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I. Executive Summary

As paﬁ of its ongoing ground-water management work in the Santa Maria Valley, the Santa Maria

Valley Water Conservation District commissioned the preparation of a numerical ground-water flow

" model to be used for assessment of ground-water basin conditions and for evaluation of existing

and/or future projects and land use cc‘mditioﬁs in the basin. A primary iﬁitial purpese of model

.development was to assess the perennial yield and current state of the basin, whether it was developed -

within perennial yield or, if not, whether it was in overdraft. The ground-water flow mode] has been
completed and can now be used to provide input to the various ongoing water resource management

activities of the District.

In the preparation of the ground-water model, the objectives were to: 1) develop an undefs_tanding of
the hydrogeology of the greater part of the Santa Maria g’round—wéter basin (study area); 2) lde.ve]op
and calibrate a numerical grouhd-water flow model of the study area; 3) formulate po.ssib'le model
scenarios for predicting the impacts on ground-v;/ater levels of different management actions taken by -
the District or other entities within the Study area: and 4) utilize the calibrated model resuits,
specifically the simulated historical conditions during an established base study period, to estimate

the yield and current state of the basin.

The study area encompassées a majority of the Santa Maria ground-water basin, a coastal basin
approximately 250 square miles in size located within northern Santa Barbara and southern San Luis
Obispo Counties. The study area includes that portion of the basin of greatest significance to the
District: specifically, the contiguous area of the Santa Maria Valléy,_Siéqudc plain, Orcutt upland, and

the approximate -southern half of the Nipomo Mesa (south of Black Lake Canybn). It encompasses
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-areas, within and adjoining the District boundaries, comprised primarily of agricultural land and areas
of native\iegetation. The study area also includes the urban areas of Santa Maria, Guadalupe, Orcutt,
and Nipomo, as well as several small developments and industrial areas. The main stream in the
study area is the Santa Maria River, which generally flanks the northern paft of the Santa Maria -
' Valley; other streams include portions of the Cuyama River, Sisquoc River and tributaries, and Orcutt

Creek.

- For the initial part of model development and basin assessment, the geology of the study area was
defined, including the nature and extent of the geologic formations comprising the aquifer system and

 the geologic structure of the basin. The hydrology of the study area was characterized, including
determining the historical trends in ground-water level fluctuations, historical ground-water flow

_patterns, and historical trends in streamflow and preéipitation.- In addition, the distribution of
hydraulic characteristics of the various aquifers and the nature of the surface-water: aquifer

interaction-was defined.

A numerical ground-water flow model has been developed using the U.S. Geological Survey’s
MODFLOW modeling code encompassing the entire ground-water basin (with the actiize,Ap.ortion of
the mo-del comprising the study area) and including all of the basin aquifers. The model simulates
transient conditions during the 53-year period between 1944 and 1997 aﬁd incorporates the historical |
hydraulic stresses within the basin; these include the recharge of streamflow, precipitation, and
“irrigation and M&I return flows, and the discharge from agricultural and M&I pumpage and
- evapotranspiration losses, The model was calibrated by adjusting certain model input parameters
until thé model-simulated hydraulic head (ground-water levels) matched actual observed gr_ound—

water levels as closely as possible.

Several model scenarios have been formulated to illustrate potential applications of the model in the -
“overall planning and management of water resources in the basin. These scenarios include
simulations of historical conditions within the basin and of alternative conditions during the historical

period (for example, the gfound—water conditions that would have resulted without the Twitchell
2
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project). Additional scenarios that could be simulated for water supply planning purposes include
predictive simulations. of future conditions that would examine the ability of the basin to support

future demands for agricultural and/or M&I water supply.

" The calibrated ground-water mode] has been utilized to assess historical conditions in the basin

during‘an established base study period, specifically the 22 year period from 1968 to 1989, in order to

develop a value for the perennial yield of the basin within the study area. The selected base period for

assessment of perennial yield encompasses a time through which there was an average amount of

natural recharge, aud when there was no unbalanced storage in the unsaturated zone between the

" beginning and znd sPthe period. The base period also includes varying stress periods (wet and dry

periods), and is in reasonable proximity to the present. Based on interpretation of ground-water

levels and no changes in model-calculated ground-water storage over the study period, basin

conditions are concluded to be within perennial yield and not in overdraft. The average pumpage for
all beneficial ﬁses in the study area during this period was 124,000 acre-feet, and this quantity can be
interpreted as the perennial yield of the basin under current distribution of pumpage, land use, and
associated return flows, with continued augmentation of ground-water recharge from the Twitchell
project, and under conditions of long—tenﬁ:average precipitation. Finally, consistent with the
observation of development within perennial yield in the basin, it was also concluded that a
substantial amount of aquifer storagé can intermi r;tent]y.be» used to sustain water supply during
periedic dry peﬁods, as has been the case in the basin on several occasions in the last 50 years,

without resulting in perennial deficit or decline in ground-water levels or storage.
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II. Introduction

Purpose and Scope

* With the adoption of a ground-water management plan in 1995, under the general authonty granted
by AB 3030, the Santa Maria Valley Water Conservation District (the District) embarked on an

- updated program to continue to manage ground-water resources within portions of the Santa Maria
basin. Priorto adoptlon of a formal ground- -water managemcnt plan, the District had for years been
involved in ground-water management, primarily v1a the operation of Twitchell Dam and Reservoir
for artificial recharge of ground water through the dOWnstream river channel. Basin management
rcqmres an understandmg of the impacts on oround-water levels and storage that could result from
any management actions taken by the District or other entities within the basm In addition, a clear
understanding of the ground-water resources within the basin and the status of the ground-water basin
are important inputs to water rights considerations in the basin, particularly in an era of changing
vrnun.icipal water demands and supplies, as well as potentially éxpanding agricultural land use within
and adjacent to the-basin. In order to provide iﬁput to these processes and at the request of the
District, Luhdorff and Scalmanini, ConSulting Engineers have developed a ground-water flow model

of the greater portion of the Santa Maria basin.

For purposes of this report, the ground-water flow model was used to simulate the response of the
basin (that portion within the study area) to the recent historical conditions, specifically from 1944 to
1997. This included the historical climatic conditions and land use and the associated changes in
inflows to and outflows from the study area. In addition, the model waé used to calculate the changes

- in storage during selected periods of time to prbvidc an estimate of the perennial yield of the aquifer

T - g LUHDORFE & SCALMANINI
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system, and to provide an assessment of whether pumping in the basin is within perennial yield or, if

not, whether the basin is in overdraft.

This report describes the hydrogeologic conditions present in the area, the development of the model,
~ and the application of the model to assess basin conditions (storage and yield estimates). The report

is organized as follows:

Chapter 1. Executive Summary

Chapter II.  Introduction

Chapter Ill.  Hydrogeologic Conditions

Chapter IV.  Ground-Water Flow 'Modél
Chapter V.  Model Applications and Basin Yield

Description of Study Area

~ The study area encompasses a majority of the Santa Maria ground-water basin, a coastal basin located
within northern Santa Barbara and southern San Luis Obispo Counties, including the Santé Maria |
Valley, Sisqﬁoc plain, Orcutt upland, and the approximate southern half of the Nipomé Mesa (south
of Black Lake Canyon) (Figure 2-1). AIt includes areas within and adjoining the District boundaries
comprised primarily of égricult—ural land and areas of native vegetation. The study area also includes
the urban areas of Santa Maria, Guadalupe, Orcutt, and Nipomo, as well as several small
devellopments' and industrial areas. The main stream in the étudy aréa is the Santa Maria River, which
génerall'y flanks the northern part of ti)_e Santa Maria Valley; other streams include portions of the

Cuyama River, Sisquoc River and tributaries, and Orcutt Creek.
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ITI. Hydrogeologic Conditions

The Santa Maria ground-water basin includes approximately 250 square miles comprised of river bed,
alluvial plain, and upland (mesa) areas within Santa Barbara and San Luis Obispo Counties. The
study area encor‘npasseis a majority of the basin, and specifically that portion of greatest significance
to the District: the contiguous area of the Santa Maria Valley, Sisquoc plain, Ofcutt upland, and the
portion of the Nipomo Mesa south of Black Lake Canyon (Figure 3-1). Surrounding the study area
“are the Casm}alia and Solomon Hills to the south, the San Rafael Mountains to the southe_ast, the
“Sierra Madre Mountains to the east and northeast, the remaining portion of the Nipomo Mesa to the
north, and the Pacific Ocean to the west. The study area is drained mainly by the Santa Maria River,
with inflow from the Cuyama and Sisquoc Rivers and several minor tributaries. The basin boundary
designations (histon'ceﬂ and current) and th_c study afea geology and 'h_ydrolo' gy are described inthe

following subsections.
Basin Boundafy

The boundary of the ground-water basin has previously been designated based on geologic and
hydrologic 'conditions, as discussed below. There is curreritly general agreement on the western,
southern, and eastern boundaries, but some open question regarding the n'orthemvboundary. All but
the northern boundary have historicélly been designated as the contact of fresh water-bearing alluvial
deposits of the Santa Maria Valley with essentially ndn—_f.resh'water-bearing consolidated deposits

comprising the surrounding hills and mountains (see Figure 3-1).
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Regarding the northern boundary, the earliest reports of hydrogedlogic investigations conducted by
the U.S. Geological Survey (Worts, 1951; Miller and Evenson, 1966) designated an approximate
boundary 'along Black Lgke Canyon within the Nipoﬁao Mesa (see Figure 3-1). This designation was
'based on those investigators’ interpretations of the extent of the fresh watér—bean'ng deposits, as well
 as their understanding of ground-water flow directions, beneath the Santa Maria Valley, Orcutt
Upland, and the Mesa. They described the aquifers within these deposits as likely being truncated at
some point beneath the Mesa, thus creating a structural boundary to ground-water flow. The location -
of the-aquifers’ northern extent coincided with what was thought to be a hydrologic boundary
(ground-water divide) where ground water flowed west to slightly southwestward, thus impeding

flow north beyond this boundary.

Later reports-by the California Department of Water Resources (DWR, 1970, 1975a) designated
- the northern basin boundary further south, at the southern escarpment of the Nipomo Mesa. This
designation \%/as based on DWR’s interpretation of the aquifer extent and ground-water flow
directi.ons beneath the area. DWR suspected that the escarpment at the Mesa’s southern edge had an
~ “underground expréssion” limiting ground-water flow from the Santa Maria Valley to the Mesa; and
DWR repoﬁed that ground-water flow at that boundary was to the west instead of continuing further

north beneath the Mesa.

Subsequently, however, the previous boundary designations began to be questioned and were
eventually modified. One U.S. Geological Survéy report (Hughes, 1977) described the northern
hydrologic boundary as being “poorly-defined,” and DWR redefined the northern basin boundary
location northward to designate é larger single ground-water basin that included the area from the
Ofcutt Upland to Arroyo Grande and Pismo Beach (see Figure 3-1). The latter modification was
based on “recent geologic findings” indicating that there was no subsurface bax_riér to ground-water
flow beneath the Mesa, including at its southern escarpment (DWER, 1 980). Most recently, DWR
maintained that the basin extended northward to encompass the Arroyo Grande/Pismo Beach area
because, even though DWR determined that ground water within the Santa Maria Valley (at the Santa

Maria River) flowed westward instead of toward the Mesa, there was no geological impediment to

5 LUHDORFF & SCALMANINI
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ground-water flow beneath the Mesa (DWR, 1999). This conclusion was based on the current
understanding of the basin’s geologic structure (aquifer extent and geometry, and fault locations, age,

and characteristics).

‘ Despite the reported lack of ahy prominent physical impediment to ground-water flow within the .
currently-reported larger single basin, the flow of ground water has historically been in a westerly
direction beneath the Black Lake Canyon area within the Nipomo Mesa. The westerly flow in this
area appears to result at the intersection of northwestward ground-water flow in the Santa Maria
Valley and southwestward ground-water flow in the Arroyo Grande/Pismo Beach and northern
Nipomo Mesa areas. These flows appear to “divert” each other westward beneath the Black Lake
Canyon area such that north-south flow generally does not occur, either under historical or prevailing
ground-water levels. Historical pumping depressions on the Nipomo Mesa have remained fairly

“localized and typically have not “crossed” the Black Lake Canyon area, which may be due to land use -
(and therefore pumping) limitations in and around the Canyon. For this reason, and becaﬁse the
District’s f_oc.us on ground-water management is primarily in the Valley and immediately adjoi’nin g

area, the portion of the ground-water basin north of the Canyon is not included in the modeled area.

- Geology

A comprehensive study of the geology and hydrology of the Santa Maria Valley was completed by the
U.S. Geological Survey (Worts, 1951) and several studies of note have subsequently beeri conducted
on the hydrogeology and ground-water quality of the Valley (Hughes, 1977), the coastal portion of the
basin DWR, 1970), and the approximate northern half of the basin (D_WR, 1958, 1999). These
r_epofts, as well as various other reports, maps, and Well Drillers’ Reports, were evaluated as part of
this study; the reports that were utilized are cited in the References section of this report and tﬁc

- wells with Well Drillers’ Reports evaluated are located and identified on a map of the study area
(Figure 3-2). A summary of the geology pertinent to de;/elopmént of the ground-water flow mode]

follows.

LUHDORFE 8 SCALMANINNI
e CONSUI TING ENGINEERY




ANILIMENOD

LuIanNioNI

o

Pismn * \\
Slale
Beoch

b o

River

THITCHELL
RESERVOIR

439 .
=
=5
o
@]
i
T
u
®
w
0
=
T
<
>
Z
5

Study Arena )

Santa Marla
Valley Water
Conservatjon
District

/T tpeele; Snnte Warin, BU- - G10zam baer 10 ddug . .
LUMOORFF & SCALMANING : ’ Figure 8-1
CONSULTING ENGINEERS : . .

Study Area and Districl Boundaries
Santa Maria Ground-Weter Basin



, G
e o~
s Ji
x=f S
¢ -
\&. % 3
i3 ® 3
%
o
2
g
]

Pismo
Siale o, N
Beoch 7

L ..
Ty it EamoT

River
&
&
D L
o= / £ ) SCALK N NILES
2 A - ' . S .
@ O ; g TWITCHELL S e
s RESER¥OIR P
=z 24
- X 2
| 2
T "\ "’(‘4_
Zm ;o *o, e
[ / Y, /
g s i
z e
z E K f\\v./\\// {"J{
z3 J J 7
@ E Point J?J F}
m L Sal / P
T = LR /(
v e B
e N i e
l\\ )
Study Ares and o c-“/"
Historical Basin 5_ sren o/
Boundary (USGS) Y ! ) . B
. N - 3 / S~
S . e, Casnall 3 Nl \
=i 0 » RO\ SR
" Historical and ’ = : 7 - \ \ //// / g'\ﬂ“-. ,‘t/
Current . ; d
Northern - . Z ,
Boundaries of / & B
Basin (DWR) e
/
/

G /By 3 8anita Vinebo e | =04 fdie st g

LUFDORFF & SCALMANINI
CONSULTING ENGINEERS

Figure 3-1
Study Area und Hislorical Basin Boundary Designalions

Santa Maria Ground—Water Basin



cretk
Pismo- -~
State
Beach
12€01-03» L
- *XpR18 O
| : N3
18601106,  PRIS I
;T S : _ ( Rivier
oso; FATES N AN &
i v y « l
T 11 N Lakd 2ozdi y . : , ey
X, . . g
PRH, 291307(, «27H01 ;5Lc{r \ l © §
L Z9N02 i SCALE IN_MJLES
291?01 - p . -]
Jssot-o8'_ - ! sm,, 25”01'_3000[//‘\4 — TWITCHELL 3, 0 1 2 3 ] 5
- _PR'_“._;. ......... _1 <o l | RESERVOIR B, '
[N MR k-t Eadie TR
o DZQGI—G?‘\XFRIE ., 05-/9)1. SRO e 4470@
z L . SN fo0 [4 7, . 7
o i \\e ""b;i‘or??'cor To9FP 1 th‘gﬁﬁ‘upa 12591 ‘ * (\ Loy
=g Ay 12K0% | % PR22 P0gL0g . 41/0! loﬁ"ar iy "
-4 1] *PRal 14001 3 4
s 0 : i 1660 @ ufz'mr e 2 A -
= o T 1 NI[ (PRIl }5)102 SANTJH.BPi) 4%
¥ U) i i Y \51501\.@2”0' 24bod v o~ /
; . 3 A e
Z 0 { { 3 T Jo I
z . .
P ¢! y
9= \l v
e Point / R 36 w ‘l d‘d/ r})
2% sal i Y “
N f 4
0= z..._._' . .
- . .
= I : — —;.) ........... ;._ '.l\
. ) &
T9 N .. i 3 3 ‘;J/ 3 ’
N 1L pR| & I 4
~ BR42] 2BQ1 470 bgcos ; PN
‘\ T "RE4 i - 4
&y 1791 30, o ety l o
¢ Well with \SlquOC' 1 N ]
Lithologic Log 18407 , N
X Poinl of

Reporled Base of
Paso Robles Fm.

