and Remove 

Obstruction 
Excavation 

Backfill 
Grout Stone 
Grout With Cement 

Groins 
Subtotal 
Contingencies (25Í) 

CY 
CY 
CY 
CY 
CY 
CWT 
TON 
L.F. 

CY 

JOB 
JOB 
JOB 

JOB 

AC 
JOB 
JOB 
TON 
CY 
JOB 

Subtotal 
Engineering and Design (7») 
Supervision And Administration 

Total Construction 
Lands and Relocations 

Lands 
Relocations: 78-inch 

waterline 
Others 

(5*) 

JOB 
JOB 

JOB 

1 
1 

1 

1 

1 
1 

56,130 
3,610 

10,700 
11,900 

264,500 
1,958,100 

10,750 
60,320 

1,340 

1 
1 
1 

1 

28 
1 
i 

44,460 
34,500 

1 

1 
1 

1 

Total, Lands and Relocation 
Grand Total, First Cost 

for Mentone Dam 

L.S. $200,000 
L.S. 762,000 

L.S. 100,000 

L.S. 46,000 

L.S. 727,000 
L.S. 918,000 

$67.00 3,761,000 
40.00 144,000 

120.00 1,284,000 
49.00 583,000 
35.00 9,258,000 
6.00 11,749,000 

720.00 7,740,000 
17.90 1,080,000 
95.22 128,000 

L.S. 3,216,000 
L.S. 1,170,000 
L.S. 1,077,000 

L.S. 10,000 

500.00 14,000 
L.S. 25,000 
L.S. 151,000 
15.00 667,000 
95.22 3,285,000 
L.S. 7,925,000 

257,375,000 
64,344,000 

321,719,000 
22,520,000 
16,086,000 

$360,325,000 

L.S. 21,500,000 
L.S. 3,863,000 

L.S. 633,000 

25,996,000 

$386,321,000 
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description 

TABLE 5 
Oak Street Drain 

Detailed Cost Estimate Under All River Plan 
(October 1979 Price Level) 

UNIT 
UNIT QUANTITY PRICE SUBTOTAL TOTAL 

Construction and Railroad 
Modification Costs: 

Railroad Bridge Modification 
Channel Costs 
Diversion and Control Water 
Clear and Remove Obstructions 
Excavation 
Compacted Fill 

EA 

JOB 
AC 
CY 
CY 

Concrete 
Walls 
Invert 

Cement 
Reinf. Steel 
Box Section (Sta. 32+00 to 

Sta. 46+00) 
Mangular Channel 
Downstream End 
Side Drain Structures 
Shoring at Church and Trailer 

Park 
A.C. Paving 
Fencing Including Gates 
Beautification 
Subtotal 
Contingencies (25Í) 
Subtotal, Construction 
Engineering and Design (10f) 
Supervision and Administration(7^) 
Total, Construction 

CY 
CY 
CWT 
TON 

JOB 
JOB 
JOB 
JOB 
JOB 

TON 
L.F. 
JOB 

Lands and Relocation 
Land 
Highway Bridges 
Utilities 

Total Lands and Relocations 
Total Project, Oak Street Drain 

JOB 
JOB 
JOB 

1 

1 
22 

227,000 
105,000 

10,300 
14,600 

137,000 
980 

1 
1 
1 
1 
1 

3,800 
30,200 

1 

1 
1 
1 

L.S. 

L.S. 
$14,282 

2.10 
1.70 

76.00 
36.00 
6.00 

720.00 

L.S. 
L.S. 
L.S. 
L.S. 
L.S. 

35.00 
6.06 
L.S. 

L.S. 
L.S. 
L.S. 

$170,000 

16,000 
314,000 
477,000 
179,000 

782,000 

526,000 
822,000 
706,000 

752,000 
122,000 
148,000 
108,000 
52,000 

133,000 
183,000 
118,000 

5,608,000 
1,402,000 
7,010,000 

710,000 
491,000 

930,000 

1,527,000 
390,000 

$8,202,000 

2,847,000 
11,049,000 
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TABLE 6 
Prado Dam 

Detailed Cost Estimates Under All River Plan 
(October 1979 Price Level) 

description 

UNIT 
UNIT QUANTITY PRICE SUBTOTAL TOTAL 

Flood control costs- 
Dam Construction: 

