VIl - EFFECT OF WATER CONTROL PLAN

8-01 Cenera

The primary propose of Santa Fe Damis flood control, and the greatest
ef fect and benefit of the damis the protection of life and property
downstream of the facility. The nmjor aspects of flood control at Santa Fe
Dam for both the reservoir and spillway design floods, as well as severa
maj or historical floods, are discussed in section 8-02. Any other effects or
benefits of Santa Fe Dam are secondary to those of flood control, and they are

briefly described in section 8-03 through 8-08.

8-02 Flood Contro

a. Reservoir Design Flood (RDF). The original hydrol ogic design of
Santa Fe Dam was based on the control of a hypothetical flood. The hydrol ogic
basis used in the devel opment of the RDF is briefly sumrmari zed from Reports No.

3 and 4 of Table 1-1 as fol |l ows:

1. The RDF was conputed fromthe flood resulting froma four-day
storm wth the maxi mum 24-hour rainfall and the highest

intensities on the fourth day.

2. The design stormhad a total stormrainfall of 26 inches, with

13 inches occurring on the fourth day.

3. Rainfall during the first three days was assuned to occur in
consecutive ratios of 20, 30, and 59 percent of that on the
maxi mum day, thereby obtaining the nost adverse conditions of

occurrence.



b

Runof f coefficients and infiltration were based on the
rainfall to runoff relations conputed for the upper San
Gabriel River drainage area above Cogswel |l Dam (San Gabrie
Dam No. 2), which indicated the highest runoff coefficients of
the March 1938 flood. A runoff hydrograph was devel oped using

the Modified Rati onal Method.

A base flow of 20 ft® s/ni? of drainage area was used in
determining the ultinmate di scharge for the fourth day of the

hydr ogr aph.

Morris and Cogswel | Dans were assuned full to spillway crest
at the start of the stormwith outlets inoperative, and San
Gabriel Dam was assuned to have 34,700 ac-ft of flood storage
avail able with outl ets operative above the conservation poo
of 12,400 ac-ft. The resulting RDF has a peak inflow of

81,600 ft3 s and a total volune of 129, 300 ac-ft.

Starting with a WSE of 442, (top of debris pool), the RDF was
routed through Santa Fe Dam using the net area-capacity curve
formul ated for design purposes with the gates operated to

mai ntain a maxi mum control | ed rel ease of 19,000 ft3s. The
net area-capacity curve assunes the 50-year sedinment

al | owance of 1000 ac-ft is filled. The maxi mum water surface
el evation was 495.8 feet. The spillway crest was set at 496

f eet.

Revi sed Reservoir Design Flood - Standard Project Flood (SPF). When

Santa Fe Dam was originally designed, the SPF concept had not been devel oped

yet.

Fol | owi ng occurrence of the stormof 21-23 January 1943, a revi sed RDF

usi ng the SPF concept was deternined for Santa Fe Dam The revi sed RDF
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presupposed ground conditions equivalent to those of the March 1938 storm
with rainfall amunts and intensities equal to those of the January 1943
storm Report No. 8 in Table 1-1 gives the basis for unit hydrograph, |oss
rate, and basefl ow determi nations. The stormwas transposed to the drai nage
area above Santa Fe Dam using a transposition factor based upon the nean
annual precipitation. During the storm rain totaling 25.61 i nches woul d
fall in a 2.5-day period, with 17.51 inches in the nmaxi mum 24 hours. The
storage and regul ati on assunptions related to Cogswell, Mrris, and San
Gabriel danms were the same as assunmed in the original RDF in 1940. The
maxi mum 4-day inflow to Santa Fe Dam was 171,400 ac-ft, and the 5-day inflow

was 183,700 ac-ft. The peak inflow was 98,000 ft3s.