,J"\lA' A.”ll-“u
Iﬂll ‘/x\ .\llq;\j__,./«\
B Geologic v PRET (PRI -
Cross Seclion C :
Locallons 238, R33 W
B ’
T ‘S\O L
. "%, R32ZW. o, —
. 37 o, —
/ /\\ - “ Gt ~L\ NN <
6Ty S te WAL, 1038 fa, baveb vy

Figure 3-2

UHDOPFF 6 SCALMANIN

@EDNSULTINB E:ECNE‘;INEEIF\SI Location of Geologin Cross Secllons and Wells with Lithologic Logs
Santa Maria Valley Study Area



TNSNQQ

RENEA

3 H A I MDD

3

-
o
&
g
C
By
Ti
m

1S I

~ ;

ININY INTY
o

4. Ny
. TS
N 1% \\59_;
‘ \
A A
3
N
N

G P e 19/ Sl Waria B | 6D far, bana U Juy

Guadalupe

PRGNS

N -

" TWITCHELL
RESERVOIR

\n
°

%
)

q
a

-

/;ff
River
&
«// &
o
oy
S ,
SCALE IN MILES
Ry
/(:P .0 1 2 3_ 4
&
4
&2
Fe
A,
(o)
2N
<
o :
. i
SN .
J
.
-t
;

P
Loy

.
\%i"’y% Pl
. e, /

Contour Interval = 500 Ft

LUHOOAFF & SCALMANING
CONSULTING ENGINEERS

Figure 3-3

Contours of Equal Elevation
Base of the Alluvial Deposits
Santa Maria Valley Study Area



cretk
Pismo- -~
State
Beach
12€01-03» L
- *XpR18 O
| : N3
18601106,  PRIS I
;T S : _ ( Rivier
oso; FATES N AN &
i v y « l
T 11 N Lakd 2ozdi y . : , ey
X, . . g
PRH, 291307(, «27H01 ;5Lc{r \ l © §
L Z9N02 i SCALE IN_MJLES
291?01 - p . -]
Jssot-o8'_ - ! sm,, 25”01'_3000[//‘\4 — TWITCHELL 3, 0 1 2 3 ] 5
- _PR'_“._;. ......... _1 <o l | RESERVOIR B, '
[N MR k-t Eadie TR
o DZQGI—G?‘\XFRIE ., 05-/9)1. SRO e 4470@
z L . SN fo0 [4 7, . 7
o i \\e ""b;i‘or??'cor To9FP 1 th‘gﬁﬁ‘upa 12591 ‘ * (\ Loy
=g Ay 12K0% | % PR22 P0gL0g . 41/0! loﬁ"ar iy "
-4 1] *PRal 14001 3 4
s 0 : i 1660 @ ufz'mr e 2 A -
= o T 1 NI[ (PRIl }5)102 SANTJH.BPi) 4%
¥ U) i i Y \51501\.@2”0' 24bod v o~ /
; . 3 A e
Z 0 { { 3 T Jo I
z . .
P ¢! y
9= \l v
e Point / R 36 w ‘l d‘d/ r})
2% sal i Y “
N f 4
0= z..._._' . .
- . .
= I : — —;.) ........... ;._ '.l\
. ) &
T9 N .. i 3 3 ‘;J/ 3 ’
N 1L pR| & I 4
~ BR42] 2BQ1 470 bgcos ; PN
‘\ T "RE4 i - 4
&y 1791 30, o ety l o
¢ Well with \SlquOC' 1 N ]
Lithologic Log 18407 , N
X Poinl of

Reporled Base of
Paso Robles Fm.

,J"\lA' A.”ll-“u
Iﬂll ‘/x\ .\llq;\j__,./«\
B Geologic v PRET (PRI -
Cross Seclion C :
Locallons 238, R33 W
B ’
T ‘S\O L
. "%, R32ZW. o, —
. 37 o, —
/ /\\ - “ Gt ~L\ NN <
6Ty S te WAL, 1038 fa, baveb vy

Figure 3-2

UHDOPFF 6 SCALMANIN

@EDNSULTINB E:ECNE‘;INEEIF\SI Location of Geologin Cross Secllons and Wells with Lithologic Logs
Santa Maria Valley Study Area



o

The Santa Maria ground-water basin is underlain by unconsolidéfed alluvial deposits of primarily
gravel, sand, silt and clay that cumulatively range in thickness from 200 to 2,800 feet. These alluvial -
deposits comprise the basin's aquifer system. The alluvial deposits in turn overlie and fill in a natural

trough ("syncline") composed primarily of older folded and consolidated sedimentary and

| metamorphic rocks (“bedrock™). A contour map of the base of the alluvial deposits (which is also the

top of the‘co-nsoiidated rocks) was prepared that illustrates the trough shape of the basin within the
study area, with the deepest portion beneath the Orcutt area (Figure 3-3). The consolidated rocks also
flank the valley aﬁd comprise the surrounding hills and mountains; typically, the consolidated rocks
do not yield significant amounts of ground water to wells. The geologic formations comprising the

alluvial deposits and the geologic structure within the study area are illustrated in a generalized

‘ geologic inap (Figure 3-4) and four geologic cross sections (Figures 3-5 through 3-8).

-The alluvial deposits are composed of the Careaga Sand and Paso Robles Formation (Fm.) at depth,

“and the Orcutt Fm., Quaternary Alluvium, and river channel, dune sand, and terrace deposits at the

surface (Worts, 1951). The Careaga Sand, which ranges in thickness from 650 feet to a feather edge,
is identified as being the lowermost fresh water-bearing formation in the basin (DWR, 1970), resting
on the above-mentioned consolidated rocks (speciﬁcaily, the Tertiary-aged Foxen Mudstone, Sisquoc
Fm., and Mornterey pShaIc and the Jurassic/Cretaceous-aged Franciscan Fm., descriptions of which
may be found in Worts, 1951). Overlyihg the Careaga.Sand is the Paso Robles Fm., which comprises
the greatest thickness of the alluvial deposits (from 2,000 feet to a feather edge); the thickest portion
of this formation is located beneath the Orcutt area. Both the Careaga Sand and the Paso Robles Fm.
underlie the great majority of the basin (see Figure 3-5). The Careaga Sand is mainly composed of
white to yell.owish—brown, loosely-consolidated, massive, fossiliferous, medium- to ﬁne—grained sand

with some silt and is reported to be predominantly of marine origin (Worts, 1951). The Paso Rob’le_s

- Fm. is highly variable in color and texture, generally composed of yellow, blue, brown, grey, or white

lenticular beds of: boulders and coarse to fine gravel and clay; medium to fine sand and clay; gravel
and sand; silt; and clay (Worts, 1951). This formation is reported to be primarily fluvial (stream-laid) '
in origin and there is no areal correlation possible between the individual beds, with the exception of

a coarse basal gravel of minor thickness in the Santa Maria Valley oil field.
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Above the Paso Robles Fm. and comprising the Orcutt Upland is the Orcutt Fm., which is typically
160 to 200 feet thick; in the remainder of the Valley area, the Paso Robles Fm. is overlain by the
Quaternary Alluvium, which comprises the majority of the Valley floor.and is typically 100 to 200

feet thick (see Figure 3-6). Further north in the Nipomo Mesa area, the Paso Robles Fm. is overlain

- by the Older Dune Sand, which comprises the Mesa and ranges in thickness from approximately 400

feet to a feather edge. Along the northeast edge of the Sisquoc plain, the Paso.Robles Fm. is overlain -
by terrace dep031ts approximately 60 feet thick. The Orcutt Fm. is composed of conformable upper
and lower units (* ‘members’ "), both reported to be mainly of fluvial origin. The upper member
generally consists of reddish-brown, looscly-compacted, massive, medium-grained clean sand with
some lenses of clay, a_nd the lower member is primarily grey to white, loosely-compacted, coarse-
grained gravel and sand (Worts, 1951). Both members of the Orcutt Fm. become finer toward the

coast. The Quaternary Alluvium is also corﬁposed of upper and lower members thatare reported to

.be mainly fluvial in origin. The composition of the upper'member becomes progressively finer

toward the coast, with boulders, gravel, and sand in the Sisquoc plain area; sand with graVeI in the
eastern/central Valley area; sand with silt from the City of SantalMaria toa point approximately |
halfway to Guadalupe; and clay and silt with m‘i_norv lenses of sand and gravel from that area

westward. The lower member is primarily coarse-grained boulders, gravel and sand with minor -

" lenses of clay near the coast. The Older Dune Sand is composed of loosely- to sli ghtly-cofnpactcd,
. massive, coarse- tofine-grained, well-rounded, cross-bedded quartz sand that is locally stained dark -

reddish-brown (DWR, 1999). The terrace deposits, in general, are similar in composition to the |

coarse-grained parts of the Quaternary Alluvium.

The principal aquifers in the study area consist of the Paso Robles Fm., thé Orcutt Fm., and the
Qﬁatemary Alluvium, although some wells have been reported to be completed in the Older Dune
Sand of the Nipomo Mesa and the Dune Sand on the Orcutt Upland that pump minor amounts of
perched water (Worts, 1951). It should be noted that the upper member of the Quaternary Alluvium
is consister_ltly ﬁner—grained than the lower me_niber thrdughout the Valley. Further, the upper
member becomes finer grained toward the Ocean such that it confines ground water in the lower

member from thé approximate area of the City of Santa Maria's waste water treatment plant westward

10
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(approximately eight miles inland from the coast). The result of this has been artesian conditions in
the western valley area (historically, flowing artesian wells were reported until the early 1940s in the
westernmost portion of the valley) (Worts, 1951). In addition, many wells belonging to local farmers

in the western valley area, specifically in the Oso Flaco area, began flowing again during winter 1999.

The geologic cross sections were locat.ed as such in order to illustrate several points about the study
area geology pertinent to constructing the numerical model.- Cross-section A-A’ (see Figure 3-5)
begins.in the area ﬁezir the mouth of the Santa Maria River, traverses the Orcutt Upland, and
terminates in the Sisquoc plain area néar Round Corral. It shows the relative thicknesses between the
. various geologic formations in the study area and the general “thinning” of the formations from the
central valley area toward the Sisquoc Plain. This cross section also shows the Quétemary Alluvium
and Orcutt Fm essentially adjacent to each other and compﬁsing the uppermost aquifer in the Valley,

divided into the above-described upper and lower members.

Cross section B-B’ (see Figure 3-6) begins in the Casmalia Hills, traverses the western portion of the
Valley (near the City of Guadalupe) band the central Nipomo Mesa, and terminates in Black Lake
Canyon. It shows the prominent asymmetrical syn.clinc’ (folding of the consolidated rocks and Paso
Robles Fm.) within the Valley, with the deepest portion of the basin toward the southerﬁ Vedge of the

. Valley, gradually becoming thinner and more shallow toward the north where it extends beneath the
Nipomo Mesa. This cross section also shows that both the upper and lower members of the
Quaternary Alluvium extend to the Santa Maria River, but only the upper member exten'ds beyond the
Riverto the.southern edge of the Nipomo Mesa. Neither the upper nor lower member continues -
northward beneath any portion of the Mesa; instead, the Older Dune Sand compnses the Mesa’s

surfacc (Cleath & Associates, 1996; DWR, 1999\

Cross section C-C’ (see Figure 3-7) begins in the Casmalia Hills, traverses the central/eastern portion
~ of the Valley (near the City of Santa Maria), and ténninétes in the terrace adjacent to Suey Creek. It
shows how the Orcutt Fm. (comprising the Orcutt Upland) sharply transitions into the Quaternary

Alluvium (underlying the Valley area near the City), which terminates at the base of the cliffs above

L= LUHDORFF & SCALMANINI
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the Santa Maria River. This cross section also shows that the terrace deposits capping the cliffs

above the River (near Suey Creek) are physically separated from the alluvial deposits of the basin and

are therefore not hydraulically connected to the aquifer system of the basin.

Cross section D-D’ (see Figure 3-8) begins in the Solomon Hills, traverses the central portion of the

Sisquoc plain, and terminates above the terrace southeast of the confluence of the Cuyama and
Sisquoc Rivers (along the northeastern edge of the Sisquoc plain). It shows that the Quaternary.
Alluvium within the Sisquoc Plain is of a much narrower width than in other parts of the study area

and that the terrace deposits are physically (and therefore potentially hydraulically) connected to the

- basin’s aquifer system.

It should be noted that several faults have been reported to be located in the Valley and through the

‘Nipomo Mesa. The Santa Maria and Bradley Canyon faults, located in the Valley in tHc area between

the City of Santa Maria and Fugler Point, are concealed and they are reported to be northwest-

‘trending, hi gﬁ-an gle faults, that vertically offset the consolidated rocks, Careaga Sand, and Paso
‘Robles Fm., but not the overlying Quaternary Alluvium or Orcutt Fm. (Worts, 1951). The Oceano

and Santa Maria River faults are of a similar nature (the latter fault also has a significant strike-slip

component of movement), but they are located in the Nipomo Mesa and extend north toward Oceano.
The maximum vertical offset on the Oceano fault is réported to be in the fang_e of 300 to 400 feet
within the Careaga Sand and Paso Robles Fm.; on the other faults, it is reported to be much less,
within the range of 80 to 150 feet (Worts, 1951; DWR, 1999).. H0wevef, these faults dob not appear to
affect ground-water flow within tﬁe study_arc;,a, based on the review of historical ground-water level
cqﬁtour maps (Worts, 1951;.LSCE, 1597§ DWR, 1999). Lastly, there is no know structural (e.g.,
faulting) or lithologic isolation of the alluvial deposits from the Pacific Ocean (i.e., the Quatetnary
AHuViunﬁ, Orcutt Fm., Careaga Sand, and Paso Robles Frm. aquifers continue beneath the Ocean). -
Thus, at some unknown distance from the shore, the water In these aquiférs changes from fresh to salt
water, and the potential exists for the salt water to intmde into the coastal (landward) portions of ’the :

aquifers if hydrologic conditions within them were to change.
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Hydrolog

The aquifer system within the study area is comprised principally of the Paso Robles Fm., Quaternary
Alluvium, and Orcutt Fm. (the Careaga Sand i~s included but typically not tapped by wells, due to its |
~ depth), and is essentially continuous throughout the study area, both areally and vertically. It extends
from the head of the Sisqﬁoc plain on thé east to the Pacific Ocean on the west, from the Orcutt
Upland on the south to the Nipomo Mesa on the north; and from the base of the Careaga Sand upward
through the Paso Robles Fm. and into the Quaternary Alluvium and Orcutt Fm. The system aIs<;
includes terrace deposits along the northeast edge of the Sisqupc plain and river channel deposits

. throughout the Valley that are hydraulically connected to the principal aquifcrs.‘ The uppermost part
of the aquifer system is comprised of the Quaternary Alluvium (in the Valley floor), Orcutt Fm. (in
the Orcutt Upiand), and the upper part of the Paso Rdblcs Fm. (in the Nipomo Mesa), with the Paso
Robles Fm and Careaga Sand comprising the lowest aquifer throughout the study areé. The Orcutt
Upland is elevated sufficiently that, in the southeastern portion of the Upland (from Orcutt to Garey

~ and sduthward), the upper member of the Orcutt Frm. is typicaHynnot saturated; also, ground-water
levels beneath the western portion of the Nipomo Mesa can rise sufficiently to saturate the Dune Sand

and Older Dune Sand overlying the Paso Robles Fm.