Diversion and control of water 
Clear and Remove Obstructions 
Borrow Excavation 

Main Embankment and Toe 
Excavation 

Auxiliary Dike 
Embankment 

Prado Dam 
Bentonite Slurry Cutoff 
Dike 
Replace Cobbles 
Grouted Gutters 
Riprap U.S. and D.S. Face 
Sand And Gravel Drains 
Dike and Embankment Roads 

Modification of Spillway 

JOB 1 
JOB 1 
CY 2,532,502 

CY 1,371,500 
CY 365,000 

CY 1,26*1,539 
JOB 1 
CY 988,093 
CY 41,700 
CY 2,080 
CY 140,133 
CY 279,870 
S.Y. 34,933 

Excavation 
Rock 
Common 
Cribbing 

Backfill 
Structural 
Common 
Cribbing 

Demolition of Spillway Walls 
Demolition of Spillway Invert 
Concrete Chipping 
Sandblasting 
Drill 2"0 Dowell Holes 
Grout and Place Dowels 
Sheet Piling 
Subdrain 
Concrete 

Cutoff Walls 
Ogee Section 
Invert 
Flip Bucket Invert 
Flip Bucket Walls 
Freeway Retaining Walls 
Freeway Retaining Wall Toe Stone 
Crib Cutoff Wall 

Rebuild Existing Spillway Invert 

CY 1,141,100 
CY 197,100 
CY 87,000 

CY 37,600 
CY 197,100 
CY 52,000 
CY 4,200 
CY 4,700 
CY 370 
S.F. 57,400 
L.F. 7,100 
EA 3,600 
S.F. 38,800 
JOB 1 

CY 1,700 
CY 45,119 
CY 14,100 
CY 6,900 
CY 100 
CY 12,940 
CY 15,000 
CY 30,100 
JOB 1 

L.S. $199,000 
L.S. 171,000 
$1.40 3,546,000 

1.40 1,920,000 
0.80 292,000 

0.60 759,000 
L.S. 520,000 
0.60 592,000 
7.40 309,000 
45.00 94,000 
22.60 3,167,000 
7.72 2,161,000 

8.10 283,000 

6.70 7,645,000 
0.70 138,000 

67.00 5,829,000 

3.35 126,000 
0.80 158,000 
6.70 348,000 
60.00 252,000 
60.00 282,000 
134.00 50,000 

1.34 77,000 
10.00 71,000 
10.00 36,000 
8.25 320,000 
L.S. 57,000 

40.00 68,000 
67.00 3,023,000 
80.00 1,128,000 
67.00 462,000 
140.00 14,000 
143.00 1,850,000 
13.60 204,000 
47.00 1,415,000 
L.S. 648,000 

..-.....-...— 
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TABLE 6 (Continued) 
Prado Dam 

Detailed Cost Estimate Under All River Plan 

DESCRIPTION 

Right and Left Spillway Walls 
Sta. 10+00 to Sta. 13+00 

Right and Left Spillway Walls 
Sta. 13+00 to Sta. 22+10 

Cement 
Rein Steel 

UNIT 

UNIT QUANTITY PRICE SUBTOTAL 

CY 5,800 $110.00 $ 638,000 

CY 5,055 143.00 723,000 
CWT 23,560 5.50 130,000 
TON 5,956 720.00 4,288,000 

Tunnel and Outlet Works 
Excavation 

Outlet Works 
Tunnel Transition 

Tunnel 
Stilling Basin 

Toe 
Disposal of Surplus 
Material Waste 
Backfill 

Outlet Structure 
Stilling Basin 

Toe 
Dumped Stone 

Tunnel 
Steel Supports 
Wood Lagging 
Chainlink Fabric 
Concrete Lining 
Rein-Steel 

Cement 
Intake Tower 

Gate and Regulating Equipment 

Trash Rack 

Stop Log 
Concrete 
Rein-Steel 
Cement 

Inlet Transition 
Concrete 
Rein-Steel 

Cement 
Dumped Stone 

Outlet Transition 
Concrete 
Rein-Steel 
Cement 
Tunnel Grouting 
Plug Existing Outlet 

CY 
CY 
CY 
CY 
CY 
CY 

28,900 2.01 58,000 
86,700 2.01 174,000 
65.500 67.00 4,389,000 
93.500 0.94 88,000 

