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ABS1B1C7 

LEGAL AND INSTII01IONAL BARRIERS 

TO MUNICIPAL WASTEWATER REUSE IN VIRGINIA BEACH, VIRGINIA 

ty 

Kimberly A. Powleson 

The availability of water is one of the key elements of 

urban and rural development. 1he Western United States has 

dealt with the problem of inadequate water supply for many 

years; in recent years the concern over ways to meet the 

water needs of growing populations and industries has teen 

nationwide. 

This thesis is built upon the concept that municipal 

wastewater re~se is an increasingly important option in the 

development of new water supplies dnd that there are four 

identifiable factors which affect the evolution of reuse ap-

flications. In opening chapters the nature of wastewater 

reuse and its applications are reviewed; technological, eco-

nomic, social acceptance, and legal-institutional issuEs are 

discussed as the major factors affecting the use of re-

claimed wastewater. 



The preliminary hypothesis of this thesis is that legal 

and institutional factors are critical obstacles to the 

reuse of wastewater in satisfying municipal water demand in 

the State of Virginia. The objective of this thesis is to 

explore this preliminary statement and generate some infor-

mation on the nature of legal and institutional factors in 

Virginia. The City of Virginia Beach is used as a case stu-

dy because of the City's active interest in water supflY and 

reuse issues, and because of the availabilitJ of informa-

tion. 

The State level decision making context within which Vir-

ginia localities operate in the areas of water supply and 

sewage treatment is covered and the institutional and legal 

issues involved in Virginia Beach's recent reuse proposal 

are discussed. It is concluded that the hypothesis appears 

to be sapforted by the evidence available in Virginia Beach; 

h~wever, the institutional and legal factors are strongly 

influenced by State agency perceptions of public health and 

technological uncertainties in the reuse field. Recomm~nda-

tions for further study are presented in the final Fages. 



ACKNOWLEDGEftENTS 

I would like to thank the members of my committee, John 

Randolph, Sara Rosenberry, and David Conn, for their direc-

tion in the development of this thesis. 1 would also like 

to thank Debbie Lindsay for her technical assistance. 

Finally, special thanks are due to Chris Villanis for her 

unfailing support and willing help with hole punching, paper 

stapling, and all the other activities which are often a 

part of writing a thesis. 

-iv-



TlBL! OP COHT!NTS 

Chapter Page 

I. INTBODUCTION ••••••••••••••••••••••••••••••••••••• 1 

II. 

III. 

Development and Justification of Study ••••••••• 1 
Research Scbeme •••••••••••••••••••••••••••••••• 3 
Methodology •••••••••••••••••••••••••••••••••••• 6 
Format ••••••••••••••••••••••••••••••••••••••••• 8 

WASTEWATEB REUSE: A SURVEY OF APPLICATlONS •••••• 10 
What is Wastewater Reuse? ••••••••••••••••••••• 10 
wastewater treatment Easics ••••••••••••••••••• 14 
Agricultural Beuse •••••••••••••••••••••••••••• 19 
Recreational Beuse •••••••••••••••••••••••••••• 23 
Industrial Beuse •••••••••••••••••••••••••••••• 25 
Ground~ater Becharge •••••••••••••••••••••••••• 31 
Municipal Reuse ••••••••••••••••••••••••••••••• 35 
Conclusion •••••••••••••••••••••••••••••••••••• 37 

FACTORS INPLOENCING 7BE DEVELOP8EH7 OF 
iAS7EWATER REUSE •••••••••••••••••••••••••••••••• 43 

Technological Issues •••••••••••••••••••••••••• 44 
Discussion •••••••••••••••••••••••••••••••••• 49 

Economic Considerations ••••••••••••••••••••••• 50 
Pinancing ••••••••••••••••••••••••••••••••••• 52 
Discussion •••••••••••••••••••••••••••••••••• 55 

social Acceptance ••••••••••••••••••••••••••••• 56 
Promoting Reuse ••••••••••••••••••••••••••••• 62 
Discussion •••••••••••••••••••••••••••••••••• 65 

Legal-I~stitutional Factors ••••••••••••••••••• 66 
tegal ••••••••••••••••••••••••••••••••••••••• 66 
Institutional ••••••••••••••••••••••••••••••• 70 
Discussion •••••••••••••••••••••••••••••••••• 72 

Wastewater Beuse as Innovation •••••••••••••••• 72 
Conclusion •••••••••••••••••••••••••••••••••••• 76 

Continued on next page. 

-v-



Chapter 

IV. LEGAL AND INSTITUTIONAL ASPECTS OF THE 
S1ATE OF VIRGINIA'S REGULATION OF 
MUNICIPAL WATER SUPPLY AND SEWAGE iREATMENT ••••• 78 

State Regulation of Water Supply and 
Sewage Treatment •••••••••••••••••••••••••• 80 

Public Service Authorities •••••••••••••••••• 80 
State Agencies •••••••••••••••••••••••••••••• 81 

The Virginia Health Department •••••••••••• 81 
Sewage Treatment •••••••••••••••••••••••• 82 
Water Supply •••••••••••••••••••••••••••• 83 
Interim Protocol •••••••••••••••••••••••• 84 
Position on Reuse ••••••••••••••••••••••• 87 

The State Water Control Board ••••••••••••• 88 
Occuquan Policy ••••••••••••••••••••••••• 90 
Position on Reuse ••••••••••••••••••••••• 91 

Water Rights, Reuse, and Municipalities ••••••• 92 
Conclusion •••••••••••••••••••••••••••••••••••• 95 

V. LEGAL AND INSTITUTIONAL BARRIERS TO iAS7EiATER 
BEUSE DEVELOPMENT: VIRGINIA BEACH CASE STUDY ••• 101 

Setting and Background of Case StudJ ••••••••• 102 
The City of Virginia Eeach ••••••••••••••••• 102 
Water Supply and Demand •••••••••••••••••••• 103 
Water Position Faper ••••••••••••••••••••••• 104 

Legal and Institutional Factors 
in Reuse Development •••••••••••••••••••• 110 

Hampton Roads Sanitation District •••••••••• 110 
Legal and Instituional Advantages •••••••• 111 

The City of Virginia Beach ••••••••••••••••• 112 
Legal Issues ••••••••••••••••••••••••••••• 112 
Institutional Factors •••••••••••••••••••• 113 

Virginia ilealth Department ••••••••••••••••• 116 
Effect of the Frotocol Regui~eaents •••••• 1lb 

Conclusion ••••••••••••••••••••••••••••••••••• 118 

VI. CONCLUSION ••••••••••••••••••••••••••••••••••••• 123 
Primary Conclusion ••••••••••••••••••••••••••• 123 

Secondary Conclusions •••••••••••••••••••••••••• 123 
Discussion ••••••••••••••••••••••••••••••••• 124 

Recommendations •••••••••••••••••••••••••••••• 128 
State Preparation •••••••••••••••••••••••••• 128 
Further Study •••••••••••••••••••••••••••••• 129 

APPENDIX A: Supplementary 1ables and Pigures ••••••••• 131 
APPENDIX B: Interim Protocol ••••••••••••••••••••••••• 140 

SELECTED BIBLIOGRAPHY •••••••••••••••••••••••••••••••• 145 

-vi-



LIST OF TABLES 

Table Page 

1. Rationale and Benefits of 
Municipal Wastewater Beuse ••••••••••••••••••••• 12 

2. Potential Markets for Reclaimed Water •••••••••••• 13 
3. Treatment Processes Used for Reclamation ••••••••• 16 
4. Advantages in the Use of 

Treated Wastewater for Irrigation •••••••••••••• 21 
5. Possible Disadvantages in the Use of 

Treated Wastewater for Irrigation •••••••••••••• 22 
6. Examples of Facilities Using 

Reclaimed Water for Cooling •••••••••••••••••••• 30 
7. Geographical Distribution of Municipal Beuse ••••• 36 
8. Non-potable Orban Reuse systems •••••••••••••••••• 38 
9. Drinking Water Quality ••••••••••••••••••••••••••• 39 

10. Public Acceptance of Renovated Wastewater: 
a Partial summary of Twelve Surveys •••••••••••• 57 

11. summary of Water Ose Bestrictions and Allocations 
Imposed by the City of Virginia Beach During 
1980-1981 Drought ••••••••••••••••••••••••••••• 105 

12. Preliminary Cost Estimates for a 10 MGD Direct 
Potable Reuse Plant in Virginia Beacb ••••••••• 119 

-vii-



LIS1 CF FIGURES 

Figure Page 

1. Role of this investigation in research ••••••••••••• 4 
2. Water Factory 21 Reclamation Process 

Flov ••••••••••••••••••••••••••••••••••••••••••• 15 
3. Treatment Syste• for Producing Becreational 

Lake Water ••••••••••••••••••••••••••••••••••••• 26 
4. Treatment system for Producing 

Industrial iater ••••••••••••••••••••••••••••••• 29 
5. Groundwater Becbarge •••••••••••••••••••••••••••••• 34 
6. Process schematic for reclaiming water 

in Grand Canyon Village. Arizona ••••••••••••••• 40 
7. Treatment system for Eroducing 

Near-Potable Water ••••••••••••••••••••••••••••• 41 
8. Factors influencing the development 

of wastewater reuse •••••••••••••••••••••••••••• 73 
9. Relationships between factors influencing 

the developBent of wastewater reuse for 
potable supply in the City of Virginia Beacb •• 127 

-viii-



Chapter I 

IliTBODOCTION 

Development and Justification of ~].g_y. 

