


April 3. 1998 

Monterey County Water Resources Agency 
893 B lanco Circle 
Salinas. CA 93901 

Attn: Mr. Michael Annstrong, General Manager 

Dear Mr. Armstrong: 

We are pleased to submit to you the executive summary and final report on the Historical 
Benefits Analysis (HBA). The HBA has been an innovative and challenging project for us, 
and we are excited that this report will contribute to the overall planning of the basin 
management in Salinas Valley. 

The report presents the direct benefits that have been realized throughout the Valley due to 
the operation of Nacimiento and San Antonio Reservoirs. The benefits have been divided 
into hydrologic,flood control, and economic categories. 

Section 1 of the repon discusses the hydrologic and water supply benefits, including the 
impacts that the operation of reservoirs has had on increased ground water levels and lower 
pumping lifts, as well as reduction in seawater intrusion. 

Section 2 discusses the impacts of the reservoir operations on the reduction in magnitude 
and frequency of floods that would have occurred in the Valley. had the reservoirs not been 
constructed 

Section 3 of the repon presents the economic equivalence of the hydrologic and flood 
control benefits due to the operation of the reservoirs, along with other indirect benefits. 

We appwiate the opportunity to work on this project with you and your staff. 

Sincerely yours, 

S. Ali Taghavi. PbD, PE 
Project Manager 
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Executive Summary 

B a c k g r o u n  d 

T he California Department of Water 
Resources (DWR) prepared a 
comprehensive plan in 1946 entitled 

Bulletin 52, Salinas Basin Investigation. Bulletin 
52 was a comprehensive planning documeht 
developed to provide a basis for solving the 
seawater intrusion and ground water overdraft 
conditions that had been identified in the Salinas 
Valley. In Bulletin 52, the DWR (then the 
Department of Public Works) suggested a 
solution to solve the seawater intrusion and 
overdraft conditions that 

180-foot and the Wfoot  aquifers. By 
1996, the seawater intrusion front, as 
defined by the 500 ppm chloride 
concentration contour, had advanced 
approximately 4 5  miles inland in the  180- 
foot aquifer, underlying approximately 
11,000 acres of irrigable land. This 
intrusion of seawater has forced a large 
nwnber of water supply wells to be 
redrilled into the 400-foot aquifer. 
Additionally, a large portion of the 400- 

foot aauifer in the 

constructed as the first faalities envisioned in ' 

Bulletin 52, as the Bulletin recognized that 
conveyance was an integral part of the solution to 
seawater intrusion and overdraft conditions. As 
stated in Bulletin 52, "...released surface storage 
and increased percolation in the stream beds 
south of Gonzales, without artificial means of 
conveyance, would be ineffective to relieve 
overdraft conditions in the East Side and Pressure 
Areas." 

Although partially effective, the construction and 
operation of these two reservoirs has not solved 
the overdraft and seawater intrusion conditions 
in the Salinas Valley. Based on the most recent 
analysis, the average rate of seawater intrusion 
during the period of Odober 1949 to September 
1994 is estimated to be 11,000 acre-feet per year. 
This seawater intrusion has occurred in both the 

400 foot aquifers are intmded by seawater, 
the Deep Aquifer has become the major 
source of water supply for imgation, and 
municipal and industrial (MW water. 

The Nacimiento and San Antonio 
Resemoirs began operations in 1957 and 
1967, repectively, to s twe as multiple use 
reservoirs providing flood control, water 
consentation, and recreation benefits. The 
reservoirs were built and are operated and 
maintained using funds horn property 
owners in zones 2 and 2A in the Salinas 
Valley. MCWRA continues to operate the 
Resenroi consistent with well- 
established and pmven criteria used to 
o p t e  other xeservoirs throughout the 
country with similar purposes 
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peration of the reservoirs over the last 40 
ears has reduced the rate of seawater 

intrusion and ground water overdraft. 0 
However, the construction and operation of the 
reservoirs to increase recharge to the ground 
water basin also has brought other benefits to the 
Salinas Valley. The purpose of this Historic 
Benefits Analysis (HBA) was to identify and 
quantify these benefits. The study area where 

2. Flood control benefits, including 
lower risk of flooding during 
abovenormal and extreme 
rainfall events, and lower risk of 
agricultural soil erosion; and 

3. Economic ;ben$ts associated with 
the hydrologic and flood control 
benefits. 

these historic benefits were evaluated is shown in In conducting this study, the most 
Figure ES-1. . extensive and reliable data sets available 

from the public and MCWRA, as well as 
The major categories of benefits assodated with other federal, state and local agencies are 
the operations of Nacimiento and Sari Antonio d. Additionally, the team has 
Reservoirs are: used the best and most reliable analytical 

models available to analyze the hydrology 
1. Hydrologic benefits, including higher and economy in the Saliinas Valley. 

ground water levels, greater reliability of 
ground water supplies, better The major assumption used throughout 

of wells, a d  higher quality of the HBA is that the benefits from 

4 operations of the reservoirs are measured 
as the difference between the conditions 
in the valley "with" and "without" the 
reservoirs in place, under the same level 
of development. This approach is a 
common practice in planning studies and 
is consistent with the planning guidelines 
,set forth by the US. Water Resources 
Council in 1983. 

The remaining portion of this Executive 
Summary descni, in brief, the 

approach, assumptions, and results 
of the Historic Benefits 

Analysis. Detailed 
information on each 

subject and impact 
area is found in the 

appropriate -- sections of the 
HBA report, and its appendices. 
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Hydrologic Benefits Analysis 

T he hydrologic benefits arsod-at4 with the to the model to v e r i ~  the 
operation of Nadmiento and hn Antonio reultr the longer p e r i d  of mord- 
Reservoirs were analyzed in four major l,, recently obtained aquifer 

impact areas: parameter data for the Arroyo Seco Cone 

Ground water levels, area was incorporated into the model, and ' 
appropriate calibration of the model was 

Well construction and rehabilitation, performed. 

Seawater intrusion, and The results of the hydrologic analysis in 
Regional ground water quality. . ' the four impact areas are described below. 

The Salinas Valley Integrated Ground and Surface 
water Model (SVIGSM) was used to estimate and Ground Water Levels 
quantify the hydrologc benefits. The SVIGSM is 
a comprehensive hydrologic model that simulates A ,,f JO --d -fe per Year 
the various components of the water cycle, (TAF/yr) of fresh ground water has h e n  
including the agricultural and urban land and added to* ground water 
water uses, evapotranspiration and deep 

=+ 
through Fecharge from the - - River as 

percolation through the soil and unsaturated 

3 
a result of operation of the m o i r s  

zones, flows in the river systems, subsurface during water years 1958 through 1994. 
flows in the ground water basin, and the dynamic additional recharge has Rsulted in 
interaction of these generally higher ground water levels 
components over throughout most of the Valley. 
time. Consequently, the average rate of 

The SVICSM was seawater inM6n has been 

developed for reduced by 7 TAF per year 

MCWRA in 1993 and Figure ES2 shows the 
revised in 1995. distribution of average 
Subsequently, the SVIGSM was annual changes in 
updated with additional data and 
malibrated for the 1970-1994 hydrologic 
period. The HBA required the analysis of 
benefits, starting prior to the time the 
reservoirs began operating. As a result, the 
hydrologic, land use and water use data 
were extended from the original 1970-1994 
period, back in time to 1949. The extension 
of the SVIGSM database was completed and 
the model was verified for accuracy of 
calibration. Minor modifications were made 
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ground water levels for the period 1958-1994, Well Construction and 
with the change representing the increase in Rehabilitation 
ground water level that has resulted from the 
operation of the -noirs, as compared to the Changes in ground water levels affect 
estimated ground water levels that would have energy costs resulting from differences in 
existed, had the reservoirs not been constructed. pumping lift. In the 

performance of water supply wells are 
The Salinas Valley was divided into 12 Economic affected, when the ground water levels 
Study Units (ESUs) to separate the geographic drop below the top of the screened 
areas in the Valley that have received similar interval or pump intake. The following 
average benefits from higher ground water levels impact criteria were used in the 
due to the operation of reservoirs. Figure ES3 comparison of ground water well 
shows the delineation of the ESU boundaries. performance under "with" and "without" 

reservoir conditions: 
ESU 4 corresponds to the 
Fort Ord/Toro area and is Hydrologic Impacts, when the 
excluded from the analysis ground water levels fall within the 
because Fort Ord and screenid interval of the well; and 

Toro areas are not 
believed to be part of Well Prtfbrmmrce Impacts, when the 

changes in ground water levels 
affect well operations. This impact 

water basin. ESU could be relatively minor (e.g., 
affecting the pump intake 
structure [bowl]), or may be 
relatively major (e.g., dewatering a 
large portion of the screen, causing 
loss or production or inefficiencies 

Because this area is 
outside the Zone 2/2A 

in well operation that require 
replacing the well structure). 

areas, it is also exduded 
from the Historic Benefits 384 wells were selected as samples for the 
Analysis. ate impacts on the water 

the Saliias Valley Care 
ESU 8A is the Arroyo Seco Cone was taken that the selected wells were 
area and is treated as a separate ESU dishibuted among the subareas: 
within the Forebay Subarea Although 185 wells were in the Pressure 
there are no indications that the Subarea, 84 were in the East 
hydrogeology of the Arroyo Seco Cone area Side Subarea, 65 were in the 
is significantly different horn the rest of the Forebay Subarea, and 50 wells 
Forebay Subarea, the ground water basin in this were in the Upper Valley 
area is primarily under the influence of recharge 
from the Arroyo Seco. 

analysis shows 
Table El p-ts the average, minimum, and that, on average, d y  2 percent of the 
maximum differences in ground water elevations wells in the vrJley was b v e  been 
during 19S8-94 in each ESU, between the ig&ytql up$er the "without TOW 
historical and "without nsenoir" conditions. xenario based on the two criteria 

desuibed above. On an individual 
subarea basis, 1.6 percent of the wells in 
the Ressure Subarea and 1.2 percent in 
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ESU 

Table ES-1 
lmpoa of  hi^^ Operdcnr of Rcsewain 

on Ground Water levels 
(A~eroga kmd for 1958.90) 

the East Side Subarea would have required minor 
modifications to continue operations under the 
"without reservoir" scenario. Most of the wells in 
the Pressurn and East Side Subareas are relatively 
deep and have large screen intervals. No wells in 
the Forebay Subarea would have been affected. 
In the Upper Valley Sub- the wells are 
generally shallower and have relatively shorter 
smm intervals. Therefore, approximately 8 
percent of the we& in this area would have 
required repbment or s u p p s U P P ~ t a l  wells to 
have been constructed'& the "without ' 
reservoir" scenario. These w e b  would have 
been impacted because lower ground water 
levels would have been experienced if the 
reservoirs had not been coktructed during 
drought conditions. The economic analysis of 
these impacts is summarized in the Water Supply 
Benefits section of this summary under 
"Economic Benefits". 

Seawater 1 ntrusion 

One of the main objectives of existing 
reservoir operations is to reduce and  
possibly stop seawater intrusion. The 
SVIGSM was used to analyze the impacts 
of the "without reservoir" condition on 
the rate and extent of seawater intrusion. 

Seawater intrusion into the aquifers of the 
Pressure Subarea is conho11ed by the 
gradient between the ground water level 
in the Pressure Subarea and the sea level. 
The simulated average rate of seawater 
intrusion for the period 1958 to 1994 is 
estimated to be approximately I1 TAF/yr. 
Annual and seasonal changes in 
hydrologic conditions cause this rate to . 
fluctuate. During dry periods, the rate 
increases; during wet periods, seawater 
intrusion decreases anh, in very wet 
periods, the gradient occasionally may 
reverse towards the Bay. Based on +e . 
resulk of the Historic Bene€its.Anal@, if 
the reservoirs did not exist8 the average 
rate of seawater intrusion would have 
been 7 TAF/yr higher. This would have 
resulted in an additional 230 TAF of 
seawater intruding into the ground water 
aquifer of the Salinas Valley during the 
periods of 1958-1994. Figure ES-4 shows 
the inaease in average annual and 
cumulative seawater intrusion occurring 
during this period, had the reservoirs not 
been constructed. 
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Historically, ground water 
affected by seawater intrusion 
has been identified as that 
portion containing chloride 
concentrations of 500 parts 
per million or more. The 
extent of the seawater 
intrusion front in the coastal 
aquifers was approximately 
4 5  miles inland in 1994, 
underlying approximately 
11,700 ac& of imgated 
farmland in the 180-foot -WI-.u-- 

----I- 

aauifer and 4,300 acres in the 
4bfoot aquifer. Based on the HBA analysis, if 
the reservoirs were not in place, the seawater 
intrusion front would have been 6 5  miles inland 
in 1994, underlying approximately 4,900 
additional acres of irrigated farmland in the 180- 
foot aquifer, and 1,200 additional acres in the 400- 
acre aquifer. m 

bordering the Salinas Valley. The 
water is generally highly alkaline 
with high levels of TDS ranging 
from 2,000 io 4,000 milligrams per 
liter (mgll). 

In general, the fresh water released 
from the reservoirs during the 

The increased rate and extent of seawater imga tion season recharges the 
intrusion would have caused approximately 41 aquifer along the Salinas River. 
additional wells to be replaced with deeper ones This fresh water recharge serves to 
into either the Wfoo t  Aquifer or the Deep improve the quality of ground 
Aquifer. water closer to the river. 

Preliminary analysis of the data 
shows that the wells in the 

Regional Ground Water Quality proximity of the river generally 
have much lower TDS 

The potential impacts of the resqoirs on ground 
water quality parameters not related to seawater 
intrusion, such as Total Dksohred Solids 0, 
were examined because of concerns raised during 
the HBA workshop process. Although there was 

..- no model simulation of the effects of the 
operation of reseivoirs on the movement of p&r 
quality water in other parts of the Valley, an 
evaluation of water quality data along with an 
analysis of changes in ground water flow rates 
revealed the following: 

Areas within the Upper Valley Subarea 
east of the Salinas River are affected by 
water quality problems that stem h m  
natural recharge of very poor quality 
water coming'fmm the eastern foothills 

concentrations. On the other hand, 
those farther away from the river 
not only have higher TDS values, 
but also exhibit potentially poorer 
water quality during drought 
conditions. 

Although ground water flow rates 
increase on the order of 10-15 
percent during average and below 
normal hydrologic conditions, the 
water quality data is not collected 
frequently enough to quantify the 
changes in water quality in the 
vicinity of production wells. 
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F l o o d  C o n t r o l  
B e n e f i t s  A n a l y s i s  

S ome of the major benefits of the 
Naamiento and San Antonio Reservoirs 
have been to provide improvements in 

flood control. The reservoirs have significantly 
reduced the magnitude and frequency of flooding 
in the Valley. To analyze and quantify the flood 
control benefits, a hydraulic model of the Salinas 
River was constructed to simulate the 
propagation of the 100-year flood through the 
river channel. (A' 100-year flood corresponds to a 
streamflow rate that has a probability of being 
equaled or exceeded one percent of the time. 
Figure ES-5 shows the relative 
scale of the high flows in the 
Salinas River at Bradley and at 
Spreckels compared to what is 
estimated as the 100-year flow 
at each site. Note that the 1969 
and 1995 floods were 
somewhat greater than a 1OG 
year flood at Bradley and the 
1995 flood was greater than the 
1Wyear flood at Spreckels. 

Based on the flood control 
benefits analysis with the 
loservoirs in place, the flow 
rate for a 100-year flood at 
Bradley is approximately 
87,000 cubic feet per second 

have recuaed, on the averaq, 
e w r y 8 y e a n r a t m @ ,  
every 22 years at ~ p n d d -  

in place are estimated to be 87,000 cfs and 
86,000 cfs at Bradley and Spreckels, 
respectively, the flow rates without the 
reservoin in place are estimated to be 
167,000 cfs and 149,000 cfs, respectively. 
This increased flow rate would have 
caused significantly more damage to the 
agricultural production and 
infrastructure, and industrial and 
municipal facilities and buildings in the 
Salinas Valley. 

SAUNAS WVER AT SPRECKIELS 

While the flow rates for a 100- J O ~ S ~ O I S ~ ~ S ~ W ~  m n w  8s soss 

year flood with the reservoirs figure ES-5 Water Year 
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I t  is recognized that the private levees along the 
river have provided protection during some flood 
events, such as that in 1995. However, the 
majority of the private levee systems are not 
certified by the Federal Emergency Management 
Agency (FEMA). In addition, the flood protection 
provided by the levees can be attributed to the 
levees themselves, not to the operation of the 
reservoirs. The benefits provided by the 
privately constructed levees is, 
thus, attributable to the 
individual interest that 
constructed these, and are not 
the result of reservoir 
operations. Therefore, the 
private levees are not 
considered in this analysis. 

the effects of a medium-level flood in the 
Valley. A Byear  flood flow rate (with reservoirs 
in place) is estimated to be 57,000 cfs at Bradley, 
and 53,000 d s  at Spreckels. Without the 
reservoirs, a flood of this size would occur every 
5 years at Bradley, and every 8 yean at Sp&. 

In order to analyze the distribution of economic 
benefits associated with flood control operations 
of the reservoirs, Flood Study Units 0 are 
defined. The boundaries of FSUs are 

. approximately delineated based on the 
inundation areas in each FSU, along Salinas River. 
Figure ES6 shows the boundaries of FSUs. 
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Economics Benefits Analysis 

T he economic benefits, described in this The water supply benefits are reported by 
report can be divided into two the ESUs shown in Figure ES-3, based on 
categories-water supply benefits and areas with similar ground water impacts. 

flood control benefits. The water supply benefits However, flood control benefits are 
are summarized in Table ESZ and can be further reported by the FSUs as shown in Figure 
segregated into three subcategories: ES6. 

1. Avoided costs for ground water pumping, 

2. Avoided costs from drilling new w& n Water Supply Benefits 
modifying the existing wells (such as 
lowering the bowls), and Avoided Costs for Ground Water 

3. Avoided well costs associated with Pumping 
seawater inbusion. The first category of water supply benefits 

includes avoided energy, and operational 
maintenance costs for 

Table ES-2 increased pumping lift. 

Summary of Water Supply Economic Benefits By ESU Data from the hydrologic 
analysis were used to 
estimate an annual 
avoided ground water 
pumping cost that has 
been realized by ESU, 
with the reservoirs in 
place, as compared to the 
conditions, if the 
teservoirs had not been 
constructed. The 
hydrologic analysis 
estimated the h g e  in 
average ground water 
levels under "with" and 
"without reservoir" 
conditions using SVIGSM. 
Increases in ground water 
levels were then 

Flood control benefits are summarized in Table multiplied by the average 
pumping cost of 225 cents per acre-foot ES3, and can be divided into two subcategories foot of lifi to detem\ine the 

1. Prevention of agricultural damages, . pumping costs. 
including reduction m damages from 
erosion, and 

2. Prevention of damages to buildings and 
structures. 
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Avoided Cost of Drillinn New Wells or 

@ Modifying Existing well; 
The second category of water supply benefits is 
related to impact of changes in ground water 
levels on the yield and performance of the water 
wells. In some areas the decline in ground water 
levels, for the "without reservoir" conditions, 
would have necessitated additional capital 
outlay. Wells would had to have been modified 
or replaced if water levels dropped far enough 
under the "without reservoirs" condition, 
especially during drought conditions. Sample 
wells in each hydrologic subarea were analyzed 
to determine the type of action required: no 
action, well modification, ~r drilling of 
supplemental or replacements wells. The results 
of this analysis were used to project the action 
needed for each ESU within each subarea. 
Avoided costs were estimated by multiplying the 
replacement costs, adjusted for depreciation of 
existing wells, and modification costs by the total 
number of wells requiring each action. 

Avoided Well Cost of Seawater 
Intrusion 
The third category of water supply benefits 
includes the avoided costs of wells that would 
have been replaced in the absence of the 
reservoirs because of seawater intrusion. 
Seawater intrusion areas were 
estimated for conditions "with" 
and "withoutm reservoirs, based on I-- 
hydrologic analyses. Since an 
actual count of imgation wells 
affected by seawater intrusion was 
not available, the number was 
estimated using information on the 
affected irrigated acreage, applied 
water for the affected acreage, and 
average well production. The 
avoided weU costs then, were 
calculated on the basis of the 
number of these wells that would 
have needed to be drilled to a 
deeper aquifer under the "without 
reservoir" conditions. It was noted 

Executive Summary 

that some of the wells in the area affected 
by seawater intrusion would not have 
needed to be re-drilled because they are 
already at a sufficient depth. 

Flood Control Benefits 

Prevention of Agricultural 
Damages 

The first category of flood control benefits 
of the operation of reservoirs is related to 
damages to agricultural industry. The 
estimates of flood control benefits for 
agriculture that have been replized due to 
the resentoirs being in place are based on: 
I )  increases in net farm income, and 2) 
reductions in the costs for the repair of 
flood damages. The inueases in net farm 
income were measured using crop 
budgets to represent conditions "with" 
and "without" reservoirs. Repair costs 
include grading, leveling, sediment and 
debris removal, and replacement or repair 
of damaged imgation equipment, wells, 
and other farm equipment. The benefits 
from avoided repair costs oc& both on: 
I) lands not flooded or flooded less 
frequently as a result of the reservoirs, 
and 2) lands flooded but with a reduced 
water velocity and duration of flooding. 

J 
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Prevention of Damages to Buildings 
and Structures 
The second category of flood control benefits is 
the prevention 01 damages to buildings and 
structures. Flood control benefits to buildings 
and structures are estimated by subtracting the 
expected annual damages and losses with the 
reservoirs from those expected without the 
reservoirs. 

The number, location, and size of buildings and 
structures lying within the 100-year floodplain 
"without reservoirs" were estimated using U.S. 
Geological Survey quadrangle maps of the valley 
and visual inspection. The "without reservoirs" 
100-year floodplain represents the area presently , 

being protected by the reservoirs. A total of 1,118 
buildings and structures are presently located in 
the 100-year, "without reservoirs" flood plain. 

percent of this amount represents physical 
damages. Contents damage has been 
estimated to be double the estimated 
structural damage. Relocation costs 
comprise about 20 percent of the total 
damages and losses. Income and public 
service losses are less than 1 percent of the 
total damages and losses. 

With the reservoirs in place, the estimated 
level of annual damages and losses are 
reduced to $12 million. Thus, the annual 
flood control benefit from the prevention 
of damages to buildings and shuctures is 
$4645 million. The distribution of these 
benefits among the FSUs is shown in 
Table ES3. 

