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The legislative directive contained in the CaIifomia Wate「

Code dictates that aII possible steps be taken to

encourage the development of water reclamation facilities

to heIp meet the state’s growing wate=equirements,

Groundwate=echa「ge with reclaimed municipai

WaSteWater is an app「oach to water reuse that resuIts in

the pIanned augmentation of g「oundwater supplies.

The historical development of water resources in

Califomia has seen the transportation of water from

the water-rich northern and eastem mountains to the

Central Valley and the populated coastal reg10nS Of San

Francisco, Los Angeles, and San Diego. The 1976-1977

drought of the westem states focused attention on

SeVeral water resource management options to meet the

Water needs of agrlCulture, industry, and urban areas.

These options include measures to reduce water con-

SumPtion, Water eXChanges and transfers, COn]unCtive

use of ground and surface waters, and wastewater

reclamation and reuse・ While the drought highlighted

the need for additional water resources development, it

is anticipated that the next large increment of fresh wa-

ter supply will be much higher in cos=han existing
SuPPlies, due mainly to the remoteness of new water

SOurCeS, energy and delivery costs, and environmental

COnSiderations.

As the demand for water increases, WaSteWater
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reclamation and reuse has become an increasmgly

important source for meeting some of this demand. In

fact, the legislative direGtive contained in the Califomia

Water Code dictates that all possible steps be taken to
encourage the development of water reclamation facil-

ities to help meet the state’s growmg Water require-

ments. Federal water pollution control regulations now

requlre a minimum of secondary treatment and, in

SOme CaSeS, advanced treatment to mee亡e触uent dis-

Charge standards, thus creating the unlque OPPOrtunity

for reuse with higher quality treated e組uent. Conse-

quently, dischargmg high quality e組uent into estuaries

and the Paci宜c Ocean is GOnSidered to be a waste of the

State’s limited water resources.

Groundwater recharge with reclaimed munlCIPal

WaSteWater is an approach to water reuse that results in

the planned augmentation of groundwater supplies.

Arti五cial recharge of groundwater with reclaimed

Water by surface spreading basins or with injection

Wells is becommg lnCreaSmgly important in practice

today and must be seriously considered in plannmg for

increased water reuse in the future.

The purposes of artificial recharge of groundwater

have been to reduce, StOP, Or eVen reVerSe declines of

groundwater levels; tO PrOteCt undergro皿d fr登shwater

in coastal aquifers against saltwater intrusion from the

OCean; ahd to store surface water, induding縄00d or
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Other surplus water, and treated e組uent for future use.

Groundwater recharge is also achieved incidentally in

land treatment and disposal of munlCIPal and indus一

trial wastewater via in珊ration-PerCOlation.

There are several advantages in storing water under-

ground・1-3 The cost of recharge may be lower than the

COSt Of equivalent surface reservoirs. The aquifer

SerVeS aS an eVentual distribution system and elimi-

nates the need for surface pIPelines or canals. Water
StOred in surface reservoirs is subjec=o evaporation
and to pollution, Which may be avoided by under-

ground storage・ Even more important, Suit証le sites for

Surface reservoirs may not be available or environmen-

tally acceptable. However, before planned recharge of

groundwater aquifers with reclaimed water Gan
become a slgn描cant reuse application, SeVeral techni-

Cal and health issues regarding wastewater treatment

PrOCeSS reliability as well as the fate of pathogens,
heavy metals・ and inorganic and stable organic sub-

StanCeS in the treated e組uent and the aquifer must be

Carefully evaluated. Some basic questions needing to

be addressed include

l・ Wha=reatment processes are available for pro-

ducing water suitable for groundwater recharge?

2・ How do these processes perform in practice?

3・ How does water quality change during in帥ra-

tion-PerCOlation and in the groundwater zone?
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4. What do in創tration-PerCOlation and groundwater

PaSSage COntribute to overa11 treatment system perfor-

mance and reliability?

5・ What are the important health issues?

6・ How do these issues in皿uence standards for water

quality at the points of recharge and extraction?
7. What benefits and problems have been experi-
enced in practice?

This paper describes Iocations and general condi-

tions where signi五cant groundwater recharge opera一

窪晋豊吉霊謹書書芸謹告韮蒜
the Consulting Panel on HeaIth Aspects of Wastewater
Reclamation for Groundwater Recharge,4・5 and updates

the groundwater recharge activities of the state Water
Resources ControI Board.

