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Groundwater management plans by optimal distribution policies
of California and Texas states, USA

Byung Sun Lee’, Sung-Ho Song™”, Wonsuck Kim™

This study reviewed the groundwater policies, particulary, with respect to optimal groundwater distribution
of California and Texas states in USA as benchmarkings for the purpose of improving domestic groundwater
regulations. In the California state, severe drought resulted in the statewide groundwater elevation monitoring
(CASGEM) program. CASGEM designated a total of 515 alluvial groundwater basins to be 43 high, 84
medium, 27 low, and 361 very low prioritization basins based on sum of eight indicators. Groundwater
levels for a total of 127 basins (43 high and 84 medium basins) have been monitored after classification for
sustainable groundwater management, Groundwater sustainability agencies (GSAs) of 127 priory basins
were established to pursue groundwater sustainable plans (GSPs) every 5 years. Implement of GSPs wil
be evaluated by the state water resource control board (SWRCB). If the implement does not meet the GSPs,
SWRCB can enforce GSAs to implement GSPs. In the Texas state, water markets have been considered
as the most effective regulation for optimal water distribution. Water rights may be deal in material goods,
which increases household profits and induces optimal water use, simultaneously. Trade of water rights
is conducted through sales, rents, designation of specific years, and activation of water bank/trust, Whole
or partial right can be traded between seller and buyer, which induces groundwater to be distributed to
the most needed area. Strategies regarding CASGEM and water market would be good benchmarks
for domestic groundwater plans such as local government's groundwater management plan and rural
groundwater management plan, which would result in more optimal and sustainable management of
domestic groundwater resources,

Keywords: Distribution, Groundwater, Optimal management, Sustainability, Water right
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Table 1. Data component ranking ranges for CASGEM groundwater basin ranking (DWR, 2014)

Data components and ranking ranges
Rankin Population Groundwater reliance
9 Public well | Total well | Irrigated

value Projected density density acreage Use % of total
growth” (mile?) (mile?) (acre/mile?) | (acre—feet/ supply™
(%) acre) (%)

Density
(mile?)

0 x <7 x <0 x=0 x=0 x <1 x <0.03 x < 0.1
1 7 <x< 250 0<x<6 0<x<0.1 0<x<2 1<x<25 003<x<0.1 01=<x<20
2 250 < x< 1,000 6<x<15 01<x<025 2<x<b5 25<x<100 0.1=x<025 20<x<40

3 1,000<x< 2500 15<x<25 0.25<x<05 5<x<10 100<x<200 0.25<x<05 40<x<60

4 2500 <x< 4,000 25<x<40 05=<x<10 10<x<20 200<x<350 05<x<075 60<x<80

5 4,000 <x 40 < x 1.0<x 20<x 350 <x 0.75<x 80<x

* Population growth is percent growth from 2010 to 2030

** Percent of total water supply (groundwater and surface water) that is provided by groundwater

Sl PG olgslo] 7t BAo] tfa] HaE Hol B He = FUE + ATEINE
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Table 2. Data component range of basin priority

Very low priority Low priority Medium priority High priority

x<5.75 5.75<x<13.42 13.42 <x<21.08 21.08<x

20144 5o T 2ol W2, 5157 A HFTAY HeE Fl Ask A5
% 437 BA7} & &9(High Priority), 84711 23 4= 9122 UEhlleh 20149 6¥ 13Y 3

BEA7F 57 9 (Medium Priority), 277 £ A, Ae|xyol 3 sk ¢ ¥ =2
7} W2 4=9)(Low Priority), 18]3 U %] 361 (CASGEM)o| 2lato] 1277 B7)(2 &9
N EA7F o W2 =9l(Very Low Priority)2 37t <=91) 5 T670(60%)A oA Aok 422
EREGIC 437 2 =9 EAoAE A 7F s S 9l 1470(11%) A=
Yo} 5= AR R[5l o] 87| oF 69%F o8 F  EHoE W Qi YR 377H(29%) EA]
ola1, A Qe oF 47%7F B4 Yol Attt of dise Agkgr 42907F nEEE I YA
(Table 3). 7t <=¢] 8470 A3l B A=A o] 718 3574 E'—X]Oﬂ el A= A sk
glZo} 3= A |5l o] 8] oF 2% o] 7|TES 3l T Ao =1 Fofl ik o]
£ Zola, A elte] oF 41%7} ﬂiﬂt}. 29, e &0 EA)) 2 e W £91(361
o 2l YU BEANE T =84 7 A dislials, A Ao AJska el7]
N EA)E T 1274 EA= Z—Flﬂliqo} F A HoR slofg 1E Aok 9] wEI B E
A Ak o]gFe 96%E o8Bkl Qlal, HA  Hidh= ol

Qlro] oF 88%7t AFSIEE, o]E EA|o tgt

>1E US% e

Table 3. CASGEM groundwater basin prioritization of California state (DWR, 2014)