Expected annual damages and losses without the 
reservoirs are estimated at $5.7 million. About 80 

Table ES-3 
Summary of Flood Control Economic Benefits By 

FSU 
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'conom! 
"'& 

(ESU) 

FSU~ 
FSU2 
FSU3 
FSU4 
FSUS 
FSU6 
FSU7 

FSU8A 
FSUBB 
FSUS 
FSU10 
FSU11 

TOTAL 

- 

Fbod Control Benefits 
Agricultural Impacts 

Annual lncoms Increases 
and Repair Cmtr Avoided 

$ n i  ,m 
$43,000 "- 
$627,O00 

NIA 
$1,270,000 

N/A 
$735,000 
$39,000 
~5M.000 

$1 , ~ , O O O  
$300,OM) 

WA 

$5.51 0,000 

Buildings and Structures 

A COC16 

s,126,000 
$0 

$1,226,000 
NIA 

$lO6,OOO 
NIA 

$3,000 
$0 

$1,000 
S.000 
$9,000 

N/A 

$4,476,000 
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Summary and 

T he Nacirniento and San Antonio reservoin 
were constructed in mid-1950s and mid- 
1960s to regulate the flows of the Salinas 

River, augment the ground water recharge 
through the Salinas River bed, reduce the rate of 
seawater intrusion, and provide flood protection 
to the downstream agricultural and urban areas. 
The results of this Historic Benefits Analysis 
demonstrate that these benefits have been 
provided through the construction and operation 
of the reservoirs. 

The Historic Benefits Analysis was performed to 
determine the contributions that the historic 
operation of reservoirs have brought to the 
Salinas Valley agricultural and urban 
communities, and the geographic distribution of 
these contributions. Although the benefits vary 
significantly throughout the Salinas Valley. nearly 
ail amas within Zones 2 and 2A are d v i n g  
some lwel of benefit. 

Following is the summary of the benefits of 
historic operation of the two reservoirs. 

Hydrologic Benefits 

The hydrologic benefits, as discussed in Section 1 
of this report, are summarized as follows: 

Ground Water Levels 

The operation of reservoirs during the period 
1958 to 1994 has generally raised the ground 
water levels in most areas of the Valley. The 
average annual increase in ground water levels 
due to the operation of the reservoirs is between 2 
to 27 feet During above normal rainfall 
conditions the incmase in ground water levels is 
estimated as 1 to 9 feet, while it is as much as 5 to 
48 feet during drought conditions. 

Seowoter Intrusion 

The operation of reservoirs has 
substantially reduced the rate and extent 
of seawater intrusion. The average a ~ u a l  
rate of seawater 
intrusion has been --c-c. .." 

:*. .: d u d  by 7 A T:..~. wd -.?>- \ . Yr. or -. . . 
approximately 230 
TAF less seawater 
intrusion into the 
Salinas River Basin, 
over the 1958-1994 
period. The HBA also shows that, had the 
reservoirs not been constructed, 
approximately additional 4,900 and 1,200 
acres of irrigated farmland would have 
been underlain by seawater intrusion in 
the 180-and W f o o t  aquifers, respectively. 

Well Construction and/or 
Rehabilitation 

The operation of the reservoirs has 
resulted in improved ground water 
conditions. Under the scenario without 
the reservoirs constructed, approximately 
5 percent of the wells in the Salinas Valley 
would have been impacted based on the 
two criteria of hydrologic and well 
perforinane impacts. Based on this 
analysis, 1.6 percent of the wells in the 
Pressure Subarea and 1.2 percent in the 
East Side Subarea would have required 
minor modifications to continue 
operations under the "without reservoir" 
scenario. The majority of the wells in  the 
Pressure and East Side Subareas are 
relatiwly deep and have large screen 
intervals. No wells in the Forebay 
Subarea would have been affected if the 
reservoirs were not constructed. In the 
Upper Valley Subarea, the wells are 
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generally shallower and have relatively shorter 
screen intervals. Therefore, approximately 8 
percent of the wells in this area would have 
required replacement or supplemental wells 
under the "without reservoir" scenario, primarily 
because of impacts during drought conditions. 

Ground Water Quolity 

A review of the available information indicates 
that there are some benefits to regional ground 
water quality that have resulted from 
construction and operation of the two reservoirs. 
However, the data is not adequate to allow for an 
estimation of the level of regional ground water 
quality benefits that have actually accrued from 
operation of the two reservoirs. Therefore, no 
economic benefits have been estimated for 
enhancements to regional ground water quality. 

Flood Control Benefits 

Flood control benefits have resulted from 
construction and operation of the two reservoirs. 
The area receiving the greatest benefits are 
located along the river and in the northern 
portions of the Valley, particularly in FSU 1. 
Benefits occur in terms of reduced levels of 
flooding and reduced frequencies of flooding. 
Benefits are received by agricultural interests in 
protection to aops and in reduced levels of 
repairs required following flood events. Benefits 
are also received by non-agricultural interests in 
terms of reduced damages to buildings and their 
contents. 

Economic Benefits 

Tables ES2 and E-3 provide a summary of the 
benefits r e a l i d  in each category by ESU or FSU. 

In water supply category, ESU 5 and 9 have 
received the greatest bem&ts, while W s  1, SA, 
8B, and 10 have received the least. ESU 1 is the 
only area that has benefited from reduction in 
seawater intrusion. 

Although the reservoirs have provided 
significant benefits in terms of improved 
water supply, from an economic 
standpoint, flood control is the 
predominant benefit that has resulted 
from construction and operation of the 
two reservoirs. In the flood control 
category, FSU 1 has received the greatest 
benefit. While FSUs 3,s and 9 have 
received moderate benefits, FSUs 2 and 
8A have received the least benefit. 

Other Benefits 

While the HBA study has quantified 
certain categories of benefits that the 
reservoirs have brought to the economy of 
the Valley, there are other intangible 
benefits that have not been directly 
analyzed in this study. Some of the 
benefits, such as m a t i o n ,  are realized 
by the Valley agricultural and/or urban 
community on a relatively equal basis. 
Some other, such as environmental 
benefits, are not tangible and quantifiable. 
These miscellaneous benefits include: 

H Ground water quality benefits 
outside the seawater intruded 
area, 

Value of good quality water in 
storage, 

Value of ground water basin for 
storage and distribution, 

Value of reservoirs as insurance 
against rainfall variations, 

I Recreational and environmental 
benefits. 1 
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Section 1 
Hydrologic Benefits Analysis 

BACKGROUND 

In light of 'the dependence of Salinas 
Valley water users upon the ground 
water supply, and the need to carefully 
manage the ground water basin as a 
reliable source of quality water, the 
Monterey County Water Resources 
Agency (MCWRA) began efforts to 
develop the Salinas River Basin 
Management Plan (BMP). The primary 
goals of the BMP are to stop seawater 
intrusion, balance the ground water 
basin, and ensure adequate supplies of 
quality water to meet current and future 
(2030) water demands. 

The MCWRA is now beginning to 
investigate the implementation costs of 
the BMP. Since allocation of the costs 
will become an issue as the 
development of the BMP progresses, 
The MCWRA is seeking an 
understanding of the hisforical benefits 
of past projects. The goal of the Historic 
Benefits Analysis (HBA) is to analyze 
and quantify the historical benefits, as 

. well as the dishiiution of the benefits, 
resulting from the construction and 
operation of Nacimiento and San 
Antonio Reservoirs. Ultimately, the 
water supply and flood control benefits 
will be determined on an economic 
basis for the period of operation of the 
two reservoirs. This section describes 
the process and results of the analysis of 
the hydrologic benefits of the operation 
of the reservoirs. The economic impacts 
of these benefits are described in Section 
3. 

HYDROLOGIC S M N G  

The Salinas Valley extends 
approximately 120 miles northwest 

from the mountain regions in San Luis 
Obispo County near Santa Margarita to 
Monterey Bay in Monterey County. 
The Valley is drained by the Salinas 
River. The focus of this study is the 
portion of the valley within Monterey 
County, spanning from just north df 
Bradley to the Monterey Bay. Along its 
length, this section of the valley is 
approximately 80 miles, and is 
approximately 3 miles wide near 
Bradley, and 10 miles wide at the 
Monterey Bay coast. The Valley is 
bounded on the east by the Gabilan and 
Diablo Ranges, and on the west by the 
Sierra de Salinas and Santa Lucia 
Range. 

The primary land use within the Salinas 
Valley is agricultural. Since the late 
1940s, irrigated acreage within the 
Valley has increased sigmficantly, with 
steady inaeases in the 1940s and 1950s, 
and more rapid increases in the 1960s 
and 1970s. Total irrigated aaeage has 
remained relatively constant since the 
1980s. Urban acreages have also 
experienced substantial growth, most of 
which has occurred in the major urban 
areas, hcludhg Castroville, Gonzales, 
Greenfield, King City, Marina, Salinas, 
and Soldad. As the agricultural and 
urban areas have expanded, so have the 
water needs of the Valley. 

Although a small amount of surface 
water is used from the Arroyo Seco, the 
source for almost all of the water used 
in the Valley is ground water. The 
average annual ground water pumping 
in the Valley for the period from 1949 to 
1994 is estimated to be approximately 
518,000 acre-feet of which 489,000 acre- 
feet is pumped primarily for 
agricultural use and irrigation, and 
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29,000 acre-feet is pumped for 
municipal and industrial use. These 
pumping estimates are based on 
estimates of reported historical irrigated 
acreages, crop varieties, estimates of 
irrigation practices, urban population, 
and per capita water use. 

Recharge to the ground water basin 
occurs primarily from precipitation, - 
irrigation applied' water, and stream 
recharge from the Arroyo Seco and 
Salinas River. It  is estimated that 
stream recharge accounts for 
approximately haw of the total basin 
recharge. ~verage precipitation in the 
Valley ranges from 15 to 60 inches in 
the mountain ranges on either side of 
the Valley to 10 to 15 inches within the 
Valley itself. Most of the precipitation 
occurs in winter, from November to 
March. To help increase the utilization 
of Salinas River flows for ground water 
recharge and to provide flood control 

d benefits, Nacimiento and San Antonio 
Reservoirs were constructed in 1957 and 
196, respectively. These reservoirs 
have been operated to optimize Salinas 
River recharge by storing winter runoff 
and making releases in a timely manner 
during the irrigation season, when 
recharge potential is highest. 

The high dependence on ground water 
and the growth in water demands have 
put a strain on the ground water 
resources of the Salinas Valley. The 
balance of ground water pumping and 
recharge in an aquifer system will affect 
the ground water levels. Despite the 
efforts to maintain the balance in the 
Salinas Valley, some areas have 
experienced declines in ground water 
levels. Due to increased pumping 
during the irrigation season, seasonal 
drops in water levels, as well as 
declining annual trends in parts of the 
Valley, have been observed. 

Declining ground water levels have the 
associated effect of lowering, or even 
reversing, the hydraulic gradient in the 
coastal areas. This lower hydraulic 
gradient, particularly during irrigation 
season and during dry years, results in 
the intrusion of seawater into the 
coastal aquifers along Monterey Bay. 
Monitoring has shown that the 
intrusion is more prevalent in the 
shallow aquifers and to a lesser extent 
in the deeper zones. This seawater 
int~sion siauficantly degrades the 
ground water quality, and forces the 
water users in these areas to abandon 
shallower wells and drill to deeper 
aquifers to ensure good quality water. 
Over time, the front of seawater 
intmsion has moved steadily inland. 
Stopping the movement of seawater has 
been a primary objective of the BMP. 

HISTORICAL RESERVOIR 
OPERATIONS 

Nacimiento and Sari Antonio Resenroirs 
began operations in 1957 and 1967, 
respectively, for purposes of flood 
control water conservation, and 
recreation. The reservoirs were built 
and are operated and maintained using 
funds from property owners in the 
Salinas Valley. The MCWRA operates 
Nacimiento and San Antonio Reservoirs 
consistent with well-established and 
proven criteria used to operate other 
reservoirs throughout the country with 
similar purposes. 

During winter, when heavy rains can 
cause flooding in the Salinas Valley, the 
reservoirs provide flood protection by 
controlling the Nacimiento and San 
Antonio Rivers, two of .the largest 
tributaries of the Salinas River. The 
capaaty to temporarily store flood 
water is maintained in both reservoirs. 

YOMCOULRY WATSON Pago 1-2 
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Once a flood peak on the Salinas River 
passes the Nacimiento and San Antonio 
Rivers, MCWRA releases water to 
regain the empty flood spaces in the 
lakes. As spring approaches and the 
chance of a large flood diminishes, the 
amount of flood storage needed 
decreases and the lakes are allowed to 
fill. The maximum flood control storage 
in Nacirniento Reservoir is 110 
thousand acre-feet VAF) and that in 
San Antonio Reservoir is 90 TAF. 

The conservation pool in a reservoir is 
the remaining storage space not 
required to be kept empty for flood 
control purposes. Nacirniento Reservoir 
has a conservation pool of 245 TAF and 
San Antonio Reservoir has a 
conservation pool of 222 TAF. 
Historical records show that the average 
annual flow into Nacimiento is about 
200 TAF and about 70 TAF into Lake 
San Antonio. Releases are made from 
the reservoirs to maintain a 3 to 1 ratio 
(Nacirniento to San Antonio) of 
available storage in the water 
conservation pools at the end of the 
irrigation season. This operating rule 
minimizes the likelihood of spilling of 
water from Nacimiento Reservoir that 
could have 'been used for other 
purposes. 

Recharge of the ground water basin in 
Salinas Valley is the primary purpose of 
Nacimiento and San Antonio 
Reservoirs. During late spring, 
summer, and fall, when the Salinas 
River would normally be dry, enough 
water is released from the reservoirs to 
keep the Salinas River flowing, without 
allowing water to flow to the ocean. 
The amount of water released from 
storage each year is determined by the 
quantity needed to replenish the 
ground water basin (more in a dry year, 
less in a wet year). 

The reservoirs are operated to maintain 
minimum pools of 22 TAF in 
Nacirniento Reservoir and 23 TAF in 
San Antonio. The lake are operated 
above these minimum levels to the 
extent possible, consistent- with the 
priorities of other uses. In years when 
releases from both Nacimiento and San 
Antonio Reservoirs are - made, 
consideration is given to releasing from 
both dams to balance the recreational 
impacts in an equitable manner. 

SALINAS VALLEY HYDROGEOLOGY 

The Salinas Valley ground wate; basin 
has been divided into four hydrologic 
subareas, the Pressure Subarea, East 
Side Subarea, Forebay Subarea, and 
Upper Valley Subarea, as shown in 
Figure 1-1. These subareas do not 
represent different ground water 
subbasins, but are used to designate 
different areas within the basin with 
different hydrogeologic characteristics. 
These characteristics, as well as the 
hydrogeologic boundaries that define 
each subarea, are discussed below. 

Pressure Subarea: The Pressure 
Subarea is in the northwest part of 
the Salinas Valley, bordering the 
Monterey Bay. Along the southwest 
side of the Pressure Subarea south 
of Salinas, the boundary of the 
ground water basin is the contact of 
the alluvium with the metamorphic 
rocks of the Sierra de Salinas. It is 
thought that the King City Fault, 
along the western boundary of the 
Pressure Subarea, acts as a barrier 
between the Salinas ground water 
basin and the Pressure Subarea, 
which is considered part of the 
Seaside basin @urbin, 1978). Recent 
hydrologic investigations of the Fort 
Ord area has failed to confirm the 
existence of the King City Fault, so  
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its signihcance is not well 
understood. 

East Side Subarea: The East Side 
Subarea is in the northeast part of 
the Salinas Valley, east of the 
Pressure Subarea. Along the 
northeast side of the East Side 
Subarea, the boundary of the 
ground water basin is the contact of 
the alluvium with the igneous rocks 
of the Gabilan Range. Along the 
northwest side of the area, the 
buried clay-filled gorge that extends 
inland from near Elkhorn Slough 
acts as one the ground water basin 
boundaries. Continuing inland, the 
muds in the slough act as partial 
barrier to ground water movement 
between the Salinas Valley and the 
Pajaro Valley (Durbin, 1978). On the 
north, the elevated hilly region of 
the Prunedale area fonns a subbasin 
boundary. Subsurface flow from the 
Prunedale area provides limited 
recharge to the East Side Subarea. 

Forebay Subarea: The Forebay 
Subarea is in the center of the 
Salinas Valley, southeast of the 
Pressure and East Side Subareas. In 
the Forebay Subarea, the 
southwestern boundary of the 
ground water basin is the contact of 
the alluvium with the metamorphic 
rocks of the Siena de Salinas. On the 
northeast side of the Forebay 
Subarea the boundary is the contact 
of the alluvium with the outcrop of 
the igneous rocks of the Gabilan 
Range (Durbin, 1978). The 
southeastern portion of the Forebay 
Subarea is bounded by the Diablo 
Mountain Range. 

Upper Valley Subarea: The Upper 
Valley Subarea is in the 

southernmost part of the Salinas 
Valley, southeast of the Forebay 
Subarea. In the Upper Valley 
Subarea, the southwestern and 
northeastern limits to the ground 
water basin are assumed to be the 
contact of the alluvium and either 
the Pancho Rico Formation or the 
Monterey Formation Orbin ,  1978). 
The Salinas River ground water 
basin extends to the southern end.of 
Monterey County, near Bradley. 
There is little evidence of major 
subsurface inflow contributions to 
the basin from the upper Salinas 
Basin in San Luis Obispo co&ty. 

The Salinas River ground water basin is 
made up of three distinct aquifer layers, 
although not all three layers are present 
throughout the basin. The three layers 
are designated the Pressure 180-foot 
Aquifer, the Pressure 400-foot ~qui fer ,  
and the Deep Aquifer within the 
Pressure Subarea. The layers' are 
unnamed throughout the remainder of 
the basin and are referred to as 
"shallow" and "deep" zones within the 
hydrologic subarea. The aquicludes 
and aquifers are described below. 

Salinas Aquiclude: The Salinas 
Aquidude is the uppermost 
confining layer and consists of a 
discontinuous layer of days ranging 
in thickness from 0 to 100 feet. It 
defines the Pressure Subarea from 
Chualar to the coast, where it ads  as 
a semi-confining layer to the 
Pressure 180-foot Aquifer. Between 
Chualar and Gonzales, as well as 
near the coast, the clay lenses 
appear to be discontinuous. 

The Pressure 180-Foot Aquiief: 
Within the Pressure Subarea, 
beneath the Salinas Aquiclude is the 
Pressure 180-foot Aquifer. It ranges 
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in thickness from about 175 to 250 
feet The Pressure 180-foot Aquifer 
extends several miles into Monterey 
Bay, where it crops out in the bay. 
Thii exposure to the bay serves as 
the entry point for seawater 
intrusion into the aquifer. The 
Pressure 180-Foot Aquifer is not 
present in the other subareas 
because the Salinas Aquiclude is not 
present. In tiiese areas, the aquifer 
material is part of the unconfined 
aquifer which extends throughout 
the remaining valley. The 
unconfined aquifer ranges from 200 
to 800 feet thitk 

The Pressure 400-Foot Aquifer: In 
the Pressure, East Side, and Forebay 
Subareas, a discontinuous layer of 
sands and blue clays called the 
1&0/400-foot Aquiclude acts as a 
semiconfining layer between the 
Pressure 180-foot Aquifer and the 
Pressure 40-foot Aquifer in the 
Pressure Subarea, and the shallow 
and deep zones in the other 
subareas. Beneath this aquidude is 
the Pressure 400-foot Aquifer, or 
deep zones in the other subareas, 
which ranges in thickness from 200 
to 250 feet. Early studies did not 
identify the 400-foot Aquifer south 
of the Pressure Subarea. It was 
extended south to indude the 
Forebay Subarea based on studies 
completed in 1992. 

Deep Aquifer: A less-permeable 
deposit called the Deep Aquifer 
exists beneath the Pressure 400-foot 
Aquifer in the Pressure Subarea and 
the deep zone in the East Side 
Subarea The Deep Aquifer is the 
lower-most freshwater bearing 
deposit in the Salinas Valley, and 
ranges in thickness from 0 to 900 
feet. 

SALINAS VALLEY INTEGRATED 
GROUND WATER AND SURFACE 
WATER MODEL 

The Salinas Valley Integrated Ground 
Water and Surface Water Model 
(SVIGSM) is a finite element computer 
model with the ability to simulate all 
aspects of the hydrology of the Salinas 
Valley. Its major features include: 

Simulation of the horizontal and 
vertical movement of ground water 
through the multiple confined and 
unconfined aquifer layers within the . . 
Salinas Valley. 

Siulation of the surface water 
hydrology in the Salinas Valley, 
including the Salinas River and its 
major tributaries, and the interaction 
between these rivers and the 
underlying ground water basin. 
Other hydrologic components, such 
as runoff from precipitation and 
contriiution from minor tributaries 
also are sirnula ted. 

Simulation of the operations of 
Nadmiento and San Antonio 
Reservoirs based on operational 
rules for flood control, water 
supply, and minimum flow 
requhments. 

Simulation of urban and agricultural 
water use requirements in the 
Valley using land use, crop 
requirement, and agricultural 
practice information. Recharge and 
retum flows from applied water also 
are simulated. 

Simulation of the volume and 
geographical extent of seawater 
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intrusion into the Salinas Valley 
from Monterey Bay. 

Although the SVIGSM is the most 
comprehensive ground water model 
developed for the Valley, it is not the 
first. Other models include the two- 
dimensional and ttuee-dimensional 
model developed in 1978 by the U.S. 
Geological Survey (USCS) and the U.S. 
Corps of Engineers (Corps) (Durbin, et 
al., 1978, and Yates, 1982), and the 
FEGW-14 developed by Boyle 
Engineering in 1986. 

The SVIGSM was originally developed 
under BMP Task 1.09 (February 1994) as 
a planning level tool to analyze and 
manage the ground water resources of 
the Salinas Valley. The model is used to 
analyze the hydrologic and operational 
impacts of the BMP alternatives. 
Following an intensive MCWRA and 
public review process of the SVlGSM in 
1996 and 1997, which included five all- 
day public workshops, several 
refinements were made to the model. 
These included updates to the land use, 
agricultural water use, and several 
modeling parameters. Following the 
updates, the model was recalibrated to 
observed historical ground water and 
surface water measurements to ensure 
the proper simulation of historical 
conditions. The update and 
recalibration process and results were 
presented to the public and 
stakeholders in SVlGSM Workshop #5 
in March 1997. The model update and 
recaliiration is documented in the 
Salinas Valley Integrated Ground Water 
and Surfice Water Model Update 
(Montgomery Watson 1997). 