10,000 1.00 10,000 
150,100 0.67 101,000 

CY 29,500 1.34 
CY 34,800 1.34 
CY 4,900 0.67 
CY 7,400 16.75 

40,000 
47,000 

3,000 
124,000 

LB 4,200,000 

MBM 125 
SY 2,850 
CY 19,800 

TON 891 
CWT 111,700 

0.74 3,108,000 
804.00 101,000 

8.00 23,000 
100.00 1,980,000 
720.00 642,000 

5.50 614,000 

JOB 
JOB 
JOB 

CY 
TON 
CWT 

1 L.S. 1,943,000 

1 L.S. 268,000 
1 L.S. 134,000 

20,400 143.00 2,734,000 
1,020 720.00 734,000 

115,056 5.50 633,000 

CY 
TON 
CWT 
CY 

15,281 168.00 2,567,000 
764 720.00 550,000 

86,185 5.50 474,000 
1,000 16.75 17,000 

CY 
TON 
CWT 
JOB 
JOB 

20,200 87.00 1,757,000 
1,505 720.00 1,084,000 

113,310 5.50 632,000 
1 L.S. 189,000 
1 L.S. 283,000 

TOTAL 
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TABLE 6 (Continued) 
Prado Dam 

Detailed Coat Estimate Under All River Plan 

description 
Outlet Works 
Service Bridge and Appurtenances 

Elevator 
Gate Position Indicator 
Electrical System 
Control House and Equipment 
Generator House and Equipment 
Floatwell System 
Hydrographic Facilities 
Overhead Hoist (10 Ton) 

Beautification 
Ring Dikes 
Subtotal 
Contingencies (25Í) 
Subtotal Dam 
Engineering and Design (10Ï) 
Supervision and Construction {1%) 

Total Construction 

Lands and Relocations 
Upgrade Title to Land Below 

El. 556 
Land Above El. 556* 
Corona Freeway 
Utilities 

Total, Lands and Relocations 
Grand Total, First Costs 

Prado Dam and Reservoir 

UNIT QUANTITY 

JOB 
JOB 
JOB 
JOB 
JOB 
JOB 
JOB 
JOB 
JOB 
JOB 
JOB 

JOB 
JOB 
JOB 
JOB 
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UNIT 
PRICE 

L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 
L.S. 

SUBTOTAL 

$606,000 
134,000 
149,000 
35,000 

150,000 
95,000 
14,000 
97,000 
11,000 

1,776,000 
1,023,000 

73,829,000 
18,457,000 
92,286,000 
9,229,000 
6,460,000 

TOTAL 

$107,975,000 

L.S. 31,300,000 
L.S. 60,000,000 
L.S. 7,233,000 
L.S. 1,072,000 

99,605,000 
207,580,000 



TABLE 7 
Santiago Creek Channel 

Detailed Cost Estimate Under All River Plan 
(October 1979 Price Level) 

DESCRIPTION 

UNIT 
UNIT QUANTITY PRICE SUBTOTAL 

Channel Costs 
Diversion and Control of Water 
Inlet 

Excavation 
Fill, Compacted 

Concrete 
Cutoff 
"L" Wall 
Box Wall and Pier 
"L" Footing 
Box Footing 
Box Top Slab 
Center Slab Includes l8" Slab 

and 2H” Sides 
Baffles 

Cement 
Reinforcing Steel 
2' Rock Blanket 
2.5' Rock Blanket 
7' Rock Blanket 
6' Chain Link Fence 
Compacted Fill, Basin 
Outlet 

Excavation 
Fill 
Mise. Fill 

Concrete 
Wall 
Footing 
Side Slope 
Invert 
Cement 
Reinforcing Steel 
18" Rip Rap 
Neyrpic Gate Avio 280L 
6' Chain Link Fence 
A.C. Paving 