The upper and lower members of fhe Quaternary Alluvium are the shallowest aquifers in the central -
to eastern part of the Valley, and they are essentially unconfined in these areas because they are
composed primarily of sand and gravel with only discontinuous lenses of clay {no effective confining
layers). In tﬁe western part of the Valley, the upper member actsvas a confining layer to the lower
member and the latter becomes a confined aquifer. The saturated portions of the upper and lower
‘ mér’nbers of the Orcutt Fm. behave as unconfined aquifers because théy also are pﬁmaﬁ]y sand and
gravelldeposits with only discontinuous lenses of clay. The Paso Robles Fm. and Careaga Sand
eséentially act as one large continuous équif.cr' that is typically unconfined in the central to eéstem part
of the Valley'(with localized areas of conﬁncméht beneath clay lenses) and confined in the weAstem
part of the Valley. Only a slight upward vertical gradient (a few feet of head difference) has

historically been observed between the Paso Robles Fm. and uppermost aquifers (Worts, 1951). No
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confining layers are continuous across the study area between the aquifers (with the aforementioned |

exception of the Quaternary Alluvium in the western valley).

Ground-Water Levels

Ground—water levels within the study area have fluctuated greatly since the 1920's, when historical
water level measurements began, with seasonal and lonc term trends described herein. Hydrovraphs
of Crround water elevatlons in the study area illustrate that a substantial decline in ground-water
levels, from histoﬁcal high to histon'cal low levels, occurred between 1945 and the late 1960's with a
progressively greater decline further inland from the coast (Figure 3-9). The decline ranged from
approximately 20 to 40 feet near the coast, 70 feet near Orcutt, to as much as 100 feet further inland
(in the area juét east of downtown Santa Maria). This decline was apparently due to an increasing
.'aoncultural demand on the ground-water basin and slightl y*dMer than normal chmatlc canditions

dumng this pemod as discussed in the subsections below.

~ Since then, a general long-term stability has been present as ground-water levels fluctuated between, |
the historical low and near historical-high levels over alternating five- to 15-year periods. Whether
near the coast or inland, ground-water levels showed this trend but with different ranges of ground-
water level fluctuations (see Fi gure 3—9). Ground-water levels -in the Valley have repeatedly
recovered to near historical-high levels, including as recently as 1995; ground-water level data for -
wells in the Nipomb Mesa are shorter-term, but show a similér (although more subtle) trend of |
decline and fecovery in the western Mesa. In the eastern Mesa, ground-water levels haﬂve remained
relatively constant or declined éomewhat. Along the coastaIA po‘rtion of the study area, ground-water
elevations have typically remained above sea level throucrhodt the histérical pén'od As discussed in
the subsect1ons below, the periodic ground-water level fluctuations since the late 1960's (w1th a long-
‘termn stability) have apparently been due to intermittent wet and iry climatic conditions, with natural
recharge during wet periods complemented by supplemental recharge aloncr the Santa Maria River

from the Twitchell Reservoir project (upon becoming fully operatlonal in the late 1960s). In
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addition, the Jong-term stability may have been partially due to a "leveling-off" of the agricultural

demand on the basin.

Ground watér beneath the.valley has historically flowed to the west—north\%/cst from the Sisquoc area
* toward the Ocean, includiﬁg along the southern margin of the Nﬁpomo Mesa, at times as far as the
Oso Flaco Lake area. As noted above, ground-water levels have ﬂuctuéted between near historical-
high and historical low levels since the early 1940's, and this is illustrated further in ground-water
level contour maps for the following periods: 1944 (high), 1967 (low), and 1997 (high) (Figures 3-
10, 3-11, and 3-12). Several poiﬁts of. interest in regard to the hydrologic conditions illustrated'by the
" contour maps are that, first, a "flattening of the water table beneath the central and western portions
of the basins occurred between 1944 and 1967 as ground-water levels declined. The slope of the
water table ("gradient") in these areas declined to less than one-half of the gradient observed during
11944, which has had the effect of slowing (but not stopping or reversing) the movement of ground-
water through and out of éhe basin. This flattening has periodically fluctuated since 1967 as ground-

water levels have altemétely recovered and declined; some recovery is evident by 1997,

A second point is that the supplemental recharge from the Twitchell Reservoir project is v;’siblc in the
ground-water level contour maps for 1967 and 1997; (Figures 3-11 and 3-12) Wh¢re the contours are
parallel to the Santa Maria River from Garey to the confluence with Suey Creek; This ié also the case
for several periods since 1967 when ground water was at near historical-high or historical low levels.
As aresult of the sipplemental (Twitchell) recharge, even though ground-water .Ievels benéath the
eastern portion of the basin have fluctuated along with the rest of the basin during the historical
period, the water .tablc gradient has decreased only slightly between 1944 and 1997. The amount of

’ thé supplemental recharge to the basin, basedA on streamflow data from gauges located along the

Sisquoc and Santa Maria Rivers, is discussed in a subsection below.

A third point is that, as noted above, coastal ground-water levels have typically remained above sea
“level and that the outflow of ground water from the basin has been maintained during conditions of
L

both historical high and low ground-water levels. While the amount of outflow has varied with
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ground-water lével fluctuations, the maintenance of positive watér levels above sea level, which
results in ground-water outflow, has likely precluded salt water intrusion of the basin. A localized
area northeast of Oso Flaco Lake beneath the Nipomo Mesa experienced ground-water levels
depressed below sea level during 1967 see Figure 3-11); similar conditions have occurred during

~ other periods since then when ground-water levels approached historical lows. [his depression is
near the northern edge of the study area and (when present) appears to reduce the amount of outflow
from the aquifer(s) beneath the Nipomo Mesa to the ocean and induce ground-water flow from the

- Oso Flaco area northward toward the depression.,

. It should be noted that the review of historical ground-water conditions described #bove indicates that
the basin has generally achieved a long-term stability in ground-water levels. Pre;vious reports of the |
ground-water conditioﬁs in the basin had concluded that, at the current level of demand on the basin,
it is in overdraft by approximately 20,000 acre-feet/year (Santa Barbara County Water Agency, 1994
and 1996). However, the hydrographs of historical ground-water levels th}oughout the basin (such as
those in Fi gufe 3-9) do not support the conclusion of perennial overdraft; réther, fhey indicate that the
initial decline of ground-water levels between 1943 and 1967 was followed by a period of recovery,
which has then been successively followed by alternating periods of decline and recovery between
historical low and near historical-high ground-water levels through 1997. The nature of these
historical ground-water level fluctuations does not support the existence of an "average annual" or
continuous overdraft; instead, they indicate that basin ground-water storage has repeatedly fluctuated
between several years of decline followed by several years of gain. Ultiinately, the numerical ground-
water flow model described herein was utilized to analyze ground-water level and storage changes -
over gelected srhdy periods to assess both the perennial yield of the basin and the status of theAbasin
relative to that perenmial yield; i.e., whethér it is in overdraft. That assessment is described in detail

in Chapter V below.
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Aquifer Characteristics

Information about the aquifer ch'aracteristics throughout the study area was available from published

reports, selected consultants’ reports, and numerous Well Drillers’ Reports. The information

" consisted of hydraulic conductivity values from aquifer tests conducted in a few 'wells (Worts, 1951)

and specific capacity values from pumped well tests conducted in several wells (Hughes and
Freckleton, 1976, and from Well Drillers’ Reports). The specific capacity values were evaluated in
relation to the individual well construction and lithology details to estimate aquifer transmissivity and

hydraulic conductivity values. The locations of the wells and the hydraulic conductivity values for

" the particular aquifers are identified on a map of the study area (Figure 3-13). Information about

aquifer storage.coefficients was also available from selected reports, although this information was

much less extensive than for specific capacity and hydraulic conductivity values.

The Quaternary Alluvium comprises the most permeable aquifer in the study area, with hydraulic
conductivity values of about 4,500 gpd/ft* in the Sisquoc plain gradually declining westward to about

2,000 gpd/ft’* near Guadalupe. In the eastern part of the study area, the upper and lower members of

. the Quaternary Alluvium serve as aquifers and their respective hydraulic conductivity values are

described as being quite similar, as are their lithologies (Worts, 1951). Thus, the 4,500 gpd/ft* value
represents both members in this area. The hydraulic conductivity values of béth members decrease
toward the central part of the study area and presumably to a greater degree in the upper membér,
which becomes finer than the lower member here (as described in the previous subsection). The
3,500 t0 3,700 gpd/ft2 values are representative of the Iower_ member in this area; values for the upper
member are thought to be somewhat lower than that (Worts, 1951) although aquifer/pump test
information specific to the upper member was not available in this area (the wells are not completed

solely in the upper member, apparently because only a small poﬁion of itis saturated here). In the

western part of the study area, the hydraulic conductivity values decrease further, reflecting the

continued “fining” of the Quaternary Alluvium toward the coast. The lower member has an

approximate hydraulic conductivity value of 2,000 gpd/ft®, and thé upper member is assumed to have
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a much smaller value because it serves as a confining layer (to the lower member) instead of as an

aquifer (essentially no wells are completed solely in the upper member here).

The Paso Robles comprisés by far the largest aquifer in the study area, with hydraulic conductivity

‘ values ranging between about 100 and 400 gpd/ft* in the Sisquoc plain, Orcutt Upland, and central
part of the Valley, with slightly lower values ranging between about 15 and 110 gpd/f® in the western
part of the Valley and in the Nipomo Mesa. The estimated hydraulic conductivity values do not
appear to vary greatly by depth within the formation, which is consistent with its lithology consisting
of repeated lenticular (lense-shaped and not extensive) beds of variable cobbles, gravel, sand, silt, and
* clay throughout the thickness of the formation. Examination of the individual well construction and
lithology details that were the basis for the estimates show that those wells are typically screened
across several hundred feet of the Paso Robles Fm.; thus, the hydraulic conductivity values are

“‘averages” for the formation.

The hydraulic conductivity of the Careaga Sand (Worts, 1951) was estimated from laboratory testing
of samples of the formation (aquifer/pump test data were riot available since essentially no wells in
the basin are completed solely in the Ca;eaga Sand); the average value was approximately 70 gpd/ft,
which is assumed to apply to all portions of the Sand throughout the study area. Aquifer/pump test
data were also not available for the Orcutt Fm., Older Dune Sand, or terrace deposits, again because
80 few wells are completed solely within these deposits. Their hydraulic conductivity values were
estimated to be approximately two-thirds that of the adjacent portions of the Quaternary Alluvium,

based on their respective lithologies, approximately 1,300 to 2,700 gpd/ft’.

Vertical hydraulic conducti vity values for the ﬁver channel deposits were determined from in-situ
permeability tests at various points along the portions of the Santa Maria, Sisquoé, and Cuyama
Rivers within the Valley (Worts, 1951). ’fhe values ranged between 1,060 gpd/ft* in the Sisquoc
plain gradually declining westward to 154 gpd/ft® near the mouth of the Santa Maria River. This

gradual westward decline in hydraulic conductivities is consistent with the gradual fining of the
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channel deposits between the Sierra Madre and San Rafael Mountains (the source area of the

deposits) and the coast.

The specific yield (aver_agé values) of the study area aquifers have been reporte'd to be as follows:
" Paso Robles Fm. and Careaga Sand, 8 to 12 percent in the Valley and Nipomo Mesa; Quatemam;
Alluvium, approximately 13 percent in the Valley; and Older Dune Sand, approximately 13 percent in ‘
the Nipomo Mesa (DWR, 1999). Storativity values for the portions of the aquifers that are under

confined conditions were not available from reports, but were estimated to be 0.0001 based on typical

values for similar aquifers.
Precipitation and Streamflow

A fairly cbrhpre‘hensiye study of the surface water resources of the Santa Maria Valley wés completed
by the U.S. Geological Survey (Thomasson, 1951) describing the Valley’s drainage system, the areal
distribution of rainfall, and the relation between rainfall and runoff. That report was evaluated as part
of the current study, which evaluates the surface water resources through 1997 in order to better
understand historical trends in. ground-water level fluctuations throughout the study area. Historical
precipitation and streamflow records for the area were compiled to evéluate monthly, annuél, and
long-term characteristics of rainfall and of flows within the major rivers and creeks; the locations of
the recording gauges and their respective periods of record are shown on a map of the study area
(Figure 3-14). A summary of the rainfall and streamflow characteristics pertinent to development of

the ground-water flow model follows.

Three precipitation gauges are _Iocated_ throughout the study area: Guadalupe, Santa Maria (currently
at the Airport and previously downtown), and Garey. The average amount of rainfall measured at the
Santa Maria gauge (the most centrally located gauge in the study area) is 13.4 inches/water yéar, as
shown in a hydrograph of the historical annual precipita.tion (Figure 3-15); areview of the monthly
records indicates that the majority of rainfall occurs during the months of November througﬁ April.

The long-term rainfall characteristics are shown in a cumulative departure curve of the historical
19
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annual precipitation (Figure 3-16), which indicates that the area has experienced periods of wetter
than normal conditions alternating with drier than normal to drought conditions. From the 1930's
through 1944, wet conditipris prevailed, followed by drier conditions from 1945 through the late

1960's; subsequently, there have been shorter periods of alternating wet and dry conditions, including

" the most recent cycle of a wet period in the ezirly— to mid-1990's followed by a slightly dry period

through 1997. This pattern of fluctuations in climatic conditions closely corresponds to the long-term

fluctuations in ground-water Ievels described in a previous subsection, including the substantial

. decline observed between 1945 and the late 1960's and the subsequent repeating cycle of decline and

recovery between historical low and near historical-high ground-water levels (long-term general

© stability).

As mentioned at the beginning of this section, the main streams entering the study area are the

‘Cuyama and Sisquoc Rivers; these rivers join in the Valley floor near Garey and become the Santa

Maria River, Which drains the Valley from this point westward (see Figure 3-14). The headwaters of
the Sisqﬁoc River include a portion of the San Rafael Mountains and Solomon. Hills, and the River’s
main tributaries within the study aréa are Foxen, La Brea, and Tepusquet Creeks. The flows in the
Sisquoc River and its tributary creeks are and have been unimpaired throughout the historical period
of record. The Cuyama River drains a portion of the Sierra Madre Mountains, including -thé, Cuyama
Valley, and the River’s ﬂow‘s entering the Valley became controlled following the construction of
Twitchell Dam (from 1957 td 1959). In the southern portion of the study area, Orcuit Creek drains a .
portion of the Solomon Hills and the Orcutt area before ending near Betteravia. Numerous-
streamflow gauges are or have been located throughout the study area, including on the Cuyama,
Sisquoc, and Santa Maria Rivers and Foxen, La Brea, Tepuéquet, and Orcutt Creeks. Three gauges
were located in the adjacent portion of the headwaters of the Valley on the upper Cuyama River and
Huasna and Alamo Creeks, and the releases from Twitchell Dam have been recorded since near the
beginning of its operation. It sho-uld be noted that a gauge was briefly located in the southern part of
the Valley measuring flows in Bradley Canyon; howevef, these flows originate within and are

eventually recharged to the study area and were not considered to be pertinent to the model
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development. The period of record for the streamflow data that was most pertinent to the model

development was from 1944 through 1997.