The functions of the SVIGSM also made 
it the most appropriate tool for use in 
the HBA Its ability to simulate 
hydrologic conditions under historical 

conditions with and , without reservoir 
operations made it an ideal numerical 
too1 for the hydrologic analysis 
component of the HBA. The results of 
the hydrologic analysis senre as the 
basis for the estimates of the economic 
benefits of the operation of the 
reservoirs. 

Because the simulation period of the 
SVIGSM prior to its use for the HBA 
was 1970 to 1994, an extension of the 
model data sets back to 1949 was 
required to capture the entire 
operational period of the resenrous. In 
addition, the aquifer parameters were 
refined in the Arroyo Seco Cone area of 
the Forebay Subarea using additional 
data received from some Stakeholders 
supplemented by data from MCWRA. 
Table 1-1 summarizes the primary 
changes to the SVIGSM data sets ,prior 
to its use for the HBA analysis. Once 
the changes were made, a verification 
process was performed, in which' the 
model results were compared ,with 
observed historical conditions. '..The 
model simulation of ground water and 
surface water conditions was consistent 
with historical observations, verifying a 
reasonable simulation of historical 
conditions. A detailed discussion of the 
model update and verifition process 
is provided in Appendix A. 

HISTORICAL BENEFITS ANALYSIS 

Approach to Impact Analysis 

The goal of the hydrologic benefits 
analysis is to determine the hydrologic 
impacts of historical operations of 
Nacimiento and San Antonio 
Reservoirs. The focus of the analysis is 
on components of the hydrologic 
system chat will be evaluated in the 
Economic Benefits Analysis in Section 3. 
These components include: 

Page 14 



Section 1 - Hydrologic Benefits Analysis 

rn as weU as verification of the simulation 
ground water levels, results with observed historical 
impacts on well performance, conditions, is described in Appendix A. 
seawater intrusion, and 
regional ground water quality. The simulation of "without reservoir" 

conditions is a hypothetical case that 
These components were selected uses the same hydrology, land use, and 
because they encompass the major agricultural and urban water use as the 
hydrologic and economic benefits historical simulation, but without the 
provided by the reservoirs. With the operation of the reservoirs. No storage 
exception of impacts on regional of water in the reservoirs is simulated, 
ground water quality, impacts on all of and the rivers are dlowed to flow in an 
the other selected components can be unimpaired state. This simulation 
quantified by the SVIGSM, and an essentially represents the hydrologic 
economic benefit can be estimated in the conditions that would have occurred 
Economic Benefits Analysis (EBA) historically if the reservoirs were not in 
process. Because the ground water place, assuming that the land and water 
quality model simulates the movement use development in the Valley for this 
of chloride and is not set up to simulate case, would have been the same as the 
other water quality parameters, such as historical conditions. No attempt was 
nitrate and TDS, regional impacts on made to estimate changes in factors 
TDS were evaluated on a qualitative such as development and water use 
basis using available ground water practices, had the reservoirs not been in 
quality data. place. Comparison of the differences m * hydrologic conditions between the 
Comparison of Simulations of historical and the "without reservoir" 
Historical and "Without Reservoir" cases provides a measure of the 
Conditions hydrologic benefits that have occurred 

as a result of reservoir operations. The 
Hydrologic impacts are assessed by results of these comparisons are 
comparing two model simulations, the discussed below. 
historical simulation and simulation of 
the "without reservoir" conditions. As Although the SVlCSM simulation 
its name implies, the historical period extends from water year 1949 to 
simulation replicates historical 1994, reservoir operations began in 
hydrologic conditions. Historical 1958. Therefore, hydrologic conditions 
hydrology, land use, agricultural and are identical in both the historical and 
urban water use, and resenroir releases "without reservoif simulation for the 
are used to simulate the surface water 1949-1957 period, and all benefits are 
and ground water conditions during analyzed on the 1958-1994 period. 
1949-1994 period. The development of 
model input data, detail model output, 
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Table 1-1 
SVIGSM Data Set Updates for the Historical Benefits Analysis 

Data SeVParameter Modification 

Land Use Data set extended back to 1949 using 
Monterey County crop acreage 
information 

Surface Water Diversions Added Clark Colony diversions from 
Arroyo Seco (Reported for 1980-94, 
estimated for 1949-69). 

Cropping Intensity Decreased to 1.3-1.5 Crops per acre in 
1950s and 1.7-1.9 Crops per acre in 1960s. . 

Irrigation Efficiency Data set extended identically from 1970s. 
Irrigation efficiency is identical for all 
crops except vineyards. 

Vertical Pumping Distribution Modified vertical pumping distribution 
in Pressure Subarea using MCWRA 
seawater intrusion information 

Horizontal Pumping Distribution Adjusted pumping in the north c0un.i.. 
and remaining East Side Subarea. 

Evapotranspiration Data set extended identically from 1970s 
with the exception of truck crops. 
Growing season for truck crops reduced 
due to deaeased cropping intensity. 

Aquifer Hydraulic Conductivity Hydraulic conductivities rebed in the 
AIXQ~O Seco Cone area based on 
adbftional information provided by 
Stakeholdes and MCWRA. 

Ground Water Balance water balance diagrams. It is imperative 
to note that the water balance 

In order to understand the schematics are intended to develop 
interrela tionship between various general understanding of the 
components of the ground water flow interrelatioxship between the 
regime, simulation results from the components of hydrologic cycle in the 
SVIGSM are summarized into a set of basin and/or those between different 
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subareas of the basin. The values 
associated with the flow directions are 
intended to show the relative order-of- 
magnitude and average annual flow 
values, and may not necessarily reflect 
the actual subsurface flow in the basin. 
Figures 1-2 and 1 3  show the valley- 
wide average annual ground water 
balances during the 1958 to 1994 period, 
for the historical and "without 
reservoir" simulations, respectively. 
Figures 1-4 and 1-5 show the 
corresponding average annual ground 
water balance for each subarea. 

. The ground water balance diagrams 
show a l  of the inflow and outflow 
components in the ground water basin 
valley-wide and each subarea. Inflow 
components include deep percolation 
(DP), stream recharge (SR), boundary 
flow (BF), and subsurface flows into a 
subarea (SF). Outflow components 
include ground water pumping (GWP), 
and subsurface flows out of a subarea 
(SF). The change in fresh ground water 
storage (DFGW) is defined as the total 
fresh water inflow to the ground water 
basin less total fresh ground water 
outflow. Seawater intrusion, measured 
as average annual net subsurface flow 
across the coastline, is not included in 
the equation The change in fresh 
ground water storage is then computed 
based on the following formula: 

In the case of ground water balance for 
each subarea, the net subsurface flow 
between' the subarea and the 
neighboring ones would also be 
accounted for as follows: 

DFGW= DP+SR+BF+netSF-GWP 
As in the case of the valley-wide ground 
water balance, the seawater htrusion 
component, measured as average 

annual net subsurface flow across the 
coastline into the Pressure Subarea is 
not included in the equation. 

Because the- hydrologic and land and 
water use conditions are assumed the 
same for both the historical and the 
"without reservoir" simulations, 
ground water pumping and deep 
percolation components in the water 
balance equation also stay the same. 
The primary differences between the 
two cases are in the stream recharge 
and seawater intrusion components. 
These components would in turn affect 
the ground water levels in each subarea, 
resulting in different subsurface flows 
from one subarea to the other. The 
ultimate result is a different change in 
h.esh ground water storage in the 
"without resenroir" case than the 
historical case. 

Figures 1-2 and 1-3 indicate that during 
the hydrologic period 1958-94, there has 
been an average of 30 TAF/yr 
additional recharge from the streams 
into the ground water basin. This 
increased recharge is primarily due to 
the operation of the reservoirs and  
regulation of flows in the Salinas River. 
While the recharge through the beds of 
the Salinas River during the wet periods 
has not changed substantially, the 
regulation of flows has caused 
additional recharge during the 
irrigation and dry seasons. Based on  
the simulation. results, this estimated 
additional recharge ranges from 0 TAF 
in 1975 to 200 TAF in 1977, throughout 
the Valley. 

The additional stream recharge due to  
the operation of the reservoirs generally 
results in higher ground water levels. In 
the coastal areas the increased ground 
water levels reduce the landward 
gradient of seawater from the Monterey 
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Bay into the coastal ground water 
aquifers. The model simulations 
indicate that the average annual rate of 
seawater intrusion, during the period 
1958-94, has been 11 TAF under the 
historical case, while it is 18 TAF under 
the "without reservoir" case, a 
reduction of 7 TAF per year, ranging 
from 1 TAF in 1959 to 10 TAF in 1994. 
The model simulations also indicate 
that, during the same period, while the 
fresh ground water storage in the 
Salinas Valley has declined at a rate of 
approximately 19 TAF per year under 
historical conditions, it would have 
been declining at approximately 45 TAF 
per year under the "without reservoir" 
case. 

Similar comparisons can be made 
between Figures 1-4 and 1-5, which 
show the ground water balance for each 
subarea. These figures indicate that 
under the "without reservoir" case, the 
average annual stream recharge would 
have been lower than the historical case 
by 4 TAF in the Forebay Subarea, 5 TAF 
in the Upper Valley Subarea, and 21 
TAF in the Pressure Subarea. Historical 
operation of the reservoirs do not 
appear to affect stream recharge in the 
East Side Subarea. 

As a result of the large reduction in 
stream recharge, the change in fresh 
ground water storage decrease from +I 
TAF per year to -18 TAF per year in the 
Pressure Subarea. Simiily, the change 
in fresh ground water storage drops 
from +4 TAF to -1 TAF in the Forebay 
Subarea, and from +3 TAF to 0 TAF in 
the Upper Valley Subarea. The change 
in ground water storage -shows an 
increase in the East Side Subarea 
primarily due to additional subsurface 
flow frarn the Pressure Subarea to the 
East Side Subarea. 

Ground Water Levels 

A primary benefit of the operations of 
Nacimiento and San Antonio Reservoirs 
is the overall improvement of the 
ground water levels. The ground water 
levels in a given area directly affect the 
cost of pumping ground water and well 
performance in that area, and therefore 
have a direct economic impact. The 
Hydrologic Benefits Analysis indicates 
that the operation of Nacimiento and 
San Antonio Reservoirs has 

(i) maintained ground water at higher 
levels, 

(ii) reduced seasonal tluctuations, and 
(iii) reduced the impacts of drought 
conditions on ground water levels. 

No attempt was made to evaluate the 
effect of increased ground water levels 
on drainage or agricultural practices. J 
Determination of Impacts on G r o d  
Water Levels 

. . 
The impacts on ground water levels as a 
result of historical operations of the 
reservoirs are the difference in ground 
water levels between the  historical and 
"without reservoir" simulations. The 
SVlGSM calculates static ground water 
levels at each model node on a monthly 
basis. Figure 1-6 shows the contours of 
increases in ground water levels, 
averaged over the period from 1958 to 
1994. Because the primary impact of 
changing ground water levels is on 
ground water pumping, which varies 
throughout the year, the changes in 
ground water levels shown in Figure I- 
6 have been weighted by the 
djstribution of pumping over the 
irrigation season. Figure 1-7 shows the 
distribution pattern, which is based o n  
the average monthly distribution of 
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ground water pumping for the entire 
Salinas Valley. 

Figure 1-6 shows that increases in 
ground water levels in the Pressure and 
East Side Subareas range from 5 feet 
near the coast to 25 feet south of Salinas. 
The northern regions of the Forebay 
Subarea show increases of 25 to 30 feet, 
while a large portion of the subarea in 
the vicinity of the Arroyo Seco Cone 
shows a 5 to 10-foot increase. Because a 
majority of the recharge in the Arroyo 
Seco Cone area comes from stream 
flows in the Arroyo Seco, which are 
identical in the historical and "without 
reservoir" simulation, the changes in 
ground water levels in this area are less 
than areas which are more heavily 
under the influence of the Salinas River 
recharge. 

The Upper Valley Subarea also can be 
separated into two distinct areas of 
impact. The northern area shows a 
change in ground water levels between 
5 to 20 feet. In the southern parts of the 
Upper Valley, where the Salinas River 
flows during many months, wen under 
the "without reservoir" conditions, the 
increases in ground water levels due to 
operation of reservoirs are limited to 5- 
10 feet. 

Nacimiento and San Antonio Reservoirs 
are operated to store winter runoff, and 
make releases during the irrigation 

season and post-irrigation season. when 
ground water levels are lowest and 
recharge potential is highest. Therefore, 
one of the major benefits of the reservoir 
operations is increased stream recharge 
along the Sal i is  River. This is the 
reason that the benefits to ground water 
levels shown in Figure 1-6 concentrate 
along the Salinas River, and propagate 
away from the river. Analyses of 
individual wet and dry years further 
reveals information on temporal and 
spatial variability of the recharge 
benefits. This analysis shows that the 
benefits are more highly concentrated 
along the Salinas River during the dry 
years, and benefits spread out, away 
from the river in wet years. In addition, 
changes in ground water levels due to 
river recharge are greater in the drier 
years, because very tittle or no stream 
flow is available for recharge during the 
irrigation season without the storage 
capability of the reservoirs. 

The difference between the average 
monthly Salinas River flow patterns in 
the historical and "without reservoir" 
simulations at Bradley, Soledad, and 
Spreckels are shown in Figures 1-8 
through 1-10. The plots show that 
under historical conditions, Salinas 
River flows are lower during the winter 
months, but higher during the irrigation 
season, when recharge potential is 
higher. 
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Figure 1-7 
Average Monthly Pumping Distribution Weighting Factor 
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This difference in the Salinas River flow 
pattern under reservoir operations is 
the primary reason for increased 
recharge in the historical simulation. 
Note that the Figures also show an 
increase in winter time streamflow 
between Bradley and Soledad, under 
the historical conditions. This increased 
flow in winter period is primarily due 
lo the change in flow regime as a result 
of operation of the reservoirs, which has 
caused some reaches of Salinas River in 
the Forebay and Upper Valley to be 
gaining reaches. 

Figure 1-11 shows the cumulative 
increase in stream recharge due to 
reservou operations. The cumulative 
difference in stream recharge for the 
1958-1994 period is approximately 1.1 
million acrefeet (30,000 AFY). The 
cumulative decrease in Salinas River 
outflow to the oceant measured as flow 
at Spreckels, is 1.8 million acre-feet 
(49,000 Am, as shown in Figure 1-12 
The difference is approximately 0.7 
million aae-feet (19,000 AFY) which is 
attributed to evaporation from the 
surface of reservoirs, and reservoir dead 
storage 

Development of Economic Study Unit 
Boundaries 

In past applications of the SVIGSM, 
analyses have been broken down 
geographically by the four hydrologic 
subareas: Pressure, East Side, Forebay, 
and Upper Valley. In performing the 
hydrologic and economic analysis, it 
became evident that benefits varied 
widely within each hydrologic subarea, 
and that presenting information by 
hydrologic subarea would mask these 
variations. Therefore, the hydrologic 
subareas were broken down into 
smaller Economic Study Units (ESUs). 
The =Us (Figure 1-13) are defined to 
group areas within a hydrologic 
subarea with similar ranges of impacts, 
as defined by average annual changes 
in ground water level. 

As shown in Figure 1-13, the SVIGSM 
model area was divided into 12 ESUs. 
ESU 11 (north county area) is not 
considered in this study, because it is 
not within the Zone 2/2A boundaries. 
The Fort Ord Subarea of the model is 
not included in the analysis because it is 
not beliwed to be part of the main 
ground water basin, and due to lack of 
data on both the hydrologic definition 
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of the area and ground water level 
measurements. The Pressure Subarea 
was divided into ESUs 1.3. and 5. The 
East Side Subarea was divided into 
ESUs 2 and 6 The Forebay Subarea 
was divided into three ESUs: ESU 7 in 
the northern part of the Forebay, 8A in 
the Arroyo Seco Cone, and 8B in the 
southeastern part of the Forebay. There 
are no indications that the 
hydrogeology of the Arroyo Seco Cone 
area is different from the rest of the 
Forebay Subarea, nor are the, ground 
water level impacts significantly 
didferent from ESU 8B. However, 
because the ground water basin 
underlying ESU 8A b mainly 
replenished by the Arroyo Seco, there 
was a need to separate this area in 
accounting of the historical benefits. 
The Upper Vailey Subarea was divided 
into ESUs 9 and 10. The ESU 
boundaries were developed to create 
units with similar hydrologic and 
economic benefits. The primary benefit 
criteria used was the long-term average 
annual change in ground water levels. 

The ESU boundaries were dweloped 
using the contour map shown in Figure 
1-6 and a map with physical feahues 
and institutional boundaries. To the 
extent possible, the boundaries were 
determined along the major 
institutional boundaries or physical 
features. Once the boundaries were 
determine& they were aligned with 
SVIGSM element boundaries for 
modeling Pwposes- 

Changes in Regional Average Ground 
Water Levels 

The estimate of annual avoided ground 
water pumping cost requires a regional 
average annual change in ground water 
level for each ESU. The regional 
average annual ground water lwel is 

computed by averaging the monthlv 
ground water levels geographically 
within each ESU, as well as over time. 
The geographical average is calculated 
by weighting ground water levels over 
each ESU by the pumping distribution 
across the ESU. This geographical 
average is then averaged over the 
irrigation season using the monthly 
weighting facton shown in Figure 1-7. 
The monthly weighting factors were 
based on the monthly distribution of 
ground water pumping over the 
irrigation season. 

Figures 1-14 through 1-23 'show 
hydrographs of the regionai average 
annual ground water levels for each 
ESU under the historical and "without 
reservoir" conditions. For all of the 
ESUs, regional ground water levels 
under historical conditions begin to rise 
above those under "without reservoir" 
conditions in 1958, the beginning of 
reservoir operations, and are 
maintained at a higher level overall. In 
addition, water lwel declines in' dry 
years (ie., 1976 to 1977 and 1987 to 
1990) are less severe under historical 
conditions, because reservoir storage is 
used to carry over water through dry 
periods for releases to the Salinas River. 

Once the hydrographs of regional 
average annual grbund water levels are 
developed, the long-term averages over 
the 1958-1994 period for each ESU are 
used to estimate avoided pumping 
costs. Table 1-2 summarks the 
differences between the historical and 
"without reservoir" regional average 
annual ground water levels for each 
ESU. 

Impacts on Well Performance 

Changing ground water levels will 
affect not only pumping costs but also 
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Section 1 - Hydrologic Benefits Analysis 

may impact the performance of a well if 
ground water levels begin to drop 
below the top of well perforations. 
SmaU changes in ground water levels 
can generally be compensated for by 
modifying pump operations. However, 
if levels drop even further, and ground 
water levels drop below the top of the 
perforation, operational problems may 
occur. These problems may be 
compensated for by modifying pump 
operations to reduce drawdown, or by 
making minor modifications to the well 
itself to correct the problem (e.g. 
lowering pump bowls). I f  a sigruficant 
portion of the well perforation becomes 
dewatered, the impact cannot be 
corrected with minor physical or 
operational modifications to the well. 
An additional well will be necessary to 
either replace or supplement the 
existing well. 

The degree of impact on a weU depends 
on the degree of change in ground 
water levels and the construction details 
of the well. An analysis methodology 
was developed to determine the 
potential impacts on the performance of 
the w e b  in the Salinas Valley that 
would result under "without reservoir" 
conditions. The impacts of changing 
water levels on the wells in the Salinas 
valley are evaluated at three levels, 
from a strictly hydrologic standpoint, 
from a well perfonnance standpoint, 
and ultimately from an economic 
standpoint. This section addresses the 
hydrologic and well performance 
impacts; Section 3 addresses the 
economic impacts. 

Hydrologic Impact on Wells 

The approach used to determine the 
degree of impact from a shictly 

hydrologic standpoint was to compare 
the construction details for a sample 
group of wells with the estimated 
ground water levels at those wells. The 
decline of the ground water levels 
below the well perforations was used as 
the criterion to define a hydrologic 
impact on the well. 

The sample group of wells used in the 
analysis consisted of all wells in the 
MCWRA well database with detailed 
well construction and well location 
information, including well depth, 
perforation intervals, and location 
coordinates. A total of 384 wells'were 
included in the sample group, 185 in the 
Pressure Subarea, 84 in the East Side 
Subarea, 65 in the Forebay Subarea, and 
50 in the Upper Valley Subarea. Figure 
1-24 shows the locations of the wells in 
the sample group. Overall, the sample 
group represents relatively good 
coverage of most areas of the Salinas 
Valley. Because dividing the wells in 
each subarea into the respective ESU 
would yield too few wells in each 'ESU 
from a statistical standpoint, all of the 
analysis was camed out on a subarea 
basis. The results of the analysis for 
each subarea was then applied 
uniformly to all ESUs in that subarea. 

The average annual ground water levels 
for the 1958-1994 period were used to 
determine which wells would be 
impacted For both historical and 
"without reservoir" conditions, static 
ground water levels at each well in the 
sample group were adjusted by an 
appropriate drawdown to determine 
pumping water levels. Draw dow ns 
were estimated using well capacity and 
specific capaaty data provided by 
MCWRA. Table 1-3 shows the 
estimated drawdowns for each subarea. 
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Figure 1-24 

Location of Sample Wells 
Used for Well Impact Analysis 

Number of Wells by Subarea: 
Pressure Subarea: 185 Wells 
East Side Subarea: 84 Wells 
Forebay Subarea: 65 Wells 
Upper Valley Subarea: 50 Wells 
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Table 1-2 
Regional Average Annual Ground Water Levels 

Long-Term Average, 1950-1994 

ESU Increase in Regional Average Annual Ground Water Levels 
With and Without Reservoirs 

Minimum Maximum Average 
Increase Increase Increase 

Table 1-3 
Estimated We11 Drawdowns 

ooe - 
subarea Estimated Drawdown 

(feet) 

Pressure 
East Side 
Forebay 

Upper VaIley 

The pumping levels under historical 
and "without reservoir" conditions 
were compared to the perforation 
intervals for aU of the wells in the 
sample well group. Wells for which 
pumping levels dropped 10 feet below 
the top of the first (highest) perforation 
interval were considered to be 
impacted. The 10-foot criteria was used 
to account for the regional nature of the 

SVIGSM. Because the model was 
developed to estimate ground water 
conditions on a regional level, and not 
on a well site specific-level, using a 10- 
foot buffer zone accounts for regional 
differences in ground water levels. 