Groundwater Conditions and Recharge Poten書ia看

About 40 percent of the area of Califomia is under-

lain by groundwater basins. The total storage capacity

Of the groundwater basins has been estimated to be

l.6 × 1012 m3 (1.3 bil acre-ft) of water. A conservative

estimate of the usable portion of the storage capacity is

176 × 109 m3 (143 mil acre-ft), mOre than three times the

total surface reservoir storage capacity in the state.6,7

These groundwater basins presently provide about 40

PerCent [18 × 109 m3/year (15 mil acre-ft/year)] of
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Califomia’s applied water needs. However, the annual

wit’hdrawal exceeds recharge by about 2.7 × 109 m3 (2.2

mil acre-ft)・ During the 1976-1977 drought of the west-

em states, an eStimated lOOOO new wells were con_

StruCted in Califomia and groundwater overdra軸

increased to approximately lO X lO9 m3/year (8 mil

acre-ft/year).8

Without any action to improve water resources man-
agement and development of new supplies, StateWide

net demands in the year 2000 could exceed dependable

SuPPlies by as much as 8.1 × 109 m3/year (6.6 mil

acre-ft/year)・ To correct such unacceptable conditions,

the Department of Water Resources developed a com-

Prehensive water management program to meet pro-

jected water supply demands through the year 2000, aS
Shown in Fig. 1. The plan combines several water

resources management altematives, including water

COnSerVation and altemative water supply develop-

ment・ and will reduce Califomia,s reliance on ground-

Water OVerdraft. Wastewater reclamation and reuse is
expected to contribute a minimum of 740 × 106 m3/

year (600 000 acre-ft/year).

Since most of Califomia,s groundwater basins are in

relatively arid va11eys and most of the precipitation

OCCurS at the higher elevations in the mountains, natu-

ral recharge of the groundwater basins occurs mainly

by percolation from the streams皿owlng aCrOSS the

Valleys・ The amount of recharge has been increased in

many areas by construction of shallow basins to broad-

en the area of permeable material covered by the water.

As discussed previously, uSe Of storage capacity of

groundwater basins will benefit overlying groundwater

users by decreaslng PumPlng lifts and energy requlre-

ments・ thus enhancmg mOre COmPrehensive con]unC-

tive use of ground and surface waters. Table l shows

four hydrologic study areas where slgni五cant potential

exists for management of ground and surface water

SuPPlies to help meet statewide water needs.

The extensive use of groundwater basins has caused

SeVeral problems.6 Pump l距s varymg from 150 to 300 m
●
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(500 to lOOO軸) in sonpe areas have made water too

expensive for most agrlCultural uses. In several basins

excessive pumplng has produced saltwater intrusion

from natural sources beneath or beside the basins. At

times, disposal of wastes has added salts, disagreeable

Odors・ Or hazardous materials to the groundwater and

impaired its usefulness. Extensive pumpmg Of ground-

Water With reduction in pressure has caused deep-1ying
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Known Areas of Seawate( Intrusion

We=
Number Name

1-10　　Eel River Va=ey

発議静y
誌　諜認諾にy
3-41　Morro Va=ey

3-42　CharroVa=ey

4-4　　Santa Clara削ver ValIey

4-11　CoastalPlainofLosAngeIes

詰　as講読簿ngeCounty

Fig" 2" Locations of Groundwater Basins With Areas of Overdra請and

Seawater lntrusion (After Ca〃fo面a t5 Groundwater)

Clay beds to compact・ reSulting ln Sinking of the ground

Surface.

Figure 2 shows the basins with groundwater over-

dra杜and known areas of seawater intrusion.

HeaIth Aspects of Water RecIamation fo「

Groundwate「 Recharge

The planned augmentation of domestic water

SOurCeS With reclaimed wastewater is being considered

for several population centers in arid reglOnS Of the

WOrld. Within the state of Califomia, there are農ve

groundwater basin augmentation facilities. These

groundwater recharge operations are summarized in
Table 2. Water-Short southem Califomia is the area
Where groundwater recharge with reclaimed water has

had its most extensive application, and it is also where

major groundwater recharge projects are being

Planned・ Future groundwater recharge projects in Gali-

fomia have been identified that would introduce

approximately 320 × 106 m3/year (260 000 acre-ft/year)

Of reclaimed water into groundwater basins used for

domestic water supply.4

Four water quality factors are of particular slgn脆-

CanCe in situations involving groundwater reGharge

With reclaimed water: (1) microbiological quality, (2)

total mineral content, (3) mineral toxicants of the heavy

metal type, and (4) stable organic substances. Research

PrOgramS are urgently needed so that the information
for deciding under which conditions reclaimed water

Can be used for groundwater recharge will be available.