Channel 
Excavation 
Fill 
18" Rip Rap Blanket 

L.S. 20,000 JOB 

CU.YD 
CU.YD 

CU.YD 
CU.YD 
CU.YD 
CU.YD 
CU.YD 
CU.YD 

CU.YD 
CU.YD 
CU.YD 

CU.YD 
CU.YD 
CU.YD 
CU.YD 
CWT 
TON 
CU.YD 
EA 
LIN.FT 
TON 

CU.YD 
CU.YD 
CU.YD 

57,000 
19,000 

30 
730 
270 
880 
215 
200 

429,000 
7,100 
2,800 

1,240 
1,270 

140 
210 

16,130 
152 

17,300 
3 

320 
480 

84,000 
15,000 
29,400 

$0.90 
1.50 

100.00 
100.00 
150.00 
65.00 
65.00 

200.00 

90.00 
400.00 

6.00 
720.00 

22.50 
22.50 
22.50 
5.50 
0.60 

0.90 
0.60 
0.25 

200.00 
65.00 
80.00 
65.00 
6.00 

720.00 
22.50 

50,000.00 
5.50 

35.00 

0.90 
0.60 

22.50 

$51,000 
29,000 

3,000 
73,000 
41,000 
57,000 
14,000 
40,000 

133,000 
68,000 

129,000 
135,000 
26,000 

2,000 
10,000 
6,000 

799,000 

386,000 
4,000 
1,000 

248,000 
91,000 
11,000 
21,000 

105,000 
117,000 
389,000 
150,000 

2,000 
17,000 

76,000 
9,000 

662,000 

CU.YD 1,480 
CU.YD 170 
CWT 22,420 
TON 188 
CU.YD 1,160 
CU.YD 70 
CU.YD 450 
LIN.FT 1,010 
CU.YD 1,332,000 

TOTAL 
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TABLE 7 (Continued) 
Santiago Creek Channel 

Detailed Cost Estimate Under All River Plan 

UNIT QUANTITY 

UNIT 
PRICE SUBTOTAL TOTAL 

Beautification 

Subtotal 
Contingencies (25Í) 
Subtotal, Construction 
Engineering and Design (10Í) 
Supervision and Administration (7$) 

Total, Construction 

JOB L.S. $ 312,000 
¿1,237,000 
1,060,000 
5,297,000 

530,000 
371,000 

$6,198,000 

Lands And Relocations 

Lands 
Bridge 
Utilities 

Total, Lands and Relocations 
Total Costs, Santiago Creek 

JOB 
SQ.FT. 
JOB 

1 
4,240 

1 

L.S. 
70.00 
L.S. 

3,500,000 
297,000 

8,000 
3,805,000 

$10,003,000 

__ 



TABLE 8 
Lower Santa Ana River Including Greenville-Banning Channel 

Detailed Cost Estimate Under All River Plan 
1070 PkIop Level 

DESCRIPTION 

UNIT 
UNIT QUANTITY PRICE SUBTOTAL TOTAL 

Flood Control Costs 
Construction And Railroad 

Modification Costs 

Railroad Shoofly 
Railroad Bridges 

Channel 
Diversion and Control of Water 

Clear And Grub 
Stone Removal 
Concrete Removal 

S.F. 
S.F. 

JOB 
JOB 
TON 
CY 

26,860 $210.00 
26,860 280.00 

1 
1 

871,000 
86,000 

CY 11,718,000 
CY 1,467,000 

L.S. 
L.S. 
8.00 

35.00 

2.40 

2.35 

Earth Work 
Channel Excavation 
Toe Excavation 
Subgrade Preparation 

Levee Fill 
Channel Wall Fill 
Toe Backfill 
Mise. Fill 
Grout 
Stone Levee 
Filter Levee 

Concrete 
Wall 
Footing and Invert 

Cutoff Wall 
Cement 
Rein Steel 
Subdrain System 
Side Drains 
A.C. Paving 
Fencing 
Drop Structures 
Beautification 
Bridge Over Greenville- 

Banning channel 

Subtotal 
Contingencies (25%) 

Subtotal Channel 

S.Y.1,145,000 0.10 

CY 45,000 0.35 
CY 3,259,000 1.35 
CY 1,115,000 0.95 
CY 389,000 1.00 
CY 5,000 50.00 
TON 966,000 15.00 
CY 198,000 22.50 

CY 130,000 76.00 
CY 421,000 49.00 
CY 15,500 505.00 
CWT 3,233,000 6.00 
TON 26,790 720.00 
JOB 1 L.S. 
JOB 1 L.S. 
TON 28,400 35.00 
L.F. 138,600 5.50 
S.F. 59,500 38.40 

JOB 1 L.S. 

JOB 1 L.S. 