A total of 19 wells were incrementally 
impacted in the "without reservoir" 
simulation These wells were found to 

- - 
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Section 1 - Hydrologic Benefits Analysis 

meet the impact criteria, and are 
considered to be impacted strictly from 
a hydrologic standpoint. Further 
analysis was performed to determine' 
any real impact on well perfonnance. 

Figures 1-25 through 1-43 show the well 
perforation intervals and monthly 
pumping ground water levels for each 
of the 19 wells determined to be 
impacted from a hydrologic standpoint. 
A more detailed comparison of well 
construction details and monthly 
ground water levels was performed, 
and the 19 wells were grouped into 
three levels of potential impacts on well 
perfonnance. Wells with Level 1 
impacts were considered operational 
under the "without reservoir" 
conditions, with minimal performance 
impacts. Wells with Level 2 impacts 
required modifications to the well 
construction to maintain operation of 
the well (i.e., lowering of pump bowls). 
For wells with Level 3 impacts, 
modifications would not be sufficient to 
maintain operation of the well, and 
another well would have to be drilled to 
either replace or supplement the 
impacted well. The results of the 
detailed analysis of well performance 
impacts is provided in Table 1-4. 

A summary of the well perfonnance 
impact analysis by subarea is provided 
in Table 1-5. The total number of wells 
in the sample weil group, the number of 
wells with hydrologic impacts, and the 
number of wells with perfonnance 
impacts are provided. Because the 
results of the analysis of the sample 
well group will be extrapolated to all of 
the welkin each subarea, the number of 
impacted wells as well as the fraction .of 
the sample group impacted are 
provided. 

Based on Table 1-5, the percent of 
production wells requiring equipment 
modification are 1.6% and 1.2% in 
Pressure and East Side Subareas, and 
none in Forebay and Upper Valley. 
Table 1-5 also shows that in the Upper 
Valley Subarea 8% of the wells would 
require drilling a deeper replacement 
well, in order to minimize the impacts 
of drought conditions, and ensure a 
reliable water supply. In other areas of 
the Valley, well replacement is not 
required. This is due to the fact that 
changes in ground water levels during 
drought conditions was not significant 
enough, and/or the screen intervals are 
large enough and would not be 
impacted by the ground water level 
changes during drought. 

In the Upper Valley, where most wells 
are relatively shallow, more of wells are 
impacted. In order to ascertain that 
ground water of reasonable quality and 
yield to wells is avaihble, if the new 
replaamtent wells were to be drilled 
deeper, a ,review of literature on the 
geology of the Upper Valley was made. 
The following three sources were 
reviewed: 

Montgomery Watson (1994) report 
on BMP Task 1.09, 
USCS (1974) report on the "Geology 
of the Southern Salinas Valley 

.. .- Area", and 
' 0  USGS (1986) "A Water Resources 

Data Network Evaluation for 
Monterey County", 

Based on these Literature, there is no 
substantial evidence that would 
preclude drilling wells deeper or 
indicate prablems with water quality at 
deeper zones in Upper Valley. 
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Figure 1-25 

Well Perforations and Monthly Ground Water Levels 
Well #1, Pressure Subarea 
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Well Perforations and Monthly Ground Water Levels 
Well 13. Pressure Subarea 
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Well Perforations and Monthly Ground Water Levels 
Well 195, East Slde Subarea 
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Well Pertoratlons and Monthly Ground Water Levels 
Well #6, East Slde Subarea 
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Well Perforations and Monthly Ground Water Levels 
Well 17. East Side Subarea 
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Figure 1-33 

Well Perforations and Monthly Ground Water Levels 
WeU 99, East Side Subarea 

40 s 

Water Year 
R r r p k q  Qcamd wslw Lwd* HMolkd ShuirOa, I 

Well Perforations and Monthly Ground Watw Levels 
wen n o ,  ~ ~ m b s y  subam 

Water Year 
W d ~ ~ d  R n p h ~ W o M d W . l c w L m k ~ ~  
p u r o h 0 0 m m 6 W . r s r L ~ W m o u t R s r n o * ~  I 



Figure 1-35 

Well Pedorations and Monthly Ground Water Levels 
Well Y11, Forebay Subarea 
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Well Perforations and Monthly Ground Water Levels 
We1 #12, Forebay Subarea 
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Well Perforations and Monthly Ground Water Levels 
Well 1113, Forebay Subarea 
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Figure 1-39 

Well Perforations and Monthly Ground Water Levels 
Well #15, Upper Valley Subarea 
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Figure 1-41 

Well Perforations and Monthly Ground Water Levels 
Well 017, Upper Valley Subarea 
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Well Perforations and Monthly Ground Water Levels 
Well #1B, Upper Valley Subarea 
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Figure 1-44 . 

~ n n u a l  Seawater Intrusion Rate lnto the Pressure Subarea 
(Simulated Flow Across the Coastline) 

35 

Water Year 

- Historical Sirnutah - - - - - - Without Resenroir Simulation I 

Figure 1-45 
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Section 1 - Hydrologic Benefits Analysis 

Table 1-4 
Summary of Detailed Well Performance Analysis 

Well # Performance Impact1 Imp a d  
Modification Required Level 

Bowl Lowering Required 
Minimal Performance lmpact 

Bowl Lowering Required 
Bowl Lowering Required 
Bowl Lowering Required 

Minimal Performance Impact 
Minimal Performance lmpact 
Minimal Performance lmpact 
Minimal Performance lmpact 
Minimal Performance lmpact 
Minimal Performance Impact 
Minimal Performance Impact 
Minimal Pe r fomce  lmpact 

Additional Well Required 
Minimal Performance lmpact 

Additional Well Required 
Additional Well Required 
Additional Well Requited 

Minimal Performance lmpact 

Seawater Intrusion Impacts 

The Pressure Subarea in the northern 
portion of the SaIinas Valley borders the 
Monterey Bay. Extensive pumping and 
minimal recharge has resulted in a 
condition which has reversed the 
hydraulic gradient, allowing saline 
ground water flows from Monterey Bay 
into the Pressure Subarea aquifer. Over 
the years there has been a net flux of 
seawater into the Pressure Subarea. 
When compared to other subareas of 
the Salinas Valley, the extent of 
pumping is similar in the Pressure 
Subarea. But because aquifers are 
confined by clays in the coastal Pressure 
Subarea, recharge from inland areas 
must travel a great distance with the 
aquifers acting as conduits. The rate at 

which recharge can flow through the . 

aquifers is less than the rate extracted 
by irrigation wells. The result is 
lowered water levels or pressure head, 
allowing the seawater intrusion to move 
i h d .  

Monitoring of water quality throughout 
the area and in each of thk aquifer 
layers has shown that the geographical 
extent of the intrusion front has moved 
inland. The result has been that wells 
that once produced highquality ground 
water are now unable to produce water 
of useable quality. These wells must be 
abandoned and replacement wells must 
be drilled deeper to produce water of 
adequate quality. As the following 
analysis shows, the historid operations 



Table 1-5 
Summary of Well Perfonnance Impact Analysis 

Pressure East Side Forebay Upper Valley 
Subarea Subarea Subarea . Subarea 

- 

Number of WcIL in 285 !4 65 50 
Sample Well Group 

Welb with Hydrologic 4 5 4 6 
lmpacta 

Percent of Sample 22% 6.0% 6.2% 12.0% 

# 
Wells with ' 3  
Perfonnancc Impacts 

Percent of Sample 1.6% 1.2% 0.Wo ~.W/O 

l ' y p c o f P e g f o ~ n ~  Modllkrtbn Addit lml ModlRcnrlon Addltionrl ModlHution Addltfonal Modlflcstlon Addltionrl 

rmput ~cqu~rrd w r l l ~ r q ~  kqutrcd W C I I R C ~ U I ~  R L ~ U I ~  W C ~ I R C ~ U I ~  R C ~ U I ~  well ~ U I ~  

Number of Wellr 3 0 1 0 0 0 0 4 

Percent of Sample 1.6% 0.0% 1.2% 0.0% 0.0"/0 0.07'0 0.00f0 8.0% 
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of Nacirniento and San Antonio 
Reservoirs have helped to reduce the 
volume and geographical extent of 
seawater intrusion into the Pressure 
Subarea. The economic impacts of 
reduced seawater intrusion will be 
analyzed in Section 3. 

The SVlGSM can be used to quantify 
seawater intrusion impacts in two ways, 
on a volume of in t~s ion  basis and on a 
geographical extent basis. The volume 
of seawater intrusion is measured as the 
net volume of subsurface flux that 
crosses the coastline. Figure 144 shows 
the simulated annual rate of seawater 
intrusion into the Pressure Subarea for 
all three aquifer layers. The values 
shown are the net fluxes across the 
coastline over the year. Annual 
intrusion rates vary according to 
hydrology, increasing during dry years, 
such as in 1987 to 1992, and decreasing 
during wet years, such as in 1983. 

Beginning in 1958, the first year of 
reservoir operations, seawater intrusion 
rates are higher under the "without 
reservoir" conditions than under 
historical conditions. With the 
operations of Nacimiento and San 
Antonio, releases can be made to 
provide recharge along the Salinas 
River during the higation season, 
reducing the hydraulic gradient and the 
rate of seawater intrusion. Figure 1-45 
shows the simulated cumulative 
.seawater intrusion since 1949 for the 
historical and "without reservoir" 
conditions. Because the plot shows 
cumulative seawater intrusion since 
1949 only, it begins at zero; it does not 
account for cumulative seawater 
intrusion prior to 1949. Again, the 
cumulative seawater intrusion is greater 
under "without reservoir" conditions. 
Overall, the difference in cumulative 

seawater intrusion for the 1958-1994 
period is approximately 240 TAF. 

The geographical extent of seawater 
intrusion can be characterized by the 
location of the 500 parts per million 
(ppm) chloride concentration contour. 
The 500 ppm chloride concqtration 
contours as estimated by the SVlGSM 
for aquifer layer 1 (Pressure 180-foot 
Aquifer) and layer 2 (Pressure 400-foot 
Aquifer) for September 1994 are shown 
in Figures 146a and 1-46b. These 
figures represent the extent of +water 
intrusion at the end of t+'simulation 
period for both historical and "without 
reservoir" conditions. In the Pressure 
180-foot Aquifer, the front of seawater 
intrusion is several miles farther inland' 
under the "without reservoir". 
conditions. Although the hont is. also 
farther inland under "without 
reservoif' conditions in the Pressure 
400-foot Aquifer, the difference is not as 
great. These differences in the extent of 
seawater intrusion are as expected, -in 
Light of the greater volume of seawater 
intrusion observed under "without 
reservoir" conditions as described 
above. 

In Figure 146a, the area between the 
contour lines representing historical and 
"without reservoir" conditions is the 
additional area impacted as a result of 
removing reservoir operations. Without 
the reservoirs in place, the wells which 
serve the agricultural area between the 
contour lines would have been 
abandoned 'and new wells would have 
been drilled to a deeper depth t o  
produce water with acceptable quality. 
The same is also true of the area 
between the contours in the Pressure 
400-foot Aquifer shown in Figure 1-46b. 
The irrigated acreage between the 
contours in the Pressure 180-foot 
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Figure 1-46a. 500 ppm Chloride Contour, 180-Foot Aquifer, Historical and Without Reservoir Simulation. September 1994 

I Figure 146b 600 ppm Chloride Contour, 400-Foot Aquifer, Historical and W&out Reservoir Simulation. September 1994 
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Aquifer is 4,917 acres. and that between 
the contours in the Pressure 400-foot 
Aquifer is 1,211 acres. The avoided 
economic costs associated with drilling 
new wells to serve these acreages are 
estimated in Section 3. 

Regional Ground Water Quality 

The potential impacts of the operations 
of Nacimiento and San Antonio 
Reservoirs on ground water quality 
parameters not related to seawater 
intrusion, such as TDS, were examined 
for the Upper Valley Subarea. Water 
quality was examined in the Upper 
Valley Subarea because of concerns 
raised during the HBA workshop 
process that reservoir operations may 
have impacted ground water quality in 
that subarea. Areas within the Upper 
Valley Subarea east of the Salinas River 
are affected by water quality problems 
which stem from natural recharge of 
very poor quality coming from the 
eastern foothills of Gabilan and Diablo 
Ranges. The water is generally highly 
alkaline with high levels of TDS, 
ranging from 2,000 to 4,000 milligrams 
per Liter (mg/L). Because a ground 
water quality model for simulation of 
7pS has not yet been developed for the 
Salinas Valley, available historical 
monitoring data and simulated ground 
water levels were used to examine the 
potential for impacts. 

Historical ground water quality data 
were available for 39 monitoring wells 
in the Upper Valley. The water quality 
data at these wells were analyzed to 
examine the sensitivity of the water 
quality in these wells to flows in the 
Salinas River. Figure 1-47 shows the 
locations of the monitoring wells. 
Sampling data for many of the wells 
began in the mid-1950s, with 
measurements taken annually, usually 

in mid summer to late summer. The 
monitoring data were analyzed based 
on location in the Valley, proximity to 
the Salinas River, and trends over time. 

Figures 1-48 and 1-49 show plots of the 
monitoring data over time for two 
distinct groups of wells. They show the 
historical water quality for each well in 
the form of electroconductivity (EC) in 
micro-mhos (pmhos/cm). The series 
numbers in the legend correspond to 
the well numbers in Figure 1-47. In 
general, the wells plotted in Figures 1- 
48(a<) have water quality ranging from 
several hundred pnhos/an to 1300 
p.mhos/crn. Also, the water quality at 
these wells has remained fairly constant 
over time. The water quality for the 
wells shown in Figures 149(a-b), 
however, ranges from approximately 
500 @os/an up to 4,500 urnhos/an, 
and shows an increasing trend over 
time. 

In general, based on a cornpadson 
between the water quality at each well 
and its location in the Valley, it appears 
that the water quality on the eastern 
side of the Salinas Valley is relatively 
poorer and exhibits an inaeasing trend 
in EC over time. In some cases, 
proximity of the well to the Salinas 
River appears to enhance and maintain 
the ground water quality over time. 
This effect may be attributable to 
recharge from the Salinas River. An 
attempt was made to correlate the water 
quality in the weUs with flows in Salinas 
river. Howwer, partly because of the 
limited sampling frequency (only yearly 
data was available), no signif~cant 
correlation was observed. 

Additional analysis was made to 
evaluate the impact of the operations of 
the reservoirs on the rate of movement 
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Figure 1-48a 

Upper Valley Subarea Ground Water Quality Monitoring Data 
Monitoring Wells with Higher Quality Water 
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Figure 1-48c 

Upper Valley Subarea Ground Water Quality Monitoring Data 
Monitoring Wells with Higher Quality Water 
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Figure 149a 

Upper Valley Subarea Ground Water Quality Monitoring Well Data 
Monitoring Wells with Lower Quality Water 
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Section 1 - Hydrologic Benefits Analysis 

of ground water towards the river. The 
main assumption in this analysis is that 
if the flow rates towards the Salinas 
River increase significantly, under the 
"without . reservoir" conditions 
compared to the historical case, there 
will be potential for movement of poor 
quality water towards the river, where 
most of the production wells are 
located. 

To accomplish this task, of the 39 wells 
that are used for water quality 
monitoring, 15 wells that had well 
construction information were selected. 
Ground water 'level contours and . 
regional hydraulic conductivities at 
wells 11, 13-15, 18,20, 23,25, 28, 30, 31, 
and 33-36 (Figure 1-47) were used to 
estimate regional ground water flow 
rates based on Darcy's Law. Darcy's 
Law defines the ground water flow rate 
as the product of aquifer hydraulic 
conductivity and gradient of ground 
water. Based on this approach, ground 
water flow rates for threp hydrologic 
conditions, average, above nonnal, and 
below normal were estimated for both 
the historical and the "without 
reservoirs" cases. 

Table 1-6 shows a comparison of the 
average flow rates for each period 
under both scenarios. For both the 
average and below normal hydrologic 
conditions, it appears that the ground 
water velocities increase slightly (10 to 
15 percent) under the "without 
reservoirs" condition, indicating 
potentially faster movement of poor 
ground water quality. In above normal 
conditions, however, the velocity is 
smaller (approximately 2 percent) under 
"without reservoirs" conditions. 

The estimated rates of ground water 
flow shown in Table 1-6 are in low 
range d typical velocity rates for 
ground water. To get an idea of the time 
required for the ground water to move 
from the foothills to the vicinity of the 
river, a distance of 1-2 miles, assume an 
average velocity rate of 0.4 Ft /Day. The 
time requirement would be 
approximately 35 to 70 years. 

Given the small differences in velocities 
between the historical and the "without 
reservoir" conditions, the time span 
required for the ground water to 
migrate to the vicinity of the river, and 
the limited water quality data, cofi~i2te 
and substantive conclusions cannot be 
drawn on the impacts of reservoir 
operation. 

Additional data collection and 
monitoring is required to evaluate the 
nature and-source of poor quality water. 
In addition, analysis of aging of the 
ground water and tracer testing will be 
helpful in identifying the contributions 
of the foothill recharge to the ground 
water in the vicinity of the river, as well 
as the contributions of river flows to the 
ground water. 

HYDROLOGIC IMPACTS UNDER 
BASELINE CONDITIONS 
Baseline Analysis 

The objective of the baseline conditions 
analysis is to determine the hydrologic 
impact of the operations of Nacirniento 
and San Antonio Reservoirs under 
current land use and wat& use 
conditions. The analysis is identical to 
that used to determine impacts under 
historical conditions; hydrologic 
conditions "with" axid "without 
resenroirs" are compared to determine 
the changes that occur as a result of 
reservoir operations. 
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Table 1-6 
Ground Water Flow Velocities in the Upper Valley - - 

Ground Water Flow Velocity 
(FtlDay) 

HydroIogic Condition Historical Conditions "Without Reservoirs" - 

Conditions 
Average 0.37 0.41 

Above Normal 0.42 0.41 
Below Normal 0.40 0.46 

The baseline analysis reflects the 
benefits directly associated with the 
operations of the reservoirs, without the 
effect of changes in land use and 
development over time. Although no 
economic benefits analysis will be 
performed on baseline conditions, the 
hydrologic analysis provides additional 
insight into the benefits of reservoir 
operations. 

Unlike the historical simulations used 
for the HBA, where land and water use 
changes take place over the simulation 
period, the baseline simulations use a 
constant level of development 
throughout the simulation period. 
Current, or 1995, land use and water 
use conditions are used for the entire 
1949-1994 simulation period. This 
analysis shows the benefits that would 
accrue as a result of reservoir operations 
if today's I& of development 
continued into the future under 1949- 
1994 hydrologic conditions. It is 
assumed that dimatic conditions over 
the 1949-1994 period are representative 
of future hydrology. Because the 
baseline analysis uses a constant level of 
development, there is no ramping up of 
impacts, and the changing component 
of Land and water use are removed. 

Because the simulation years in a 
baseline simulation do not reflgt actual 
historic conditions, the hydrologic year 
(1949-1994) are not used to represent the 
simulation period. Instead, "simulation 
years" are used in the plots for baseline 
conditions. The 1949-1994 simulation 
period for the baseline simulation is 
expressed as simulation years 1 through ' 

46. The hydrology used for simulation 
year 1 is the same as that for water year 
1949, and that for simulation year 2 is 
water year 1950 hydrology, etc. . 

... - 
Ground Water Levels 
Figure 1-50 shows the contours of 
increases in ground water levels as a 
result of the operations of Nacimiento 
and San Antonio Reservoirs. These 
contours indicate the potential increases 
in ground water levels that would 
result, should present water use 

&conditions continue into the future, and 
the 1958-94 hydrologic period repeat 

As Figure 1-50 shows, increases in 
ground water levels in the Pressure and 
East Side Subareas range from 5 feet 
near the coast, to 40 feet toward the 
southern portions of these subareas. 
Ground water levels in the northern 
half of the Forebay Subarea increase 
from 10 to 30 feet, while remaining in 
the 5-foot to 10-foot range in the 
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southern half of the subarea. Most simulations for the 37 years of 
areas in the Upper VaUey Subarea show simulation is 320 TAF, approximately 
increases in ground water levels 80 TAF more than the historical 
ranging from 5 to 15 feet. simulations. 

The same mechanisms which cause 
increased ground water levels in the 
historical simulations are in effect in the 
baseline simulations. Operations of the 
reservoirs aUow better utilization of 
Salinas River flows for recharge 
PUT-. Releases during the 
irrigation season take advantage of the 
higher recharge potential during those 
months and maintain the ground water 
at higher levels. The cumulative 
difference in stream recharge for the 
"with and "without reservoir" 
simulations is shown in Figure 1-51. 
Over the 37 years of simulation, the 
operation of the reservoirs adds 
approximately 720 TAF of fresh water 
to the ground water basin. 

Seawater Intrusion 

The annual seawater intrusion 
measured as flux across the coastline is 
shown for the "with" and "without 
reservoir" baseline simulations in 
Figure 1-52 As in the historical 
simulations, the volume of seawater 
intrusion is greater in the "without 
reservoif simulation. When compared 
with Figure 1-44, the difference in 
intrusion rates is greater for baseline 
simulations than for historical 
simulations because the higher level of 
development (1995 conditions) is 
sustained for the entire simulation 
period. Figure 1-53 shows the 
ciunulative total volume of seawater 
intrusion since beginning of simulation 
The same corresponding hydrologic 
period is used to be comparable to 
Figure 1-47. The cumulative difference 
in seawater intrusion between the 
"with" and "without reservoir" 



Figure 1-51 

Cumulative Volume of Stream Recharge in the Salinas Valley 
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Figure 1-52 

Annual Seawater Intrusion Rate lnto the Pressure Subarea 
(Simulated Flow Across the Coastline) 
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Section 2 

a Flood Control Benefits Analysis 
BACKGROUND 

The analysis of flood control benefits was 
undertaken by the Monterey County Water 
Resources Agency (MCWRA) as a portion 
of the Historical Benefits Analysis to 
provide a complete picture of the benefits 
afforded through . construction ' of 
Nacimiento and San Antonio Reservoirs. 
Both reservoirs were constructed as multi- 
purpose reservoirs; that is, they provide 
additional water supply as weU as flood 
control benefits. 