The gauges on the Sisquoé River, “Near Siéquoc” and “Near Garey”, have the most complete records
~ from the early 1940's to the present. The average discharge rate in the River at these gauges is 4.0
and 4.1 million ft*/day, respectively. A bar chart of the historical annual streamflow at the “Near
Garey” gauge illustrates the long-term fluctuation in flows in the Sisquoc River (Figure 3-17). The
period of record is shorter for the gauges on the tributaries to the Sisquoc River and it was necessary
to “fill-in” portions of the 1944 to 1997 rpen'_od by estimating the “missing” streamflow records based
" on developing runoff-to-runoff relationships (i.e., Sisquoc Rivér to each tributary). This approach to
estimating the Streamﬁow records was utilized because rainfall-to-runoff relationships were found to
be very poor; poor rainfall-to-runoff relationships were reported previously (Thomasson, 1951). The
’avefage discharge rates in the tributaries (for the data sets compositing the r;corded and estimatedﬁ
streamflows) :are as follows: approximately 40,000 ft*/day on Foxen Creek, 600,000 ftB/day onlLa
Brea Creek, and 130,000 ft*’/day on Tepusquet Creek. The majority of the flows in these streams
typically occurs from January through April, with a minor amount occasionally in December and

May.

The period of record for the streamflow in Orcutt Creek, beginning in water year 1983 fo the present,
was also augmented by estimating the flows between 1944 and 1982; however, this was done based |
on development of a rainfall-to-runoff relationship (i.e., Santa Maria precipitation to Orcutt Creek
streamflow). The resulting correlation coefficient (R*= 0.82) indicétes that there is a strong
correlation between the observed data, and this is likely due to the proximity of the Santa Maria
precipitation gauge and the Orcutt Creek streamflow gauge, which are less than three miles apart in
the southern part of the Valley. The average discharge rate in the Creek is approximately 100,000
ft*/day, which is small relative to flows in the Sisquoc River and some of its tributaries. The majority
of the flow in Orcutt Creek typically occurs over 2 sli ghtly shortér period from January through

March. .
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Before the construction of Twitchell Dam, flows on the Cuyama River were recorded at a gauge
approximately 15 miles upstream of its confluence with the Sisquoc River, and flows in two of its
tributaries adjacent to the study area (Huasna and Alamo Creeksj were also recorded (see Figure 3-
14). During and following the construction of Twitchell Dam, the flows in the Cuyama River were

* instead reco;ded at a gauge below the Darn; the releases from the Dam have also been noted by the
dam keeper since about 1962. Thus, the historical period of record for streamflow in the Cuyama
Riverisa composite of the pre-Twitchell records (combined flows in the upper Cuyama River and
Huasna and Alamo Creeks) and the post-Twitchell records (flows in the lower Cuyama River, either
the direct releases from the Dam or at the gauge below the Dam). Upon reviewing the streamflow
data from years of “overlap” of the data, it was observed that the flow recorded at the Cuyama River
gauge below Twitchell Dam closely matched the combined flows in the upper Cuya_ma_Rivef and
Huasna and Alamo Creeks; also the direct releases from the Dam closely matched the flow recorded
-at the Cuyama River gauge below the Dam. This indicates that .only minor losses in streamflow
occurred along these segments of the Cuyama River and that it was appropriate to fill-in the missing
record at the gauge below the Dam (1944-1958 and 1983-1997) based directly on the Dam release

records or streamflow data from the upper Cuyama River and its tributaries.

A bar chart of the composite streamflow data illustrates the long-term fluctuation in ﬂow's (controlled
and uncontrolled) in the Cuyama River (Figure 3-18). Based on the composited data, the average
discharge rate in the River at the gauge below the Dam is 4.8 million ft*/day, which is somewhat
greater than in the Sisquoc River. The majority of the ﬂows"in the upper Cuyama River and its
tributaries has typically occurred from November through June, although the flows can be continuous
during some wetter years. These flows have been stored inATwitche‘H Reservoir since approximate]y
1960 for release into the lower Cuyama River and (further downstream) the Santa Maria River. The
Twitchell project is operated to optimize the recharge of water to the Valiey along the Santa Maria
River, water is typically released between early spring (when flows in the Sisquoc River have
subsided) and late fall such that the “wetline” (the dowﬁstream edge of flows) is maintained

approximately at the Bonita School Road Crossing. Depending on the availability of water in storage
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from year to year, water may not be released for extended periods of time (i.e., during drought years)

or may be released continually (i.e., during wetter periods).

The gauge on the Santa Maria River is located in the western part of the Vélley at Guadalupe and the
- average discharge rates at that location (pre-Twitchell and post;TwitcheH project) are 3.2 and 2.1
million ft*/day, respectively. A bar chart of the historical annual streamflow at the Guadalupe gauge
illustrates the long-term fluctuation in flows in the Santa Maria River and some indication of the
project’s efféctiveness in increasing the recharge of the flows, which correspondingly reduces the -
amount of flow to the western patt of the Valley (Figure 3-19). The amount of supplemental recharge
" to the Valley due te the Twitchell project operations is roughly estimated to be 3.8 million ft*/day or
32,000 acre-feet per water yeér (af-wy), ‘baséd on the net loss in streamflow between the Sisquoc
River gauge near Garey and the Santa Maria River gauge at Guadalupe (from pre- vs. post-Twitchell
project periods). The estimation does not account for changes in climatic conditions between the pre-
and pos‘t-projéct periods or losses/gains along the River due to other processes, both of which could
result in changes in the amount of water available for recharge over time. Clearly, the supplemental
recharge has contributed to maintaining ground-water levels in the Valley, and this is perhaps most
visible near the upstream portions of the Santa Maria Ri ver where the ground-water elevation’
contours in post-project contour maps become more or less parallel to the River, as descn'béd in a
previous subsection. If desired, additional detailed analysis o.f the beneficial impacts of Twitchell
project operations can be conducted as one of several possible scenarios using the numerical ground-

water flow mode] described herein; such a possible scenario,is described in Chapter V below.
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IV. Ground-Water Flow Model

A numerical ground-water flow model was developed encompassing the Santa Maria basin that could
be used to evaluate the potential 'groun'd—water impacts associated with basin management actions that
" may be taken by the District or other entity Within the basin. In addition, it was to be used for
estimating the storage and perennial yield in the portion of the basin within the study area. For
purposes of this report, the model] was used to simulate the aquifer system's response to historical
‘conditions within the basin (historical inflows to and outflows from the study area, and land use
changes), calé_ulate the historical changes in storage éincé the mid-1940's, and provide an estimate of

the perennial yield. The conceptualization, development, and calibration of the model are discussed

in this chapter, as well as the results of the model sensitivity analysis and water budget review.

A ground-water mode] can be defined as a simplified version of a real ground-water systenﬁ that
approximately simulates the response of the system to identified hydrologic stresses. The process of -
developing a ground-water model begins with a conceptual model of the aquifer system. A
conceptual model is a description of the characteristics of the ground-water system and includes the
occurrence aﬁd movement of ground water and a depiction of recharge and discharge stresses. A
concéptual model is deve]bped following a review of the géology and hydrology of the area, the
interpretation of ground-water inflows and outflows, and an analysis of hi's_torical ground-water level

data.

The conceptual model is translated into a mathematical model that consists of the governing
equations$ of flow and all pertinent boundary conditions. The mathematical model is then solved

through the use of a documented ground-water modeling code. Boundary conditions, aquifer
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characteristics, and recharge and discharge components are estimated based on available data, and
subsequently translated into model input files used to run the model, which in turn generates
simulated hydraulic head within the model area over a specified hydrologic time period. The

modeling process then enters an iterative stage of calibration, in which the simulated hydraulic heads

" generated by the model are compared to actual historical ground-water elevation data from the

model’s hydrologic period. Aquifer characteristics and other parameters used in the model are
adjusted in order to. cause the model-calculated hydraulic heads to agree, as closely as possible, with
the historical data. After calibration is completed, a sensitivity analysis is generally conducted to

determine the model's sensitivity to changes in selected input parameters. This provides additional

" support that the calibrated model values, such as hydraulic conductivi'ty, recharge, and pumpage, are

as accurate as possible.

‘The calibrated model can then be used to predict (simulate) the future response of the ground-water:

surface water system to events that change the system and/or the stresses on the system. In addition,
the model can be used to simulate fhe ground-water levels that could have resulted dufing the model’s
hydrologic period, had the historical system or stresses been different. For this report, the model was
used to simulate the ground-water: surface-water system's response to the historical conditions;
specifically, the historical inflows (e.g., precipitation and streamflow recharge), outflows (e.g.,
agricultural and municipal/industrial pumpage), and changes in land use (i.e., the distributibn or
location of these stresses). The model was then used to estimate the historical changes in storagé and

the yield of the aquifer system in the portion of the basin within the study area.
Conceptual Model

The conceptual model is developed by formulating a set of assumptions about the real ground-water
systern that reduce the system and its inherent complexities, all of which cannot be simulated, to a
simplified version that can be evaluated quantitatively and is acceptable in view of the objectiveé of

an investigation. In addition, data limitations that have made it necessary to estimate model
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parameters are identified. A description of the conceptual model developed for the study area is

provided below, including the folldwing:

+ aquifer system geo'metry and characteristics
« hydrologic boundaries

+ surface water-aquifer interactions

+ sources and sinks

+ data limitations

« summary of simplifying assumptions

The conceptual model was developed from a review and interpretation of many sources of |
information, including reports with information about the geology, hydrolegy, and aquifer
‘characteristics; lithologic logs from Well Drillers’ Repbrts; historical ground-water level and stream
stage and ﬂoiy data; aquifer and pump test data; crop survey maps; precipitation, evaporation, and
evapotranspiration data; and ground-water pumpage information (estimated agﬁcultnral and recorded

municipal/industrial).
Aguifer System Geomerry and Characteristics

The model encompasses the entire Sa;uta Maria basin and the active portion of the model surrounds
the study area: specifically, the contiguous area 'of the Santa Maria and Sisquoc plains, the Orcutt
upland, and the southern portion of the Nipomo Mesa (south of LBIack Lake Canyon) (see Figure 2-1).
It is generally bounded by the Casmalia and Solomon Hills fo the south, the San Rafael Mountains to
the southeast, the Sierra Madre Mountains to the east and northeast, the remaixﬁng portion of the
Nipomo Mesa to the north, and the Pacific Ocean to the west. All of the aquifers within the basin are
simulated in the model, including thoée comprised of the Quaternary Alluvium, Orcutt Fm.,'Paso
Robles Fm., and the Careaga Sand, which collectively uﬁderlie the majority of the basin; the portion
of aquifer system in the terrace deposits along the ndrtheast edge of the Sisquoc plain are also

simulated in the model. The base of the aquifer system is defined by the baséof the Careaga Sand,
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the lowermost fresh water-bearing formation in the basin. A small portion of the consolidated rocks
(Foxen Mudstone, Sisquoc Fm., Monterey Sha]e, and Franciscan Fm.) comprising the hills ajong the
southern edge of the Valley is also simulated in the model in order to provide sufficient thicknesses of

the formations comprising the basin aquifefs (which in reality taper down to feather edges along the

* flanks of the hills).

The basin aquifer system was divided into six layers for modeling purposes. The composition of thé
two uppermost model layers varies throughout the study area, reflecting the different areal extent of |
each géologic formation, as déscn’-bed in the Hydrogéologic Conditions section. The uppermost

. layer of the model, layer 1, consists of the upper members of the Quaternary Alluvium and Orcutt
Fm., which are juxtaposed next to each other (and are similar in thickness) and collectively comprise
the majority of the Valley floor and Orcutt Upland. In the Nipomo Mesa area, where the uppermost
aquifer instead consists of the Paso Robles Fm. (the upper Quaternary Alluvium is truncated along the
southern edge of the Mesa), layer 1 is comprised of the Paso Robles Fm. Along the northeast edge of
the Sisquoc plain, where the uppermost aquifer instead consists of terrace deposits (the upper
Quaternary Alluvium is truncated along the southwestern edge of the terraces), layer 1 is compﬁsed
of the terrace deposits. Along the southern edge of the Orcutt Upland, where the uppef Orcutt Fm. is
truncated (as is the lower Orcutt Fm.) aﬁd the underlying Paso Robles Fm. tapers to a feather edge,
layer 1 is comprised of the Paso Robles Fm. and the consolidated rocks. Layer 2 of the model
consists of the lower members of the Quatémary Alluvium and Orcutt Fm., which are also juxtaposed
next to each other (and are similar in thickness) and collectively underlie the majority of the Valley
floor and Oréutt Upland. As was the case for layer 1, layer 2 is comprised of the Paso Robles Fm. in
the Nipomo Mesa area and the Paso Robles Fm. and consoﬁdated rocks along the southern edge of
the Orcutt Upland. Along the northeast edge of the Sisquoc plain, the ierrace deposits are only as
thick as the adjacent upper member of the Quatern_ary Alluvium (layer 1) and layer 2 is comprised of

the Paso Robles Fm.

Although the Paso Robles Fm. and Careaga Sand essentially behave as a single aquifer, they were

divided into four layers for modeling purposes (layers 3 through 6). The layers are progressively
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thicker with depth: specifically, approkimately twice the thickness of the overlying layer (e.g., layer 3
is twice as thick as layer 2, layer 4-is twice as thick as layer 3, and so on). This “telescoping” of layer
thicknesses, with each limited to .twiée that of the overlying layer, was necessary in order to maintain
stable ground-water flow conditions within the model. As a fesult, layers 1 and 2 generally range in

- thickness between 60 feet in the Nipomo Mesa and-'southeast paft of the Sisquoc plain, 100 feet |
beneath Orcutt, and 130 feet at the coast. This reflects the graduagl thickening of the Quatemary
Alluvium and Orcutt Fm. from the eastern Valley toward the coast. Layer 3 ranges in thickness
between 40 feet in the Nipomo Mesa and Sisquoc plain, 80 feet at the coast, and 150 feet beneath
Orcutt; and layers 4 through 6 are each approximately twice the thickness of the overlying layer, with
the thinnest portions beneath the Nipomo Mesa and Sisquoc plain and the thickest portions beneath
Orcutt. The composite thickness of layers 3 through 6 ranges between 500 to 700 feet around the
edges of the model and 2,200 feet beneath Orcutt, reﬂecting the folding of the Paso Robles Fm. and
~Careaga Sand into a trough with the deepest portion beneath the Orcutt area. A schematic cross

section illustrates the model layers and other aspects of the conceptual model (Figure 4-1).