| mprovenrent of the channel bel ow Santa Fe Damin 1961 i ncreased channe
capacity from 19,000 to 41,000 ft3s. About the sane tine, the SPF deternined
in 1944 was revised slightly to account for different regul ation assunpti ons at
Cogswel | and San Gabriel Dams. Based on then-current regul ation plans,
Cogswel | and San Gabriel Dams woul d have 9600 and 33,900 ac-ft of storage
avai |l abl e, respectively, at the beginning of the SPF. This is a total of
43,500 ac-ft available, instead of the previously assumed total of 34,700 ac-
ft. The effect of the extra available storage is illustrated by a decrease in
the peak in flow from 98,000 to 96,000 ft*s, and the maxi mum 24-hour vol une

from 101,400 to 89,550 ac-ft.

Routing of the revised SPF using the current reservoir regulation plan
are presented on plate 8-1 and table 8-2. These routings, which use the
regul ati on schedule in Exhibit A, assume the follow ng operation criteria:

1) operation of Santa Fe Damin tandemw th Wiittier Narrows Dam and the Santa
Fe reservoir storage capacity is based on the 1982 survey, 2) operation of
Santa Fe Damnot in tandemwi th Whittier Narrows Dam and assuming that the
50-year sedinent allowance is filled, and 3) operation of Santa Fe Dam not in

tandemwith Whittier Narrows Dam and assum ng that the 100-year sedi nent
8-3



allowance is filled. Plate 8-1 depicts the standard project storm hyetograph
(graph of increnental precipitation vs tine), the inflow and outfl ow

hydr ographs, and the WBE for each of the routings. Table 8-2 shows the

maxi mum i nfl ow, resulting maxi mum outfl ow and maxi mum WSE for each of the

routings.

In 1984, the regulation plan for Moirris Dam was nodi fied because of
safety of damrequirements. The maxi mum el evation for |ong-term storage was
set at WBE 1130 feet (16,016 ac-ft), instead of WSE 1152 (spillway crest -
22,758 ac-ft). Hence, Mourris Dam woul d have 6742 ac-ft of avail able storage at
t he begi nning of the SPF, increasing the total available from 42,500 ac-ft to
49,242 ac-ft. |If the Santa Fe Dam SPF were revised to reflect the additiona
storage at Mirris Dam the nmaxi mum WBE reached in the routings through Santa Fe
Dam woul d be about 3 feet [ess than when Mirris Damis assunmed full to spillway
crest. This conclusion is based on various routings made for the 1989 LACDA

study (Report 17 of Table 1-1).

c. Spillway Design Flood. The original spillway design flood at Santa
Fe Dam was based on a 24-hour rainfall of 20.5 inches, 60 percent greater that
that for the fourth day of the original reservoir design storm Derivation of
the flood was the same as that of the fourth day of the RDF, except for an
assuned base flow of 40 ft% s/nmi?2 and all three upstream dans were assuned to
be full to spillway crest at the beginning of the storm with the outlets at
San Gabriel Daminoperative. Computation of the flood hydrograph resulted in
a peak inflow of 238,000 ft3s and a 24-hour volume of 184,000 ac-ft. Routing
the flood assunming the reservoir full to spillway crest elevation 496 ft, and 6
of the outlets plugged at the beginning of the flood, resulted in a maxi num

wat er surface el evation 508.4 and a peak outflow of 224,800 ft3s.

d. Revised Spillway Design Flood - Probable Maxi num Flood (PMF). A

revi sed spillway design flood was devel oped based on precipitation given in
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the report titled, "Revised Report on Maxi mum Probable Precipitation, Los
Angel es Area, California", dated 29 Decenber 1945 and prepared by the

Hydr onet eor ol ogi cal Section of the United States Wather Bureau. |n general
the January 1943 stormwas used as a pattern for geographical and intensity
distribution of rainfall. Precipitation values for that stormwere nultiplied
by a conputed ratio to obtain maxi nrum values. During the 3-day storm 36.59
inches of rain would fall, with 24.40 inches in the maxi num 24 hours.
Conput ati on of the flood hydrograph resulted in a peak inflow of 194, 000
ft3/s, a 24-hour volune of 258,100 ac-ft, and a 72-hour vol ume of 447,100 ac-

ft.