This thesis investigation into the legal and institution-

al barriers to municipal wastewater reuse in Virginia Beach, 

Virginia, has developed out of three concerns. Pirst, there 

is the nation-wide concern over how to satisfy -water supply 

needs for growing populations and increasing standards of 

living. In 1978, the U.S. Water Resources council concluded 

that, overall, the nation's water supplies are generally 

sufficient to meet requirements; however, there exist major 

water supply problems in most of the nation's 21 water re-

gions and severe local problems in many of the 106 subre-

gions [Culp et al., 1980]. 

There is no one cause for these water supply dilemmas. 

Shortages have occured from inadequate distribution systems, 

ground water overdrafting, pollution of both surface and 

aquifer supplies, competition between various uses, and in-

creased population growth. As a result, many urban areas, 

in particular, are coming up with fewer and fewer answers to 

the water supply question. 

The second fact is that the potential tor use of re-

claimed wastewater in meeting water sufply needs is increas-

-1-
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ing. The distribution of high quality water for domestic 

uses does not always match the distribution of needy popula-

tions. Many of our wastewater effluents are already of a 

high guality and most are wasted as a water supply source. 

Therefore, the potential of wastewater reclamation to meet 

urban water needs is being researched world-~ide. 

Even without potable reuse (though more so with it) de-

velopment of wastewater renovation can play a significant 

role in meeting future water needs. In some regions and ci-

ties, reuse will prove to be the optimal solution to satis-

fying demand. With it will ccme other benefits such as the 

elimination or reduction of wastewater discharges and the 

reduction of areawide energy requirements. 

Finally, the third fact is that there is a lack of infor-

mation on the legal-instituitonal factors of reuse develop-

ment. General research indicates that legal and institu-

tional constraints may be a leading obstacle to development 

but the available literature is limited. The protable rea-

son for this is that the United States experience with muni-

cipal reuse is itself limited and interest in legal and in-

stitutional factors as a research subject has been 

correspondingly low. Of the information available, re-

searchers have focused their attention on the Western United 

States where the appropriation and use of water has tended 

to be a more complicated and more immediate social issue. 
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The Eastern United States, not immuae to water supply 

crises, has little basis for appropriate policy development 

and further study in the wastewater reuse area. This studJ 

attempts to outline the legal and institutional otstacles to 

reuse as .found in one mid-Atlantic case study. the intent 

is to develop a basis upon which future systematic research 

could be tuilt. 

Researc~ Scheme. 

The preliminary hypothesis in this investigation is that 

State legal and institutional factors are a critical obsta-

cle to the reuse of wastewater in satisf1ing municipal water 

demand in the State of Virginia. This hypothesis, based on 

literature review and intuition, was designed tote "devel-

oped" rather than "tested" through this study. In other 

words, if this hypothesis proved to be a reasonable state-

ment based on a limited case stud1, then the hypothesis 

could be tested using a representative sample of localities. 

The role of this investigation in overall research in dis-

played in figure 1. 

The case study afproach is prefered to an aggregate data 

approach in this case for the xeasons that (1) detailed in-

formation is available only for very few jurisdictions, and 

(2) the data tends not to be in a form which could be readi-

ly collected and analyzed. 
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If further testing of this hypothesis were tote 

conducted, the case study approach would still be prefered 

since the hypothesis deals with the process by which waste-

water reuse is developed; the elements of such a process are 

not easily quantified. 

The City of Virginia Beach, Virginia has been chosen as a 

"case study" city for two reasons. (1) The City is in cri-

tical need of a dependable water supply for its growing po-

pulation; safe yield of e¥isting supply is projected to be 

reached during the 1980 1 s. (2) the City has been active in 

assessing its water supply options. 

This Virginia Beach case study is meant to elicit the 

critical effects of legal and institut~nal factors related 

to State requirements on potential wastewater reuse pro-

grams. Though this investigation is limited to one locali-

ty, it is assumed that all other jurisdictions in Virginia 

fall under the same state statutes and regulations. there-

fore examining the legai and institutional factors involved 

in pursain~ wastevat~r reuse in Virginia Beach can give an 

indication of what effect these factors would have state-

wide. However, not all conclusions extracted f~om the Vir-

ginia Beach situation can be unconditionally applied tooth-

er jurisdictions because of the effect of possitly varying 

local ordinances and policies. 
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Recommendations for the studJ of potential municipal 

wastewater reuse applications in Virginia and for morE gen-

eral research into the obstacles to reuse development are 

given. The study concludes with a revised hypothesis which 

states that incomplete knowledge and the lack of confidence 

in public health aspects of potable reuse are the critical 

obstacles to wastewater reuse development as a water supply 

in the State of Virginia. 

Methodclogz. 

!he investigation involves a general review of vastevater 

reuse literature, an analysis of the legal and institutional 

factors affecting wastewater reuse in Virginia, and a case 

study of Virginia Beach. Sources of data in this thesis in-

volve literature and interviews. 

A review of literature in the field of wastewater reuse 

provides background information on the nature of and extent 

of reuse in the anited States. Documentation of specific 

ceuse programs and studies prefaced for reuse program propo-

sals provides information on the type of legal and institu-

tional factors experienced in other parts of the Country. 

Documents of the State of Virginia provide information on 

the current legal and institutional framework for wastewater 

reuse within which Virginia localities must work. An exam-

ple of this type of material would be the Code of Virginia. 
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case study documents specific to Virginia Beach include 

the Virginia Beach Water fosition Papef and the Malcolm Pir-

nie, inc. Water Reuse Assessment. Such materials lay a 

foundation for the case study and fill gaps of information 

left from interviews. 

Interviews with state and local officials serve as a 

method of gaining information on the wastewater reuse situa-

tion in Virginia and the City of Virginia Beach. Discussion 

with state officials provides information on current regula-

tion and on the State's perspective of reuse from a policy 

point of view. Interviews with local officials afford a di-

rect source of information on the water supply situation in 

Virginia Beach, on the analysis process recently completed 

to review supply options, and on the legal and institutional 

factors the city has encountered in investigating the waste-

water reuse option. 

Interview structure varied based on the agency contacted. 

In the majority of cases, an individual was contacted more 

than once because new questions were raised as more informa-

tion was gained. 

Major parties in consideration of this pioblem were identi-

fied as follows: 

a) City of Virginia Beach 
b) Virginia Health Departnent 
c) Hampton Roads Sanitation District 
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secondary parties vere identified as follows: 

a) State Water Control Board 
b) southeastern Public Service Authority 

contacts made during research include the following: 

a) Eric Bartsch; Virginia Health Department 
b) Allen Hammer; Virginia Health Department 
c) Aubrey Watts; Virginia Beach Department of Public 

Otilities 
d) Tom Leahy; Virginia Beach Department of Public 

Utilities 
e) T. Piland; Virginia Beach Department of Public 

Utilities 
f) Ed Born; Virginia iater Beseach Center 
g) Donny Wheeler; Hampton Boads Sanitation District 
h) Dale Jones; State iater Cantrel Board 

Format. 

This thesis is organized into six chafters which move 

from a general discussion of wastewater reuse to the specif-

ic Virginia Beach case study. Chapter II reviews the forms 

of wastewater reuse currently practiced in this country and 

is meant to orient the reader to the subject. Chapter III 

describes the range of factors identified as affecting 

wastewater reuse. 7echnological ability and the fublic 

health issue, the economics of reuse and methods of financ-

ing, public acceptance, and legal and institutional issues 

are discussed. 
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The State of Virginia's role in regulating water supply 

and wastewater treatment, which dictates the decision making 

context for localities on the subject of wastewater reuse, 

is covered in chapter IV. In chapter v, the City of Virgi-

nia Beach's water supply situation and the legal and insti-

tutional factors affecting the potential use of direct pota-

ble reuse in the City are examined. Chapter Vl is made up 

of conclusions on the affect of legal and institutional fac-

tors on the development of reuse in Virginia Beach and the 

State of Virginia, and of recommendations for further State 

action and study. 