Percent of total (%)
Basin priority Number of basin

High
Medium 84 27 41
Low 27 3 1
Very low 361 1 11
Total 518 100 100

Korean National Committee on Irrigation and Drainage

99



>
P,L
4>
ahs
>
r ~|
a
o
r>~
A

(e}
rlr
ox
s}
2
0
i
)
ol
fo

ox
o
k1
)
r
M
4o
fru
=
ik
it}
x2
N
[-'EI
kor
M
i
o Fr
N

lo

o2 "
o,
X
r

et A 4 ) 24
, 07@ 874] Qg Dl 231l 2
o F AJs}o] NASl FRAS BN
A5t )] WL AN 2 9
o

o2
ol
N
O

ll‘

1t

oo T
o

_{

k=
2
of

lo
N
%0

2. Xisks XA7HSA 72 IA 7
20144 99 16206 ARE K475 A5
PEIH(SOMA)E A& 1277) BAlo] thsjod,
2k BA Ao A3k pel)a EE A
A5 A47Rs A 71IHASAS) 0] A A
7hset A3k BelS ARIAT sHe do o
o}, olo] whe, 1277} $4) 1), AskE 7l
G o188k A= 20209 19 3197k,
Qo4 3HA] o BAlE 20224 19 3197
A5 A47KsA AR GSPYE st £
sfolok g}, M5t A% K5 712HGSAS)]
= ERAQ AR Slstel AR, WA Faa
o] Ho¥|3, Ao E Lo} SAUFHDWR)IS £7)

w2

H X5k A&7 A 1, Al 2 B7EY
FE gt} X]*7l‘~6} A= Hefof oJx)7F ¢l
L o] fE3t EAof theliA= A=Y
of & 21 t]rﬂ H%ﬁl (SWRCB; State Water
Resource Control Board)7} 7)%]ste] YJA|AE]
< YL o A 4= oot 1277 £A] o]
Q9| x5l A&7 Aol QEA] o=
3887W A= 2016 49 1UFE 7} #3219 X
Shepof| thigh AxpE A E A2 o} 3= oAb
=(DWR)ol| Al&stofof gt
201641 59 182), |0} 3 44 U=HDWR)
2 A AJsl &7 AlD(GSPs) ¥
AAIZS B7EskaL, Al A=) S8l A5t
T A&7 AR vl ?F “4(GSP ERs)=
a1, o] kA S| ThekRt AFS A HolE AA
A o5 FHAIFTE o|=A], 1277 7} AJ5l4 &
A19] Aol A&7 Fs/d 1t /o] dA A=
CHEA 2= (GSA-1 @A), X&7Fs7d Alglo] Al
3Pl oF 20 Foll= HFH o= HE Ak A
&7F54 713HGSAs)> A8l A&7k <
H(GSA-2 SA)sHoR tkFig. 1).

)

U}-é_

GSA-2

o“'

Sustainability Goal
— Operating within
Sustainable Yield

— Without causing an
undesirable result(s)

Fs
HIGH
E GSA-1
@
<T
= s
T
o
[ st
f,’.—
.‘
Low , ,
T T

HIGH

v

LOW

UNCERTAINTY
Fig. 1. Groundwater sustainability goal (DWR, 2016)
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l.

3. V=R S Hel=e| M= A

OVW o7 FPuE & AlAE Bolole '
+ iACHDo] A4 4= §lar, HE = bRkt

TB—X}‘C I AHch @

ojmet A et ehsh 4= Giv A o] S H]

A3 Eole B3 A7) AR AL 4=

Atk A== S BE=(EAA)S o] EH%

<
R
oko o
1o 1
2~
R

=l 71s

517] 93l W™ (the Edward Aquifer Authority
Act) 22 7H1(H2N)e] = 4]‘“4% Hos| gt A
A=, 24 dee ti4=3 Hel=(EAA)T

o A|glE TSk o §FE AN 4= Sl=
5, IS & ?_E] ol THE ¢
2} 7S oEHE di4S BE=(EAA)CE
He| W= 5o Boadu et al., 2007), 1)1l

HEX| MA st 2

106



solE & d7 HEE 98, Cﬂﬁﬁfrﬂl/ﬂ g
2R = ?HS’J ole2 AR Al 4

o] 0% ol s ¢ UEE AU, Hue P
Al «IOP SOIEAY EdE o] F2ET
U solE = %Xl Has e %Al

<
i

=229 = deE st ZAIA o il
St AAel &= Tl AR S digh ¢
(Kelly, 2004; Kounduri, 2004) wj=o]c},

ANEAE di=3 Hel=(EAA) 3t & A ©]
AR et APAe] Adol o7 whE
o, = de| Hrixk= sl w2lE 100% PARsH
A S5t Eof & vl ogt o]elg gt &

7 gl 9 ok a2, e AR
{«l e olF BA SAlof AT =2
FA o, ol= sk a7t ey
89-oF sUe maE Wtk Ao B4
T12)al wolggrR o8 Hd & dIE
%~’F§ ofsste A2 = 7ol ¥4 A%
3ol WAehes Ao A EItHKaiser and
Phillips, 1998).

ru!ﬂ ox it r|r o mln
fuk -Yl

43U XI5t XIA7HsA s o
oot

S-ejutet Alskaer] Al3z1stel] ot -2kt
A ZARYo|m R Afl(H el 7t & A
W7k Brbssteh, ohtk SR AR 7 gt
th 87} - Al 2|5l 4 ofe}z AsiE of
a3} 2 Oh—,} wjabA, A|3 } H% z3o] 7|

ot = ALY

o
: !