Accordingly, the state of Califomia has prepared a

basic document4 which has been used by the consulting

JU」Y 1980

The San Gabriel River spreading grounds comprise 128 acres pius

an additiona=33 acres ava=able in the river bed.

Panel to formulate research prioritie§ in various areas,

including research approach, SPOnSOr§hip, reGOmmen-

dations・ and implementation. The findings of the GOn-

Sulting panel were published in 19ア6.5

As noted・ the panel was charged with recommending

a program of research, including speci丑G reSearCh and

demonstration projeGtS, that would provide informa-

tion to aid state agencies in plannmg and implementing

PrOgramS tO enCOurage the use of reclaimed water
GOnSistent with these criteria.叩Specifica11y, the panel

WaS aSked to

l. De宜ne health problems and potential hazards

related to the use of reclaimed water for groundwater

recharge to augment domestic water su脚ly

2. Identify the information needed before further

decisions can be made about GOnditions un亘er which

reclaimed water Gan be used for groundwater recharge

to augment domestic water supply

3・ Identify the approach state agencies should take in

developmg information necessary to determine health

e鮮ects and to establish reclamation criteria.

The panel recommended seven　餌eas in which

research is especially neede「d to resolve uncertainties

COnCeming the health aspects of groundwater

recharge:

1. Gharacterization of the GOntaminants in reclaimed

Water aPPlied‘tO the land, and in the water withdrawn

from the ground for drinking

2・ Study of water treatment processes for the remov-

al of potentially harmful organics

3・ Study of disinfection techniques and of viruses

4・ Studies of the behavior of po11utants in soils and
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Sediments in underground environments

5. Assessment of toxicological risks

6. EpidemioIogical studies of exposed populations

7. Research and application of monitoring tech-

nlqueS and strategies.

With respec=o objective l, the panel has given its
OPlnlOn On Priority research dealing with development

Of information and techniques for characterizing

reclaimed water used for groundwater recharge and

detecting components in the underground environ-

ment. The panel feels that this e楢ort should be initiated

by studying existing projects entailing wastewater

reclamation for groundwater recharge or by developlng

SPeC脆c projects for this purpose.

On the related subject of health aspeGtS Of water

reclamation for groundwater recharge, the current

WaSteWater reClamation criteriall developed by the

Califomia Department of Health Services specify that

l. Reclaimed water used for groundwater recharge

Of domestic water supply aquifers by surface spreading

Shall be at all times of a quality that fully protects

Public health. The state Department of Health Services’

recommendations to the reglOnal water quality control

boards for proposed groundwater recharge projects

and for expansion of existing projects wi11 be made on

an individual case basis where the use of reclaimed

Water invoIVes a potential risk to public health.

2. The state Department of Health ServiGeS’recom-

mendations will be based on all relevant aspects of

each project, including the treatment provided, e組uent

quality and quantity, SPreading area operations, SOil

Characteristics, hydrogeoIogy, reSidence time, and dis-

tance to withdrawal.

3. The state Department of Health Services will hold

a public hearlng PrlOr tO making the final determina-

tion regarding the public health aspects of each ground-

Water reCharge project. Final recommendations will be

Submitted to the reglOnal water quality control board in

an expeditious manner.

There is, however, nO mention in the criteria of the

direct injection of reclaimed water into domestic water

SuPPly aquifers. The Department of Health Services’

POSitions regarding direct injections are understood to
be that the department will in general recommend

against direct injection of reclaimed water for ground-

Water rePlenishment, although direct injection for

Saline water repulsion and reclamation of saline aqul二

fers is acceptable with proper controIs.

Groundwate「 Recha書ge Research and Development

P営ojects

Several groundwater recharge projects with re-

claimed water have been implemented as a result of or

have been influenced by the consulting panel’s recom-

mendations.