For purposes of analysis, this long stretch 
of the Salinas River was broken into nine 
reaches. The nine reaches, with Reach 1 
beginning at the Pacific Ocean and Reach 9 
terminating at its confluence with the 
Nacimiento River, are: 

Reach 1 - River Mile 0 to River Mile 18.7 

Reach 2 - River Mile 18.7 to River Mile 30 

Reach 3 - River Mile 30 to River Mile 40 

River Reaches Reach 4 - River Mile 40 to River Mile 50 

The Salinas River courses approximately 
105 miles from the Pacific Ocean to the 
confluence with the Nacimiento River. This 
is the total length over which any flood 
control benefits would apply. Upstream of 
the confluence with the Nacimiento River * the flows on the Salinas River would 
remain largely unaffected by the operation 
of Nacimiento and San Antonio Darns. The 
only effect might be a slight change in the 
backwater conditions along a short reach of 
the Salinas River just upstream of the 
Nacimiento River. This could also be said 
about the various tributaries flowing into 
the Salinas River between Nacimiento/San 
Antonio Rivers and the Pacific Ocean The 
flows on these tributaries would also be 
largely unaffected by the operations of the 
Nacimiento and San Antonio Dams, with 
only small changes in the flooding 
characteristics near the Salinas River 
floodplain. These changes to floodplains 
along the Salinas River upstream of 
Nacimiento River and along tributaries to 
the Salinas River were not considered in 
this study. The only changes considered 
are changes to the floodplain along the 
Salinas River itself hom the confluence with 
the Nacimiento River to the Pacific Ocean. 

Reach 5 - River Mile 50 to River Mile 60 

Reach 6 - River Mile 60 to River Mile 70 

Reach 7 - Rver Mile 70 to River Mile 80 

Reach 8 - River Mile 80 to River Mile 88.8 

Reach 9 - River Mile 88.8 to River Mile 105.8 

Reach 1 coven the major portion of the 
Federal Emergency Management Agency 
(FEMA), 100-year floodplain under the 
"with rgservoir" condition. Reach 9 liks 
beyond the extent of the MCWRA's current 
digital mapping. 

This study was necessary to provide certain 
information concerning physical, flood 
control hydrology and flood control 
hydxaulics. This information was input to 
the economic analysis of flood control 
benefits. The information required for the 
economic analysis is the annual probability 
of exceedance of d i a r g e s  along the river 
given either of the two flood control situa- 
tions "with" and "without reservoirs", the 

, J 
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Section 2 - Flood Control Benefits Analysis 

depth of flooding for a given discharge, and 
the potential for damage from erosion 
during flooding. 

To analyze the overall benefits of the 
reservoirs, it was necessary to determine 
their flood control functions. This flood 
control benefit assessment analysis is 
statistical in nature and is not similar to the 
Hydrologic Benefit Analysis that was used 
for the water supply functions of the 
reservoirs. The average annual benefits 
analysis assumes a statistical distribution of 
floods, not the precise historical pattern that 
has occurred. Because flood discharges and 
floodplain 'areas are related and because 
floodplain areas and damage are related, 
the damages from flooding are measured in 
terms of statistical frequencies of flood 
events, not the actual sequence of floods 
and consequent flood damages that 
occurred in the river valley. Although the 
flooding that has occurred was considered 
in the analysis, the results are not solely 
based on actual occurrence of those 
sequences of floods. 

This statistical approach was utilized for 
purposes of convenience, cost, and time. 
The alternative method of routing all 
historical floods through the Salinas River 
floodplain would require a significantly 
greater level of effort. Actual flood data 
from either the 1969 or 1995 floods were 
utilized whenever those data differed from 
the predicted floodplain information. (See 
"Hydraulics and Floodplain Mapping" 
Section for more infonnation.) 

Study Plan 

This flood control benefits study consists of 
two components: 1) a study of the 
probability of flooding along the Salinas 
River under the "with reservoirs" and the 
"without reservoirs" conditions, and 2) a 
delineation of the flood-prone areas along 
the river for a variety of frequencies of flood 

events. In addition to identifying the flood- 
prone areas, potential erosivity of the 
floodplain area was investigated to estimate 
potential damage from top soil erosion 
during floods and from the accumulation of 
silt at other areas during the same events. 

The flood control hydrology study was 
done using available data and available 
models to predict probability &wes which 
relate discharge to the probability of 
exceedance. A discharge value is reported 
in units of cubic feet per second (cfs). 
Exceedence probability is the percentage 
chance per year that a given discharge will 
be equaled or exceeded a t  any t k e  during 
the year. 

The hydraulics study was done using the 
U.S. Army Corps of Engineers (Corps)HEC- 
2 model which predicts water surface 
elevations for given discharges, roughness 
values and cross-sectional infonnation. For 
this study, the discharges came from the 
exceedance probability analyses produced 
during the flood control hydrology task; the 
roughness values came from calibrating to 
the high water marks set by the Corps 
during the 1969 floods; and the cross 
sections came from FEMA information and  
from MCWRA's 1000-foot-xale, 10-foot 
contour maps, which are part of its central 
Geographic Information System. (CIS) 
system. 

These three elements of the hydraulics 
study were combined, resulting in 
floodplain maps for the 100-year floods 
"with" and "without" reservoirs, and the 
25-year flood with the reservoirs in place. 
These maps became the basis of the 
economic evaluation 

In addition to the three floodplains, an es- 
timate of the capacity of the river channel in 
each of the nine reaches was also provided. 
This information is important to the 
economics analysis because it defines the 
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annual probability for little or no damage 
from flooding, because the flood waters are 
contained within the river channel itsell. 
The area outside the river channel is known 
as the overbank area, and is the area where 
flood damage typicaUy occurs. 

The siltation/sedirnentation study for the 
overbank areas was done using the results 
of the HEC-2 analysis which produced flow 
velocities in the overbank areas. This 
analysis also used the U.S. Department of 
Agriculture's Soil Conservation Service soil 
maps of Monterey County. Each soil type 
on those maps has a corresponding erosion 
index assigned to i t .  This erosion index 
relates to loss of top soil from shkt and rill 
erosion during the rainfall-runoff process. 
This information was extrapolated to act as 
an indicator of erosion potential for flood 
water running over the surface. Flood 
water erosion is generally much greater 
than the erosion from normal rainfall-runoff 
erosion. However, it was assumed that the 
soil map erosion indices provide a relative * measure of soil erosion potential under 
flood conditions. 

FLOOD CONTROL HYDROLOGY 

The hydrologic procedures used in 
developing annual exceedance probability 
curves of flooding under the "with" and 
"without reservoirs" scenarios were based 
upon fitting curves through data points. 
The data points were plotted using a 
standard plotting position fonnula. The 
results are a series of annual exceedance 
probability curves for a variety of flow 
durations for the "with" and "without" 
conditions. 

Flow Data 

Three sources of data were used to 
determine the probability of flooding for 
the "with" and the "without reservoirs" 
scenarios. The fust source of data was the 

U.S. Geological Survey. The Survey's 
published data for two long-term stream 
gaging stations - Salinas River Near 
Bradley, and Salinas River Near Spreckels - 
provided good quality data for the 
upstream and downstream limits of the 
study area. These data consisted of peak 
discharges as well as dailv average 
discharge values. The USC;S has measured 
flows at the Spreckels gage since 1929 and 
at the Bradley gage since 1948. 

The second source of data was the SVIGSM 
as developed for other aspects of this 
overall investigation into this Historical 
Benefits Analysis. These data consisted of 
average daily flows for the period oi i 949 to 
1994. The data was available at the Bradley 
and at the Spreckels gage locations. 
SVlGSM stream flows were available for 
both the simulated historical and "without 
reservoin" conditions. 

The third set of data was generated by a 
rainfall-runoff model originally developed 
by the US Army Corps of Engineers in the 
aftennath of the 1969 floods and 
subsequently used by FEMA when 
developing the flood insurance maps for 
Monterey County in the late 1970's. Thjs 
data consisted of peak discharges and 24- 
hour average discharges for four or five 
points along the Salinas River from Bradley 
down to Spreckels. These data were only 
established for the 10-year flood, the 50- 
year flood and the 100-year flood. 

L 

Durations 

Flow or discharge data are measured in cfs. 
Numerous different time -periods are 
considered when assessing river flooding. 
The most important discharge is that of the 
instantankus peak discharge, the largest 
discharge to be recorded in any water year 
regardless of its duration. After the 
instaptaneous peak, the next important 
discharge is the maximum average one-day 
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flow, the maximum average flow for any 
one calendar day during a water year. The 
nlaximum average three-day discharge is 
the largest average flow during any 
consccutive three-day period during any 
water year. The final duration of discharge 
considered in this investigation is the five 
day flow, which is the maximum average 
discharge recorded during any consecutive 
five-day period for any water year. 

Discharges for all four durations under 
investigation (instantaneous, oneday, 
three-day and fiveday) were carried into 
the statistical analysis for the "with" and 
"without reservoirs" conditions. 

Statistical Analyses 

The annual series of instantaneous peak 
discharge data from the two USGS stream 
gages along the Salinas River are shown in 
Figure 2-1. The data from the Spreckels 
gage date back to 1929, providing 27 years 

a of pre-reservoir data. The Bradley gage 
data began in 1948, providing only eight 
years of pre-resenroir operations data. Both 
gages are still in operation. Unimpaired 
flows at Bradley from SVlCSM provided 47 
years of record from water years 1948 to 
1994. 

The statistical analysis was performed by 
using the Median Plotting Position formula 
to plot. the exceedance probability of each 
data point on log-nonnal plotting paper. 
Log-normal paper has a logarithmic axis in 
the y-direction for discharges and a normal 
distribution variant axis in the x-direction 
for exceedance probability. The dkharges 
are always in units of ds, while the 
probabilities are in units 'of percent 
probability (or chance) per year of being 
equaled or exceeded. The exceedance 
probability data points were plotted for 
each duration from instantaneous to five- 
day average discharge. All data were 
recorded on one sheet of paper for each 

I 
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stream gage location for the "without 
reservoirs" condition, and on one sheet for 
the "with reservoirs" condition for each 
stream gage location. 

The HEC-I model results were then added 
to the resulting four plots (two gage  
locations, two reservoirs conditions) of 
discharge versus exceedence probability. 
As noted these HEC-I models were  
developed by the US Army Corps of 
Engineers in the aftermath of the 1969 
floods. As such, the model was calibrated 
to replicate conditions during those floods. 
Since those floods, however, KO major 
changes have occurred. First, MCWRA h a s  
changed the operational rule curves. for the  
reservoirs after consideration a n d  
incorporation of both State of Califotnia 
dam safety criteria as well as FERC (Federal 
Energy Regulatory Commission) criteria for 
Nacimiento Dam. 

Second, the unit hydrographs from the  
Nacimiento and San Antonio wat@rsh,eds 
upstream of the two reservoirs were re- 
computed. MCWRA analyzed all .of t he  
latest available rainfall data in those t w o  
watersheds, and developed u n i t  
hydrographs for large flood events based 
on the inflow records to the reservoirs. 

The unit hydrograph is a hydrologic 
concept usej in rainfall-runoff models t ha t  
represents how a given whtershed 
discharges 1 inch of runoff that w a s  
generated by a storm that lasted some u n i t  
time. A typical unit hydrograph for a one- 
hour storm, for example, may show that at 
the outlet point of the watershed the one- 
inch of runoff begins very slowly, becomes 
greater and greater, reaches a peak 
discharge some time (maybe hours) after 
the one-hour rainfall has begun, and t h e n  
falls off until spme time (maybe hours) la ter  
the flow essentially ceases. If the discharge 
from that watershed is measured over the 
time of flow, the volume of water flowing 
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Figure 2-1 

Annual Peak Discharges at Selected Long-Term 
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past the gage point would be equal to 1 
inch of water over the entire watershed a area. 

Incorporation of these two modifications 
were made and the HEC-1 model was run 
for the 10-year flood, the 50-year flood, and 
the 100-year flood for both the "with" and 
"without reservoirs" conditions. The 
results were used to help specify the 
exceedence probability cunres at the upper 
ends (the low probability areas; the rarer, 
more severe flood events). Only discharges 
for two durations were predicted by the 
model: instantaneous peak dixharge and 
one-day average .discharge. The 
hypothetical storms used in the HEC-I 
model were too short to adequately assess 
the threeday and five-day average dis- 
charges. 

Standard guidelines for exceedance 
probability analysis were used to perfom a 
historical adjustment to the data at the 
Spreckels gage to assist in plotting the 

d exceedance probability of the two large 
floods which occurred in 1969 and in 1995. 
Even though the stream gage data only 
covered 30 years of data from 1966 to 1996 
in the "with reservoirs" condition, these 
two peak discharges were larger than any 
peak recorded before, during, or after 
conshuction of the two dams; and the 
largest recorded since 1930. 

- 

The Flood Insurance Study for Monterey 
County reports that there were very notable 
flood events in 1911 and 1914, both of 
which, generated signilicant flood damage. 
Between 1914 and 1930, no significant 
flood events were reported. Local 
newspaper reports of the 1911 flood 
described it as "the largest known to have 
occurred since 1862." There was no 
comparison between the 191 1 event and the 
1914 flood, which may indicate that 
although the 1914 flood created huge flood 
losses, it was not as large as the 1911 event. 

There does not appear to be a way to 
accurately compare the 1911 flood to either 
the 1995 or the 1969 flood. The 1911 flood 
was d e s c r i i  as "a mile wide in places." 
This definition also would apply to the 1969 
and 1995 floods. If it were known for 
example that the 1995 flood was definitely 
larger than the 1911 flood it could be stated 
that this flood was the largest known to 
have occurred since at least 1862, a period. 
of 136 years. However, it can only be stated 
that the 1995 event was the largest known 
to have occurred since at least 1911, a 
period of 87 years. 

The "historical adjustment" helped to place 
the 1995 and 1969 floods in a more proper 
perspective from the standpoint of 
exceedance probability. All the available 
data for both locations for both conditions 
were plotted together on four log-normal 
I3-rap"s. 

The frequency curves were developed by 
first manually fitting a curve through the 
data points for peak discharge being careful 
to include the 100-year value from the 
HEC-1 model The remainder of the 
frequency curve for peak discharge was 
fitted manually using the plotted da ta  
points and the plotted HEC-1 model results 
for the 10-year and 50-year floods. The 
same procedure was used for the 1-day 
volume. These two Erequency curves (the 
peak discharge and the average one-da y 
discharge) were then used to guide the -.- 

"fitting of the three-day average flow a n d  
the fiveday average flow. The portions of 
the curves in the area of the more frequent 
floods were adjusted so that the fit of the 
data points (whether actual gaged data or 
estimated data from the SVICSM) w a s  
fairly good. The four curves (peak, 1-day, 
3-day and H a y )  were then all adjusted to 
develop a "family of curves" while 
maintaining the HEC-1 100-year results a n d  
providing a reasonable fit to the data in the 
more frequent portions of the curves. 
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This procedure was repeated for the four 
different families of frequency curves: two 
locations - Spreckels and Bradley; and, two 
conditions - with and without the two 
reservoin in place. 

The families of curves at each location on 
the river for the historical condition were 
subtracted from the families of curves for 
the "without reservoirs" conditions. These 
resulting families of difference show 
graphically the impact of the two reservoirs 
on the frequency of flood flows along the 
Salinas River. 

The results are shown + Figures 2-2 and 2- 
3. These curves represent the differences 
between the "with dams" and the "without 
dams" exceedance probability curves. The 
entire four families of exceedance 
probability curves along with the data 
points is included in Appendix B. 

Conclusions of Flood Control Hydrology 
Analysis 

Figures 2-2 and 2-3 show the dilferences 
between the "with" and "without 
reservoirs" conditions. Discharges along 
the Salinas River at bolh the Bradley and 
Spreckels gages are reduced by the flood 
control operations of the two reservoirs. 
For instantaneous peak discharges at 
Bradley, there is a difference of 78,000 cfs 
for a 100-year flood (a 1 percent ' exdance  
probability) and a 55,000-ds difference for 
the layear flood (a 10 percent exceedance 
probability). 

For the five-day average discharge at 
Bradley, there is an 18,000~fs decrease in 
discharge from the operations of the two 
reservoirs during a 100-year flood. This 
difference is also 18,000 cfs for a 10-year 

flood. 

The flood control operations at the two 
reservoirs appear to have slightly less 
impact at Spreckels. The total drainage 
basin area for the two reservoirs is 650 
square miles. The Spreckels gage drainage 
basin is 4,156 square miles. When 
compared to the drainage basin area for the 
Bradley gage, which is 2,535 square miles, 
an increase of 64% in drained area between 
the gages is noted as one moves 
downstream. The flood control operations 
at the two reservoirs appear to have less 
impact at the Spreckels gage. This is 
expected since reservoir operatioris effects 
are buffered as drainage area and distance 
from the storage facilities increase. 

Figure 2-4 shows the historical data for the 
two stream gages overlain with the 100- 
year flood discharges for the "with" and 
"without reservoirs" cases. The 1969 and 
1995 floods stand out as significant events 
based on the gaged record and on 
newspaper accounts of floods that occurred 
before stream gaging. 

Table 2-1 shows the instantaneous peak 
discharges for the 100-year flood with 
reservoirs and the 100-year flood without 
reservoirs. Corresponding to the discharge 
for each reach are two a ~ u a l  exceedance 
probabilities: one for :he "with reservoirs" 
condition and the other for the "without 
reservoirs" condition. 

The results show that the flood control 
pools of both reservoirs provide a 
significant reduction in flood discharges at 
both the Bradley and Spreckels gaging 
stations. 

L 
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Table 2-1 
Salinas River - With and Without Reservoirs 

Discharge-Probability Comparison 

4 
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Reach Q (cfs) Annual Exceedance Robability 

WiUl Rewvoirs 1 Without Reservoirs 

100-Year Flood With the Reservoirs 
1 

2 

3 
4 

5 
6 

7 
8 
9 

R6 11110 

87.000 
87,000 
87.000 

. 87.000 
87.000 
87,000 

. 87.000 
87.000 

100- Year Flood Without the Reservoirs 

0 01 

0.01 

0.01 
0.0 1 
0.01 
0.01 
0.01 
0.01 
0.01 

1 

2 
3 
4 

5 
6 
7 

8 
9 

O'MS 

0.055 

0.065 
0.074 
0.083 
0.093 
0.10 - 
0.1 1 
0.12 

no1 . 
0.01 
0.01 - 
0-01 
0.01 . *  
0.01 
0.0 1 
0.01 
0.0 1 

1 4 m  1s 

25- Year Flood With the Reservoirs 

152.000 
153.000 
154.000 
156.000 
159.000 
162.000 
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0.0014 
0.0014 
0.0013 
0.0013 
0.00 12 
0.001 2 
0.001 1 
0.0010 

0 14 
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0.18 
0.18 
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1 
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3 - 
4 

5 
6 
7 
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54.000 
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55.000 
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56.000 
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nM 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

57,000 0.04 I 0.2 1 
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HYDRAULICS AND FLOODPLAIN @ MAPP,NG 

The determination of discharge probability- 
duration curves near the upper and lower 
ends of the 105.8-mile study reach provided 
all the discharge irtformation needed to 
develop potential flood-prone areas. This 
section describes the additional information 
needed, how it was obtained, and how the 
floodplain was delineated. Also included 
are descriptions of the floodplains in the 
Salinas River Valley along the 105.8-mile 
study reach. 

Base Mapping 

Contour maps generated from MCWRA 
digital orthophotography were used as the 
base maps for the floodplain delineations. 
The resulting maps have a 10-foot contour 
interval (5 feet in certain areas near the 
Arroyo Seco - Salinas River confluence) 
which are laid over a scaled orthophoto e graph. The orthophotography is resident in 
the MCWRA's CIS. 

The orthophotography covers 
approximately 88.8 miles of the 105.8-mile 
study reach. The upper 17 miles of the 
Salinas River are not included in the 
MCWRA's CIS. Therefore, existing 
Im=2,000' USGS quadrangle maps with a 
contour interval of 20 feet were utilized. 

Cross sections were developed from the 
contour maps at approximately every 1,000 
feet along the study reach. The moss 
sections were developed from upstream to 
downstream and are represented by pairs 
of numbers. Each cross section is 
represented by pairs of numbers. Each pair 
of numbers represents a distance horn an 
arbitrary zero point to the left side of that 
cross section and an elevation associated 
with that point. Generally the cross-section 
points were taken on the contour lines. 

In the 18:7 miles of the study reach farthest 
downstream, the FEMA cross sections were 
used. The data from MCWRA's maps 
differ from those of FEMA's maps. The 
FEMA maps were prepared based on an  
National Geodetic Vertical Dahun (NGVD) 
of 1929 and MCWRA's maps were 
prepared North American Vertical Datum 
(NAVD) of 1988. The difference between 
these data is approximately 2.75 feet in the 
Salinas Valley. All FEMA information was 
adjusted to match MCWRA's data. (FEMA 
has since shifted to the NAVD '88 for all 

- new flood insurance studies.) 

Numerous bridges cross the Salinas River 
in the study area. Under flood conditions, 
these crossings may create an upstream 
backwater effect. Embankments leading to 
the bridges typically act to r e d m  flood 
waters through the bridge opening and also 
may create a backwater effect. The 
geometry of the existing bridges was 
obtained from the FEMA study for those 
bridges included in the investigation. All 
other bridges were field verified and 
measured to determine the bridge opening 
area; the number, size, and configuration of 
piers; and the height from the stream bed to 
the low chord of the bridge. 

The Salinas River can change during floods, 
so the cross seclion after a flood may not be 
identical to the cross section taken just 

"'before a flood. The model used in the 
floodplain delineation for this assignment 
does not predict changes to cross sections. 
The cross sections are assumed fixed. Also, 
the channel bottom of the Salinas River 
moves during floods. This fluvial nature of 
the flood flows was not explicitly 
considered in the computations. These two. 
factors were, however, implicitly 
considered in the calibration of the 
roughness value of the river channel. 
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Roughness Calibration 

The Manning's equation as applied to 
gradually varied flow is the theoretical 
basis for floodplain delineation process. A 
significant item in Manning's equation is 
the roughness value, which represents the 
retarding effects of the bottom of the 
channel the banks, and the overbank areas 
in the floodplain. The roughness value can 
be determined by calibrating to a known 
flood event. Alternatively, the value can be 
based on engineering judgment. 