3] o714 el
A9 27 ejie o] 5
Y3 gfstol, FHEE

el H2io] o, Asi:
3t A5t ol g 3
2719l ofet 3524

Ol= Z2|ZL{0t & EALA 0| X[t &

of = He| YAzl s 4
www%mww‘ww@%-

7|2, =7F ssel

]oﬂu} 7Ho (tHo])oﬂ o]q{ _\?_
o=t} odf Az g &
Aol et x99 XIO}T(TH T5) BHE
93] AEA shws Sk, o]Zo] MHEITHA F
o Al AJsle 2] 71E0] vh A
& SR 7jdiE,

:l:‘

ru°|' ;

ﬁ
4

V. 22 % M

eyt A= 41 7)o ol uE 7
O] EHFOR A W BRI} of e A 1
AL, At AA] AR lﬂEE A7 21of A
FE= wole A2 FAY dA gk AskeA
g2 v & 8E ek, The
ol Al S s PRl Zadl
o}, Qo }sl4: H2pe) 5 AJs4o]
S} 10 o] o]— 7:] o % z‘l\_—‘tj]- u]/\}
A4510] 24 A A, £ 8 2917
Aol & 24, 223 Aeirg
o AAbgell BAIE Qo7 7k
A ekt AR A5 |
T 7)ol Bl w Al ~8E 0] A
G = Al ml e Atk e AgRo] ofr
J4] 0 2 A= ojof sh=Aof etk ZIAIgt 2
LRt wjolut, Asle 2&EelE 3t A
E2A, v= APy o} o A[ske A&7k
AR, BIARS 28] = A AR Tl M=
olAl= 7 WE ARl = AlZI7F ERE AleR
A, ol AAS WiAupste], Rt
Wy e Ageti, FAl Asirriele] 1
e WIS 99 At

24, AAEE 21X

o[r{
o
+
H

s et
tlo

Jﬂzgﬁ

r>~ E_,
o N )y & ook oo

iy 1o
kJ

°
o op
ok

s

T

oX.

r
ACH
()
i

o

=
r

I:lrg_l‘
O oz
~

HJE-I

=

3T
o

s
N
o,
oo
i)
H
d
i
n
ok
|

Korean National Committee on Irrigation and Drainage

107



271
4 e D Al B mE AR
a7} it
Ab AL
o] AT-E HYEATAER HRA | S
(TS 114049-2)2] ¢l7H] A PoE o]0
k.
References

» AG-NWC, 2011, Water markets in Australia: a short
history, AG-NWC (Australian Government National
Water Commission), 139 p.

» Airhart M., 2012, Groundwater depletion in semiarid
regions of texas and california threatens U.S. food
security, Retrieved from: https://news.utexas.
edu/2012/05/29/groundwater,

v

Ballew, N., 2014, Water Marketing: designed for
groundwater management in Texas, Retrieved from:
http://www texaswaterpolicy.com,

Boadu, F.O., McCarl, B.M., and Gillig, D., 2007,
An empirical investigation of institutional change in

v

groundwater management in Texas: The Edwards
Aquifer case, Natural Resour, Jour., Vol.47, 117—136

» Chungcheongnamdo, 2017, Regional groundwater
management plan on Chungchungnamdo, Proceedings
of Groundwater Korea 2017, 35-53.

r

» CWS, 2012, Addressing nitrate in California’s drinking
water with a focus on Tulare lake basin and saline
valley groundwater: Report for the state water resources
control board report to the legislature, CWS (Center for
Watershed Sciences), Univ. of California at Davis, 78 p.

v

DWR, 2014, California groundwater elevation monitoring:
Basin prioritization process, DWR (Department of water
resource), State of California, 28 p.

v

DWR, 2016, Sustainable groundwater management
program: Groundwater sustainability plan (GSP)
emergency regulations guide, DWR (Department of
water resource), State of California, 21 p.

» Griffin, R.C., 2011, Water policy in Texas: Responding to
the rise of scarcity, RFF press, Washington, D.C. 250 p.

Kaiser, RA. and Phillips, L.M., 1998, Dividing the waters:
Water marketing as a conflict resolution in the Edwards

v

aquifer region, Natural Resour. Jour., Vol.38, 411—444.

MOLIT and K—water, 2016, 2016 groundwater annual
report, MOLIT (Ministry of land, infrastrucre, and

v

transport) and K—water, 647 p.

USGS, 2009, Groundwater availability of the central
valley aquifer, California, USGS (U.S. geological survey),
225 p.

» Walker, L., 2010, CV SALTS; Salt and nitrate sources
pilot implementation study report, First report, Larry

v

Walker associates, 534 p.

=l 7IEEEX] MAl St 2

108