Chapter II 

WASTEWATER BEUSE: l SOBVBI OP APPLIClTIOIS 

This chapter lays the foundation for understanding what 

wastewater reuse is, how it can be applied, and vbat techno-

logical and public health problems exist. the major ceuse 

markets a£e surveyed through descriptions of current appli-

cations, technologies, and limitations. It is concluded 

that some of the more significant benefits from reuse may 

come from the least developed reuse market - that of commer-

cial and residential non-potable and potable applications. 

ihat is jMtewatli ~§? 

Wastewater reuse is quite a simple concept. It is the 

process of collecting wastewater and treating it for addi-

tional use. A 1978 study by the United States iater Be-

sources Council identified over 500 reuse sites in the Unit-

ed States using a total of 680 mgd (million gallons per day) 

of reclaimed water [Culp et al., 1980]. An important dis-

tinction to be made is between planned and unplanned reuse. 

Planned reuse is the treatment of wastewater with the intent 

that the reclaimed water be used for other purposes. This 

type of reuse is the focus of discussion in this paper. Un-

planned reuse is the very common result of treated wastewa-

ter being discharged to a watercourse which becomes the 

drinking water supply a few miles downstream.• 

-10-
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current interest in water reuse has developed through 

concern over water supplies for human activities and con-

sumption. !able 1 displays the rationale and benefits asso-

ciated with reuse as viewed from the community level. Bey-

ond the benefits associated with water supply, von Dohren 

(1980] points out that wastewater reuse can eliminate or re-

duce pollutant discharges and can reduce area wide energy 

demand. On one hand, reuse can be seen as a process of sub-

stitution; that is, replacing potable (drinkable) water used 

for nonpotable purposes with reclaimed water and thereby in-

creasing the population which can be served from an existing 

source. on the other hand, reuse might be seen as additive; 

that is, supplementing potable supplies with appropiately 

treated reclaimed water. 

1he least controversial of these two modes of reuse is 

reclaimed water as substitute for non-potable sources. the 

many practical uses for this water include agriculture, in-

dustrial processing and cooling, landscape irrigation, re-

creation, and residential fiitures - toilets, for example 

(see table 2). 

1 Swayne [1979] states that one-third of the United States 
population already drinks water containing treated waste-
water; Reynolds [ 1977] estimates that the amount of treat-
ed wastewater in drinking supflies varies from 3 percent 
to 20 percent. 
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Table 1. 

RATIONALE AND BENEFITS OF ftONICIPAL WAS7EiATER BEDSE. 

In Communities Where ••• 

* Freshwater supplies are limited, 
* Freshwater supplies of good guality are limited by sur-

face or groundwater pollution, 
* Nev freshwater supplies must be developed at increasing 

distance fcom and/or expense to the community, 
* A single large water user or class of users can tolerate 

a lover grade of water provided at reasonable costs, 
and/or 

* Receiving water requirements are such that costly waste-
water treatment facilities Jllust be built ••• 

Wastewater Reuse Nay Offer Some Very Real Community Bene-
fits ••• 

* An increase in total available water supply, 
* Conservation of highest-quality supplies for potable use 

and other uses that demand that quality, 
* Expansion of beneficial industrial/commercial, agricul-

tural or recreational opportunitiesin your area, and/or 
* Obtaining of capital and ope~ating economies in your wa-

ter management program. 

Adopted from Donovan and Bates, 1980. 
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'Iable 2. 

POTENTIAL MARKETS FOB BECLAIMED WATER. 

Groundwater R~£harg~ 

Water-table ~anagement 
Development of salt-water intrusion barrier 

Recreational/Environm~! 

Lakes and ponds 
Marsh enhancement 
Streamflow enhancement 
Fisheries 
Snowinak.ing 

Agricultural 

Crop irrigation 
Commercial nurseries 
Commercial aquaculture 

Nonpotable Orban 

Landscape irrigation 
Fire protection 
Air conditioning 
Toilet flushing 

Industrial 

Cooling 
Boiler-feed 
Process water 
Construction uses 

Adopted from Donovan and Bates, 1980. 
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Wastewater ~!.!ill Basic§. 

Advanced treatment technologies and processes now exist 

which can be applied to wastewater to bring it in compliance 

with stringent pollution control require~ents and to provide 

high quality vater for many reuses. The principle processes 

involved are chemical treatment~ nitrogen removal, ion ex-

change, filtration, activated carbon adsorption, reverse os-

monsis, and disinfection. An example system is displayed in 

figure 2. The exact treatment train will vary based on the 

inte.nded use of the wastewater being treated. 'Ihe ma jar 

processes and the contaminants they remove are outlined in 

table 3. Detailed descriptions of these processes can te 

found in Hammer [1975], Culp et al. [1980], and Gillies 

(1981]. 

these ddvanced processes follow primary and secondary 

treatments. After primary screening and settling, secondary 

biological treatment (either a trickling filter or activated 

sludge) is employed. A well treated secondary effluent can 

be widely used in industries foL cooling, and for irrigation 

of most crops and iandscaping. secondary treatment process-

es remove significant amounts of suspended solids, organics, 

and microorganisms, but not phosphorous, nitrogen, or salts. 

Natural solids and those formed by chemical treatment 

must be removed. Sedimentation by gravity is the simplest 
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Figure 2. 

Sludge Incineration 
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Lime Recovery 

Reclaimed Lime y 

RO 
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'-----l DeepWell I 

1 ________ 1 

Uater Factory 21 Reclamation Process Flow O ·k 

Water Factory 21 is an Orange County 
(California) Water District project, the 
treatment train of which is displayed 
here as an example. The water produced 
from the "factory" is currently used to 
halt saltwater intrusion into local 
groundwater basins; it is expected that 
in the future, reclaimed water from the 
factory will become a major source of 
water in Orange County. 

From'culp et al., 1980 

* Figure is from Cline (1979), pgo 160. 
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'Iahle 3. 

TREATMENT PROCESSES USED FOR RECLAMATION. 

Process 

Primary Sedimentation 

Activated Sludge 

Nitrification 

Denitrification 

Trickling Filter 

Rotating Bio-Contactor 

Filtration 

Activated Carbon 
Adsorption 

Chemical coagulation/ 
Flocculation 

Ammonia Stripping 

Selective Ion Exchange 

Reverse Osmosis 

Chlorination 

Ozonation 

Land Treatment 

From Williams et al., 1979. 

Principle ContaBinants 
Removed 

TSS, BOD, grease, oil 

ECD, COD, TSS, grease, 
oil, some heav1 metals 

BOD, COD, TSS, ammonia, 
some heav1 metals 

Nitrate 

BOD, COD, TSS 

BOD, coo, TSS, ammonia, 
some heavy metals 

TSS, turbidity 

EOD, TSS, coliforms, TOC 

EOD, COD, TSS, 
phcsporous, some heavy 
metals 

ammonia 

ammonia, TSS 

'IDS 

coliforms 

coliforms, color, tubidity 

BOD, coo, TSS, ammonia, 
phosphorous, oil, grease, 
coli forms 
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form of removal and requires sludge removal facilities. 

Even after settling devices are used, fine materials vill 

remain in the wastewater; additional straining or filtration 

may be required. Commonl_y a "rapid sandt1 filter is used for 

this. ~ore recently, however, mixed media filters have been 

employed. Some simply use a graded media while others con-

sist of anthracite coal on top of a sand bed. Microscreen-

ing devices may also be used; diatomaceous earth filters are 

often used for industrial applications (Middleton, 1977]. 

Nitrogen is removed through nitrification-denitrification 

processes or if it is in the form of ammonia, by either air 

stripping or chlorination. Ion exchange, ~ore commonly used 

to remove calcium and magnesium cations, can also be used in 

N removal. If the wastewater is to be used for agricultural 

irrigation, nitrogen need not be remowed since it is a nut-

rient. In recreational applications. however. nitrogen may 

stimulate overgrowth of algae and other aquatic plants, 

and/or be toxic to fish. Nitrogen as ammonia needs removal 

for industrial applications also since the ammonia will cor-

rode copper and brass equipment. 