$5,641,000 
7,521,000 

1,283,000 
979,000 

6,968,000 
3,010,000 

28,123,000 
3,477,000 

115,000 
16,000 

4,400,000 
1,059,000 

389,000 
250,000 

14,490,000 
4,455,000 

9,880,000 
20,629,000 

7,828,000 
19,398,000 
19,418,000 
6,965,000 

780,000 
994,000 
762,000 

2,285,000 

2,309,000 

286,000 
173,710,000 

43 428,000 
217,138,000 
21,714,000 
15,200,000 

$254,052,000 

Engineering And Design (10$) 
Supervision And Administration (7$) 

Total Construction 
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TABLE 8 (Continued) 
Santa Ana River Including Greenville-Banning^Channe 

Detailed Cost Estimate Under All River Plan 

description 

UNIT 
UNIT QUANTITY PRICE SUBTOTAL 

TOTAL 

Lands And Relocations 

R/W Santa Ana Canyon 
R/W Urban Reach 
R/W Mitigation And Wildlife 

Subtotal R/W Costs 
Relocations 

Roads and Bridges 
Utilities 

Total Lands And Relocations 

Total Flood Control Costs 

JOB 
JOB 
JOB 

JOB 
JOB 

1 L *S • 
1 L.S. 
1 L.S. 

1 L.S. 
1 L.S. 

$13,000,000 
6,040,000 
4,220,000 

23,260,000 

300,135,000 

21,376,000 
1,447,000 

$46,083,000 



TABLE 9 

Comparison of First Costs Under 
All River Plan 

Feature 

BEHR Revised 
Estimate 
(Sep. 1975) 

PB-3 
(Oct. 1979) 

Present Est. 
(Oct. 1979) 

ientone Dam nnn 

ÄiÄand Reu ns 
Relocation Excluding Railroad (4,200,000) 

¡>a" Railr0ad molikd ?; oa. 
Levee ff n n 
Engineering and Design ^ ^ w 

SUPsrbtÔwï #d’,lnl!,t,'atl0n 349,600,000 

$30,028,000 
(30,028,000) 

(Included in R/W) 
371,500,000 

8,779,000 
19,063,000 
26,745,000 

456,115,000 

$25,996,000 
(21,500,000) 
(4,496,000) 

321,719,000 
(Included with Dam) 

22,520,000 
16,086,000 

386,321,000 

Oak Street Drain 
Rights-of-Way and Relocations 
Rights-of-Way 
Relocations Excluding Railroad 
Channels Including Railroad 
Engineering and Design 
Supervision and Administration 

Subtotal 

1,670,000 
(472,000) 

(1,198,000) 
6,080,000 

425,000 
305,000 

8,480,000 

2,351,000 
(798,000) 

(1,553,000) 
8,473,000 

575,000 
406,000 

11,805,000 

2,847,000 
(930,000) 

(1,917,000) 
7,010,000 

701,000 
491,000 

11,,049,000 

Prado Dam 
Rights-of-Way and Relocations 
Lands and Damages 
Relocations 
Dam 
Engineering and Design 
Supervision and Administration 

Subtotal 

79,000,000 

61,770,000 
3,090,000 
4,340,000 

148,200,000 

109,414,000 
(88,584,000) 
(20,830,000) 
85,277,000 
5,358,000 
7,246,000 

207,295,000 

99,605,000 
(91,300,000) 
(8,305,000) 
92,286,000 
9,229,000 
6,460,000 

207,580,000 

Santiago Creek 
Rights-of-Way and Relocations 
Rights-of-Way 
Relocations Excluding Railroad 
Channel Including Railroad 
Engineering and Design 
Supervision and Administration 

Subtotal 

4,000,000 
(1,500,000) 
(2,500,000) 
9,450,000 

800,000 
750,000 

15,000,000 

5,533,000 
(2,076,000) 
(3,457,000) 
13,089,000 

1,092,000 
1,031,000 

20,745,000 

3,805,000 
(3,500,000) 

(305,000) 
5,297,000 

530,000 
371,000 

10,003,000 
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Table 9 (Cont'd) 

Feature 

BEHR Revised 
Estimate 
(Sep. 1975) 

PB-3 
(Oct. 1979) 

Lower SantaAna River 
Rights-of-Way and Relocations 
Rights-of-Way 
Relocations Excluding Railroad 
Mitigation and Preservation 
Channels Including Railroad 
Engineering and Design 
Supervision and Administration 

Subtotal 

67,250,000 
(41,000,000) 
(26,250,000) 

240,000 
131,818,000 

6,596,000 
9,236,000 

215,140,000 

93,368,000 
(56,930,000) 
(36,438,000) 