For the model, the aquifer characteristics (hydraulic conductivity values) of the different formations
were based primarily on the results of aquifer or pump tests; this was the case for the lower
Quaternary Alluvium (part of layer 2) and the Paso Robles Fm. (primarily layers 3 through 6). The
aquifer characteristics for the Careaga Sand (the lower portion of layer 6) were based on laboratory
permeability tests. These aquifer, pump, and laboratory tests were described in the Hydrogeologic
Conditions section. However, such test results were not available for all the formations, including
the upper Qﬁaternary Alluvium (part of layer 1), the Orcutt Fm.(part of layers I and 2), the terrace
deposits (a.minor part of layer 1), or the gonsoli_datcd rocks -('mj.nor parts of layers 1 and 2). In these
cases, the characteristics were estimated based on the lithologic descrif)tions of the formations or
typical literature values for the respective type of deposit. Vertical hydraulic conductivities of the
aquifers were assumed to be one-tenth of the horizontal hydraulic conductivities, and the vertical
hydraulié conductivities of the river channel deposits were based on the in-situ permeability tests

described in the Hydrogeologic Conditions section.
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For modeling purposes, layer 1 was designated as an unconfined aquifer; layers 2 and 3 were
unconfined to confined aquifers; and the remaining layers were confined aquifers. These designations
were selected based on knowledge of the aquifer characteristics and historical ground-water level

fluctuations. Layer 1 was designated as an unconfined aquifer because the layer 1 formations

- comprise the water table aquifer in the study area (and in large areas, the upper Orcutt Fm. aquifer of

layer 1 is typically unsaturated). Layer 2 was designated as an unconfined/confined aquifer because
the lower Quaternary Alluvium aquifer of layer 2 is unconfined in the eastern to central part of the -
study area, but transitions to confined conditions in the western part. In addition, in some areas,

portions of the lower Orcutt Fm. aquifer of layer 2 have dewatered during historical dry period

conditions (i.e., ground-water levels have declined below the top of layer 2). Layer 3 was designated

as an unconfined/confined aqu_ifer because, in some areas, the upper portion of the Paso Robles Fm.

aquifer of layef 3 has also dewatered during historical dry period conditions. Layers 4, 5, and 6 were

.designated as confined aquifers because, even though the Paso Robles Fm. and Careaga Sand .

primarily behave as one single unconfined aquifer, they have remained saturated during the historical

period.
Hydrologic Boundaries

Ground-water flow in the study area originates in its southeast portion from recharge from the
upstream part of the Sisquoc River and its tributaries and from the upstream part of Orcutt Creek (see
Figures 3-10, 3-11, and 3-12). Ground water within the study area has historically flowed primarily -
to the west-horthwest with essentially no inflow from or outflow to the surrounding hills and
mountains and Black Lake Canyon. Outflow from the study area occurs along the coast; landward
flow (from the ocean toward the Valley) has not occurred, based on historical ground-water
elevations. The model was designed such that the horizontal flow of ground water (inflow or
outflow) does not occur across most of the model boundaries, with the exceptions of Black Lake
Canyon and the coast. Even though ground water has histom'caHy flowed toward the west-northwest
across the southern Nipomo Mesa with minimal to no horizontal flow across the Black Lake Canyonl

area (north-to-south or vice versa); the mode] was designed to allow horizontal flow to occur across
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this model boundary, should conditioﬁs arise (e.g. changes in .ground-water levels on either side) that
would induce flow from or toward the northern Mesa. The model was also designed to allow
horizontal flow across the coastal boundary, in either a coastward or landward direction. The base of
* the model domain (the base of layer 6) was designated as the base of the Careaga Sand, the lowermost

* fresh water-bearing formation in the study area.

Surface Water-Aquifer Interactions

The ground-water system in the study area is strongly influenced by streamflow in the Sisquoc,
Cuyama, and Santa Maria Rivers, by ghe tributén'cs to the Sisquoc River, and by Orcutt Creek, all of
which typically act as sources of recharge to the aquifer. Discharge from the aquifer (gaining stream
conditions) haé historically occurred in the area near the mouth of the Santa Maria River to a limited
-extent. Gaining or losing stream conditions in the study area are determined by the hydraulic gradient
between the rivers (and creeks) and the ground-water system, which can change due to féctors such as
precipitation and surface water releases to the Cuyama (and, therefore, the Santa Maria River). Flow
between the aquifer and these streams is simulated in the model and; for the hydrologic period
selected for the model, the streams are primarily losing streams. Also, as noted in the previous
subsection, ground water historically flowed from the aquifer system to the ocean, and tﬁié flow is.

simulated in the model as well.
Sources and Sinks

Recharge to and discharge from the ground-water system are simulated as source and sink terms,
respectivel y, in the model. The source or recharge components includé precipitation; treated
municipal waste water and processing water applicd to land; irrigation return flows; and flow from
the stream system (under losing conditions). The sinks (discharge components) include ground-water
pumpage (agricultural, municipal, industrial, and domesﬁc); evapotranspiration (ET); flow to the

stream system (under gaining conditions); and ground-water outflow to the ocean.
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The precipitation simulated in the model was based on the historical précipitation recorded at the
closest station, "Santa Maria-Airport". The agricultural pumpage simulated in the model was
estimated from historical land us.e m.aps, measured ET of applied water (ETaw), precipitation records,
soil types, and reported irrigation efficiencies. The agricultural pumpage was estimated because the
* number, location, and pumping rates of agricultural wells in the study area are not fully known. The
municipal pumpage simulated in the model was based on historical pumpage records from Santa
Maria, Guadalupe, Nipomo, and the Southern California Water Company (CaI‘Cities). Industn’al
pumpage from the UnoCal refinery, the Union Sugar refinery, and the PictSweet facility was based on
reported amounts available for various time periods. The amount of individual domestic pumpage in
the valley was assumed to be insignificant relative to pumpage for irrigation, municipal, and
industrial uses. The volume of treated municipal waste water and proceséing water applications were
estimated based on summary reports filed with the Central Coast Regional Water Quality Control
Board (CCRWQCB) available for selected time periods; the return flows from these applications
simulated in the model were estimated based on the method and location of application. The

irrigation return flows were based on the reported soil types and irrigation efficiencies.

Data Limirations

There are a number of data limitations within the model area that have made it necessary to estimate
some model parameters using limited data. These limitations are not considered to have an adverse
effect on the objectives of the modeling analysis because the estimated values have been adjﬁsted
during the célibration process. Oﬁe limitation is the lack of well construction (screen interval)
information for many wells with historical ground-water Ie\-fel daté, which was needed to fully qualify
these data by aquifer in the basin, and thus, fully characterize ground-v;/atcr levels and flow patterns

within each aquifer.

Aquifer, pump, and/or laboratory test data, from which aquifer characteristics were calculated or
estimated, were available from numerous wells throughout the study area for the principal aquifer

formations (lower Quaternary Alluvium, Paso Robles Fm., and Careaga Sand), but not for the upper
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Quaternary Alluvium, Orcutt Fm., Older Dune Sand, terrace deposits, or consolidated rocks. As a

result, 1t was necessary to estimate their hydraulic conductivity values for modeling purposes.

Ground-water pumpage from agricultural and individual domestic wells in the model area is not

- metered or otherwise recorded and the agricultural pumpage was estimated as described in the

previous subsection; individual domestic pumpage was assumed to be insignificant. Complete
historical records of the volume of industrial pumpage and treated waste water/processing water
applications were not available, and it was necessary to estimate these volumes, as well as the

percentages of each that have returned to the basin as recharge.

The records for ET data (e.g., potential ET or reference ET) were available for only short periods of

time during the historical period. These data were needed for estimating the agricultural pumpage

simulated in the model. As a result, summary estimates of ETaw (by crop, growing season, and

amounts of effective precipitation) based on ET measured during selected periods during the 1960's

and 1970's in California’s central coastal valleys were used to estimate the pumpage

Summary of Simplifying Assumptions

The most important assumptions used in the development of the conceptual model are summarized as.

follows:

1. The aguifer s'yétcm, which is composed of the ailuvi»al deposits described in the
Hydrogeologic Conditions section, can be represented by six layers: an upper unconfined
layer, two unconfined/confined layers, and three confined layers at depth. The layers have

different aquifer properties based on the formations comprising them.

2. Ground-water flow within each layer is horizontal. Flow between the layers is vertical.
Horizontal and vertical flow into or out of the aquifer system to the surrounding consolidated

rock was neglected because it is small relative to other components of ground-water flow.
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Ground water enters the modelk pn'marﬂy from the losing reaches of the Sisquoc River and its
tributaries, as well as from Orcutt Creek, in the southeast part of the model; ground Water also
enters the model! from the areal infiltration of precipitation, areal irrigation return flows, and
localized applicatfon of treated municipal waste water and processing water. Ground water
exits the model a]bng the coast across the westemn model boundary, through minor gaining

reaches of the Santa Maria-River, and through ground-water pumpage and ET losses.

- The horizontal hydraulic conductivity of the aquifer is assumed to be heterogeneous and

isotropic (varying with distance but not with direction). Vertical hydraulic conductivity (in all
areas except the streambeds) was assumed to be one-tenth of the horizontal hydraulic
conductivity. The storage coefficients in layers 2 and 3 are assumed to vary between a
conﬁnéd s_torafivity and unconfined specific yield value, depending on the model-calculated
hydraulic head. If the head drops below the top of these 'layers, they become unconfined and
specific yield values are applied. The three lowermost layers (layers 4, 5, and 6) are assumed.

to be confined under all conditions.

Flow between the main streams and the aquifer is simulated by the model; an accounting of
flow volumes in the streams is made by the ﬁaodcl, and the stream stage is calculated by the
model based on the flow volume accounting. Streamflow entering the model is assumed to be
instantly available to downstream reaches during each stress period, and leakage between the

streams and aquifer is assumed to be instantaneous.

Agricultural gfound—water pumpage was simulated as areal discharge, primarily from layers 2
through 4 of the model, because exact well locations and purnping rates are not completely

known.

7. Storage in the aquifer materials responds instantémeously to changes in hydraulic head.
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For the purposes of this analysis, these simplifying assuﬁlptions are considered reasonable and do not

prevent the. model from predicting the approximate magnitude of ground-water impacts resulting

from various possible basin management actions.

" Model Development

The process of converting the conceptual model described above into a numerical model] involves the
selection of a modeling code, construction of a model grid, selection of boundary conditions,
designation of input parameters, and preparation of model input files. A detailed discussion of the

. development of the numerical model is provided below.

The Sznta Maria Valley ground-water flow model uses a three-dimensional finite-difference
.-modeling code called MODFLOW (McDonald and Harbaugh, 1988). The modeling code was written
by the U.S. Geological Survey and is the most widely used numerical model in the ground-water
profession. It uses a variety of subroutines, called "packages”, to simulate different ground-water
flow components such as areal recharge, pumpage, and flow to and from streams. In order to run the
model, input data files are prepared for each package used in the simulation. A finite-difference
model such as MODFLOW requires thét the flow system be subdivided, or discretized, b_y‘dividing
the volume of the model into a rectangular grid of columns, rows, and layers so that the governing
equations of ground-water flow can be solved for each cell of the grid. Hydraulic properties within
each cell are assumed to be constant. The model calculates the hydraulic head in 'each cell and the

rate of flow between cells.

The model was developed to simulate transient conditions whereby grbund—water levels and flow can
vary with time. Discretization over tifne is accomplished by dividing the continuous time domain
(the hydrologic pen'éd of the model) into specific time intervals known as stress periods. Model
inputs that vary with time, including recharge and discharge, streamflow, and hydraulic head along
the northern model boundary, must be estimated for each stress period. The hydrologic period

selected for the model was a 53-year period between Fall 1944 through Spring 1997. This period was
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selected to encompass significant events in the historical development of the basin, including an
increased demand on ground-water resources and the enhancement of rcchargc to the basin from
operation of the Twitchell project, as well as several alternating cycles of wet and dry hydrologic

conditions. Ground-water levels at the beginning and end of the hydrologic period are similar, -

approaching near historical-high levels, so that the long-term change in basin storage is minimized.

The hydrologic period was also selected to encompass the period of record for ground-water level
data for a sufficient number of wells and the period of record for streamflow data for the main .
streams in the study area. Semi-annual stress periods (6 months in Iéngth) were selected so that the

model’s response to seasonal fluctuations caused by factors such as precipitation, irrigation, and

* streamflow could be determined.

Model Grid and Boundary Conditions

The model gnd consists of éix layers with dimensions of 90,000 feet by 180,000 feet (approximately
17 miles by 34 miles) divided into 90 columns and 45 rows (Figure 4-2). The cells are uniform in
size throughout the model grid, with dimensions of 2,000 feet by 2,000 feet. The cell thicknesses are
variable in each layer, rénging between 60 and 130 feetin layer 1 and between 250 and 1,200 feet in

layer 6.

There are true hydrologic boundaries within the model area, specifically along the southern,
southeastern, and eastern edges of the study area; no boundary to flow exists along the western edge
(the coastline) or northern edge (Black Lake Canyon) of the study area. The overall dimensions of
th(é grid, however, were made large enough so that the model boundaries would not affect the
simulated changes in ground-water levels. All model boundaries except the western and northern
ones were designated as no-flow cells that do not allow horizontal flow across them into or out of the
model grid. This reflects the essentially impermeable nature of the cc_ﬁnsolidated rocks that define

these portions of the basin (and model) boundaries.
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The western boundary was designated. as constant head célls that allow a hydraulic head to be
specified for each cell and held constant throughout thé simulation (ih this case, at én clevaﬁon neér
sea level). These cells allow horizontal flow across the boundary into and out of the model grid as a
function of the hydraulic 'conductivity and simulated head in adjacent model cells. For example, if

" the simulated head in the adjacent model area is above sea level, ground water will exit the model
across the constant head cells, simulaﬁng the historical outflow from the b‘asin to the ocean;
alternatively, if the simulated heads decline below sea level, water will enter the model across the

constant head cells, essentially simulating conditions of sea water intrusion.

The northern boundary was designated as general head cells that allow a hydraulic head to be
specified for each cell (but not held constant throughout the simulation). These cells allow horizontal
- flow across thé_ boundary into and out of the model grid as a function of the hydraulic conduct‘ivi_ty
and simulated head in adjacent model cells. The hydraulic heads specified for the general head cells
for-each stress period were based on the historical gfound-water levels near the boundary (estimated
from water level hydrographs of .nearby wells and water level contour maps constructed for various

times throughout the model’s hydrologic pericd (see Figures 3-10, 3-11, and 3-12).
Aquifer Properties

Aquifer properties that. were estimated for input into the model include horizontal and vertical
hydraulic conductivity, storativity, and specific yield. As described in the previous chapter, the
aquifer characteristics of the different formations were desi gnatéd based primarily on aquifer, pump,
and laboratory permeability test results, and in some cases on the relative lithologies between
"fo-rmations, typical literature values, and reported average values (speciﬁc vield). The values of the
aquifer characteristics initially entered into the modél were later adjusted during the model calibration
process in order to match (as closely as possible) model-calculated hydraulic head to the historical
observed ground-water levels. Other inputs required by the model are the top and bottom elevations

of each layer so that the transmissivity of each cell can be calculated (from the hydraulic conductivity
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and saturated layer thickness). These layer elevations were based on the review of available Well

Drillers’ Reports and cross sections, as described in the Hydrogeologic Conditions section.

Each layer of the model _\Qas divided into a number of hydraulic conductivity zones with different

ranges of values so that the initially-specified values could later be adjusted during calibration for

groups of model cells with similar hydrogeologic characteristics. The distribution of hydraulic
conductivity zones was based on the distﬁbutipn of the known values at different well locations (see
Figure 3-13). The zonation reflects the variability of lithologies throughout the model area (e.g., the
gradual fining of the formations from east to west, Athe gradual ﬁnihg of the alluvial deposits away
from the stream courses) and betw{/een the different aquifers (e.g., the coarser sediment of the
Qﬁatemary Alluvium compared to the more “clayey” Paso Robles Fm.). During calibration, the
initial hydraulic conductivity values for the zones in each layer were adjusted to a minor extent. The
hydrauh'c cbnductivity zonation for each layer is shown on a map of the study area (Figures 4-3, 4-4,

and 4-5) and the calibrated values for each zone are presented in Table 4-1.