In a subsequent 1978 study (Report No. 16 table 1-1), the adequacy of
the Santa Fe Dam was revi ewed under current criteria. This led to the
devel opnent of a revised PMF and reanal ysis of the adequacy of Santa Fe Dam
spillway. The average depths of precipitation for 6, 12, 24, 48, and 72 hours
during the general wi nter probable maxi mum storm using revised PMF criteria,
for the drai nage area above Santa Fe Dam were deternined to be 10.9, 18.4,
29.0, 41.9, and 48.9 inches, respectively. Distribution of rainfall over each
subarea was deternined by taking the ratio of a 10-year, 3-day rain for each
subarea to the 10-year, 3-day rain for the entire drainage area. A tine
interval of 1 hour was selected as the shortest time interval for which
precipitation intensities would be required to define the flood hydrograph
The tine distribution was based on figure 7-3D of the U S. Wather Bureau's
Hydr onet eor ol ogi cal Report Number 36. A constant |oss rate of 0.15 inches per
hour was consi dered applicable for the drai nage area. Average basins "n"
val ues ranging fromO0.030 to 0.050 and the Average Muntain S-G aph were used
i n devel opi ng the PMF hydrograph. Base flows for the drainage area were based
on studies made of the 1938 flood. The resultant PMF peak inflow to Santa Fe
Dam was 222,000 ft3s, with a volunme of 556,000 ac-ft. Again, all upstream
dans were assunmed full to spillway crest at the beginning of the probable

maxi mum st orm
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The original spillway design flood had a peak outfl ow di scharge of
224,800 ft3/s, with a maxi num WSE of 508.4 feet, and a freeboard of 4.6 feet,
with 6 of 16 outlet assuned plugged or inoperative. Routing the revised PMF
assum ng the reservoir full to spillway crest and 6 of 16 gates plugged or
i noperative, resulted in a maxi num WSE of 509.2 feet, and a peak outfl ow of
221,800 ft3s. Plate 8-2 depicts the hyetograph of the revised probable
maxi mum preci pitation over the drai nage area above Santa Fe Dam the inflow
hydr ograph, reservoir water surface el evation, and outfl ow hydrograph that

woul d result when the revised PMF is routed through Santa Fe Reservoir

e. Oher Floods. The results of routing the |argest floods of record
since 1916 through Santa Fe Reservoir are described briefly in the follow ng
subpar agraphs. The infl ow hydrographs were adjusted to the same upstream dam
storage assunptions and regul ation plans as assuned for the SPF. The
regul ati on schedul e used for each routing is sinlar to the operation schedul e
in Exhibit A. None of the adjusted historical floods occurring in the
wat ershed prior to the dam construction, nor any actual floods since the dam

was constructed, provided a severe test of the plan.

1. 1938 Flood Routing. The flood of 28 February-3 March
1938, the largest of record above Santa Fe Dam was nodified to reflect
upstream devel opnment and control, and routed through the reservoir according to
the flood regul ati on schedule. Assunming the reservoir full to debris poo
el evation 456 at the beginning of the routing, the peak inflow of 28,6000 ft3s
was reduced to an outflow peak of 27,600 ft3/ s and a maxi num wat er surface
el evation of 460.9. Peak inflow during the actual 1938 flood was 65, 700
ft3s. This represents the outflow from Mrris Dam (peak 61,800 ft3/ s)
augnmented by side inflow. Current regulation plans for Mrris Dam woul d

produce much [ ess outflow from Morris Dam

2. January 1969 Fl ood Routing. The January 1969 flood routing
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and appurtenant data are shown on plate 8-3. Assuming the reservoir full to
debris pool elevation 456 at the beginning at the routing and using the fl ood
regul ati on schedule, the peak inflow of 24,000 ft3 s was reduced to an outfl ow

peak of 23,100ft% s and a maxi num WSE of 460.2 ft.