The 1969 floods along the Salinas River 
were well documented by the Corps' San 
Francixo District. The discharges were 
known from the USCS stream gaging 
stations. The Corps documented high 
water marks along the river from the Pacific 
Ocean up the river valley to south of the 
Monterey County line. Thus, discharge 
and, channel cross sectional flow area are 
known and, leaving the roughness value as 
the only unknown left in the equation. 

The model built from the FEMA cross 
sections (as modified) and the MCWRA 
map cross sections was applied to the 1969 
high water marks (also modified). The 
roughness values along the river were then 
calibrated to the 1969 high water by 
running the model and adjusting the 
roughness values in the Salinas River 
channel until the high water marks were 
reasonably replicated. Thus, the fluvial 
nature of the channel and shifting cross 
sections should be incorporated into this 
calibration. It must be noted, however, the 
cross section being used may not 
necessarily be the one in place when the 
high water was present. 

The same type of roughness value 
calibration to the larger 1995 flood event 
was not possible because a comprehensive 
record of high water marks was not 
established in the aftermath of that flood. 

The 1995 high water marks would be useful 
because many local residents believe that 
the river channel is becoming more 
overgrown with brush and trees because of 
the summer low flow releases from the two 
upstream reservoirs for ground water 
recharge. A review of the flowduration 
curves for the Bradley and Spreckels 
locations indicates that there are higher 
flows in the "with reservoir" condition than 
the "without reservoir" condition in the 
lower end of the discharge spectrum. This 
means that there is more water on average 
in the normally low-flow times because of 
releases from the reservoirs than prior to 
the construction of t h e  reservo&. This 
additional flow is released for ground water 
recharge and is more prominent at  the 
Bradley gage than at the Spreckels gage. 

Although this is an expected change in the 
flowduration curves, it does not 
necessarily translate into larger roughness 
values for floodplain delineation studies 
because there is no documented 
information on how additional vvetation 
may affect the fluvial nature of the. river 
channel. Although local observations are 
important and give cause for caution, there 
is no evidence to use any roughness values 
for floodplain delineation other than those 
calibrated to the 1969 flood event. 

Levees 

ln many places along the river, local 
property ownen have constructed levees to 
help protect their lands from flooding. 
These levees may help provide protection 
or, in the case of failure of the levee, may 
lead to more damage than would have 
occurred had no levee been present. The 
efficacy of levees along the river is difficult 
to determine with any degree of 
engineering accuracy. Some levees appear 
to be large, well constructed, and well 
maintained. Others do not appear t o  be 
tied back to high ground, appear worn, 

d 
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Section 2 - Flood Control Benefits Analysis 

filled with rodent holes, breached, lower 
than neighboeg. ' levees, or are only 
partially complete . 

The location of many of the existing levees 
along the river was obtained fiom a list 
compiled by MCWRA staff; however, this 
List was not complete or comprehensive. 
Most of the levees on this list were field 
inspected and top elevations were 
determined by using the MCWRADs Global 
Positioning System (GFS). 

Because of varying conditions of the levees, 
floodplain mappkig was performed using 
FEMA's levee policy: The FEMA levee 
policy (iduded in Appendix B) states that 
if the levee does ndt meet FEMA standards 
and is not certified by FEMA or by another 
federal agency, that lwee is considered "not 
to exist" for purposes of floodplain 
delineation. 

The FEMA criteria generally state that for a 

m levee to be considered during floodplain 
mapping it must meet five c r i t e :  

1. It must have a minimum of 3 
feet of freeboard above the 100- 
year flood elevation with more 
f r a o a r d  required near bridges, 
near constrictions and near the 
upstream end of the levee. 

Z Must meet Corps of Engineen 
criteria for embankment 
protection from scour, for 
embankment and foundation 
stability, and for settlement. 
That is, the levee must be 
structurally sound. 

3. It must have an adequate 
interior drainage system in 
place. This system will prevent 
runoff from local areas from 
ponding behind the Ievee and 
causing flooding and 

subsequent flood damage. 

4. ' The levee must not have human 
intervention to  operate. Such 
operations include sandbagging, 
flashboards, and earthfill. 

5. The system must be maintained 
in accordance with an officially 
adopted maintenance plan. A 
governmental agency must 
assume ultimate responsibility 
for maintenance of the levee. 

These criteria are, of necessity, quite 
stringent, bmuse FEMA wants to have a .  . 
certain degree of confidence that the levees 
will function as intended when called upon 
to do so. Levees which meet all of the 
above criteria and are certified are 
considered by FEMA as being effective 
during a 100-year flood. Levees which fail 
to meet a criterion can not be certified and, 
therefore, are not considered during the 
delineation of the 100-year floodplain. The 
l(lo-year flood is used by FEMA as its 
regulatory . flood, i-e., the resulting 
floodplain defines the Limits where 
insurance is required. The floodplain is 
also identified in a locally adopted 
floodplain management ordinance as the 
area where special building code 
requirements are required. 

Because only one levee system is known to 
have applied for FEMA certification and is 
in the process of receiving that certification 
all other levees are assumed, for purposes 
of floodplain.deLineation, to be nonexistent. 
The only lwee system known to have 
applied for FEMA certification is the one 
surrounding the sewage treatment works 
for the City of Soledad. 

It is recognized that private levee systems 
have provided protection to property in 
large flood events, such a s  that in 1995. 
However, these flood protection benefits 

Lr 
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can not be certified by the FEMA criteria 
and, therefore, weremot considered in the 
HBA. 

HECQ Models 

The Corps gradually varied flow water- 
surface profile computer program (HEC- 
2)was used to combine the cross sections, 
the discharges, and the roughness values 
and to predict elevations of the floodplain 
at each aoss section for the 105.8 miles of 
study reach. The computer model was 
used to predict the water surface elevation 
at each aoss section for five different 
discharge conditions: 

100-year discharge without dams 
100-year discharge with dams 
25-year discharge with dams 
Channel capacity without levees 
Channel capacity with levees 

As previously shown in Table 2-1, the 
discharges with and without reservoirs 
provide three points along the annual 
exceedance probability curves for both 
conditions along the river study reach- For 
example, on Table 2-1, three discharges are 
shown for Reach 5. Also shown are the 
corresponding exceedance probabilities for 
each of these three discharges under the 
"with reservoirs" condition. A discharge of 
87,000 cfs has an exceedance probability of 
0.01 under the "with reservoirs" condition. 
A discharge of 156,000 ds has an 
exceedan- probability of 0.0013, and a 
discharge of 55,000 cfs has an exceedance 
probability of 0.04. S i l y ,  Table 2-1 
shows the exceedance probabilities 
corrgponding to these three discharges 
under the "without reservoirs" condition. 

The two channel capacity determinations 
were done to estimate the exceedance 
probability of when overbank flooding 
would cause damage and monetary losses. 
Channel capacity along the river varies 

horn section to section. However, the 
~ h i 3 ~ e l  capacity calciulations were done 
and results presented on a reach-by-reach 
basis. The channel capacity for a reach was  
not determined by taking the smallest value 
and applying it to the entue reach. Rather, 
the channel capacity value for the reach was 
based on the discharge that resulted in an 
estimated one-quarter to one-third of the 
cross sections in the reach experiencing 
overbank flooding. The use of the one- 
quarter to one-third overbank flooding for a 
reach was thought to be a better 
representation of when significant damage 
would start occurring in each reach. 

This method was used to escape irom 
absolute reliance on the 10-foot contour 
maps in determining the capacity. If .the 
lowest capacity at any section in a reach 
was always selected, it was anticipated that 
the overall reach capacity figure would 
undoubtedly predict frequencies ' which 
were much too high. The estimate of 
c h a ~ e l  capacity of onequarter to one-third 
of the overbanks being subject to some 
flood waters was thought to be a..better 
estimate of where sigruficant damage 
started rather than where any damage 
started. 

The levees, as determined by field GPS 
measurements and 10-foot contour maps, 
were held in place and assumed not to fa! 
when developing the channel capacities 
under the "with levees" condition. When 
determining channel capacities for the 
"with levees" case, the levees were 
assumed not to fail but would allow for 
overtopping. 

The results of the channel capacity 
determinations are shown in Table 2-2 The  
levees generally increase the capacity prior 
to flooding the overbank areas by 
approximately 5,000 to 10,000 cfs. Some 
reaches did not have signihcant stretches of 
levee-protected channel, so there was no 
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Table 2-2 
Channel Capacity Results 

difference in the capacities for these 
reaches. In Reach 2, for example, the . 

capacity of the channel with levees is 10,000 
cfs greater than the capacity wouM be 
without the levees. Under the "with 
reservoirs" condition (the current 
condition) the levees change the exceedance 
probability of overbank flooding from 
approximately once every two years on the 
average to approximately once every four 
years on the average (Le., the exceedance 
probability changes from 0.46 to 0.25 per 
year). 

REACH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

For Reach 2, under the "without reservoirs" 
condition, the change in channel capacity is 
still 10,000 cfs, but the annual exceedance 
probability of flooding changes from 0.69 to 

0.48. Meaning, even with the existing 
levees, the exceedance probability of 
overbank flooding under the without dams 
conditions would be approximately equal 
to the condition today if the levees were 
removed. 

Erosivity 

CHANNEL CAPACITY 
. WITH LEVEES 

Examination of the potential for erosion 
damages was part of this flood control 
benefits study. The 1995 floods resulted in 
significant amount of damage due to 
erosion. This erosion caused loss of land 
near the river banks, washing away top  
soil, and causing siltation damage to other 
land. 

Q 
(cfs) 

1 5,000 

1 5 m  

15,000 

%ooO 

15,000 

35,000 

35,000 

=PO0 

5 5 m  

CHANNEL CAPACITY 
WITHOUT LEVEES 

/ 

MONTGOMERY WATSON page 2-12 

Q 
(cfs) 

10,000 

UKM 

5,000 

=AmM 

Annual 
, Exceedance Probability 

With 
Reservoirs 

0.24 

0.25 

0.26 

0.18 
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0.12 

0.12 

0.13 
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Annual 
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0.45 

0.48 

0.50 

0.39 

055 

031 

032 

0.34 

0.23 

With 
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0.31 

0.46 

0.47 

0.18 

0.35 
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0.54 

0.69 
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0.39 

0.66 

~~ 
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0.17 

0.13 
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0.38 
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An erosivity factor was developed as an 
indicator of possible erosion. This erosivity 
factor was based on interrelating two 
factors: a soil erodibility factor and the 
average velocity in the overbank. The soil 
erodibility factor is published by the Soil 
Conservation Servicei in the soil survey for 
Monterey County. This factor is a "measure 
of the susceptibility of the soil [type] to 
erosion by water." The factor is a value 
behveen 0.10 and 0.64, with 0.10 being low 
susceptibility and 0.64 being highly 
susceptible. The overbank velocity in feet 
per second was produced for each cross 
section from the HEC-2 computer model 
m. 

A qualitative measure of erosivity was 
established as shown in Table 2-3. The 
overbank velocities were divided into three 
categories: fast, medium, and slow. The 
slow velocity range is from 0 to 2 feet per 
second, the medium range is from 2 to 4 
feet per second, and the fast range is greater 

3 
than 4 feet per second. Similarly, a 
qualitative range (the k-value) was 
established for the Soil Conservation 
Service's soil erodibility factor with 0.10 to 
0.28 being low, 0.28 to 0.46 being medium 
and 0.46 to 0.64 being high. 

The final erosivity index also is a qualitative 
index with the three categories of high, 
medium, and low. The categories were 
established by combining the other two 
indices as shown in Table 2-3. This 
erosivity index helps compare erosion 
damages as documented for the 1995 flood 
to those of other floods. 

Floodplain Mapping 

The HEC-2 model was run for three 
discharges: the 100-year flood with the 
reservoirs in place; the 100-year flood 
without the reservoirs; and the 25-year 
flood with the reservoirs. 

At each cross section, the water surface 
elevation was takeri from the HEC2 
output. The extent of the floodplain was 
plotted on the 1"=10M)' orthophoto maps at 
each cross section. The floodplain was. 
drawn by connecting the floodplain limits 
at eacfi cross section while ignoring the 
effects of local levees. There were t w o  
exceptions to this mapping procedure. 
First, the levees around h e  Soledad 
treatment plant were accounted for under 
the "with reservoirs" condition; they were 
ignored under the 100-year "without 
resewoirs" condition because the water 
surface elevation under this condition was 
higher. With this higher surface elevation, 
the FEMA-mandated freeboard was very 
likely not maintained. If a lwee does not 
have freeboard, FEMA will not certify it. 
Therefore, under the "without reservoirs" 
condition, the levee would not be high 
enough to be certified, and would not be 
considered. 

Additionally, an exception was made in. the 
lowest reach near the Pacific Ocean and in 
and around Castnwille. Here, the -30-foot 
contours could not provide sufficient 
definition for this very wide floodplain. In 
1995, the floodwaters did enter portions of 
Castroville. In peak discharge, the 1995 
flood was somewhere between the 100-year 
flood with reservoirs and the 100-year flood 
without reservoirs. Thus, !he 100-year 
floodplain was diawn under the "without 
reservoirs" condition, the same as the -..- 
' floodplain fiom the 1995 flood; A greater 

flood would likely inundate more land in 
Castroville but the exad amount is 
uncertain because the ground generally 
slopes up rather prominently from areas 
flooded in 1995. 

The three floodplains are shown in Plate 1 
(enclosed large size map). Additionally, the 
floodplains have been drawn on a s e t  of 
l"=l,OOOg orthophoto contour maps. The 
upper end of the study was done on USGS 
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Table 2-3 
Erosion Potential Index Criteria 

Erosion potential Index Velocity K-value 

SLOW LOW 

LOW SLOW MEDIUM 
. . 

MEDIUM LOW 

MEDIUM 

SLOW 

MEDIUM 

- - 

HIGH 

MEDIUM 

FA= LOW 

HIGH 

MEDIUM 

FAST 

FAST 

HIGH 

MEDIUM 

HIGH 

Notes: Velocity K-Value .- 
slow 0-2 fps low 0.104.28 
medium: 24 +s medium: 0.29-0.47 

: fast: >4 fps high: 0.48-0.64 

quadrangle sheets. These maps can be 
found at MCWRA. 

In order to analyze the distribution of flood 
control benefits received from the operation 
of the reservoirs, Flood Study Units (FSU) 
are dehned. The boundaries of FSUs are 
approximately delineated based on the 
inundation areas in each ESU, along the 
Salinas River, At present, the boundaries of 
FSUs are not aligned to any institutional 
features, such as parcel maps. Figure 2-5 
shows the boundaries of the FSUs in the 
Salinas Valley. 

. .. CONCLUSIONS 

Along most of the river valley there is not a 
great difference in flood-prone areas 
between the "with" and "without 

reservoirs" conditions. In most of the 
valley, the floodplain is in an old river 
terrace and the flood waters extend u p  to 
the steep bank which delimits the edge of 
the terrace. However, the depth of 
overbank flow for the "without reservoirs" 
condition varies from 2 feet to as much as 4 
feet greater than the 100-year flood with 
reservoirs. Therefore, although the extent of 
flooding is approximately the same over 
most of the river valley, the depth of 
inundation is not. 

Correlating the floodplain maps with the 
results shown in Table 2-1 leads to the 
second important flood control aspect of the 
two reservoirs: the frequency of flooding. 
The 25-year flood only has a four percent 
(1-in-25) chance of occurring during any 
one year with the flood control pools a t  the 
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reservoirs available. This probability of the 
same river discharges occuning increases 
from 1-in-25, to 1-in3 to 1-in-7 for the 
"without reservoirs" condition. Therefore, 
the chances are much greater that the 
equivalent of a "with reservoir" 25-year 
flood could occur in any one year for the 
"without reservoirs" condition. 

Figure 2-6 shows the aoss section at river 
mile 61.4. The width of floodplain remains 
relatively the same for the %-year and the 
two different 100-year floods. However, 
the average depth in the overbank changes 
dramatically, ranging from less than a half 
a foot for the 25-year flood with reservoirs, 
to slightly less than 2 feet for the 100-year 
flood with resenroirs, to slightly over 4 feet 
for the 100-year flood without reservoirs. 

Nacimiento and San Antonio Reservoirs 
appear to provide significant hydrologic 
benefits from a flood control standpoint 
because they 1) reduce the frequency of 

a large floods; 2) reduce the magnitude of the 
regulatory 100-year flood; 3) allow the 
reduction in discharge which translates into 
an average reduction in depth of flooding 
of 3 feet; and 4) reduce potential overbank 
velocities reducing potential damages from 
erosion. 

MONTGOMERY WATSON Page 2-16 



L 
i WATER SURFACE ELEVATIONS 



Section 3 

8 MONTGOMERY WATSON 



Section 3 
Economic Benefit Analysis 

INTRODUCTION 

This section describes the historic, direct 
economic benefits from the construction 
and operation of Nacirniento and San 
Antonio Reservoirs. The economic 
analysis portion of the historic benefit 
analysis responds primarily to 
stakeholders' request for information on 
the distribution of benefits from the 
existing project across the Salinas River 
Basin. The intent of this economic 
analysis is to estimate the major 
categories of quantifiable benefits and to 
display how those benefits have been 
distributed across the Valley. 

While this general approach could be 
used as part of a cost allocation analysis, 
that is not the intent of this report. The 
extent to which historical benefits are 
relevant for allocating future costs of the 
existing project or of new projects is not 
addressed. This approach could also be 
used to estimate special benefits, which 
need to be demonstrated to properties 
before a new assessment can be levied 
under Proposition 218. Special benefits 
are defined as particular and distinct 
benefit over and above, the general 
benefits conferred on real property. 

This report also is not intended to present 
an overall benefitcost analysis of the 
existing project; therefore, no attempt has 
been made to estimate the present value 
of benefits compared to the present value 
of project costs. If a full benefit-cost 
analysis were to be performed, all benefits 
and costs from the project would'need to 
be considered. These would indude 
benefits or costs to fish and wildlife, 
recreation, flood control, and water 
supply, among others. 

Economic benefits were determined on 
the basis of a comparison of conditions 

with and without the Nacimiento and San 
Antonio Reservoirs. Since the reservoirs 
already exist, it was necessary to estimate 
the conditions that would have occurred 
without them. The impacts and 
associated benefits could then be 
estimated as the difference between the 
with and without resenroir conditions. 

There were several types of direct 
economic benefits identified for 
quantitative estimation, including both 
water supply and flood control benefits. 

Quantified water supply benefits include: 

Avoided costs for ground water 
p m p h 3  
Avoided costs from drilling new wells 
or modifying existing wells 
Avoided well costs associated with 
seawater intrusion. 

Quanaed flood control benefits include: 

Prevention of agricultural damages 
including reduction in damages from 
erosion 
Prevention of damages to buildings 
and struchues. 

Other benefits that will be discussed, but 
are not quantified in this analysis include: 

Water quality benefits outside the 
intrusion area 
Value of good quality water in storage 
Value of ground water basin for 
storage and distribution ' 
Value of reservoir as insurance 
against rainfall variations 
W t i o n  and environmental benefits 
Indirect benefits, such as changes in 
land values and additional regional 
economic activity created by the direct 
benefits. 
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WATER SUPPLY BENEFITS 

Approach to Analysis 
During the HBA workshops between 
MCWRA and stakeholders, two 
approaches were dixussed for estimating 
water supply benefits: a flexible 
agricultural production model or an 
avoided cost spreadsheet. A flexible 
model would be appropriate i f  changes in 
water costs would be of a magnitude that 
would cause changes in farm 
management decisions, or if water 
availability was an issue. The initial 
hydrological results from SVlGSM 
indicate that water availability is not a 
significant problem. 'Crop budget studies 
by University of California at Davis show 
that ground water costs account for a 
small part of the production cost for the 
high valued crops grown in the area; 
water costs vary from three to five 
percent of the total production cost for 
different crops. Therefore, ground water 
impacts would not substantially affect the 
crop mix, acreage planted, aopping 
intensity, and irrigation practices. For 
these reasons, the avoided cost approach 
was selected. ?he water supply economic 
benefits analysis was conducted using 
several avoided cost spreadsheets. The 
detailed approach and results from the 
analyses for each of the three water 
supply economic benefits categories are 
dixussed below. 

Avoided Costs for Ground Water 
Pumping 
Table 3-1 presents the annual avoided 
ground water pumping cost by Economic 
Study Units (ESU). The areas included in 
each ESU are shown in Figure 1-13 in 
Section 1. The ground water level 
increase, shown in column (1) of Table 3- 
1, is the change in the weighted average 
ground water levels with and without the 
reservoirs. The ground water levels were 
estimated by the SVIGSM and weighted 
by the monthly ground water pumping 
pattern and by geographical distribution 
of pumping. Ground water levels 
weighted by pumping (both 
geographically and overtime) must be 
used because they reflect ground water 
levels most relevant to the areas where 
pumping occurs and during the months 
when pumping m n .  The example 
below illustrates how this weighting can 
result in a difference between a simple 
and weighted average. Although the 
example shown below shows a potential 
underestimation of changes in ground 
water levels when using a simple 
average, overestimation is also possible. 
For this reason, the weighted average is 
used in this economic analysis to achieve 
the most appropriate results. 
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TABLE 3.1 

Annual Avoided Ground Watcr Pumping Costs by ESU 
1951-1994 Average . 

Column (2) of Table 3-1 shows the 
avoided pumping cost per acre-foot (af) of 
ground water - pumping. It equals the 
ground water level increase multiplied by 
the pumping cost, estimated to be 225 
cents per af per foot of lift. The 225 cent 
pumping cost indudes both the energy 
cost and O W  cost. Because more than 
95 percent of the wells in the Salinas 
Valley are powered with electriaty, 
energy c z  were estimated based on 

I 

electric rates for Pacific Gas & Electric 
(PGdrE) Agricultural Senrice in the Salinas 
Valley. Based on PG&E's pump test 
reports, the typical electric rate is about 
12cents per kilowatt hour (kwh) and 
average pumping efficiency is about 60 
percent The energy cost per acre-foot per 
foot of lift is then estimated using the 
following formula: 

Ewnomk 
Study Unit 

(ESU) 

ESUl 

ESUZ 

ESU3 

ESU4 

ESUS 

E S W  

ESU7 

ESU8A 

ESU8B 

ESUS 

ESU10 

ESUll 

- 
M O m O Y E R Y  WATSON 3.1 

NOTE: 
1. ~ w ~ l s v o l ~ a b t s e d m S V ) ( I S M ~ s o . t h o ~ . c s m r e r j ) ( a d b y m M N y g o u n d w z l n ~  

2 Damb~Wetpunphg~~~pndopenDonrMdmrhtonrn~o(OaY) (o19 .B .nd0n~pmvldodbyPocEl lcOaSh  
~ A Q * u l u a J S a r v l Q a h e g w n d w ~ p n g ( n p ~ n l o h M o n i a q ~ n i y ~  12eslllrper)mhWRhwrvtmge 
pcmphgamdsnqdW~PndWePs(d2~prdpcc Iw l~oraop ,pu lnphgcoo lhMnScac l l rperp l  porroot. hme 
~ V o P s y . ~ n t e k ~ I W b Q h ~ U n ) . M W I w w ~ l d n .  