It was necessary. to show zones consisting of fixed ranges of hydraulic conductivity values (as
opposed to zones with single values) because approximately 40 values have been designated
throughout the model. The resulting .calibrated values for the layers ranged from 500 to 4,100 gpd/ft®
in layer 1 (rm'nof areas were 10 to 225 gp_d/ftz), from 750 to 4,100 gpd/ft* in layer 2 (minor areas were
10 to 225 gpd/ft?), and from 10 to 500 gpd/ft? in layers 3 through 6; the higher values were generally
along the course of the streams, with smaller values toward the edges of the mode] area. The vertical
hydraulic cbnductivity throughout the model area was initially assumed to be one-tenth of the
hqﬁzontal hydraulic conductivities. During calibration, the values changed according to the
adjustments in horizontal hydraulic conductivity, But the ratio of vertical to horizontal hydraulic
conductivity (one-tenth) was not changed. The storage coefficients originally assigred to the model
layers were modified only slightly durin{gv calibration; the values averaged approximatély 0.0001 for
storativity and 15 % for specific yieid. ‘The hydraulic conductivity and storage coefficient values for

the Nipomo Mesa are in general agreement with the calibrated values from a previous ground-water

_ flow model for the Mesa (Cleath & Associates, 1996).
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Table 4-1

Calibrated Hydraulic Conductivity Values

for all Model Layers

Horizontal Vertical
Conductivity Conductivity

Zone Number (gpd/t?) (gpd/ft?)
1 10 - 40 1-4
2 40-75 4-8
3 75-150 8-15
4 150 - 225 15-22
5 225-375 22 -38
6 375 - 500 38 -50
7 500 - 750 B50-75
8 750 - 1,100 75-11Q
9 1,100 - 1,500 110-150
10 1,500 - 2,250 150 - 225
11 2,250 - 3,000 225 -300
12 3,000 - 4,100 300 - 410

SM_Report_Tables.wb3

Copy of document found at www.NoNewWipTax.com




4H3IIMITONDT ANILIAENMNOD -

IMNINTINTYOS B J43d00H

=

g /
Plamo "
Siots %‘ 15’
Boachyl % WeweraL HEp CBiLS
& o s oo A%

Rivas

- 4 A-3.4

LUHOORFF & SCALMANING ’ . Flgure 4-3
CONSULTING ENBINEERS Distributien of Hydraulic Conductlvlty Zones, Layer 1

Sanfa Marla Ground-Water Model




amtiInasmof

U708 T Jd800H0

AEIZNIONSI

[N
i

>

A0 TAE; Q:/Frelvcts/Sonty Wade/d8=1=00/Tig 4=deg _ CFQ FAG |SCEAA0PCF LIRS DATE: 04-04-00 _4i10pa

LUHDOAFE & SCALMANINI
CONSBULTING ENGINEERS

. . Flgure 4-4
Distribution of Hydraulic Couductivity Zones, Layer 2

- Santa Marla Ground-Water Model




west of Orcutt) and the river package provides a method for simulating streams when the flow

information is limited.

Parameters required by th‘c_ streamflow routing package are the streambed elevation and> dimensions

* (width and length) for each stream cell (estimated from US Geological Survey 7-1/2' topographic
quadrangle maps); this enables the model to calculate the stream stage in each stream cell, based on
the streamflow entering the cell, and determine the relative heads between the stream and aquifer.
The package also rcqﬁi_rcs vertical hydraulic conductivity values and thicknesccs of the streambed
materials; fhe hydraulic conductivity values used in the model were based on the reported values from
in-situ permeability tests at various points alon-g‘ the stream system (Worts, 1951) and the streambed
thickness was assumed to be two feet. The model uses the streambed dimensions, vertical hydraulic
conductivity, énd thickness desi gnatcd for each stream cell to calculate streambed conductance terms,
which are used by the model (in conjunction with the relative hydraulic head between the stream and
aquifer) to calculate the leakage from or to the aquifer. The streambed conductance is calculated as
the product of the streambed vertical hydraulic conductivity, the length of the streamin a cell, and the
width of the stream in a ceH, divided by the streambed thickness. Adjustments to the conductance
terms were made during modcl calibration in order to provide an improved match between the
observed and simulated ground-water levels in the adjacent aquifer. The calibrated conductance
terms in the stream system cells ranged from 22,000 to 425,000 ft*/day with a streambed thickness of-
one foot. The highest coﬁductance values were located along the central portion of the main stream
system, between the town of Sisquoc and the eastern part of the City of Santa Maria; these values

gradually declined toward the ocean.

nd

0

The parameters required by the river package are very similar to the streamflow routing package
they include streambed elevation and those parameters necessary to calculate conductance terms for
each river cell along Orcutt Creek. The river package was used in a manner that simulated a flux of
water, specifically the flows in Orcutt Creek, to the aquifer system during each stress period. The

streambed vertical hydraulic coniductivities and thicknesses were similar to other streams in the study

area and the conductance terms were not modified during model calibration.
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Discharge and Recharge

The discharge components simulated in the model are pumpage and evapotranspiration; the pumpage
included amounts for irn'gation, rﬁunicipal, and industrial purposes. Water used for these purposes

' has historically, throughout the model’s hydrologic period (1944 t01997), been derived solely from
ground water. The irrigation pumpage throughout the model’s hydrologic period was estimated by
first determining the land use patterns during that period: specifically, the acreage and distribution of -
im’gatéd and non-irrigated cropland, fallow land, urban areas, and native vegetation areas. This
provided a determination of the areas where irrigation (and therefore, pumpage) was conducted over
time. Secondly, the distribution of the different irrigated crops grown in the study area (their acreages
and locations) was evaluated, as were the reported values of ET of applied water (ETaw) for the crops
and the annual rainfall amounts. This provided a determination of the amount of ground water that
would have needed to have been pumped over time, solely for the purpose of meeting the water
requirements of the different crops. Finally, the reported irrigation efficiencies throughout the study
area were evaluated in order to estimate the irrigation pumpage over time (essentially the sum of two
components of pumpage: pumpage for meeting the crop requirements plus‘s'upplem_ental pumpage
for accommodating the irrigation inefficiencies). A detailed description of each of these steps

follows.

~ Historical land use patterns in the study area were determined from crop surve)y maps and cfop
acreage summaries completed by the California Department of Water Resources on approximately
ten-year intervals through most of the modeled hydrologic period (available for the years 1959, 1968,
1977, 1985, and 1995). For the period prior to 1959 (specifically, for the year 1944 at the beginning
of the model’s hydrologic period), the land use patterns were estimated from reported total acreages
for the period between 1930 and 1944 (Worts, 1951). The distributions of irtigated and urban land
use during 1959 (the first year when detailed information on crop distributions was available) and
1995 are illustrated on maps of the model area (Figures 4-6 and 4-7). It should be noted that the
irrigated acreage. included irrigated cropland and fallow land. Comparison of these two maps shows

how irrigated areas have, over the model’s hydrologic period, expanded into portions of the Orcutt
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Upland, the Sisquoc plain and terraces, the lower Cuyama River floodplain, and the Nipomo Mesa.
Minor portions of the irrigated areas have been replaced by urban growth around the southern and

eastern margins of the City of Santa Maria.

~ The distribution of the different irrigated crops grown in the study area (their acreages and locations)
was also determined from the crop survey maps band crop acreage summaries listed above, and a bar
chart of the crop acreages from each survey year (with the crops grouped by type) shows how the crop
types and acreages in the study area have changed over time (Figure 4-8). The most significant
change is the increase (inore than double) in truck erops grown in the study area. It should be noted .
that the acreages reported here are “land” .acreages; i.e., the land area used for growing crops,
regardless of whcthér it is used for single or multiple cropping throughout any given year. This was
domne to providé_ consistency between the earlier acreages derived from technical reports and
subsequent acreages from crop surveys. It was also observed that the pattern of cropped parcels is
quite dense and highly variable throughout the study area, as well as over time. For purposes of
modeling, the irrigated acreages (by crop type) for the years between the crop survey years were

estimated by interpolating between the survey years

In order to estimate the pumpage needed to meet the crop requirements, reported values of ETaw for
various crop types were reviewed; specifically, these were values measured and developed for
different rainfall zones in the central California coastal valleys (DWR, 1975b) that showed how the
applievd water increased in zones with less rainfall and vice versa. A review of the reported values for
the different.crops would indicate that they accommodate multiple cropping. These values were used
to dévelop a relati onship between ETaw values and the annual rainfall amounts within the study area
by crop type (Figure 4-9). The ETaw values are in general agreement with ET values estimated for a
previous study of the Santa Maria Valley’s ground-water resources (Toups Corporation, 1976). The
ETaw for each crop type (for the appropriate annual rainfall amount) was multiplied by the acreage of
each crop type for each yeaf to calculate the annual pumpage associated with each crop type’s

acreage; each of these pumpage amounts was then summed to calculate total annual pumpage for the

model area. These estimated annual pumpage amounts (for meeting the crop water requirerment)
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accommodate the variation from year to year in proportions of different crop types and in rainfall
amounts. The annual pumpage estimates for the model area were then divided by the number of
model cells simulating irrigation pumpage (e.g., those shown in Figurés 4-6 and 4-7) to calculate an
average per-cell pumpagé’ amount. This areal averaging of the pumpage was done because the crop
| density and distribution precluded simulating pumpage from individual crop parcels; further, it was
thought that the averaging would not cause any-appreciéble difference in simulated hydraulic head
(compared to simulating pumpage from individual crop parcels) throughout the model area, given the
generally even distribution of observed hydraulic head in the study area (e.g., a lack of localized
pumping depressions) througﬁc;ut the hydrologic period.

The irrigation pumpage to be simulated in the model was calcuiated by utilizing the estimates of
annual pumpage detailed above in conjunction With the reported irrigation efficiencies for the area,
which raﬁged from approximately 50 percent in the eastern-most portion of the study area to 90
percent in the Guadalupe area (due primarily to the distﬁbutibn of soil types) (Worts, 1951). To
accommodate the variable efficiencies, the model area was divided into three zones of differént
irrigation efficiencies: western area, 85%; central area, 75%; and eastern area, 65%. The per-cell
estimates of annual pumpage were adjusted upward, based on these efficiencies; i.e., slightly higher
in the eastern zone than in the western zone. The resulting estimate of irrigation pumpage
accomquates the progressively lower irrigation efficiencies (and thus, greater irrigation purhpage

per model cell) toward the eastern part of the study area.

The estimated irrigation pumpage was simulated using MODFLOW’s well package; theApumpage'
was distributed throughout the model cells that corresponded to the historical areas of irri gaﬁon from
model layers 2, 3, and 4 (corresponding to the upper 250 to 600 feet of the aquifer system). The
irrigation purﬁpage simulated in the model and the associated acreage are presented in a hydrograph,
which illustrates the gradual long-term increase in agriculture in the study aréa over the modeled
period (Figure 4-10). These estimates are similar to previously-reported ones from a study conducted
in a similar sfudy area (Miller and Evenson, 1966); other studies have estimated the irrigation

pumpage within larger study areas and are not comparable. The irrigation pumpage was simulated as
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outflow from the model’s aquifer system, but only the crop requirément component of the pumpage
(ETaw) is simulated as being pefménently removed from the system. The supplemental component of -
the pumpage for accommodating the irrigation efficiencies was assumed to return to the aquifer

system in entirety and wés simulated as recharge to the system (irrigation return ﬂéws), as described

} later in this subsection.

- The municipal and industrial (M&I) pumpage simulated in the model included thc municipal
pumpage of the Ci‘ties of Sanita Maria and Guadalupe, the Southern California Water Company
(CaICitiesj, and the Nipomo Cémmunity Services District (NCSD), and the industrial pumpage of the
UnoCal-Guadalupe, Union Sugar, and PictSweet facilities. The municipal pumpage was based on
historical records kept by the municipalities and the industrial pumpage was based on summary
reports (Toupé Corporation, 1976; Miller and Evenson, 1966) and available records in the files of the
CCRWQCB. The locations of the municipal wells and industrial facilities included in the model are
shown on a map of the study area (Figure 4-11) and the M&I pumpage simulated in the model is
presented in a hydrograph, which shows a gradual long-term increase in pumpage over the modeled
period (Figure 4-12). The M&I pumpage was simulated using MODPLOW’S well package; the
pumpage was distributed to the model cells corresponding to the known well and facility _l.ocations
from model layers 2 through 5 (the upper 400 to 1,400 feet of the aquifer system). The municipal
pumpage was distributed to the different layers based on each well’s completion depths, and the
industrial pumpage was distributed evenly between the layers (multiple wells were used at the

facilities and completion dépr.hs were not available for all wells).

The recharge components simulated in the model are precipitation, irrigation return flows, treated
municipal waste water applications to land , and processing water (industrial) applications. The ,
amount of precipitation recharge was based on the results of a study conducted in Ventura County
(specifically Oxnard, an area with conditions similar to the Santa Maria Valley) in which field .
determinations were made of the portion of rainfall that infiltrated below the root zone to the main
ground-water bbdy (Blaney, 1933). The results indicated that the amount of rainfall infiltrating the

ground surface and percolating below the root zone varied, depending on the type of vegetative
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ground cover present. In particular, the proportions of rainfall recharging the ground-water body were
as follows: appfoximate]y 50 % 'ofAthe rainfall in excess of 12 inches (within a year) in irrigated land;
80 % of the rainfall in excess of 15 inches in grassland; and 20 % of th.e rainfail in excess of 18

inches in brushland. In this case, the soil moisture (at the beginning of the rainy season) of irrigated

" land was higher than grassland, which was in turn higher than brushland; thus progressively more of
the annual rainfall went to replenish the soil moisture before percolating beyond the root zone during
the later part of the rainy season. In the study, non-irrigated cropliand was considered to have soil

moisture conditions similar to grassland areas.

During the determination of historical land use patterns in the study area (from crop survey maps)
described earlier in this subséctic’m, the areas of grassland,'brushland, and non-irrigated crops were
also defined thfoughout the model’s historical period. Ground-water recharge from precipitation in
the various areas was simulated using MODFLOW?’s recharge package, and the recharge was f
distributed throughout the model cells that corresponded to the various areas according to the
recorded historical rainfall at the Santa Maria gauge and the rainfall proportions determined in the
Ventura County (Oxnard) study. As a result, those model cells “overlying” the irrigated cropland
areas only received recharge to the model during years when the rainfall exceeded 12 inches, and then
only 50 % of the precipitation amount in excess over the 12 inches. Those model cells “overlying”
the grassland and non-irrigated cropland‘areas only received recharge to the model during Years when
the rainfall exceeded 15 inches, and then only 80 % of the amount of precipitation over the 15 inches.
Finally, those model cells “overlying” the brushland areas only received recharge to the model during
years when the rainfall exceeded 18 inches, é.nd then only 20 % of the amount of precipitation over
thg 18 inches. The proportion of rainfall infiltrating urban areas was not kndwn, and the precipitation
recharge for these areas was simulated as 15 % of the annual rainfall. All precipitation recharge .
simulated in the model was applied to the upper layer (layer 1) of the model. During calibration,

none of these proportions (and thus the associated recharge) was adjusted.

As noted earlier in this subsection, all of the supplemental component of the estimated irrigation

pumpage (to accommodate the irrigation efficiencies) was assumed to return to the aquifer-system.
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These irrigation return flows were simulated as recharge to the system using MODFLOW'’s recharge
package; the recharge was distributéd throughout the model cells that corresponded to the historical

areas of irrigation and applied to layer 1 of the model.