In reclaiming water for potable or near-potable uses, the 

dissolved organics concentration needs to be as low as pos-
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sible. After the normal treatment has been applied, organic 

materials can be reduced by passing the water through a bed 

of activated carbon or by treating the water with powdered 

carbon. Reverse osmosis is another process that is some-

times incorporated because of its high efficiency removal of 

almost all inorganic, organic, and biological constituents 

[ Gillies, 1981 ]. 

Disinfection is the last process and is used to combat 

remaining microbial contaminants. Hypochlorous acid (chlo-

rine's most effective disinfection form) is used to destroy 

pathogenic microorganisms; coliform and enteric bacteria are 

most easily killed, while protozoa! cysts and enteric virus-

es tend to be more resistant to chlorine (Hammer, 1975]. 

Ozone has been found to be a powerful oxidizing agent for 

disinfection. Though ozone reacts quickly and does not im-

part taste or odor to potable water (Gillies, 1981], it bas 

not been favored for use in the United States because ozone 

lacks the resiuual disinfecting power of clorine and because 

ozone must be generated on-site. Another method of disin-

fection involves radiation; a small scale purification sys-

tem developed in Colorado employs ultraviolet sterilization 

for this purpose (Mankes, 1979). 

!he physical and biological treatment processes all pro-

duce waste material. "In wastewater reuse systems, it is of 
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vital importance to plan for use or disposal of the residues 

remaining after treatment. Their handling and disposal 

costs may be half the total cost of treating wastewater" 

[Middleton, 1977]. combined primary and waste-activated 

sludges most often go to an anaerobic digester where the ma-

terials decompose to a more stable substance. The methane 

and carbon dioxide produced will be vented or the methane 

can be burned for heat. Digested sludges are dried by me-

chanical filters or on sand beds; the dried sludge may te 

incinerated. dumped in a landfill. or spread onto land as a 

soil supplement [Middleton, 1977]. 

Agricultural~~. 

Reusing municipal wastewater for irrigation is the oldest 

and largest form of reuse. Advanced treatment is not always 

re~uired depending on the particular application and needed 

water quality (cotton. for instance, can be irrigated with 

wastewater having only been through primary treatment). 

(Appendix tables 1 and 2.) 

Noy {1977] outlines the advantages and disadvantages of 

using treated vaste~ater for irrigation (tables 4 and S). 

He explains that vastevater is often the cheapest water 

available in arid areas; in some cases, it may be the only 

water available for irrigation. 7hough the required health 

standards are typically less stringent for irrigation than 
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other uses, the necessary treatment is important in calcu-

lating costs. The major cost, however, is in transporting 

the water. 

Since there are seasonal variations in the use of vater 

for some agricultural industries (eg. fruit and vegetable 

canning), there is a need for efficient storage on toth an 

operational and seasonal basis. Ponding is the most obvious 

answer to this need; however, groundwater recharge and sub-

sequent pumping can be used. It has been found that the 

latter mode significantly improves water quality since per-

culation removes some undesirable suspended and soluble 

constituents [Noy, 1977). 

Sprinklers are the most common method of application. 

Where only primary treatment bas been used, sprinkler nozz-

les may clog; few such problems have been associated with 

secondary treated effluent. Unpleasant odors may prevail 

where sprinkling is used and aosguito and horsefly breeding 

has occurred in sewage puddles; these nuisances diminish 

with increased levels of treatment (Noy, 1977]. trickling 

irrigation is now used more extensively in a number of coun-

tries. This method is esfecially effective in arid areas 

since it saves on water consumption and increases crop 

yields. Another benefit is that the contact between the 

treated effluent and the crop is lessened and this reduces 

the possible contamination of crops by pathogens. 
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iatle 4. 

ADVANTAGES IN THE USE OF TREATED WAS1fWATER 
FOR IRRIGAT10N. 

1. low-cost source of water 
2. an economical way to dispose of wastewater to 

prevent pollution and sanitary problems 
3. an effective use of plant nutrients contained in 

wastewater 
4. providing additional treatment before being 

recharged to the groundwater reservoir 

Adopted from Noy, 1977. 
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Table 5. 

POSSIBLE DISADVANTAGES IN THE USE OF TREA7ED WASTEWATER FOR 
IBRIGAiION. 

1. the supply of wastewater is continuous throughout 
the year, while irrigation is seasonal and 
dependent on crop demands 

2. treated wastewater may plug nozzles in irrigation 
systems and clog capillary fores of heavy soils. 

3. some of the souble constituents in wastewater may be 
present in concentrations toxic to plants 

4. health regulations restrict the application of 
wastewater to edible crofs 

5. when wastewater is not properly treated, it may be 
a nuisance to the environaent 

Adopted from Noy, 1977. 
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Water quality is of concern to irrigators. ireated 

domestic effluent and industrial wastes may contain soluble 

constituents at concentrations toxic to plants. Some indus-

tries may add heavy metals at concentrations vhich are toxic 

to the plants or the animals feeding on them. Other wastes 

may contain organic compounds such as organic acids or phe-

nols that restict root zone biological activity [ ~oy, 1977]. 

In California, the bacteria standards are most stringent 

when reclaimed water is sprayed on food crops. Arizona also 

requires various levels of bacteria removal based on the 

type of agricultural use. Secondary treatment and disinfec-

tion are often required [Donovan and Eates, 1980]. 

The effect of TDS (total dissolved solids) or salinity is 

one of the wost important water quality considerations in 

agriculture. Salinity will cause a change in the osmotic 

pressure of the soil solution which is related to the avail-

ability of water for plant consumption. A "physiological 

drought" condition can occur (Everest and Paul, 1979]. ia-

ter quality recommendations for irrigation can te found in 

Appendix tables 3 and 4. 

Becreational Beuse. 

Donovan and Bates [1980] describe the various "recreation 

and environmental" applications of reclaimed wastewater as 

ranging fcom maintenance of landscape ponds (eg. on golf 
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courses) to full scale water-based recreation sites for 

swimming, fishing, and boating. ether uses include snowmak-

ing and the creation of marshlands. 

Wastewater used in recreational lakes must satisfy both 

health standards and standards that will make the lake ac-

ceptable from a recreation standpoint (Middleton, 1977]. A 

treatment train is recommended in California for each type 

of recreational water reuse; the recommendtion is linked to 

the degree of body contact involved in each use. Secondary 

treatment and disinfection are required for reuse in lands-

cape ponds. More stringent disinfection is reguired for re-

creational bodies where fishing and boating are permitted. 

Finally, secondar1 treatment followed by coagulation, fil-

tration, and disinfection are required for water todies al-

lowing wading and s~imming. (Appendix tables 1 and 2.) The 

control of nutrients - phosphorous and nitrogen primarily -

is essential where excessive algae growths would interfere 

with the intended use of the site [Donovan and Bates, 1980]. 

Most of the recreational reuse facilities in the United 

States are found in California [Donovan aDd Bates, 1980]. A 

hypothetical treatment system is displayed in figure 3. A 

primacy example is the Santee Lakes project in which re-

claimed wastewater from an aquifer constitutes the major wa-

ter supply for the lakes (infrequent heavy rains supplement-
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ed by natural groundwater and runoff also contribute). 1he 

project has developed to the point of teing used for a swim-

ming area (Ongerth and Jopling, 1977). {AfFendix figure 1.) 

Other large and successful reuse projects include take Tahoe 

in northern California and Afollo Park in Los Angeles. 

An interesting wetlands project in the San Francisco has 

met with success. As described by Denigen and Nute [ 1979], 

losses of wetland habitat in the area have resulted in sig-

nificantly reduced populations of wildlife and migratory 

waterfowl through the Bay region. In 1974, the Mountain 

View Sanitary District (near ~artinez, California) started a 

full scale pilot wetlands enhancement program on low lying 

reclaimed tidelands owned by the district. The purpose was 

to demonstrate the feasibility of using treatment plant 

effluent to create a wetlands environment. 

1.!!.9..Yfiltl a l 1!.fil!.§~ • 

Accordiny to Donovan and Bates (1980], reuse of reclaimed 

water for industrial and large scale commercial applications 

is one 0£ the most underexploited market areas in the Onited 

States. Industries can often tolerate water of less than 

drinking water ~uality and are often centrally located near 

populated areas that generate wastewater. Beuse, then, can 

be an acceptable response to industies• concern over dimin-

ishing water supplies, and a good way of preserving higher 
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Figure 3. TrBatwent System for Producing 
Recreational Lake Water. 