3. February 1969 Flood Routing. The February 1969 fl ood
routing and appurtenant data are shown on plate 8-4. Assunming the reservoir
full to debris pool elevation 456 at the beginning of the routing, the peak
infl ow of 26,900 ft3/s was controlled to a peak outflow of 27,600 ft% s and a

maxi mum WBE of 461.0 feet.

8-03 Recreation

The reservoir area behind Santa Fe Dam provi des the open space for
ext ensi ve recreational public devel opnent. However, none of the recreationa
facilities in Santa Fe Reservoir depend upon runoff water inpounded behind the
dam Public |law 78-534 (The Flood Control Act of 1944) provided the

construction of recreational facilities within the reservoir

The effects of the damand its operation upon the recreational facilities
within the reservoir area by necessity all negative; that is, some of these
facilities are occasionally flooded by the inpoundnent of water behind the dam
for flood control. These recreational facilities, however, were constructed and

area operated with this understanding.

8-04 Water Quality

Santa Fe Damretains flood waters in storage for relatively short periods
of time (on the order of days). Therefore, Santa Fe Dam operation has very
little effect on water quality other than to drop out sedinent |oad carried by

the fl ood inflow.
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8-05 Fish and Wldlife

Wldlife in the Santa Fe Flood Control Basin is npst concentrated and
diverse in the riparian and alluvial scrub habitats. The coastal sage scrub
provides wildlife habitat values internmedi ate between alluvial scrub and the
nore di sturbed wash and epheneral ly inundated ruderal comunities which are
relatively lowin wildlife habitat values. The |ake provides habitat for
stocked ganme fish. Native fish are occasionally washed into the basin during
storm fl ows and rel eases, but the basin provides no long-termnatural habitat

for the fish.

8-06 Water Supply

Santa Fe Dam has no authorized storage allocation for water supply. Santa
Fe Damis regulated for water conservation when the reservoir water surface
el evation is at or below the debris pool level (WSE 456 feet). Wth this
regul ation, release rates can be conpletely recharged to groundwater, thereby
benefiting the San Gabriel Valley and other parts of the greater Los Angel es
Basin. Santa Fe Damreduces the ampunt of water-borne sedinent, and prol ongs

the duration of runoff to recharge facilities.

8-07 Hydroel ectric Power

There is no existing or contenplated hydroel ectric power generation at

Sant a Fe Dam

8-08 Navigation

There is no navigation on the San Gabriel River or in Santa Fe Reservoir

at any tine.

8-8



8-09 Frequencies

a. Peak Inflow and Qutflow Probabilities. Table 8-1 gives inflow and
outflow frequency values at Santa Fe Dam taken fromthe 1988 LACDA study
(Report No. 17 in table 1-1). The values reflect the gate regul ati on schedul e
shown in Exhibit A The values were determined fromthe calibrated rainfall -
runof f nodel used in the LACDA study and reflect the revised regulation plan

for Mirris Dam di scussed in Section 8-02.b.

b. Pool Elevation and Frequency. Plate 8-5 shows the elevation frequency
curves for Santa Fe Dam determnined fromthe calibrated rainfall-runoff nodel
used in the LACDA study. The curve also reflect the gate regul ation schedule in
Exhi bit A and the revised Morris Damregul ation plan. The values of the curves

a specific return periods are also listed in table 8-1.

c. Key Control Points. Plate 8-6 is a stage-discharge rating curve for

t he outfl ow gaugi ng station just downstream of Santa Fe Dam

8-10 O her Studies

a. Exanples of Regulation. Discharge frequency values presented in this
manual were derived fromongoing (1989) investigations in the LACDA Study.
Prelimnary analyses in Part 1 of this study have been applied to eval uate
Santa Fe Dam and have been considered in preparing the water control plan.