~ Additional recharge to the basin from the localized application of treated muhicipal waste water and
processing water was simulated in the model. This included treated waste water from fhe Cities 6f
Santa Maria and Guadalupe, the Laguna Sanitation District, and the NCSD, and processing water
(industﬁal) from the UnoCal'—Guadalupe, Union Sugar, and PictSweet facilities (see Figure 4-11).
The industﬁa] pumpage (dischérge) was estimated as described earlier in this subsection; the
subsequent disposal of this water (by épplication to land), specifically the portion recharged to the
aquifer system, is simulated in the model using MODFLOW's recharge package. The volume of
treated waste water applied to land was compiled from CCRWQCB files and summary reports, and
the‘ portions recharged to the aquifer system are simulated in MODFLOW’S‘ recharge package. It was
assumed that 60 to 70 % of the applied treated water was recharged to layer 1 of the system,
depending on the method of application. The varying starting dates of operation for the facilities
during the model’s hydrologic period are accommodated by the model (e.g., operation of the NCSD
facility, and therefore the simulated recharge in the model, did not begin until the mid-1980's). -

During calibration, none of these proportions (of the applied water) was adjusted.
Model Calibration

As described earlier in this section, model calibration involves the process of adjusting iﬁitially input
parameters such as aquifer properties, stream properties, boundary heads, and source/sink terms
within reasonable ranges to obtain an acceptable match between observed and model-simulated
hydraulic heads (ground-water levels). During the calibration of this model, adjustments were made
primarily to the hydraulic conductivity and streambed conductance values, as discussed above;
modifications were also made to the specific yield and storativity values and the estimated heads in
the constant head cells along the ccast. The estimated heads in the general head cells (northern

boundary) and the source/sink terms were not adjusted during model calibration.

45

LUHDOREF 8 SCALMANINI
CONSULTING ENGINEFRSY




The calibration period of the model matched the model’s hydrologic period, the 53-year period
between Fall 1944 and Spring 1997. This calibration period encompasses the most notable factors or
variations in the historical devélopment of the basin’s ground-water resources (e-g., the increased
pumpage of ground water and the enhanced recha;rge from the Twitchell pfoject), as well as several

~ alternating cycles of wet and dry hydrologic conditions. Also, ground-water level data were available
from numerous wells throughout the study area, in particular throughout the Santa Maria Valley,
during the entire period. Semi-annual data were often available throughoﬁt large portions of the

calibration period from many of these wells.

Model calibration was conducted by comparing observed ground-water levels with model-simulated
hydraulic head for 28 wells located throughout the model area; this was done by a combination of
visual comparison and a statistical analysis of the observed and simulated levels. The locations of the
28 calibration wells, approximately 10 wells each for layers 1, 2, and 3, are shown on a map of the
study area (Figure 4-13). During calibration of this model, emphasis was placed on matching the
ground-water levels from wells in the portion of the model area with the greatest hydraulic stresses
(the Santa Maria Valley and Sisquoc plain), while maintaining an acceptable distribution of heads
throughout the entire model area. Calibration was considered complete when the model-simul atéd
heads closely approximated the observed levels; hydrographs of the simulated and observed head for.
several wells illustrate the extent of model calibration (Figures 4-14 through 4-17). Hydrographs of
simulated and historical water levels for all of the calibration wells are included in the Appendix.

The statistical evaluation of the model calibration involved analyziﬁg the “residuals” (caléulated |
differences) between the observed and simulated ground-water levels for each ‘obscrved level, on a
wéH by well basis. In general, the mean of the residuals (the average across all model stress periods)
for e‘ach‘ calibration well provides an indication of how closely the model-simulated heads correspond
to the' observed water levels (e.g., small residuals would indicate a high degree of calibration). The
standard deviation of the reéiduals shows the amount of spread around the mean residual (e.g., small
standard deviations indicate less variation éroﬁnd the mean value). In this model calibration, the

average of the residual means of the 28 calibration wells was 5.5 feet with a standard deviation of 9.2
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Figure 4-14

_Observed vs. Simulated Ground—Water Elevations
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feet as shown in Table 4-2. This indicates that, on average, simulated ground-water levels are
somewhat higher than observed levels in the calibration wells. As an additional evaluation of the
mode] calibration, the absolute values of the residuals were also calculated; the mean and standard

deviation of the absolute values were 13.2 and 7.2 feet, respectively, as shown in Table 4-2. This -

~ indicates the absolute magnitude of the difference between observed and simulated ground-water

levels, on average, in the calibration wells. These residuals are considered acceptable given the large -
scale of the model, which encompasses the great majority of the Santa Maria ground-water basin
(approximately 250 square miles), and the complexity of hydrogeologic conditions within the basin,
which gaxp'en'cnces large seasonal and year-to-year fluctuations in ground-water levels to varying

extents throughout the basin (see Figure 3-9).

An additional component of the model calibration involve.d reviewing the simulated streamflows for
the Santa Maria River (the “at Guadalupe” gauge). A hydrograph of the observed and simulated
flows at this location (Figure 4-18) provides an indication that the model simulates the streamflow
reasonably well throughout the calibration period and, thus, the associated stream interaction with the

aquifer system (pn'marily recharge to the basin).
Sensitivity Analysis

A sensitivity analysis was conducted to measure the model’s sensitivity to changes in the most
significant input parameters. The analysis was conducted by adjusting the value of each input
parameter within a specified range, and then comparing the resulting simulated heads with those from
the calibrated model. Parameters iﬁcluded in the sensitivity analysis were horizontal hydraulic
cénductivity, leakance, streambed conductance, storativity, and speciﬁc yield. With the exception of
hydraulic conductivity and streambed conductance, each of these parameters was adjusted upward
and downward by an order of magnitude from the calibrated values. Hydraulic conductivity and
streambed conductance were increased by 50 % and decreased-.by one-half (hydraulic conductivity) or
a tenth (streambed conductance) from the calibrated values. The results of the sensitivity analysis

were measured by comparing the difference between measured and simulated heads at the calibration
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Mean and Standard Deviation of
Residuals and Absolute Values of Residuals for Calibration Wells

Table 4;2 :

Residuals Absolute Values of Residuals
Well Number Standard Standard
Mean (ft} Deviation (ft) Mean (ft) Deviation (ft)
Layer 1 Wells
09N/32W-23K1 -5.43 5.97 6.69 4.48
09N/34W-06K2 24.55 515 24.55 5.15
10N/33W-35C 1 -15.23 19.38 19.89 14.41
10N/34W-13C1 31.84 13.98 3194 13.98
10N/3BW-02Q7 3.53 1.30 3.53 1.30
10N/36W-12P1 -5.94 1.57 6.02 147
11N/34W-30Q1 9.36 8.91 10.79 7.08
11N/35W-11B1 13.23 11.18 14.82 8.88
11N/35W-33G1 -1.50 6.99 5.50 4.40
11N/36W-13K3 2.56 0.77 2.56 0.77
i Layer 2 Wells
“Jo9N/32W-07 N1 20.63 " 16.56 21.49 1543 -
09N/34W-03N1, 8.11 6.28 8.11 6.28
10N/33W-19B1 5.90 21.54 18.21 12.81
10N/34W-02R 1 -1.16 9.40 6.72 6.62
10N/34W-08N1 7.54 8.80 9.91 5.66
10N/35W-07F1 -0.54 6.06 4.83 3.65
10N/35W-2481 10.00 9.40 12.03 6.56 .
11N/36W-13K4 - 12,51 0.68 12.51 0.68
Layer 3 Wells
09N/32W-06D1 -31.85 11.85 31 95 11.85
09N/32W-18A1 1.87 5.60 508 248
CITON/33W-30G1 38.72 17.47 36.84 1792
10N/34W-13G1 028 13.90 11.80 7.1
10N/34W-20H1/H3 15.65 11.48 16.84 9.56
10N/35W-09F 1 -4.15 6.63 5.89 475
1ON/35W-3542 9.24 15.08 13.83 10.75
11N/3EW-07R1 13.88 10.93 14.20 10.47
11N/35W-28M1 -8.75 8.15 0.61 7.02
11N/36W-35J3 1.38 2.71 252 160
Mg:l?b‘:;t\{:r"“\ﬁzlé” 5.51 9.20 13.18 7.23
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wells. The mean of the absolute values of the head residuals from the calibrated model was compared

to those from the sensitivity analysis for each adjusted parameter as shown in Table 4-3.

The model was most sensitive to changes in specific yield, leakance, and streambed conductance. An

~ order of magnitude decrease in specific yield (a sﬁbstantial decrease from 15 to 1.5 %) caused the
residual mean to increase by more than an order of magnitude (from apprqximate]y 13 to 240 feet); an -
order of magnitude increase doubled the calibrated model’s residual mean. The response of the

model to changes in leakance and streambed conductance, either increasing or decreasing them, was

to generally double or triple the .residual mean from the calibrated model. The sensitivity of the

model to changes in hydraulic conductivity and storativity were found to be almost negligible, with a

difference in the residual means of no more than 1:5 feet.
Water Budget

Calculation of a-water budget was not the primary objective of the ground-water flow model, but an
aﬁalysis of the summation of inflow and outflow components produced by the model provides a
better understanding of the model and the ground-water flow system being simulated. The water
budget calculated by the model is required to balance; i.e., the inflows must approximately equali
outflows. The co.mponents of inflow to the model include: ground-water flow across the model
bouh\dary cells {constant head cells along the coast and general head cells along Black Lake Canyon);
streamflow losses (Santa Maria, Cuyama, and Sisquoc Rivers and tributaries); river losses (Orcutt _
Creek); recharge (precipitation, irrigation return flow, and waste water applications); and‘ inflow from
storage. The components of outflow from the model include: ground;water flow across the model
bdundary cells (conStant head cells and general head cells); strearﬁﬂow gains (Santa Maria, Cuyama,
and Sisquoc Rivers and tributaries); river gains (Orcutt Creek); pumpage (agricultural and M&I); and

outflow to storage.

The water budget indicates that streamflow loss from the main stfeam system is the largest inflow

component to the aquifer systém, averaging approximately 72,000 acre-feet/year afy) during the

48

LUHDORFF & SCALMANINI
COMSULTING EMGINEERY




Table 4-3

Sensiﬁvi-ry Analysis of Parameters Used In Calibrated Model

Calibrated Model Sensitivity Analysis
Absolute Value L Absolute Value
Parameter Adjustment Factor] Residual Mean (it} | Standard Deviation (ft) | Residual Mean (ff) | Standard Deviation (ft)
Hydraulic " 0.5 13.18 7.23 14.39 7.31
Conductivity 1.5 13.18 7.23 14.61 7.76
K] 13.18 7.23 3913 1223
Leakance 10 T . 13.18 7.23 50.05 14.65
Streambed 0.1 &3.18 7.23 36.66 15.29
Conductance 1.5 13.18 7.23 12.58 7.33
0.1 13.18 7.23 12.16 7.07
Storativity 10 13.18 7.23 12.21 7.06
. 0.1 13.18 7.23 239.35 37.61
Specific Yield 10 . 13.18 7.23 21.57 10.29

i_Calibd.wb3
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entire 53-year model hydrologic period. The oufflow from the aqu:ifer to the stream gystem is quite
small (an average of 400 afy), oc‘cufdng in only[limited areas of the model area pear Guadafupe, so
the average net inflow to.the aquifer system frofn streamflow 1s approximately 71,600 afy. The
second largest inflow corﬁponent is recharge frgm precipitation, irrigation return flow, and waste

~ water application, averaging approximately 42,000 afy. The recharge component is a “fixed” inflow
(not dependant on model simulated hzads) and thus there is no recharge outflow from the model. A
hydrograph of the net stream inflow and lrechargé to the model over the hydrologic period illustrates
the long- term fluctuation about thClI‘ respective averages and the relation between these two inflow
components, i.e., increased stream inflow with wetter hydrolomc conditions (Figure 4-19). A minor
inflow cdmponent is the tiver losses from Orcutt Creek to the aquifer, with an average net inflow of

approximatély 3,500 afy.

The largest component of outflow ffom tﬁg aquifer system is pumpage for agricultural and Mé&I uses,
averaging approximately 115,000 (afy) during the model hydrollogic period. The pumpage

. component 1s a fixed outflow from the model based on the estimates of historical agriculfural
pumpage and the historical records of M&I pumpage (see Figures 4-10 and 4-12). The remaining
cormponents of model inflow and outflow are across model boundaries, and the largest of thése is the

_ground-water flow out of the model across the constant head cells along the coast (averaging

' hpproximately 25,000 afy). Hydrographs of the net inflow and outflow rates f<\)r each component,

‘which illustrate their long-term fluctuations and relative magnitudes, are included in the Appendix.

The change in aquifer storage associated with the fluctuation of the inflow and outflow clomponents
described above is calculated by the model as part of the water budget. A hydrograph of the annual
net storage change during the model hydrologic period illustrates the repeated fluctuation betweenA
conditions of aquifer storage loss and gain within the basin during the last apprommatcly 50 years
(Fxgure 4-20). The net storage change was negative dunnc dry years when more trround water was
flowing out of aquifer storage than was flowing in (resulting in declining ground-water levels).
Positive net storage changes occurred during wet years when aquifer storage was increasing

(producing rising ground-water levels). A comparison of the storage change and stream

49

] UHDORFFE & SCALMANING

ONSULTING FMNGINFERY



LR O U B I - VI 8

ININYINTYOS @ J-4e00HMT

LR e BT G I I O |

& | UFDORFF & SCALMANINI
M CONSULTING

ENGINEERS

Copy of document found at www.NoNewWipTax.com

300,000
!
250,000
- _l
& 200,000 — t\ I\
) ]
3 A
2 —
"= 150,000 —
_ J
m i
o) .
O —
< 100,000 — —
_ A
R A \ .
50,000 — - /\ - ‘
' /
- xi: ™~ v :
0 T T T _ T
1940 1950 1960 1970 1980 1990 2000
Water Year
net stream inflow recharge ———
6: \Projects\Sonto Mario\99~1~034\Fig_4—19.dwg
Figure 4~19

Model Inflow from Streams and Recharge

Santa Maria Ground-Water Model



Simulation of Historical Conditions

As mentioned above, the calibrated model simnulates the historical groimd-water flow and levels
within the basin for the éeriod from 1944 to 1997; The extent of model calibration was described in
~ the Ground-Water Flow Model section and demonstrated with several hydrographs comparing
observed and model-simulated water levels in individual calibration wells. Iﬁ addition, the model
calibration results were evaluated by statistical analysis of the residual heads (calculated diffefence
between observed and simulated levels) in the calibration wells. The water budget also provided an
iﬁdicatiori that the model simL‘llAates historical conditions reasonably well; it responds appropriately to
vaﬁations in climatic conditions during the calibration period, and the relative inflow and outflow

values calculated for each compenent are considered reasonable for the ground-water conditions

existing in the model area.

The simulation of histoﬁcal conditions may be seen on a basin-wide basis in contour maps of .

simulated ground-water elevation for different periods of time during the model hydro]ogic period.

Two periods were selected for this purpose and the contour maps are presented herein: 1968, at the

approximate mid-point of the hydrologic period and a time when ground-water levels within the study
area had reached historical low levels (Figure 5-1), and 1997, at the end of the hydrologic period and

| a recent time when water levels had rec-overed to near historical-high levels (Figure 5-2). The |
simulated contours shown are for layer 3 of the model, which corresponds to the uppermost portion of
the Paso Robles Fm. (the contours for layers 1 and 2 are similar but contain unsaturated areas to
varying extents in the Orcutt to Cat Canyon area, as has been obsefved in that portion of .the Orcutt
Fm.). The contour maps of simulated levels closely match the corresponding contour maps of
observed levels in 1968 and 1997 (see Figures 3-11 and 3-12) in the overall flow directions and _
pattern, including the areas of stream recharge along the Santa Maria Riv’er and the areas of the
majority of municipal pumpage near Orcutt. Simulated ground-water levels in the Nipomo Mesa and

- along the coast also match the observed levels; however, this is primarily due to the model’s

boundary cells (general head cells along Black Lake Canyon and constant head cells along the coast).
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Poteﬁtial Model Applications

As introduced above, the model can be used to assess the likely state of ground-water basin
conditions (ground-watef']evels_ anu st age, including trends, and ground-water flow) under a variety
~ of revised historical or alternative future conditions. Porvcxample, based on general interests
expressed in recent years, various scenér-ios might be drafted to individually or collectively examine
the benefits of Twitchell Reservoir, the benefits of impdrtiﬁg supplemental (State Water Project)
water for municipal supply, and the impacts of future changes in agricultural and/or municipal land
and water use. For general co‘n‘sideration in the future, the following scenarios have been deve]oped

to illustrate potential applications of the model in the overall planning and management of water

resources in the basin. The four scenarios-discussed below are summarized in Table 5-1.
Base Cases

The base case can be essentially an exémination of the overall historical period of record to assess the
status of the basin under those historical conditions. In this case, given the lengthy hydrologic and
concurrent calibration period, 1944-97, the base case would be a numerical simulation that would
express ground-water level response to historical hydro]ogy; and to historical land and water ﬁse as
well as water management actions (e.g., the addition of Twitchell Reservoir, beginning about rnidwéy
through the modeled period); once calibrated as described herein, the base case would effectively

reproduce actual historical ground-water level histories throughout the basin.