2,700,000 
182,560,000 

9,068,000 
12,723,000 

300,419,000 

Total—Flood Control 
Mitigation 

including 
$736,420,000 $996,379,000 

SUMMARY 
Rights-of-way including 

Mitigation and Preservation 
Relocations 
Construction 
Engineering and Design 
Supervision and Administration 

Total—Flood Control including 
Mitigation and Preservation 

$181,116,000 
62,278,000 

669,678,000 
35,156,000 
48,151,000 

$996.379,000 

Present Est. 
(Oct. 1979) 

46,083,000 
(23,260,000) 
(22,823,000) 

(Included in R/W) 
217,138,000 
21,714,000 

15,200,00 
300,135,000 

$915,088,000 

$141,123,000 
37,213,000 

643,450,000 
54,694,000 
38,608,000 

$415.088.000 

F-45 



TABLE 10 
Prado Dam 

Detailed Cost Estimates Under 
Plan to Provide SPF Protection Below Dam 

(October 1979 Price Level) 

DESCRIPTION 

Flood Control Costs 
Dam Construction 

Diversion and Control of Water 
Clear And Remove Obstructions 

Earthwork 
Borrow Excavation 
Main Embankment And Toe 

Excavation 
Auxuliary Dike (Native Removal) 
Embankment 

Prado Dam 
Bentonite Slurry Cutoff 
Santa Fe Railway levee 
Replace Cobbles 
Grouted Gutters 
Riprap U.S. and D.S Face 
Sand and Gravel Drains 
Dike and Embankment Roads 
Instrumentation 

Modification of Spillway 
Excavation 

Rock 
Common 
Cribbing 

Backfill 
Structural 
Common 
Cribbing 

Demolition of Spillway walls 
Demolition of Existing Spillway 

Invert 
Concrete Chipping 
Sandblasting 
Drill 2"0 Dowell Holes 
Grout and Place 1-1/4x4 Dowels 
Sheet Piling 
Subdrain 
Concrete 

Cutoff Walls 
Ogee Section 
Invert 
Flip Bucket Invert 
Flip Bucket Walls 
Freeway Retaining Walls 
Crib Cutoff Wall 

Rebuild Existing Spillway Invert 

UNIT QUANTITY 

JOB 
JOB 

CY 

CY 
CY 

CY 
CY 
CY 
CY 
CY 
CY 
CY 
S.Y. 
JOB 

CY 
CY 
CY 

CY 
CY 
CY 
CY 

CY 
CY 
S.F. 
L.F. 
EA 
S.F. 
JOB 

CY 
CY 
CY 
CY 
CY 
CY 
CY 
JOB 

1,371,500 
698,520 

2,075,665 
35,000 

1,810,565 
52,600 

2,630 
142,200 
499,500 

44,466 
1 

1,141,100 
197,100 
87,000 

37,600 
197,100 
52,000 

4,200 

4,700 
370 

57,400 
7,100 
3,600 

38,800 

1,700 
65,345 
14.100 
6,900 

100 
12,940 
30.100 

1 

UNIT 
PRICE 

L.S. 
L.S. 

4,385,730 $1.40 

1.40 
0.80 

0.60 
14.85 
0.60 
7.40 

45.00 
22.60 
7.72 
8.10 
L.S. 

6.70 
0.70 

67.00 

3.35 
0.80 
6.70 

60.00 

60.00 
134.00 

1.34 
10.00 
10.00 
8.25 
L.S. 

40.00 
316.00 
80.00 
67.00 

143.00 
143.00 
47.00 
L.S. 
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.. .. .„mamui. 

SUBTOTAL TOTAL 

$199,000 
171,000 

6,140,000 

1,920,000 
559,000 

1,245,000 
520,000 

1,086,000 
389,000 
118,000 

3,214,000 
3,856,000 

360,000 
345,000 

7,645,000 
138,000 

5,829,000 

126,000 
158,000 
348,000 
252,000 

282,000 
50,000 
77,000 
71,000 
36,000 

320,000 
57,000 

68,000 
20,649,000 

1,128,000 
462,000 

14,000 
1,850,000 
1,415,000 

648,000 

__ 



TABLE 10 (Continued) 
Prado Dam 

Detailed Cost Estimates Under 
Plan to Provide SPF Protection Below Dam 

(October 1979 Price Level) 