3. M m S V # . Y l r s u r b .  

4. coLmm4-CdzxCcl3. 

5. B p p O 6 m S V * i S U L Y t d ~ @ u t ~ h d u & g ~ w a l a d W I a o s s g s .  

6. Co*rm6rCaLUCdS 

(1) 

GW Level 
increase' (ft) 

4 5 

14.2 

16 9 

M 

26 9 

23.3 

160 

5.9 

6.4 

9.7 

2.3 

M 

(2) 

Avoided Pumping 
Coot Pfr AoreFoot 

(uar) 

$1.01 

$3.20 

$3.10 

na 

1.05 

$5.24 

$3.60 

S 1.33 

$1.44 

n i s  

$0.52 

M 

(3) 

Ground wrtor 
Pumped (or 

trrlgotion' (a() 

42573 

51.086 

39.297 

na 

48.42 

34.108 

64.900 

47.222 

47.746 

120.960 

31.902 

na 

(4) 

Avoldad 
Pumping Cost 
Per ~ u r '  (E) 

. $43.101 

$164,498 

$149,427 

na 

$293,074 

$178.811 

$233,640 

162.687 

-68554 

m3.995 

Sl6.509 

IU 

(5) 

Average Annual 
Irrigated A=' 

2w% 

17.912 

18.402 

ria 

20.641 
I 

1 8.354 

21.234 

17.456 

15.945 

31,850 

11.403 

M 

(6) 

Avoided Pumping 
Coot Per ~ c r d  (S) 

$209 

$9.18 

18.12 

na 

$14.20 

59.74 

$11.00 

$3.69 

SQ.31 

-.PO 

$1.45 
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1.02 x Electricry Rate ($ / kwh) 
Energy COSZ = 

Pumping Eficiency 

2 $0.205 per af per fool. 

The OLM cost is assumed to be 10 
percent of the energy cost, or about 
2 cents. 

Column (3) of Table 3-1 shows the 
average annual amount of ground water 
pumped between 1958 and 1994, based on 
data compiled for the SVICiSM estimates. 
Column (4) equa 1s Column (2) multiplied 
by Column (3). Column (5) presents 
average annual total developed acres, 
including both agricultural and MLI use. 

Column (6) equals column (4) divided by 
column (S), and shows the avoided 
pumping cost per acre. These avoided 
pumping costs represent average annual 
savings in ground water pumping cost 
due to construction and operation of the 
reservoirs. Because the pumping costs 
savings are dependent upon the changes 
in ground water levels, the cost savings 
vary among the ESUs. Smaller per acre 
savings are estimated in BUS 1, 8A, 88, 
and 10. The greatest savings are estimated 
in ESUs 5 and 7. 

Avoided Cost from Drilllng New Wells 
or Modifying Existing Wells 
The second category of water supply 
economic benefits indudes the costs 
avoided for drilling new wells or 
modifying existing wells. For some areas, 
the decline in ground water lev& would 
necessitate additional capital outlay. 
Pump Bowls would be lowered or wells 
replaced if water levels drop far enough 
under the "without reservoirs" condition. 
This section estimates the avoided cost for 
making these changes. The annual 
avoided cost from drilling supplemental 

wells and replacing or modifying existing 
wells are presented by ESU in Table 3-2. 

Column (1) of Table 3-2 shows the 
number of production wells in each ESV. 
Because achal records of the production 
wells are not available, these numbers 
were estimated based on the information 
provided by the MCWRA Geographic 
Infomation System (GIs) and Ground 
Water Extraction Managemknt System 
(GEMS) database, using the follo&ng 
fomula: 

Imt.acru ( ~ c ) r A p p l u d  wour per acre (4 I acre) 
rd wen I 

Amogr wrll pr&,lion(o/) 

Column (2) of Table 3-2 shows the  
estimated percentage of wells with 
performance impacts. The estimates of 
affected wells are derived from the  
comparison of simulated ground water 
levels with well construction infdnnation 
as dixussed in Section 1. As summarized 
in Appendix C, Table C-1, the a f f ~ t e d  
wells are divided into two groups: those 
needing replacement with new wells a n d  
those needing modification. T h e  
distinctions were made based on more 
detailed comparisons between monthly 
ground water elevations . and well 
perforations. For detailed discussion, 
please see Section 1, Hydrologic Benefits 
Analysis. The results shown in Appendix 
C, Table C-1 are for the hydrologic 
subareas and are applied to all ESUs "- within the subarea. The relationship 
between hydrologic subareas and ESUs 
are shown in Table 3-3. 

Column (3) of Table 3-2 is the product of 
columns (1) and (2). It shows the 
estimated number of affected wells, 
divided into the number of new and 
modified wells required. 

Column (4) presents the total annual 
avoided cost of drilling new weUs a n d  
modlfying wells for each ESU. Column (5) 
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TABLE 3-2 
Annud Avoided Wall Cost From Drilling New 

Wafts or MedlwIng W e b  By ESU 

TABLE 5.3 

Hydrokgk Subpresa utd Ecanomk Study Unlta (ESU) 

Econornlc 
Study Unlt 

(ESU) 

1 

2 

3 

5 
6 

7 

8A 

80 

9 

10 
NOTE 

shows irrigated acres and column (6) As shown in Table 3-2, all affected wells 
presents avoided wed costs per irrigated in ESUs 9 and 10 would require 
acre. The detailed calculation for the replacement with new wells or drilling of 
avoided cost of drilling new wells is additional wells to supplement existing 
illustrated in Table 3-4 for ESU 9. Similar well production. The avbided cost of 
calculations were made for other affected constructing new wells is estimated to be 
BUS. 

1. T o W m r r O B I o ( w o l , ~ e d o n b r s t r d  Q L L S ~ ~ ~ w ~ ~ d a t r . ~ g o u n Q w a l a r p m O o d M d ~ e d o a e r ( ~ s d a a . ~  
Unar applbd warn pcr o w  dMd8d Oy avape M pmbdlon). 
2 ~ o n S V Y 3 Y * ~ s m T a b l s 1 5 .  
3. ~ d ~ n ~ - ~ a ( . ~ r C o L i  
4. AU uWadcd wb h ESU I to ESU 8 would be rsgufedlo k*rer bow ontj.The avoidad cosl tor laromq bw& i s  65.000 per we4 md Iho cosl k 
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TOW 
Number o l  

Wdls ' 
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241 
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160 
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112 

nt 
60 

Hydrobgk Subuu 

Presnuu Sllbarea 

East Slde Subarea 
Forebay Sthama 

Upoer Vdley Subarea 
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. ESU 

1.3.5 

26 

7.8A.88 

9.10 
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TOW Annual 
Avoided PI1 

Cosl 

1980 

St.282 

11,041 

$917 

$710 

$0 

to 
to 

~68,337 

116.531 

(2) 

Percentage ol  Anasled 
Wells ' 

Ncrr 
Wdl 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

8.0% 

8.0% 

(3) 

Number O l  A,necled 
Wells 

(5) 

Avetage Annual 
lnlgated ~ u e d  

17.981 

Modified 

1.6% 

12% 

1.6Y. 

1.6% 

12% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

New 
Wed 

0 

0 

0 

0 

0 

0 

0 

0 

P 

5 
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Averwe 
Avolded Well 

Cost Par 
lnlgated ~ o e '  

(f 1 

$0.05 

$0.06 

ModiRed 
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3 
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$2.1 1 per acre in ESU 9 and $1.80 per acre intrusion by ESU. Additionally, when a 
in ESU 10. well is lost to seawater intrusion, the land 

owner will try to locate a replacement 
The detailed calculation for the avoided as far inland the intNded 
cost of modifying wells is illustrated in the property boundary This Table 3-5 for ESU 1. Similar calculations situation sometimes result in the 
apply to the other ESUs. need to extend irrization lines to t h e  
As shown in Table 3-2 all affected weUs in replacement well. %e additional costs 
ESUs 1 through 6 would only require for extending the irrigation line system 
lowering bowls. Based on calculations has not been included in this analysis. 
similar to those made for ESU 1, the Seawater intrusion under historical ' a n d  
avoided cost of modifying weUs is "without reservoirs" conditions occurs 
estimated to be about.4 to 8 cents per acre only in ESU 1 (See Section 1, Hydrologic 
among the ESUs. Benefits Analysis). An actual count of 

irrigation wells that would have been 
Avoided Well Cost from Seawater affected by seawater intrujion without t h e  
Intrusion reservoirs was not possb~e because field 
The third category of water supply inventories of existing wells have n o t  
economic benefits includes the avoided been performed on a regular basis. 
costs for wells that would have been Therefore, an alternative method of 
replaced in the absence of the reservoirs ' 

estimating the number of affected wells 
due to seawater intrusion. Table 3-6 was developed and is discussed below. 
shows the estimates of the annual 
avoided well costs due to seawater 

TABLE 34 

Dctrtled Cdculatlon of AvoMod Coat of W(lting New Web:  ESU 9 
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TABLE 3-5 
Detdled Cakuiation of Avoided Cost of Modityhg Wells: ESU 1 

Column (1) of Table 3-6 shows an 
estimate of additional irrigated aaes that 
would have been affected by seawater 
intrusion without the reservoirs. The 
acreage is shown for two aquifer layers: 
the Pressure 180-foot Aquifer, and the 
Pressure 400-foot Aquifer (for definitions 
of aquifer layers, see Seaion 1). These 

4 acreages were derived in two steps. First, 
seawater intrusion areas under "with" 
and "without reservoirs" conditions were 
estimated by SVIGSM. The difference of 
the two areas, called the intrusion band, 
was defined as the project benefit (or 
avoided cost ) area. Second, the extent of 
the band in each layer was used as input 
in GIs, to estimate the irrigated acreage 
within the band. 

Numbec of we08 requiring lowoted bourlJ 

Average w d  age (yeus) 

~uumed ~ 4 a  IHO (years) 

Cost d lowdng bowls (SWelll 

A M W  cat d lowering bowb 

Annuaszed cod 

lnigated eerpr 

Annual avdded cost p r  aElo (Ueao) 
v 

Column (2) of Table 34 shows average 
applied water for truck aops in the band. 
Truck mops were chosen because they 
represent most of the inigated acreage in 
the seawater intrusion area. 

Column (3) shows the average well 
production based on idonnation 
provided from GEMS. Column (4) shows 
the estimated number of wells that would 
have been affected. It was estimated as 
column (1) times column (2) divided by 
column (3). 

NOES: 
l.AvemQowcl.gokbamdanMorlcMtWRA*ePEomlnrtlon&la. 

,2Baredoota*ghOMsuwwmsuls~h*ppendbrC.Tp#gG3. 

a .  

b 

O .  

d 

e a a*d 

f P e *(0.102) 

(8% C-b = 20 years) 

B 
h ~ V g  

Column (5) presents total avoided well 
costs due to seawater intrusion, and 
column' (6) shows total irrigated acres. 
Column (7) shows avoided well cost pe r  
acre, which is column (5) divided by 
column (6). 

1 
2 

3 0  

50 

SS.OM1 

S10.000 

Sl.oZo 

17.981 

$0.06 

The detailed calculations of the annual 
avoided well cost due to seawater 
intrusion in the Pressure 180-foot Aquifer 
for ESU 1 is shown in Table 3-7, and for 
the 400-foot Aquifer is shown in Table 3- 
9. 

Summary of Water Supply Benefits 
A summary of the water supply economic 
benefits by ESU for the three categories of 
water supply economic benefits is 
ptesented in Table 3-9. A direct sum of all 
three categories of benefits in ESU 1 is not 
conceptually consistent because the  
benefits due to seawater inhusion are 
only through 1994. Overall benefits for 
ESUs 1,8& 88, and 10, are all under $5 
per aue, and are substantially smaller 
than other ESUs. ESU 5 has the highest 
avoided cost of $14.20 per acre while the  
cost for ESU 7 is $11.00 per acre. All other 
ESUs have similar benefits, falling in a 
range just under $10 per acre per year. 
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TABLE 3-6 

Annual Avolded Wetl Cost Duo to Seawala Inburion By ESU in 1994 
p~ - -  
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TABLE 3-9 

Summary of Wota  Supply Benofils by ESU 

FLOOD CONTROL BENEFlTS 

E~nOmic ShIdy 
units (ESU) 

1 
2' " 

3 

4 

5 

6 
. 7 .  . 

8A 

88 

9 

10 

11 

Flood control benefits are estimated for 
two categories: prevention pf agricultural 
damages, and prevention of damages to 
buildings and structures. The detailed 
approach and results from the analysis 
for each of the two categories are 
discussed below. 

Prevention of Agricultural Damages 
The estimates of historical flood control 
benefits for agriculture are based on (1) 
increases in net farm income, and (2) 
reductions in the costs for the repair of 
flood damages. The increases in net farm 
income were measured wing information 
from aop budgets and historial floods. 
Repair costs indude g r a w  leveling; 
sediment and ' debris removal; and 
replacement or repair of damaged 
'higation equipment, wells, and ather 
farm equipment. The benefits from 
avoided repair costs m r  both on (1) 
lands not flooded as a result of the 
reservoirs, and (2) lands flooded in either 

case, but with a reduced water velocity 
and duration of flooding with the 
reservoirs,. and (3) lands flooded less 
frequently due to the reservoirs. 

SuwaIar lntruslon In 
1994 

Avoided Annualized Well 
Cosl Pet Aere 

$13.43 

0 

0 

nlo 

0 

0 

0 

0 

0 

0 

0 

nla 

Ground wolcr Level Increaser 

Figure 3 shows a hypothetical 
floodplain under "with" and "without 
reservoirs" conditions to illustrate some 
of the factors considered in the analysis. 
Farm income benefits were measured for  
the areas that would not be flooded 
because of the protection provided by the 
reservoirs (represented by last bar of 
shaded area in Figure 3-1 designated as 
the "incremental area flooded"). Avoided 
cost of repair benefits were measured for 
the entire floodplain above the river 
channel. As discussed in Section 2, flood 
benefits are realized only within the flood 
zones of the Salinas River in each ESU, 
not over the entire ESU. These flood 
zones were designated as FSUs and are 
shown in Figure 2-5. Therefore, the 
economic benefits from flood control 
determined in this section are also 
calculated on an FSU basis. 

A M U ~  Avoided Pumping 
Cost P a  Aae 

s2oe 
9.18 

8.12 

nla 
14.20 

9.74 

11 .a0 

3.59 

4-31 

829 

1.45 

nla 

MONTGOMERY WATSON 

Annual Avdded W d  

Cort Pw Aae 

U1.m 
0.08 

0.08 

rJa 

0.05 

0.04 

0 

0 

0 

2.1 I 

1 .80 

nla 
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Area Flooded 

Incremental 
Area Flooded 
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Velocity '., '.. \ 

\ . .. 

flooded by 100 Year Flooded by 100 Year 
Event With Project Event Without Project 

Figure 3-1. 
Important Factors to Consider in Flood Control 
Economic Evaluation 
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Physical Data Inputs 
The following hydrologic, acreage, and 
flood frequency information was used in 
the analysis. 

1. Area flooded and crop mix for a 25- 
year flood event "with" the 
reservoirs, and the exceedence 
frequency "without" the reservoirs 
for the same flooded area, crop mix, 
and flood flow. 

2. Area flooded and crop mix for a 100- 
year flood with the reservoirs, and 
exceedence frequency without the 
reservoirs for. the same flooded area, 
crop mix, and flood flow. 

3. Area flooded and crop mix for a 100- 
year flood without the reservoirs, 
and exceedence frequency with the 
reservoirs for the same flooded area, 
crop mix, and flood flow. 

4. Channel capacity with levees in cfs 
and the exceedence frequency of this 
flow with and without the resenroirs. 
No irrigated aaeage b flooded at a 
flow less than this amount, so this 
item provides an additional 
frequency-acreage data point for each 
scenario. 

For each of two scenarios (with and 
without reservoirs) data items 1 through 4 
provide four exceedence frequencies and 
acreage points used to estimate annual 
average acreage flooded. The crop mix 
from the 100-year flood are. was used to 
identify representative crops for the 
estimates of lost income. The crop ri\ix 
was determined using the 1995 GIs land 
use data provided by MCWRA. 

Two additional physical data inputs were 
used to estimate the repair costs for flood 
damages. 

5. Erosivity of land in the 100-year 
floodplain "with" reservoirs was 

provided for cross sections of t h e  
floodplain on Salinas Valley base 
maps in colorcoded form. This 
information was provided for  
conditions with and without t h e  
reservoirs. The difference between the 
with and without conditions accounts 
for the benefit of reduced velocity of 
water over lands flooded. T h e  
acreage of any land that changed in 
erosivity between the with a n d  
without conditions was estimated a s  
the amount of average length of cross 
section that changed, times half of t h e  
distance between the two adjacent 
cross sections. 

6. Erosivity of the additional land 
flooded in the 100-year floodplain 
under without reservoirs conditions 
was provided for cross sections of t h e  
floodplain on Salinas Valley base  
maps in color<oded form. The 
acreage of any medium or high 
erosivity acreage was estimated as t h e  
length of the medium or h igh  
erosivity cross section times half t h e  
distance between the two adjacent 
cross sections, and the area of l o w  
erosivity was estimated by subtraction 
from the total change (without 
reservoirs minus with) in flooded 
acreage. The methodology for 
determining the total change in 
flooded acreage is discussed in Section 
2 

Farm Income Losses 
Crop production losses occur during 
flooding because (1) a crop in the ground 
is destroyed or diminished in value, or  (2) 
a crop cannot be planted. Economic data 
on loss per a m  flooded were developed 
from information provided by the 
Monterey County A g r i ~ l t u r a l  
Commissioner (MCAC), C a l i f o h  
Department of Food and Agriculture 
(CDFA), the University of California 

MONTGOMERY WATSON 
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Cooperative Extension Service (UCCES), 1985 through 1995 average revenues p e r  
the U.S. Bureau of Reclamation (USBR) acre for head lettuce, leaf lettuce, and 
and discussions with local growers. cauliflower (MCAC 1985-1995). UCCES 

Crop m u  dab were provided by the 
County. A comparison of the crop mix 
for the areas flooded under conditions 
with and without reservoirs is presented 
in Table 3-10. Since over 90 percent of the 
acreage flooded is devoted to truck crops, 
the greatest of attention was given to this 
crop category- 

(1992) provided crop production costs f o r  
lettuce. No representative c rop  
production cost data were available for  
Monterey County. Costs for leaf lettuce 
and cauliflower were developed from 
commercial crop production cost data for 
Ventura County crops (uccES' 1990) a*d 
organic costs of production budgets. for 
the central coast (UCCES 1993). 

Growers were intentiewed to identlfy 
truck crops that would typically be grown 
at the time of flooding. MCAC provided 

TABLE 3-10 

Crop Mix of Area flooded. Wlh" m d  Wlmour Resewolrs 
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The income lost for crops depends upon 

a the area damaged and how long it takes 
to bring it back into production. 
Interviews with growers were the basis of 
estimates used in the analysis. In FSUs 1 
through 3,90 percent of the flooded land 
was damaged, and 95 percent was 
damaged in all other FSUs. Ten percent of 
the damaged land can be repaired in time 
for planting or replanting annual, cool 
season crops. This information was 
provided by a sample of growers based 
on their experiences with the 1995 floods. 
The 1995 flood in the Salinas Valley was 
slightly in excess of a 100-year flood 
went, but provides a representative basis 
for estimating damages that would occur 
during a 100-year event. No cost data 
were available for any crops except truck 
crops, so costs for other annual crops 
were developed using data provided by 
the CDFA and the USBR (1992). For 
vineyards and orchards, average damages 
from historical floods were used as 
reported to CDFA for these crop types. 

Table 3-11 shows the IosseS per acre for 
cool season and perennial crops. For cool 
season crops already planted, there is an 
additional loss for the amount of money 
invested in the a o p  at the time of the 
flood. This cost is estitnated.to be $100 per 
acre for grains and field crops and 8300 
per acre for vegetables (truck crops). The 
amount of land planted at the time of 
flood was obtained from SVlCSM 
documentation . (Montgomery . Watson 
1996) as the average percent land in 
rotation m December (10 percent) through 
March (60 percent). 

is $1,000 per acre in FSUs 1 and 3; $800 
per acre for FSUs 2, 4, 5, and 6; $600 per  
acre for FSUs 7, and 8A and 88; and 8400 
per acre for FSU 10. These costs a r e  
accounted 'for in column 4 ("Increased 
income") in Table 3-15. 

Agricultural Repair Costs 

Agricultural repair costs are those 
incurred to return the land and i t s  
amenities to their pre-flood condition. 
Important repair costs in the Salinas 
Valley, based on information from t h e  
1995 floods, include debris and sediment 
removal, grading, leveling, clearing of 
ponds and sediment basins, recovery o r  
replacement of irrigation systems, repair 
or replacement of wells, and levee repairs. 

Most damages from the 1995 floods w e r e  
eligible for cost sharing by the Emergency 
Conservation Program (ECP). The ECP is 
administered by the U.S. Department of 
Agriculture (USDA). Data on all damages 
claimed were provided by the Farm 
Service Agency (FSA) office in Salinas 
(USDA' FSA 1997). Farmers could claim 
compensation for four specific practices: 
debris removal (ECI); grading, shaping, 
or releveling (EC2); and underground 
pipeline replacement, dredging of ponds,  
and waste storage (EC3 and EC4). D a t a  
were provided by the USDA in the f o r m  
of a farm identification number, the 
practice claimed, the amount paid, and 

... the share of total costs paid by the 
*- government. The total cost for e a c h  

practice was estimated from the c o s t  
share and the amount paid. About half of 
the data were used to create a sample, 

The share of damaged land that cannot be 
and subsamples of the data were checked 

repaired in time for summer aops was 
to ensure that the total sample w a s  

estimated from information provided by 
representative. 

growers. This share, estimaied to be 5b Table 3-12 shows some characteristics of 
percent, incurs an additional loss the data. Grading, shaping, or r e l evebg  
calculated as gross income minus variable accounted for much of the economic cos t ,  
costs for each crop that would have been and less than 1 percent of the acreage d i d  
grown in the summer rotation. This cost 
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not report ECZ About 65 percent of the 
acreage did not report ECI. Figure 3-2 
shows the cumulative distribution of EC2 
costs per acre reporting. Average EC2 
cost per acre reporting was $509, and total 
average cost including EC1, EC2, EC3, 
and EC4 was $627 per acre. 