An “alternate” base case could be an extraction of a selected study period from the overall historical
period of record to examine basin conditions through that study period. For purposes of this report,
this latter alternate base case is used in the analysis of perennial yield and whether the basin is in

ovez_‘draft, discussed in detail below.
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Table 5-1

- Possible Model Scenarios
Santa Maria Ground-Water Basin Management

‘Base Cases

Historical Conditions, 1944-1597
Selected Study Period, 1968-1989

| No Project Alternative (i.€. no Twitchell)

Historical Hydrology, 1944-1997
Historical Land and Water Use, 1944_—1997

Future M &I Alternative (with Twitchell)

Historical Hydrology (selected 22 year period)
Projected M&I Demand (through 2020)
- full State Water Project deliveries
- other (average “actual” deliveries)
- no State Water Project deliveries
. Constant Agricultural Land and Wiater Use (1995)

‘ Future Agricultural Alternative (with Twitchell)

Historical Hydrology (selected 22 year period)

] ' Projected M&I Demand (through 2020)
% = average “actual” State Water Project deliveries
Increased Agricultural Land Use and Pumpage

F:\99-034\Table 5-L.wpd
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[

No Project Alternative

Recent analyses by the Distn‘ci, prior to the development of the ground-water model described herein,
have concluded that the :Twitchell project’s augmentation of in-stream ground-water recharge has had
* a significant beneficial impact on the ground-water basin. Both the quantity (water levels and
storage) and quality of ground water in the basin have benefitted from recharge attributable to
Twitchell reservoir operations. In order for various interests in the Valley to understand the
beneficial impact of the project over the last 30 years, and to also understand the need to maintain
reservoir operations as a key éémponent of water resource management in the Valley, the ground-
water mode] could be used to analyze a so-called No-Project Alternative. In effect, in a No-Project

Alternative, the Twitchell Dam and Reservoir could be “removed” from the system; stream recharge _

- would be limited to the rainfall-runoff season; runoff in excess of the stream infiltration capacity

wo‘uld be lost to the ocean; and there would be no ability to store surface water for delayed beneficial
release (i.e., for recharge) in a dry period (to extend stream recharge into a drought period). The No-
Project Alternative could be simuléte-d (modeled) over any selected hydrologic conditions (e.g., a
theoretical repeat of actual historical conditions such as the 1944-97 model calibration period, or,
alternatively, some other selected hydrologic period). The simulation(s) could also include oné or

more configurations of land and water use in the Valley (e.g., current conditions, or a repeat of

historical buildup, or other).

For true No-Project comparison to what has actually transpired in the Valley, the longer term 1944-97
base case abbve (which includes the addition of Twitchell, as actually occurred, in the 1960’5) could
be compared to a simulated scenario with all the same hydrology, and with the same land and water
usé as occurred over that period, but without the addition of Twitchell Reservoir to capture runoff and
regulate its release for in-stream recharge. The resultant, simulated ground-water levels and storage

could then be compared to what has actually occurred to identify the differences, in terms of both

magnitude and location, around the Valley.
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recharge via, as was briefly discussed in the last couple of years, reclamation of some surface mining
excavations along the Sisquoc River to in-channel and/or off-channel spreading basins. While the
opportunities are not necessarily limitless, the ground-water model can be widely utilized to assess

the probable impacts, whether beneficial or negati ve, of a range of future ground-water management

" activities in the basin.
Basin Yield and Balance

As introduced above, one of s'e‘vera] potential applications for the ground-water flow model can be to
examine ground-water level (and storage) responses in the basin over selected historical periods. One’
such period could be the entire period of record, while another could be some selected period of
interest within the overall period of record. Either of them could be called a “base case”, whether for
examination of how the basin reacted to certain historical conditions or for establishment of some
baseline against which to compare one or moré simulations of future alternative scenarios in the

basin. While the model might be used to examine such future scenarios as those described above, the
main focus of the District in commissioﬁing the development of the model was to assess whether

pumping in the basin was within its perennial (or “safe”) yield or, if not, whether it was in overdraft

and by how much.

There are several possib]é definitions of the term perennial yield as it pertainé to a ground-water
basin. The most common definition of perennial yield, adopted for purposes of this report and
discussion, is that amount of ground water that can be pumped from a basin oﬁ a sustainéd basis
without an undesirable result. Common “undesirable results” of ground-water development in excess
of perennial yield (i.e., “overdraft”) include one or more of: Iong-'term ground-water level decline
(and associated decline in ground-water storage); ground-water quality degradation, including but not
limited to sea water intrusion; and subsidence of the land surface, with attenuant impacts on

buildings, other structures, surface drainage, etc.
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In the Santa Maria Valley ground-water basin, most of the typical “undesirable results” have either
not occurred or are of no reported concern. For examplé, there has been no detection of coastal or

other ground-water quality.charige that might be considered indicative of sea water intrusion. In the

subsidence arena, despite several significant short-term fluctuations of ground-water levels in certain

~ parts of the basin as illustrated and discussed above, there has been no expressed concern about-those

fluctuations contributing to Jand surface subsidence. As a result, there is no established monitoring of
land subsidence in the basin. In light of the absence of those “undesirable results” in the Santa Maria
Valley, the focus of the perennial yield assessment using the ground-water model has been on ground-

water levels and storage.

In a number of developed ground-water basins in California, notably including the Santa Maria
Valley, it is possible to observe historical conditions, depending on the selection of a period for study,
thét might be interpreted as indicative of overdraft (notable and progressive ground-water level
decline, at least for some period of time) or, conversely, indicative of surplus (notable ground-water
level increases). The Santa Maria Valley is a particularly good illustration of various ground-water
basin conditions when looking at one or more historical periods within the overall modeled period of
record. For example, with the expansion of irrigated agriculture after World War I, particularly for
truck cropping, there were progfessive increases in irrigated acreage and ground-water pumpage for -
most of a 30 year period to about 1980. Corresponding with those pumping increases were notable
ground-water level declines in much of the inland part of the Valley, at least through the late 1960's.
In addition to pumping as a contributor to ground-water level decli‘nes.,_prccipitation was generally dry
over much of the 30 year period from the mid-1940's through the mid-1970's. On the otﬁer hand, a
slower rate of agricultural land development and generally more constant (rather than increasing)
pﬁmpage since the late 1970's, complemented by a period of wet years from the mid-1970's through
the early 1980's, resulted in notable ground}water level recoveries (to levels near those which
preceded the post-World War I development). Somewhat complicating (beneficially) the overall
ground-water basin picture is the introduction of Twitchell Dam and Reservoir, which was built to
conserve runoff and regulate its release for in-stream grouﬁd—water recharge. Releases from

Twitchell began to contribute to ground-water recharge in the late 1960's.
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The net result of all the above is that it is possible to essentially “pick a study period - pick an.
apparent result”. In other words, the status of the ground-water basin in terms of perennial yield and
overdraft analysis is very much a function of what study period is selected. Selection of a study

period from the late 1940's through the 1970's would likely lead to a conclusion that the basin was in

* overdraft; whereas, selection of a more recent study period from the late 1970's into the early 1980's

could lead to a conclusion that there was surplus water in the basin.

In order to eliminate the bias that could result from inappropriate selection of a study period, and to

report on the current state of the basin, a study period was selected on the basis of the foljowing

several criteria: long-term mean water supply; minimum change of ground-water ¢torage in the

unsaturated zone; inclusion of both wet and dry stress periods; adequate data availability; and near-

- present end of study period.

The long-term mean water supply criteria is a measure of whether the basin has experienced
average natural ground-water recharge over a selected time period. Since precipitation is a measure
of natural ground-water recharge, and since precipitation data are available for a loﬁ g_per_i od of time,
interpretation of precipitation data was used as a basis for selection of a study period. The long-term
(1932-97) average annual precipitation at the Santa Maria gauge is 13.4 inches. Notdble on the
cumulative depart'urccurve from mean annual precipitation (see Figure 3-16) are the wet conditions
of the mid-1930's through the mid 1940's, followed by the long-term relatively dry péﬁod from the
mid-1940's into the 1970', followed by alternating wet (through the early 1980's, dry (through 1989),
and wet (through the mid-1990's) periods. Since a study period should include éssentia]]y mean, or
average, precipitation over its duration, it should have about the same cumulative departure from
mean at the:beginning and end of the stﬁdy period. Pending consi‘deration of other criteria, as
follows, two study periods were initially selected: 1968-1989, and 1969-1995. Both periods fulfill

the long-term mean water supply criteria based on precipitation.

The study period criteria to minimize the change of ground-water storage in the unsaturated zone

is intended to recognize that the unsaturated zone above the gr'ound'—water surface can contain a
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varying but substantial amount of water at any give time, depending on immediately preceding
hydro]ogic.c_onditions. Regard]es.snof the amount, the volume of ground water in storage in the
unsaturated zone is essentially impossible to quantify with readily available data. Therefore, it can be
removed as a factor in assessing conditions over a selected study period by purposely selecting the ‘
~ study period to start and end after dry years, thus effectively assuming that the unsaturated zone hés
“drained” to an equivalent storage volmﬁe at both the start and the end of the period. Of the two
initially selected study periods noted above, one (1968-89) satisﬁ;s this criteria, while the other

_ (1969.-95) is exactly opposite; the beginning and end of the latter study period are both preceded by
one or mofe wet years. Consequently, the selection of a study period for perennial yield evaluation

was narrowed from the two initially selected periods to the 1968-1989 period.

Both initially selected study periods include both wet and dry years and/or periods of years. The
inclusion of both types of years-is important in assessing basin response to varying amounts of natural
recharge, as well as response to yearly fluctuations in pumpage that are directly related to the amounts

of precipitation in various years.

Data availability, as discussed in detail regarding overall ground-water model development for the

entire period of record, is equally sufficient in both initially selected study periods.

The last of the study period criteria is that it end near the present time. By doing so, the study
period can be used to assess ground-water conditions as they generally exist, rather than as they might
have been in some earlier time period. Ideally, then, a study period for assessment of basin yield (and

' whether‘developmeﬁt is within perennial yield or in overdraft) would end in the mid-to late-1990's.
Sélection of an end-of-study period in that time would, however, violate the preceding criteria that
would impose dry periods immediately before the beginning and end of the study period. In that
light, the 22 year period from 1968 to 1989 better satisfies all the criteria for study period selection
and is a more properly selected base period for evaluation of basin yield and overdraft (or lack

thereof).
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A final note on study period selection is that one cbuld_ have been selected to begin earlier in time.
Such a selection would have neceséitated ending the study period earlier as well, in order to satisfy
the antecedent dry period'req.uirement for both ends of the period, thus mOving it farther from the
present. Perhaps more importantly, moving the start of the study period farther back in time would
have practically introduced a large variable into the period in that the early years would have preceded
Twitchell Reservoir while the balance of the study period would have included Twitchell. -
Ultimately, the base study period was chosen to begin in 1968 in order to accommodate all the criteria
discussed above, but it was also chosen to consistently include the operation of Twitchell as a major

ground-water management component in the overall system throughout the period.

The base period selected for analysis of current bdsin conditions, 1968-1989, is illustrated in Figure
5-3 and denotc:d as “dry to dry to acknow]edge the antecedent dry years prior to the beginning and
end of the period. The more recent study period which was initially considered for comparison
purposes, 1969-1995, is also illustrated on Figure 5-3 and is denoted as “wet to wet” to acknowledge

the antecedent wet years prior to its end points.

Examination of ground-water level hydrographs, independent of model output, has previously shown
that, on a long-term basis, there are no ongoing grouﬁd-water]evel declines that could be considered
undesirable and indicative of overdraft. While there have been several short-term hx'stom'cai water
level declines, in dry periods, each has been followed by a subsequent water level recovery during a -
wet period in which the ground-water basin has reﬁlled, for all practical purposes to neaﬂ y full
conditions; i.e., to near the same highest levels historically experienced in the basin prior to the

increase in development since the mid-to late-1940's.

With the addition of the ground-water flow model described in this report, it is now possible to more
closely examine the response of the basin to pumping distribution and other stresses over a study
period appropriately selected, as described above, to assess the yield of the basin and whether
pumping is within that yield. With recognition of the apparent basin conditions based on ground-

Wéte'r levels as described abov'e,‘ the results of which should obvidus]y be consistent with a modeled
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simulation, the model was used to determine the yield of the basin and whether it is in overdraft. For
the selected period described above, 1968-1989, which satisfies the necessary criteria for average
natural recharge, no unbalanced storage in the unsaturated zone, inclusion of varying stress periods
(wet and dry periods), and reasonable proximity to the presént, the model-generated water budget
shows no nert change.in storage. The variations in hydrologic conditions as well as flactuations in
pumpage over the 22 year period cause ground-water storage to fluctuate (somewhat dramatically as

. suégested by the observed historical fluctuations in ground-water levels), as illustrated by a
hydrograph of cumulative change in aquifer storage (Figure 5-4). While a substantial amount of
ground-water storage may intemﬁttently be ﬁsed to sustain water supply during peribds of reduced
recharge in dry years, the selected study period analysis shows that, for a reasonably long-term period
that contains average recharge when considered over the entire périod, there is no perennial deficit or
dec]ine in ground-water levels and storage. Thus, it can be concluded that the basin is developed to

essentially its perennial yield and is in balance and not in overdraft.

For the study ?édod selected in accordance with the criteria described above in order to assess basin
yield and whether development is within that yield, average annual pumpage for all beneficial uses
(agricultural plus municipal and industrial) in the basin was 124,000 acre-feet. While such a total
annual pumping quantity is a useful reference in ongoing management of the basin, it should be noted
that such numbers commonly and easily become fixed “monuments” against which future pumping
volumes are inclined to be compared. Such “rﬁonu_menf” status for average pumping over the
perennial yield study period is inappropriate. Rather, such as an average pumping volume becomes a
quoted “perennial yield” number, it should be qualified by noting thaf the basin is in balance at that
rate of average pumping with three important provisions: 1) that the balanced basin conditions (no
o?erdraft) are predicated on the continued distribution of pumpage, land use, and r_etﬁ_rn flows as are
currently prevalent; stated otherwise, perennial yield is in part influenced by the widespread
distribution of pumping and recharge in the basin, and a substantive change in that distribution éould
change perennial yield; 2) that historical operation of the Twitchell reservoir for water conservation
and augmented in-stream reCh_ar.gre is a key component of the perennial yféld quantity; any substantial

change in Twitchell conservation and recharge operations would impact the perennial yield of the
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basin; and 3) that average overall inflow to the system, as inascted by precipitation, remains
consistent with the long-term average; obviously, any notable change in the average recharge to the

overall system, as indicted by précipitation, would irﬁpact the perennial yield of the ground—wéter

basin.
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'Net Inflow from Streams

Water Budget
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Inflow from Recharge
Water Budget
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Net Inflow from River
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Outflow to Pumpage
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Net Inflow across General Head Cells
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