From Middleton, 1977 
pg. 25 
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quality water for othec urban uses. 1he technologies incor-

porated in an industry to facilitate water reuse must be 

cost effective and not interfere with plant processes 

( Kosarek, 1979 ]. 

cooling is the predominant dfflication of reclaimed wa-

ter, accounting foe 99 percent of the total reported volume 

of industrial reuse. Industries use either a once-through 

or a recirculating process. With once-through cooling water 

only minimal treatment is reguired; course screening and 

periodic shock chlorination for slime control can te ap-

plied. With the recirculating process, the same cooling wa-

ter makes many cycles; cooling towers or spray fonds are 

used to re-cool the water after each beat-exchange cycle. A 

portion of the water is continuously "wasted" in order to 

avoid the build up of contaminants. This quantity is re-

placed with make-up water which must be of high quality 

since contaminants concentrate in the cooling cycle and/or 

nutrients provide food for the growth of organisms (Donovan 

and Batesr 1980]. 

A second major use of reclaiJed wastewater is as tciler-

feed water. Many industries, however, have not found this 

economical because of the additional treatment requirements. 

Reclaimed water is often used as "process water" in process-

es particular to the various industries. 
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Prominent vater reusers are power plants. In power gen-

eration, reclaimed wastewater can be applied to boiler make 

up, NOx and S02 scrubber make-up, cooling tower operations, 

turbine cooling injections, and potable sources for employ-

ees. In petrochemical processing, water is reused in toiler 

make-up, process waters, cooling waters, cooling tower 

make-up, and product wash water. The mining industr1 has 

found reclaimed water useful for metal leaching solutions, 

ore vashing, floatations, process water, and toiler make-up 

(Kosarek, 1979]. Typically, the water being applied in 

these instances is from secondary municipal wastewater 

treatment plants or from tertiary ponds filled with surface 

runoff and treated wastewater {figure 4). Secondary effl-

uent followed by further treatment by coagulation, sedimen-

tation, sand filtration, foam fractionation, and carbon ad-

sorption has also been recycled by the paper and fUlp 

industry in manufacturing processes [Boy and Chian, 1979]. 

Table 6 displays the additional treatment processes typical 

of industrial water reuse. 

There are four major industrial proble~s associated with 

sewage contaminants. Calcium phosphate deposits can cause 

scaling; lime treatment is generally used to remedy this. 

The potential for bacterial slime and algae ~rowtbs require 

shock chlorination treatments. Ammonia content may inter-
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Figure 4. Treatment System for Producing 
Industrial Water. 
From Middleton, 1977 
pg. 27 
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'Ial:le 6. 

EXAHPtES Ol FACILI11ES 
USING RECLAIMED WA~ER FOR COOlltiG * 

1. City Power Generating station; Burbank, CA 

2.0 mgd 

Shock chlorination, pH adjustment, corrosion 
inhibitor, antifoam agent. 

2. City Electric, Martin Drake Plant; 
Colorado Springs, co 
21.0 mgd 

Lime clarification, filtration, GAC adsorption, 
chlorination. 

3. Nevada Power Co.; Las Vegas, NV 

27.0 mgd 

Shock chlorination, lime clarification, 
pH adjustment, corrosion iDhibitor. 

4. El Paso Products Co.; Cdessa, 7X 

4. 8 mgd 

Lime clarification, recarbonation, pH adjustment, 
filtration, ion exchange scfteuing, antifoam agent. 

* Listed treatments are in addition to the municipal waste-
water treatments. 

Adapted from Donovan and Eates, 1980. 
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fere with lime softening and corrode copper; it is commonly 

stripped in the cooling towers. Foaming, caused ty deter-

gent constituents in the water, can cause a loss of control 

in the cooling towers. Anti-foaming agents are used for 

periodic problems, while carbon adsorption or foam stripping 

are used for more chronic protlems [Goldstein, et al., 

1979]. Water quality recommendations for cooling and boil-

er-feed water can be found in Affendix tables 5 and 6. 

The Kaiser Steel Corporation's Pontana, California plant 

is an example of a large ~ater reuse program using 0.5 mgd 

treated sewage and 5.2 mgd industrial waste make-up water. 

The plant was constructed inland far from ample sources of 

process water aod was designated to recycle water through 

successively less high quality demanding uses (cooling, pro-

cess, dust arrest, and slag cooling). The process water is 

recycled and reused up to 40 times before being lost to 

steam (Ongerth and Jopling, 1977]. 

Groundvater ]~charg~. 

Reclaimed wastewater has been used to recharge aquifers 

in several U.S. areas where excessive groundwater withdra-

wals have caused serious water supply problems. such rec-

harge can prevent ground subsidence and, in coastal areas, 

salt-water intrusion into freshwater supplies. Groundwater 

recharged with effluent has become a source of nonpotable 
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waters and is recognized as benefiting from additional 

treatment through the percolation process [Donovan and 

Bates, 1980]. 

The two common methods of recharge are spreading and in-

jection. Reclaimed water can be applied to spreading basins 

overlying an aquifer and allowed to percolate through the 

soil. Injection wells allow water to be directly pumped 

into the aquifer and are used mostly for controlling salt-

water intrusion [Donovan and Bates, 1980]. Becharge through 

spreading can be accomplished at a lover capital investment 

than other methods of reuse since the reclaimed water is 

commonly transported to spreading areas in existing water 

channels and less treatment is required [Neller et al., 

1979]. 

Because the boundaries between potable and nonpotable 

aquifers are rarely well-defined, the possibility of conta-

mination of drinking supplies is seen as a concern. The 

primary health emphasis has been on trace organic constit-

uents but additional issues have focused on the potential 

effects of trace metals, minerals, and microorganisms. 

Wastewater quality standards vary with aquifer use; consis-

tant standards between states have not yet developed. 

There is, however, no documented evidence of health prob-

lems associated with recharge programs. Many technical 
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problems are associated with assessing the relationship het-

~een recharge and health effects, as well descrited in Nel-

lor, et al., ( 1979]. As a conseguence, little is known 

about the potential effects (Donovan and Eates, 1980]. 

Though there are major recharge operations existing in Cali-

fornia•s coastal plains, state health officials there have 

generally opposed expansion and development ot such projects 

because of these health uncertainties. 

Examples of recharge programs include the Oxnard Aguifer 

in southern California and the Hueco Balson in El Paso, Tex-

as. 7he Oxnard system was developed in response to salt-wa-

ter intrusion caused by overdraft. An injection well serves 

to form a hydraulic barrier controlling inland movement of 

sea-water; inland, an extraction well creates a hydraulic 

separation by removing reclaimed water prioc to its interac-

tion with fresh sources (figure 5). 1he extcacted water is 

used foe irrigation {Wedding et al., 1979]. 

The El Paso system was devel-0ped to add to the drinking 

water supply and serve as a prototype for a larg~r-scaie re-

cycling program estimated to provide one fourth of El Paso's 

water needs over the next 70 1ears. ihe Haeco Balson could 

be recharged through percolation basins but an injection 

well system was chosen due to its low surface area require-

ments, higher recoveries, and the potential for energy re-
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SEAWATE~-- I I I 
CONFINED GROUNDWATER BASIN SUBJECT TO SEA\\'ATER INTRUSION 

INJECTION WELLS EXTRACTIO"< WELLS 

I 

' 

HYOROLOGIC CONOITIQ;~S WITH AN INJECTION/EXTH.\CTION WELL SYSTE,\I 
(WITH THE EXTRACTION WELLS INLAi'JD OF THE INJECTiO:". WELLS) 

WATER 0[.\,\A'-0 

RechJrge of a groundwJ!er Jquifer "id, rcciJimed wJter CJn control s,1ltw.1ter intrusion in co.1,r.11 zone,. Note 
sugge,tcd us,• of injectionlextr.iction pJirs to help prevent movement of rechJr~ed wJter in10 potJu:e Jquiiers. (Source: 
Wf'uc.i,rn:, ).). f'f Ji. \.J,e of Reel.ii men '..VJ,kw,iter to Opt>rJte .1 5i:JwJtcr Intrusion Control IJJr11,:r. Proceed in:;; oi the \\'.llc'r 
Reuse S1rnr,o;ium, Vol. 1, ,\\V\',r\ R,;seJrch Found.1tion, Demer, ColorJdo, l<J7'l. pp. 63'.J-6b2.I 

Figure 5. Groundwater Rechargeo 
From Donovan and Bates, 1980 
pg. 39 
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covery. The energy recovery factor exists due to the 300 

foot head loss incurred by 10 mgd. Assuming an 80 percent 

recovery, about 320 kw is estimated to be recovered ty down 

hole reversible turbines (Knorr, 1979]. 