The ECP does not cover costs of fringe 
benefits, above-ground irrigation systems, 
well or levee repairs, or costs of other 
farm equipment (other than underground 
pipe) damaged or lost. Average irrigation 
system and well losses were obtained 
from growers and totaled $99 per acre. 
Costs of levee repairs under Public Law 
84-99 were estimated by the Corps to be 
about $1.5 million (Wan 1997). With 
about 22,000 acres flooded the cost per 
acre was about $68. It is believed that 
many individuals did not report their 
levee repair costs. To account for fringe 
benefits and other uncovered and 
uncounted costs, 20 percent of ECP costs 
were added to the total. On average, 
repair casts per damaged acre in the 1995 
floods were estimated to be $920. 

These data were applied to the analysis as 
follows. Data for land aaeage of low, 
medium, and high erosivity was 
delineated and classified in Section 2 of 
this report. It was assumed that land in 
the medium erosivity category would 
require the average cost per aae  ($920) to 
be restored to its pre-flood condition. 

T '  additional acreage flooded in the 
"without reservoirs" condition is 20 
percent of the total flooded acreage for the 
100-year "without reservoirs" event. This 
acreage should have a lower-than-average 
repair cost because it represents land on 
the border of the floodphiin where flow 
velocity, depth, and duration are less than 
average. From the 1995 ECP data, the 
average EC2 cost per acre for the lowest- 
cost 20 percent of acreage was $116, as 
compared to the total average of $509. 

MOHTGOYWY WATSON 

Expanding for all types of repair costs 
gives an average cost per acre of 1210 
((1 16/509)920). This repair cost would be 
used as the average cost on low erosivity 
lands that are damaged, except that the 
percent increase in area flooded is different 
by FSU. Therefore, land repair cost per 
acre on additional lands flooded increases 
with the share these lands made up of all 
lands flooded. 

Some land in FSUs 1,7 and 9 is classified 
as highly in the without resewoirs case 
erodible. It is assumed that half of this 
land would be lost and half would pay  
the highest repair cost per acre. From . 
Figure 3-2, $2,800 is used as the repa i r  
cost. The value of land is estimatd to be 
$8,000 per acre in FSU 7; and $4,000 per 
acre in FSU 9. Therefore, the costs p e r  
acre flooded are $9,000 ((16,000 + 
2,000)/2); $5,000; and $3,000, respectively. 
Land values were estimated from annual 
surveys published by California Farmer 
(Thompson 1997) and local sources- 

Table 3-13 shows results in terms of 
additional acreage flooded in the 100-year 
floodplain, for without reservoirs 
conditions, by erosivity category and cost 
per acre by FSU. Most of the additional 
aaeage flooded is in the low erosivity 
category. The average repair cost per acre  
of low erosivity additional land flooded 
differs by FSU, from a minimum of $83 in 
ESU 1 to $372 in FSU 3. Total cost per acre  
of additional land flooded varies from $83 
to $471 per acre. Lowest costs per acre are  
in FSU 1 because less of the additional 
flooded land is damaged, and none of the 
additional land is classified as medium or 
highly erodible. 
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TABLE 511 

Farm Income Losses on AddiUonal Acreage Flood ~ a m r q e d  

(tn dollars per acre) 

TABLE 3-12 

C ~ P  
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$350 
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Flood 

100% 

Slw 

W 

so --  

0100 

3o.h 

30Y. 

100% 

30% 

4 1oOV. 
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TABLE 3-13 

Erosivity and Repair Costs for Addltlond Acreage Flooded Without Reservoirs, 
(10QYou Event) 

The analysis counts additional damages 
on lands flooded even with the reservoirs 
because of inaeased velocity of water 
without the reservoirs. The physical data 
counts the change in the amount of land 
in the medium and high erosivity 
categories. The per-aae costs of these 
changes are merely the differences 
between the per acre costs established for 
ea& erasivity category for each FSU. In 
FSU I for example, the loss for land that 
increases from medium to high erosivity 
is $8,080 ($9m - 6920). 

Results for the 100-year event are shown 
in Table 3-14. Dour costs per acre are 
largest in FSUs 1 .and 7, where some land 
changes from medium to high erosivity. 
Additional damages due to increased 
erasion without reservoirs for each ac re  
that is flooded averages $99. 

Table 3-15 shows results of the analysis in 
tenns of average annual acres flooded 
with reservoirs, additional aaes flooded 
without reservoirs, and total economic 
benefits. Average annual aaeage flooded 
can be calculated h m  inputs 1 through 4. 

UOHlCiOMERY WATSON 1-16 

AR 07135 
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Figure 3-2 

Cumulative Distribution of Costs Per Acre for ECY Practices under the Emergency 
Conservation Program, 1995, Monterey County 
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TABLE 3-14 
Inue?led Eroslvlty of Lrnd h 100.Yeu Ftoodplrin with Reservoirs m d  Assoclrtod Costs 

Total benefits of the reservoirs over all 
regions are estimated to be about $5.5 
million on an annual average basis. Most 
of the benefits, about $4.2 million, come 
from farm income. Reduced repair costs 
account for $1.1 million, and reduced 
costs on lands flooded even with 
reservoirs account for $200,000. FSUs 5 
and 9 each account for just under one- 
quarter of the total benefit. 

ESU 

1 

2 

3 

4 

5 

6 

7 

8 A 

80 

9 

10 

11 

Total 

Prevention of Damages to Buildings 
and Structures 

The second category of flood control 
benefits is the prevention of damages to 
buildings and shuctures. This section 
contains a description of the methodology 
used, the building inventory, and the 
benefits by FSU. 

Methodology 
The FEMA Riverine Benefit Cost Module 
(FEMA 1996) was used to estimate the 
flood control benefits of Nadmiento and 
San Antonio Resemoirs. FEMA uses this 
model to evaluate flood control projects 
submitted for funding under the Hazard 
Mitigation Grant Program (Section 404) 
and the Response and Recovery Program 
(Section 406) of the Stewart Act. 

GIs: Acreage 
In 100-yr 

FloodpWn 
10.867 

0 

2.886 

r h  

5.430 

nla 

2.646 

248 

2756 

4.014 

1.515 

nla 

30.327 

s' Estimating flood control benefits using 
the FEMA Riverine Benefit Cost Model 
requires numerous data parameters. 
Because the FEMA model is a 
probabilistic-based procedure, the flood 
risk needs to be qualified. Traditional 
hydrology and hydraulic analytical 
procedures were used to estimate 
discharges and flood elevations for the 10- 
year, myear, 100-year, and 500-year 
frequency floods by reach for the "with" 
and "without reservoirs" conditions. 
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TABLE3-15 ' ' 

Economk Benefits from Prevention 01 Agrtcultur.l Damage by ESU 

The resulting elevations are shown in 
Appendix C, Table C-7. 

Further information on the methodology 
used to estimate flood control benefits 
from the prevention of damages to 
buildings and structures is presented in 

. . Appendix C. 

t 

FSU U 

1 

2 

3 

5 

7 

8 A 

80 

9 

10 

TOTAL 

Uaao 

1. 

Building Inventory 
The number, location, and size of 
buildings and structures lying within the 

2 Calwnn 1 mulliplled by oosb per ope b a  ToMe 3-14. 

3. Average I8 weighted by p r o M t y  of Mo&g wtmcut resenrolrs. 

4. Avoidedrepai arts  equal to cohunn 3 rnuQhd @ werage costs per nae from Table 3-13. Increased iname equals column 3 
multp9ed by a w e s  not hcomo 1055 ol mh ol aopr in FSU. 

5. Cdumn 5 oqwls the sum of avoided rap* costa ~d incrsasednet fnocmatrom C d m  4 divided by tho meago of Cdumn 3. 

6. Colwnn6=Col2+Cd.4. 

(1) 

Annual Avg 
Acres Flooded 

with ~eservoic.' 

43 1 

12 

201 

720' 

317 

18 

334 

257 

61 

2346 

Average is wsighted by 

(2) 

Avoided 
Erosivity Costs 

en These 
~cro r '  

(In thousands 
af 5) 

$60.6 

SO0 

116.3 

5352 

n i . 1  

$0.0 

525.0 

$10.7 

50.7 

$210.6 

S932 

pfob&?ily 01 

100-year floodplain without the reservoirs 
were estimated using USGS quadrangle 
maps of the valley and visual inspection. 
The 100-year floodplain without 
reservoirs represents the area being 
protected by the flood control project. A 
total of 1,118 buildings and structures 
were identified as being located in the 
study area (Table 3-16). Total flood area of 
the buildings is more than 2 million 
square feet 
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t1.soa 
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Tow Economic 
Bene t id  

fin thousands 
o t  S) 

$771.6 

543.2 

5627.2 

$1.270! 

$734.6 

539.2 

$502 

$1.222.3 

S 299.5 

S5.S 10.9 

I n a w e d  
tnsome 

6637 

so0 

tP72 

$945 

$456 

$34 

$403 

$994 

$227 

'54.208.1 

$1.020.3 
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Table 3-16 
Buildings and Structures Located in 10Gyear 

. "" " 
Indusbiaf. Light 8 
Primafy Sewage Treatment Plan! 1 
Residence. 1 slary wlo basmen! 405 405,000 
Reridence. 2 slocy wh basement 120 240.000 
crkml a1 sa m 

4 rntrastiwF 
Fann ShopEtar,, 
ResWence. 1 stccy w/o hasement 112 
Residema, 2 story wlo basmmt I t 
FSU ST- 125 

FSU 7 

. -- .- 
F m  shopmac3ge 
Res#ance. 2 slay wlo basement 
FSU 10 Totels 
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Almost half of the total buildings are 
located in FSU 3, and 97 percent of those 
are residential structures located mostly 
in the City of Salinas and the town of 
Spreckels. The industrial area of Spreckels 
comprises about 440,000 square feet of 
floor space. 

The City of Castroville is located in FSU 1 
and a substantial portion of the 
residential, industrial and business 
buildings are located within the 100-year 
floodplain without the reservoirs. Most of 
these buildings were flooded during the 
1995 floods. A recently constructed 
greenhouse of approximately 190,000 
square feet is located in the floodplain 
adjacent to Castroville. 

The remaining buildings inventoried are 
located in FSUs 5, 7, 8A, 8B, 9, and 10, 
with only 29 buildings located in the FSUs 
7 through 10. FSU 2 is located in the 
extreme northeast portion of the valley, 
and most of the area within the floodplain 
serves as seasonal rain and irrigation 
drainage channels and it is not used for 
buildings or structures. 

Flood Control Benefits to Buildings and 
Strudures 

Flood control benefits are estimated by 
subtracting the expected annual damages 
and losses with the reswoirs fnnn the 
expected annual damages and losses 
without the reservoirs. 

Expected annual damages and losses 
without the reservoirs are estimated at 
S .7  million (Table 3-17). About 80 p e m t  
of this amount represents physical 
damages. C o n k s  damage is double the 
estimated structural damage, .which is 
common when a substantial amount of 

damages and losses. Income and public 
service losses are less than 1 percent of 
the total damages and losses. 

FSU 1 has large expected annual damages 
and losses relative to FSU 3 even though 
FSU 3 has more buildings and floor area. 
FSU 1 is situated in the lower elevations 
of the valley and subject to greater flood 
damages. 

Expected annual damages and losses wi th  
the reservoirs are estimated at $1.2 
million (Table 3-18). This represents more 
than a 77 percent reduction in damages 
and losses. ' As expected, FSU 1 is the  
largest beneficiary of flood control wi th  
respect to preventing damages and losses 
to buildings and structures. Because a 
flood control project restricts high water 
flows, it will. be the most effective in 
preventing damages and losses in the 
lower elevations of the valley. 

Table 3-19 summarizes the annual 
benefits accrued from protecting 
buildings and structures. These economic 
benefits are calculated by subtracting t h e  
damages and lost incomes and services 
"witha the reservoirs (Table 3-18) from 
those "without" reservoirs (Table 3-17). 

OTHER UNQUANTlFlED BENEFITS O F  
THE RESERVOIRS 

The Historical Benefits Analysis estimates 
,- annual benefits produced by the existence 

of the reservoirs given their historical 
operation. This report quantifies only 
those benefits for which idonnation 
exists or can reasonably be estimated. 
Additional benefits may occur from the  
reservoirs that have not yet been captured 
by water users or cannot be easily 
quantified. 

the buildings are used for indusk1 and Ground water can be valued both as a 
processing uses. Relocation costs resbwce stock (or inventory) and as a 
comprise almost 20 percent of the total flow of benefits to users of the resource. 
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Table 3.17 

mmages and Lost Incomes and Sorvices WPhout R O S ~ N O ~ ~ S .  Sallnas Valley 

Table 3-1 8 

Damages and Losl lncomos and Sarvicos With Reto~olrS, Salinas Volley 

Economlc 6amms OI mood control for euud(ngs and ~lrudunr, sales vdky 

, z .  so YI SfJ YI( w 1 w 
J S229,Wl S737.W SZ56.S t9.716 f2905 S lSCn 
4 &'A NIA WA WA WA WA 
s wm L28832 s w s105.91s 
6 PYA WA WA WA WA tUA 
7 11546 ttee S 7 S  $0 $0 $3.081 
LI rn m l cn m I m 
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Over time, the inventory value becomes 
converted to a flow value as the resource 
is used, although it also can be partly or 
fully renewed. When valuing the ground 
water resource it is important not to 
double count by adding the flow and the 
stock value. The approach of the HBA has 
been to estimate the annual flow of 
benefits associated with ground water 
conditions with and without the 
reservoirs. 

Ground Water Quality Benefits Outside 
the Intrusion Area 
Two components of ground water quality 
effects are possible. The avoided cost in 
the seawater intrusion area has been 
estimated as described above. In other 
parts of the valley, potential 
improvements in ground water quality 
due to operation of the reservoirs are 
more difficult to assess. Because the 
ground water model used for the HBA 
does not yet have the capability to 
simulate movement of water quality 
constituents, the economic benefits of this 
component cannot be quantified. 

Value of Good Quality Ground Water in 
Storage 

An inaease in stored ground water 
provides annual benefits to water users in 
the fonn of avoided pumping and well 
costs, as estimated above However, the 
resenroirs have created a ground water 
condition that is better than the "without 
reservoirs" condition. Some benefit of this 
condition will be caphued by water users 
in the future, in the fonn of lower 
pumping costs. Part of the benefit of 
current operation of the reservoirs carries 
over into future yeais, and will continue 
to do so even after the reservoirs' useful 
operational life is over. Therefore, ending 
the Historical .Benefits Analysis at any 
point in time fails to account for this 

future value. For purposes of comparing 
a ~ u a l  benefit to an annual assessment, 
this approach is appropriate, because 
over time ail of the benefits are realized. I f  
the Historical Benefits Analysis is 
updated next year, some of this year's 
carryover benefit would be captured in 
the analysis, and some benefits will 
continue to be realized long after the 
resenroirs are no longer operationaL 

In addition, the reservoir operations will 
extend the useful Life of the ground water 
aquifer. At some future time, fresh water 
may no longer be found by drilling 
deeper, and that time is more distant with 
the reservoirs than without. The present 
value of this difference has not been 
quantified in this analysis, but is believed 
to be small. 

Value of the Ground Water Basin for 
Storage and Distribution 
If seawater intrudes into an aquifer, that 
portion of the aquifer is lost from future 
use as a storage reservoir and as a way to 
dismiute stream recharge. One approach 
to estimating the cost of seawater 
intrusion is to calculate the cost of 
replacing this storage and distribution 
system -with a surface system. This 
approach is an alternative to the approach 
.we have taken in this report, which is to 
calculate the avoided cost of drilling 
deeper wells. When water users are 
facing the loss of a usable aquifer to 
intrusion, two response options are to 
abandon the ground water and construct 
a d a c e  water system, or .to drill new 
wells to tap a deeper aquifer. Water users 
would not do both concurrently. To 
calculate the cost avoided of both 
approaches and add them together would 
double count the benefit of reduced 
intrusion. Building a surface storage and 
distribution system is a higher-cost 
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alternative approach to the one we have 
chosen in this analysis. 

Value of the Reservoirs as  Insurance 
against Rainfall Variation 

An important purpose of reservoirs in 
California is to moderate and reduce the 
variation in water supply over the years. 
The Historical Benefits Analysis 
conducted using the SVIGSM has 
estimated the historical sequence of water 
availability with and without the 
reservoirs. It therefore provides a 
retrospective numerical description of the 
difference ih water supply variability with 
and without the reservoirs. The analysis 
does not capture the additional value of 
avoiding future risk. Water users are 
generally willing to pay something to 
avoid risk, a value economists call the risk 
premium. The magnitude of the risk 
premium depends on how much the 
variability of supply is altered by the 
dams and on the water users' risk 
preferences (how averse to risk they are 
and therefore how much they are willing 
to pay to avoid it). Risk preferences have 
not been estimated in this study, so the 
value of avoiding future risk is 
acknowledged but not quantified. 

Recreation and Environmental Benefits 

Nacimiento and San Antonio Reservoirs 
provide opportunities for boating, fishing, 
and general recreation. Economic benefits 
as a mult of these recreational 
opportunities a c m e  to local business as 
well as reaeationists. The reservoirs also 
provide a variety of environmental 
benefits by enhancing the habitat for fish, 
wildlife, and vegetative species. The 
distribution of these recreational and 
environmental benefits, however, are not 
restricted to any specific ESU, but can be 
spread equally throughout the Valley. 
Therefore, recreational and environmental 

benefits are not quantified in the HBA 
because they are equal for all ESUs. 

Other Indirect Benefits 

The construction and operation of 
Nacimiento and San Antonio Reservoirs 
has brought about indirectly, other 
intangible benefits to the agricultural and 
urban economy of Salinas Valley. 
Included are increased land values, 
employment opportunities, and tourism. 

J 
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Section 5 

a Glossary of Terms 

100-year flood.' A 100 year flood is that which has a possibility of occurrence of 1 
percent, i.e., there is a I percent chance each year that this magnitude of flood will 
occur. 

Acre-foot. The quantity of water required to cover 1 acre to a depth of 1 foot. Equal to 
1,233.5 cubic meters (43,560 cubic feet). 

Alluvium. A general term for clay, silt, sand, gravel, or similar unconsolidated 
material deposited during comparatively recent geologic time by a stream or other 
body of running water as a sorted or semi-sorted sediment in the bed of the stream or 
on its floodplain or delta, or as a cone or fan at the base of a mountain slope. 

Applied water. The quantity of water that is supplied to agricultural fields to meet 
irrigation water requirements delivered to the intake to a city's water system and the 
farm headgate, the amount of water supplied to a marsh or other wetland, either 
directly or by inddental drainage flows. 

Aquiclude. A saturated, but poorly permeable bed, formation, or group of formations 
that does not yield water freely to a well or spring. However, an aquiclude may 

d transmit appreciable water to or from adjacent aquifers. 

Aquifer. A formation, group of formations, or part of a formation that contains 
suffiaent saturated formations to alter the formation physically to improve its 
hydraulic properties. 

Boundary flows. Defined in SVIGSM as subsurface flow entering the main ground 
water basin from the surrounding watersheds. 

Drawdown. The distance between the static water level and the surface of the cone of 
depression. --,. - 

L 

Electrical Conductivity. A measure of the ability of a solution to conduct an electrical 
current which, in the case of water, can be related to the concentration of dissolved 
solids. 

Erosivity. The susceptiility of an area to loss of land or soil cover due to scouring by 
water. 

Erosivity index. In this study, a qualitative and relative measure of the susceptibility 
of an area to loss of land or soil cover due to scouring by water. 



Section 5 - Glossary of Terms 

Exceedence (probability). The statistical likelihood that a particular value will be 
exceeded. 

Floodplain. The surface of strip of land adjacent to a river channel, constructed by the 
present river and covered with water when the river overflows its banks. 

Hydraulic gradient. The rate of change in total hydraulic head per unit of distance of 
flow in a given direction. 

Minimum pool. ?he minimum storage below which the reservoir is not typically 
operated. 

Overbank. The area outside the river channel, where flood damage typically occurs. 

Overbank velocity. The velocity of flood flows in areas outside of the river ch-1. 

Percolation. The act of water seeping or filtering through the soil without a definite 
channel. 

Permeability. The property or capacity of a porous rock, sediment, or soil for 
transmitting a fluid; it is a measure of the relative ease of fluid flow under unequal 
pressure. * Pump bowl. The impeller housing assembly in vertical turbine pumps. 

Recharge. The addition of water to the zone of saturation; also, the amount of water 
added. 

Roughness. The surface characteristics of the stream channel which affect flow within 
the channel. 

Runoff. The component of flow over the land surface as a result of precipitation. 

Scenario damages. The expected damages per flood 0f.a given flood depth at a building or 
Structure. 

Seawater intrusion. The phenomenon occurring when a body of seawater invades a 
body of fresh water. It can occur either in surface or ground water bodies, but is 
limited to the invasion of ground water in the focus of this report. 

. . 
Siltation/Sedimentation. The deposition of material camed by water from one area to 
another. 

Subsurface flow. Flow of ground water through aquifers. 

I 
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a Total dissolved solids. The dissolved mineral constituents in water, usually stated in 
. parts per million by weight. The measure of all salts in solution. 

pmhoslcm (micromhos~centimeter). A typical measurement unit of electrical 
conductance which provides a measure of the total dissolved solids. 

Unconfined aquifer. An aquifer where the water table is exposed to the atmosphere 
through openings in the overlying materials. 

Unit hydrograph. The response in runoff of a watershed to a unit precipitation. 

Water year. Usually when related to hydrology, the period of time beginning October 
1 of one year and ending September 30 of the following year and designated by .the 
calendar year in which it ends. 

Well perforations. The screened interval in a well casing which provides an opening 
for ground water intake into the well. 
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Kate True, Assodate Engineer 
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