Health aspects of g「oundwater recharge in the Mon置ebe!lo

書orebay by the Los AngeIes County Sanitation District, The

Objective of this $1.4-million study is to assess the

Public health impact of the Montebello forebay ground-
Water reCharge operation. Information generated by

this project wi11 include epidemioIogical assessment,

determination of water quality changes occurrmg dur輸

lng reCharge, and identi丘cation of wastewater compo-

nents of public health concem. Montebe11o forebay is
the largest groundwater recharge operation in the state,

the combined capacity of the San Jose Creek and

Whittier Narrow reclamation plants being approxi-
mately 26 × 106 m3 (21 000 acre-ft).

Groundwa重er recha「ge wi章h reclaimed water a置E看y basin

by Chino Basin Wa置e「 District" The purpose of the demon-

Stration program is to determine the e挿ect on ground-

Water and soils of usmg reClaimed water for ground一

Water reCharge by spreading. Ident靖able organic and

inorganic species will be monitored as they pass

through the soil profile and into the groundwater.

Particular emphasis will be glVen tO traCe Organics

monitoring. A further objective is to assess the e騰ect of

Omitting chlorination prlOr tO reCharge and to compare

the result with chlorinated extracted water.

Groundwate=echarge by injection of reclaimed water in

Palo Alto, The Santa Clara Valley Water District has
COnStruCted a treatment plant and wells to inject terti-

ary treated e餌uent into an aquifer in the Palo Alto

bayfront area to serⅤe as a barrier against seawater

intrusion. As a long-term gOal, this facility will be used

for research to determine the feasibility of such a

SyStem for reclaiming water for potable uses. To

answer questions related to the long-term e挿ects of

groundwater recharge (as recommended by the consult-
ing panel), a three置year PrOgram has been undertaken

by Stanford University. The purpose of the study is to

acqulre fundamental knowledge concemlng the trans一
●　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　●
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formation of contaminants and aquifer material result-

1ng from the injection of treated wastewater.

Summa「y and Conc看usions

Five ma]Or grOundwater recharge operations in the

State Of Califomia use reclaimed water. They reclaimed

approximately 32 × 106 m3 (26000 acre-ft) or 14.2 per-

Cent Of the total reclaimed water used in 1977; they

SerVed to replenish the groundwater supply (three

OPerations) and to prevent saltwater intrusion into

groundwater aquifers (two operations). Increased
recharge is expected at all丘ve sites in the future, and a

tenfold increase in the statewide volume for ground-

Water reCharge with reclaimed water has been pro-

jected. However, COnCemS for potential long-term
health e鮮ects of reclaimed water in groundwater have

PreVented expansion of present recharge operations
and discouraged new projects.

The advantage of groundwater recharge by surface

SPreading is that underground water supplies may be

replenished in the vicinity of metropolitan and agrlCul一

tural areas where groundwater overdraft is severe, With

the added benefits of糾tering effect of soils and

transporting facilities of aquifers. For economic and

Physical reasons, arti宜cial +echarge with reclaimed

Water requlreS intensive recharge over relatively small

areas. Hence englneerlng methods have been develQPed

to increase the rate of recharge through in即tration and

PerCOlation. Groundwater recharge by injection is prac-
ticed, in most cases・ Where the groundwater is deep or

Where the topography or existing land use such as

urban areas makes basin recharge impractical or too

expensive. This method of groundwater recharge is

Particularly e鮮ective in creating freshwater barriers in

COaStal aquifers against intrusion of saltwater from the

Sea. Because of the lack of additional treatment ren-

dered by the soil systems, aS in the case of surface

SPreading, an eXtenSive aboveground treatment of

WaSteWater muSt be provided.

Information recently developed by the Orange and

Los Angeles counties reglOnal water reuse study shows

that some 62 × 106 m3/year (50000 acre-ft/year) of

reclaimed water for saltwater intrusion barriers and

99 × 106 m3/year (80000 acre-ft/year) for spreading

have been ident絶ed for the groundwater recharge in

these basins. Although the volume of reclaimed water

used for groundwater recharge is relatively small com-

Pared with Califomia,s water resources, Slgnificant
bene紐s from groundwater recharge with reclaimed

Water are eXPeCted in the water-Short coastal areas of

Southern California.

The future potential of groundwater recharge with

reclaimed water appears to Genter arOund questions

Other than englneermg feasibility・ Because of the very

nature of the munlCIPal wastewater used for ground一

Water reCharge, Slgnificant public health and socioec一

OnOmic issues must be addressed and carefully evalu-

ated before plamed recharge of groundwater aquifers

With reclaimed water can become a slgni五cant reuse

application.
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