Municipal Beuse. 

Though over 325 us communities have programs foe using 

municipal effluent as irrigation water, few are presently 

reusing water for industrial or domestic purfoses, where it 

could replace potable water (Eaumann and Dworkin, 1978]. 

{table 7.) Long term potable reuse programs have been ini-

tiated with success in other countries, however - notably 

south Africa (Appendix figure 3) and Israel [Williams et 

al., 1979]. (Hart et al., 1977 and Shelef, 1977 provide 

more detailed information on these programs.) Several inno-

vative projects have developed in the United States in re-

cent years, namely the Denver Water Department 1 mgd demons-

tration plant and Virginia's Upfer Occoquan Beservoir 

project. 

Baumann and Dworkin (1978] suggest using a reuse system 

only when water from storage is unavaildble to meet demand. 

Therein, the reclaimed water would function most efficiently 

as a source of peak supply whereas storage, with a lower op-

erating cost, would provide necessary continuous supply. 

Where potable reuse is not accepted, a complete dual-distri-

bution system would be required. 
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'!able 7. 

GEOGRAPHICAL DlSTBlBUTION O.F HONIClPAL BEUSE. 

state 

Texas 

California 

Ari.20.na 

New .Mexico 

Colorado 

Nevada 

Other 

Total 

Number of MuniciFalities 
Practicing  Beuse 

~~ ~ ~~~~ ~~~~~~~~ ~~~~ ~ 

Irri- Indust-
gation  trial 

144 5 

134 1 

28 2 

10 a 

5 1 

4 2 

12 3 

337 14 

Becre-
ational 

0 

3 

0 

0 

1 

0 

1 

5 

Domestic 'total 

0 149 

0 138 

1 31 

0 10 

0 7 

0 6 

0 16 

1 357 

From  Baumann  and Dlllorkin, 1978. 
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Though interest grows in nonpotable reuse (table 8), 

there are currently few legal or governmental standards re-

gulating reclaimed water for this purpose. It is commonly 

suggested that the water to be used on urban landscaping and 

in the operation of toilets be brought up to drinking water 

quality standards (figure 6; table 9). For many 1ears, re-

claimed water has been used at Grand Canyon for toilet 

flushing. Treatment of this water has consisted of tiologi-

cal oxidation followed by filtration and chlorination (fig-

ure 7). 

Utilization of ncnpotable reuse in urban areas will be 

cestricted by the need for a complete dual-distritution sys-

tem. In large cities, the cost would probably be prohibi-

tive; in small to~ns, though, a dual system might te practi-

cal [Middleton, 197 7]. 

~Q.!!.fl.Y.§ i O .!! • 

It can be seen that municipal wastewater has many reuse 

possibilities - for instance, on fields, in parks, in manu-

facturing processes and power production, in habitat regen-

eration, in nonpotable home o~erations, and as drinking wa-

ter. Applications in industry and agriculture are·tbe 

oldest and most established modes of reuse; possibilities 

for more wide spread use and for new forms of use in these 

areas still exist. Recreational facilities and programs em-
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1ahle 8. 

NONPOTABLE URBAN BEUSE SYSlEMS. 

Location starting Date 

Grand CaDjOil Village, AZ 1926 
Colorado Springs, CG 1960 
Irvine Ranch ~ater District, 
CA 1975 
St. Petersburg, FLA 1977 
Santa Margarita Water District, 
CA 1979 

Adopted from Donovan and Bates, 1980. 
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'Ia.ble 9. 

DBINKING iAlEB QUALITY. 
(all units in mg;l unless otherwise noted) 

Parameter§ 

Primary ~equlations 
Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 
Nitrate (as N) 
Selenium 
Silver 
Radium, p Ci/1 
Endcin 
Lindane 
Methoxychlor 
Toxapbene 
2,4-D 
2,4,5-TP Silvex 
Turbidity, TU 
Coliform Bacteria 

(colonies/ 100ml) 

secondary Requ~ations 
copper 
Iron 
Manganese 
Sulfate 
Zinc 
Color, units 
Foaming Agents (as MEAS) 
Odor, TON 

Other 
Trihalomethanes 

o.os 
1 
0.010 
0.05 

1.4 to 2.4 * 
0.05 
0.002 

10 
0.01 
0.05 
5 
0.002 
0.004 
0.01 
0.005 
0.01 
o.01 
1 ** 
1 

1 
0.03 
0.05 

250 
5 

15 
0.05 
3 

0.10-

* varies with average annual maximum daily air temperature ** monthly average 
+ monthly average, membrane filter technigue 
- pCOt'OSed l'ICL 

From Williams et al., 1979. 



40 

Bar Screen ~ ..-. So!:d', 10 landfdi 
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Figure 6. Process schematic for reclaiming water in Grand 
Canyon Village, Arizona, where wJter reuse has been 
practiced for over 50 years. Some 30,000 gpd of rC'claimed 
water is used in a duai <fatnbution svs:em for toilet ilushing, 
landscape irrigation, and occasional construction-;ite 
washdown. (Source: GrJnd Canvon's Reuse Svsrem Since 
1926. Water Reuse Hi1;hiigh11. A\,\"\V..\ Research Foundation, 
Denver, Colorado, J.rnuJry 19i8. 119 pp.) 

From Donovan and Bates, 1980 
pg. 3 
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ploying reclaimed wastewater have developed along with the 

reuse technology itself; however, applicatons of much signi-

ficance outside of California have been few. 

The least developed market for municipal vastewater is 

inside the urban areas themselves in commercial and residen-

tial nonpotable and potable reuses. While the ability of 

any one community to reuse its effluent may technically be 

limited by the tJpe of vaste constituents in the area (eg. 

an abundance of industrial toxins, etc.), therefore making 

the concept of such reuse not universally applicable, the 

potential for municipal water reuse is significant. 



Chapter III 

FACTORS IRFLDERCIIG !HE DBVJLOP!Bl7 OP 
VASIBWlTEB BEUSE 

Four major factors shape the development of wastewater 

reuse in the United States. technological, economic, so-

cial, and legal-institutional influences which affect anJ 

reuse proposal are examined in this chapter. Of particular 

importance for this thesis are the sections on legal and in-

stitutional factors, and technological factors. The infor-

mation in the legal-institutional section is specifically 

used as a basis for investigating legal and institutional 

issues in the Virginia Beach case study. 7he issues raised 

in the technology section also become significant in the 

case study. 

Though the factors are discussed independently, for clar-

ity, it can be assumed that the feasibiiity of any wastewa-

ter reuse proposal is the product of a combination of these 

factors; they interact to create either a positive or nega-

tive environment for the development of reuse. The interac-

tion between technology, economics, social acceptance, and 

legal-institutional factors may differ based on the specific 

situation. The degree to which technological, economic, and 

social influences are involved in the legal and institution-

al barriers to reuse development in Virginia Beach will te 

discussed in specitic in later chapters. 

-43-
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1echnologica~ Issue~. 

As described in tbe last chapter, the degree of water 

quality required and the level of treatment necessary varies 

with the intended reuse application. Beasonable guestions 

at this point would be; "How high a quality of water can 

our current technology produce?" and "Can reclaimed water 

be used for the highest water use - that of drinkingl" 

1he largest body of knowledge and opinion on reuse tech-

nology suggests that the potential quality of reclaimed wa-

ter is excellent and that direct potable reuse is possitle. 

This is not, however, a unanimous opinion; there exist 

knowledgable people in the water and wastewater fields who 

maintain that potable reuse is still a step beyond our cur-

rent capabilities. 

Stanford University professors McCarty and Palmer [1980] 

sum up one side of this debate: 

Treatment methods are available to render munici-
pal wastewater acceptable for many industrial, 
commercial, agricultural, and landscafing applica-
tions. Numerous reuse projects exist, and their 
success is testimony to the soundness of this ap-
proach. However, reclaimed municipal wastewater 
has not yet been demonstrated adeguately safe for 
direct use as a domestic water supply. Until this 
is done, use of reclaimed wastewater for this pur-
pose should not be encouraged. 
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Some are more confident in our technological atilities. 

c.c. Johnson, Jr. ( 1980], Chairaan of the National Drinking 

Water Council, reported in his summary comments at an EPA 

symposium on potable reuse, "the engineering group was of 

the opinion that technology does not appear to be a limiting 

factor in the implementation of potable reuse." Ju-Chang 

Huang of the University of Missouri [ 1979] strongly supports 

our current abilities. Asserting that all the conventional 

pollutants can te removed effectively from wastewater, Huang 

concludes that " ••• our waste treatment technologies would 

appear to be advanced enough to allow the practice of direct 

water reuse." 