The "Interim Report on Hydrol ogy and Hydraulic Review of Design Features of
Exi sting Danms for Los Angel es County Drai nage Area Dans," dated June 1978,

presents the derivation of the PM- and SPF used in this manual.

b. Channel and Fl oodway | nprovenment. The channel between Santa Fe Dam

and Whittier Narrows Dam was i nproved by the Corps of Engineers in 1961.
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Channel capacity, representing the flow of the standard project flood, ranges
from41,000 to 98,000 ft3s. A flood insurance study for the city of South El
Mont e, covering the San Gabriel R ver from Santa Fe to Wiittier Narrows Dam
was conpl eted by LAD for the Federal Emergency Managenent Agency in March
1975. In Novenber 1975, the area around the San Gabriel River from Santa Fe
to Whittier Narrows was designated as Zone C, neaning there was no fl ood
hazard. |In 1989, the LACDA report (Report No. 17 in table 1-1) reported that
t he desi gn channel capacity between the two dams was still valid. This study
i ndi cates an approxi mately 500-year |evel of protection in the reach between

these two dans. The channel capacities are given in plate 3-2.
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TABLE 8-1. Inflow, Outflow, and Elevation Frequency Values
Using the Santa Fe Dam Gate Regulation Schedule in Exhibit A

10-yr 25-yr 50-yr 100-yr 200-yr 500-yr
5200 80060 29000 53200 80300 110000
3750 6710 27800 2800 33500 41000
(6170) {18700) {31900) (37800) (41000) {41000)
457 457.8 461.5 AT2.7 488.9 493.7

{459.5) (462.5) (370.9) {487.1) (487.9) (500.3)

Notes;

1) Unparenthesized vaiues were obtalned from the 1988 LACDA Study (Report No. 17 In Table 1-1). Outilow
la outiet works discharge.

2) Values In parenthesls were determined from the gate operation schedula in Exhiblt A
(regulation of Santa Fe Dam In tandem with Whittler Narrows Dam), (n which Whittler Narrows Dam Js -
operated according to the its present regulation plan.

3} For return periods with maximuin water surface alavations exceeding 496 ft, spillway flow results and

S would be absorbed by the gravel pits located immeciiately downstream of the Santa Fe Dam splllway, A
N maximum release of 41,000 ft/s from the outlet works can be malntalned under these condltions.



TABLE 8-2. REVISED SPF ROUTINGS USING THE GATE OPERATION SCHEDULE
SANTA FE RESERVOIR

1) "OPER. SNFE IN TANDEM WiTH WNRH' & USING
THE 1982 RESERVOIR STOR. CAP. 495.1 40,650 0

2) " OPERATING SNFE FOR IMMEDIATE

DOWNSTREAM CHANNEL & USING 50-YEAR? 6,000 494.9 40,700 0
SEDIMENT ALLOWANGE

3) "OPERATING SNFE FOR IMMEDIATE

DOWNSTREAM CHANNEL & USING 100-YR® 4583 41,000% 13,700°
SEDIMENT ALLOWANCE

SANTA FE DAM IS OFERATED SO AS TO BALANCE THE CONCURRENT FLOOD CONTROL STORAGE AT WHITTIER
. NARROWS DAM,

* SANTA FE DAM IS OPERATED BASED ON CURRENT WSE AT SANTA FE RESERVOIR AND AVAILABLE
DOWNSTREAM CHANNEL CAPACITY (i.e., not in tandam with Whittier Narrows Reservoir).

Notes:

! Whittier Narrows Dam is designated as WNRH not WNRS because WSE is taken at the Rio Hando side.

2 Assuming the 50-year sediment allowance is filled.

3 Assuming the 100-yr sediment allowance is filled.

4 Max, SNFE downstream channel capacity.
T § Existing gravel pits downsiream of Santa Fe Dam are sufficient to preclude ail but large sustained spillway flow from
LV reaching the San Gabriel channel. A maximum outletworks release of 41,000 #*/sec can be maintained under these

conditions.
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