DESCRIPTION 

UNIT 
UNIT QUANTITY PRICE SUBTOTAL 

Right and Left Spillway Walls 
Sta. 10+00 to Sta. 13+00 

Right and Left Spillway Walls 

Sta. 13+00 to Sta. 22+10 

Cement 
Rein Steel 

Tunnel and Outlet Works 

Excavation 
Outlet Works 
Tunnel Transition 

Tunnel 
Stilling Basin 

Toe 
Waste 

BackFill 
Outlet Structure 
Stilling Basin 

Toe 
Dumped Stone 

Tunnel 
Steel Supports 
Wood Lagging 
Chainlink Fabric 

Concrete 
Rein-Steel 
Cement 

Intake Tower 
Gate and Regulating Equipment 

Trash Rack 
Stop Log 
Concrete 
Rein Steel 
Cement 

Inlet Transition 
Concrete 
Rein-Steel 

Cement 
Dumped Stone 

Outlet Transition 

Concrete 
Rein-Steel 
Cement 
Tunnel Grouting 
Plug Existing Outlet 

CY 9,180 $H»3.00 $1,313,000 

CY 
CWT 
TON 

9,100 
24,029 
7,483 

143.00 
5.50 

720.00 

1,301,000 
132,000 

5,388,000 

CY 
CY 
CY 
CY 
CY 
CY 

CY 
CY 
CY 
CY 

LB 
MBM 
SY 
CY 
TON 
CWT 

JOB 
JOB 
JOB 
CY 
TON 
CWT 

CY 
TON 
CWT 
CY 

CY 
TON 
CWT 
JOB 
JOB 

28,900 
86,700 
65.500 
93.500 
10,000 

150,000 

29.500 
34.800 
4,900 
7.400 

4,200,000 

125 
2,850 

19.800 
891 

111,700 

1 
1 
1 

20.400 
1,020 

115,056 

15,281 
764 

86,185 
1,000 

20,200 
1,505 

113,310 
1 
1 

2.01 
2.01 

67.00 

0.94 
1.00 
0.67 

1.34 
1.34 
0.67 

16.75 

0.74 
804.00 

8.00 
100.00 
720.00 

5.50 

L.S. 
L.S. 
L.S. 

134.00 
720.00 

5.50 

168.00 
720.00 

5.50 

16.75 

87.00 
720.00 

5.50 
L.S. 
L.S. 

58,000 
174,000 

4,389,000 
88,000 
10,000 

101,000 

40,000 
47,000 

3,000 
124,000 

3,108,000 
101,000 
23,000 

1,980,000 
642,000 
614,000 

1,943,000 
268,000 
134,000 

2,734,000 
734,000 
633,000 

2,567,000 
550,000 
474,000 

17,000 

1,757,000 
1,084,000 

632,000 
189,000 
283,000 

TOTAL 
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TABLE 10 (Continued) 
Prado Dam 

Detailed Cost Estimates Under 
Plan to Provide SPF Protection Below Dam 

(Octoer 1979 Price Level) 

UNIT 
DESCRIPTION UNIT QUANTITY PRICE SUBTOTAL 

Outlet Works 
Service Bridge and 

Appurtenances JOB 
Elevator UCffl 
Gate Position Indicator JOB 
Electrical System J0E: 
Control House And Equipment JOiî 

Generator House And Equipment JOE 
Floatwell System JOB 
Hydrographic Facilities JOB 
Overhead Hoist (10 Ton) JOB 

Beautification 

Ring Dike 
Subtotal 
Contingencies (25Í) 

Subtotal Dam 
Engineering and Design (10Ï) 
Supervision and Construction (7Í) 

Total Construction 

1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 
1 L.S. 

$606,000 
13^,000 
49,000 
35,000 

150,000 
95,000 
14,000 
97,000 
11,000 

1,776,000 
2,910,000 

101,323,000 
25,331,000 

126,654,000 
12,665,000 

8,866,000 

Lands and Relocations 
Upgrade Title To Land Below 

El. 556 JOB 
Land Above El. 556 JOB 
Corona Freeway Relocation JOB 
Utilities JOB 

1 L.S. 31,300,000 
1 L.S. 302,700,000 
1 L.S. 7,233,000 
1 L.S. 1,072,000 

Total, Lands and Relocations 
Total Flood Control Costs 

TOTAL 

$148,185,000 

$342,305,000 
490,490,000 
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