What exists here is more than just a squabble between en-

gineers over technology. Projects around tbe world have 

proven that many types of beneficial wastewater reuses can 

be achieved; over the past 20 years, technological advances 

have brought us to a point of being able to produce a high 

quality effluent suitable for water contact recreation and 

non-potable domestic uses. Beyond the discussion of unit 

processes and removal effici~ncies is the question of risk. 

The unknowns with respect to public health risk are what 

truly divide even advocates of potable reuse. How reliatle 

aie our treatment processes? What are the potential health 

problems associated with potable reuse? 
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An iconic dilemma faces public health officials and oth-

ers concerned about the conseguences of potable reuse. ihe 

dilemma is that many surface and groundwater sources conta-

minated with domestic and industrial wastes have been used 

for potable supply for many yea.rs. The World Health Organi-

zation has concluded that the health risks associated with 

the drinking of water derived from such sources is only 

slightly different from those involved in direct reuse of 

wastewater (Reynolds, 1977]. 

Some s peci fie potential heal th problems have been associ-

ated with reuse, however. 10 begin with, public health 

criteria have not been developed for reclaimed water. Our 

existing drinking water standards (United States Fublic 

Health Service Drinking Water Standards and World Health Or-

ganization Drinking Water Standards) are deficient in the 

sense that they were originally based on the assumption that 

water would be drawn from best available uncomtaminated 

sources (Shuval, 1977]; very fev synthetic compounds are ad-

dressed in the standards and the approach to viruses is gen-

erally considered unsatisfactor1 (Reynolds, 1977]. 

the effects of indirect reuse have not been fully ass-

essed and the attemFts at direct reuse have been few.2 The 

2 No acute adverse public health effects have been reported 
in the few potable reuse cases; the lack of reporting of 
chronic effects, though, may be due to the relatively re-
cent nature of the projects (Beynolds, 1977]. 
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ability to set appropriate criteria, then, toils down to the 

simple fact that our knowledge of toxicological and epide-

miological consequences of potable reuse is incomplete. 

At one time, epidemics of waterborne diseases were a ma-

jor problem in the public health field. With advances in 

sanitary engineering and the near elimination of such epi-

demics, considerable concern now focuses on the health ef-

fects of biocides, heavy metals, and synthetic/organic con-

taminants. 

Activated sludge, our most effective secondary treatment 

process has not been shown to remove trace metal concentra-

tions. As for the synthetic;organic compound group, current 

research indicates that this process cannot remove any sig-

nificant amount of carcinogenic compounds (Gillies, 1981]. 

Carbon adsorption, the workhorse of the advanced treat-

ment train, has proven very effective in removing refractory 

and other organics, and organic or metal-organic biocides. 

7he maximum effective reduction in synthetic organic com-

pounds is 85 percent. Little information is available on 

this process• removal capabilities with resfect to heavy me-

tals [Gillies, 1981]. 

Most of the reseaxch on the technology of reclamation and 

reuse is still being conducted in the United States, South 

Africa, and Israel. Pcominant field studies in the United 
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States include California's "Water Factory 21", Virginia's 

Upper Occuyuan fCoject, the "Fotoaic Project," and Denver's 

demonstration plant (Culp et al., 1980]. 

Northern Virginia's Upper Occuquan Sewage Authority 

Treatment Plant is a good example of a potable reuse pro-

ject.~ In Johnson's ( 1980) view, 

They did it on the basis of the best knowledge 
they had, the best technology they could devise, 
and the best reliability theJ could design. It•s 
working and it's the kind of demonstration f1om 
which wisdom is taken. je'll know later on wheth-
er or not it vas a good or bad experience. 

Perhaps more telling an exFerience will be that of the 

Denver water Department's reuse demonstcation project. ihe 

plant is scheduled for completicn in early 1983 with the de-

monstration to be completed in 1987 [Hennessy, 1981]. Stu-

dies to be conducted at the plant include a large analytical 

program designed to provide data on treatment process units 

and a comprehensive health effects program (Miller, 1980). 

According to Culp ( 1980], "Once on-line, the plant will 

yield invaluable data, not only regarding treatment perfor-

mance information, but also regarding the social and envi-

ronmental effects of such a project." 

~ The Upper Occuguan project involves "indirect" potable 
reuse; local wastewater is highly treated and then re-
leased into the large Occuguan reservoir thus becoming 
part of the area's water supply. 
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Laborator1 research focuses on the monitoring and testiny 

of existing treatment systems plus the development of new 

technigues. the production of ozone and the reverse osmosis 

process receive considerable attention also. Other research 

includes the use of ultra-violet light and ultra-sonics for 

virus detection and trace metal removal [Culp et al., 1980]. 

As far as health standards, "one of the principle tasks 

of all research efforts is to determine quality criteria for 

various reuse applications" (Culp et al., 1980]. 

Discussion. 

As an influence on the development of wastewater reuse 

proposals by local governments, existing technology can be 

considered static and external to the realm of local deci-

sion making. A community, for example, interested in reuse 

for water supply, would have little control over available 

wastewater reclamation technology. Nor would a local go-

vernment have much influence over the current state of 

scientific and regulatory knowledge in the wastewater reuse 

field. 7he proposers may, however, have some influence over 

the regulatory response to these states of knowledge and 

technology. 

Fev states have developed regulations specific to waste-

water reuse. Existing regulations which affect reuse propo-

sals tend to be those which affect water supply and sewage 
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treatment; these are usually based on the confidence in cur-

rent treatment technologies and the state of public health 

risk knowledge. such regulations and policies in the State 

of Virginia vill be examined in chapters IV and v. 

Economic Considerations. 

Regardless of the form of wastewater reuse application 

and the benefits derived, costs will be incurred. Ihe pur-

pose of this section is to describe the types of economic 

considerations involved in reuse and to describe the forms 

of financing currently used. 

Donovan and Bates [ 1980] outline the basic components of 

capital, operation, and maintenance costs associated with 

reuse proposals. 

1. Costs 
2. costs 

water. 
3. costs 
4. Costs 

for 
for 

for 
for 

additional treatmEnt, if required. 
conveyance/distribution of the reclaimed 

storage, if necessary. 
monitoring reclaimed water guality. 

The perspective generally taken on the costs of reuse is 

not simply to sum the expenses like those just listed, but 

to estimate the difference between the cost of reuse and the 

cost of developing new fresh water supplies. Since the eco-

nomics of reuse are a key element in determining its feasi-

bility, a ceuse project logically will be desirable when its 

cost is less than that of new supplies and thereby a sav-

ings. 
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Overall, the costs and benefits are situation specific. 

In particular, unit process costs will vary with the size of 

the treatment plant. Conveyance and distribution costs are 

a major influence on the economics of reuse, with the costs 

of force mains and FUmping stations being dominant. the 

cost of a distribution system, like costs in general, is 

subject to many variables: the number of users to be sup-

plied, the distance from supply to users, and, if appropri-

ate, the need for a dual distritution system. 

Storage costs in waste~ater reuse depend on the avail-

ability and cost of land, the possible Deed for at-storage 

treatment, and the type of storage provided {Donovan and 

Bates, 1980]. 

Other costs may he incurred by the users of reclai~ed wa-

ter. AB industry, for example, might face the following 

"penalty costs," as described by Donovan and Bates (1980] 

and Millikin and lohman [1979]: 

1. On-site hookup to the non-potable system. 
2. Facilities for monitoring and adjusting water gualitJ~ 
3. Additional treatment, if to be provided by the user. 
4. Repiping for dual systems OD-site. 
5. Steps to assure worker safety. 
6~ Changes in normal practice (eg. quality compensation 

in cooling system). 
7. Possible need fer waste disposal. 

Elaboration on these costs can te found in Leeds, Hill, and 

Je~ett, Inc. [1971). 
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Most municipalities in the United states are, 

fundamentally, in a good position to provide vastewatet 

reuse and gain economic benefits. This is because in 1972 

the federal government through the ~ater Pollution Control 

Act Amendments required secondary treatment of all municipal 

sewage, and in some special cases advanced treatment was re-

quired. Since these processes are already in place in most 

instances, the ability to provide reclaimed water foe most 

non-potable uses at a low cost is good. Potable reuse would 

typically require certain upgrading of facilities. 

Financing. 

Even though a particular reuse project might produc~ eco-

nomic benefits, the money for capital investment, operation 

and maintenance, and dett service costs must still be 

raised. In general, financing ahould not be considered a 

major obstacle to reuse deveiofment. lhe major options 

available to public entities for financing reuse projects 

are the operating budget, tax levies, grant programs, Land 

issues, and user charges.• 

The operating budget is the first place to loox for fi-

nancing if the project requires only small or moderate ex-

penditures. According to Doncvan and Bates [1980] practi-

• Donovan and Bates [ 1980] is the principle reference here; 
see Perrine [ 1979] also for further discussion of financ-
ing techniques. 
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cally all activities associated with the development of 

reuse facilities could be financed out of an existing waste-

water treatment plant budget. the particular advantage of 

using an operating tudget or some other cash reserve is that 

the utility's administration can allocate the funds on its 

own initiative. However, it would seem likely that under 

this mode of financing, some tudgeted items would have to be 

sacrificed. 

The neit types of finaDcing to consider are increases in 

existing levies and charges. For reuse projects which ~ill 

benefit the whole ccmmunity, increases in property tax may 

be appropriate. Donoyan and Bates ( 1980] consider special 

assessments as appropriate financing mechanisms if projects 

are of the nature of providing fire fighting water and muni-

cipal landscaping, for example. 

In situations where capital requirements for the reuse 

project will be large, the acquisition of grants and the 

selling 0£ bonds are the aajor methods of financing. The 

principle source of federal grant money in this area is the 

Environmental Protection Agency. Donovan and Bates ( 1980] 

summerize the funding opportunities provided bJ the 1977 

Clean Water Act; it should be noted that policies of the 

current federal administration may curtail the availatility 

of these funds. An important limitation for reuse projects 
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is that conveyance system monitoring devices, and storage 

tanks tend not to be eligable foe funding unless the fUrpose 

of the project is water pollution control. 

Grants are also available from the Farmers' Home Adminis-

tration and the United states Department of Agriculture; re-

search and development funds are available from the Office 

of Water Research and technology. In some Sfecialized cas-

es, loans ace available from the Water and Fower Besources 

Service and the Small Business Administration. 

According to Donovan and Bates, "state support is gener-

ally available for wastewater treatment facilities, wastewa-

ter reclamation facilities, and conveyance facilities, and 

under certain circumstances, for on-site distribution sys-

tems." 

The types of bonds typically used for financing public 

works projects are "general obligation" bonds, "special ass-

essment" bonds, "revenue" bonds, and short term notes. lhe 

type of bond chosen will probably depend on the type cf 

reuse project involved. For instance, general obligation 

bonds, which are typically supported through property taxes, 

might be most appropriate when it is clear that the whole 

community will benefit from the project. Revenue bonds, on 

the other hand, tend to be sufported from service charges 

and might be best used when definable groups within the com-

munity pay for and are benefit from the reuse project. 
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Finally, a user charge can be imposed upon those 

receiving the reclaimed water. The more recent reuse pro-

grams are moving away from the flat rate approach and toward 

metered charges (Donovan and Bates, 1980]. Determining a 

user charge for reclaimed water is not much different from 

the process used to set rates for potable systems. Leeds, 

Hill, and Jewett, Inc. (1971] outlines guidelines to be used 

in the pricing of reclaimed water. Charges for reclaimed 

water are set less than potable water in order to make the 

reuse project more attractive. Beuse user charges can be-

come complicated, ho~ever, if the system involves several 

reuses which require different qualities of water. 

Discussion. 

Economic factors are the "bottom line" to reuse proposal 

feasibility; even when all other factors are favorable, a 

community must be atle to finance the reuse project. As 

seen in this review of the types of cost involved and the 

means of financing reuse, economic factors can be considered 

internal to the local decision making realm. 

Particularly important to this thesis are the costs to a 

locality resulting from Virginia state regulations and poli-

cies. These will be exaained in chapter V. 



56 

social acceptance is another factor which has received 

considerable attention. Since 1975, 12 studies have teen 

conducted to guage the public's attitudes toward wastewater 

reuse (table 10). 1he purpose of this section is to review 

the findings of the major surveys and discuss the implica-

tions of these findings. 

The conclusions of these studies were quite similar, but 

some variations exist. A review of findings will highlight 

major conclusions. As a preliminary note. the critical 

problem with surveying attitudes on water reuse is as Kas-

person [1977] states, 

For most Americans the water re-use prospect has 
not been of sufficient immediacy to allow for this 
•mulling over' process. Attitudes to reclaimed 
water reuse are partially foLmed and the issues 
involved only partially understood. 

Care must also be taken in drawing conclusions from survey 

results since what people say they will do and what they ac-

tually would do may be diffeLent. 

One of the earliest studies surveyed 36 communities in 

four states. According to KasFerson (1977] 60 to 75 Fercent 

of the respondents in three states were willing to drink re-

claimed water; but in one state, just 46 percent of respon-

dents were so inclined. Two California communities were 
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'Iable 10. 

PUBLIC ACCEP1ANCE OF RENOVA1ED iAS'IEWA'IER: 
A PAETIAl SUM~ARY OF 'IWELVE SURVEYS. 

study 

Baumann 
(1965) 

Tjpe 
of survey 

telephone 

Bruvold & telephone 
Ward ( 1969) 

Clark interview 
University 
Pilot Study 
(1970) 

John telephone 
Hopkins Univ. 
(1970) 

Pagorski 
(1971) 

Johnson 

interview 

interview 

Clark interview 
Univ. 
Study Proper 
(1971) 

Continued on next page. 

Scope; 
Location 

National: 
Texas 
Kansas 
Mass. 
Ill. 

Sample 
Size 

722 

Cal; 2 50 
suturl:s 

National; 220 
Gloucester 
Wilmington 
KokoAo 
Indianapolis 

Baltimore 
County, 
no 
Park 
Forest, 
Ill. 

National: 
Phil. 
Camden 
Cincinnati 
Tucson 
Portland 

National: 
Kokomo 
San Angelo 
Lubbock 
Santee 
Col. Springs 

321 

114 

221 

420 

Willingness 
to Drink (%) 

62.0 

45.0 

29.0 

81.0 

77.4 

48.0 



Table 10 Continued 

Study 

Bruvold 
& Ongerth; 
Bruvold 6 
Ward (1972) 

Carley 
(1972) 

Gallup 
Poll 
( 197 3) 

'Ijpe 
of survey 

interview 

interview 

Mail 
Ques. 

R. Stone telephone 
& co. C 1974) 

Kasperson interview 
et al. (1974) 

58 

scope; 
Location 

Cal.; 10 
paired 
cities 

Denver 

National 

Sample 
size 

972 

447 

2937 
(weighted) 

so. Cal. 1000 
( 10 cities) 

Natioual; 80 
9 cities 

Willingness 
to DcinJc (i) 

43.6 

38.7 

38.2 

39. 1 

38.0 

Adapted from Kaspecson and Kasferson [1977] and Bruvold 
[ 1979 ]. 
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surveyed in 1969 by Bruvold and ward. Queried on 22 diffe-

rent reuse applications, the respondents• views were clearly 

related to the degree of bodily contact involved. The major 

break between a majority favoring and a majoritJ opposing a 

certain use came at the catagories of uses which required 

ingestion (eg. cooking). 

Kasperson reports that a Clark University study of three 

cities in 1970 was helpful in suggesting the relatively low 

knowledge of reuse among the public. In the cities sur-

veyed, approximately 30 percent of those interviewed consid-

ered themselves familiar with the idea; acceptance of direct 

potable reuse was also low, with no more than 32 fercent fa-

voring it in any one of the cities. 

In one of the largest studies, Johnson ( 1971] surveyed 

five cities. Reinforcing Bruvold and ward's findings, John-

son's results showed a step by step increase in resistance 

to the use of reclaimed water as the suggested applications 

moved from non-bodily contact to drinking. Note worthy is 

the finding that respondents who had used reclaimed wastewa-

ter before (such as those in Santee, California) tended to 

be more favorable toward drinking such water (Kasperson, 

1977; Johnson, 1971]. 

A 1972 survey of Denver residents found approximately 40 

percent of respondents favorable toward dirEct ingestion. 
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Similar statistics resulted from a nationwide Gallof Foll in 

1973.5 A similar 40 percent acceptance of reclaimed water 

was found in a 1974 study of 10 California communities; Ol-

son et al., [1979] study of Irvine and Anaheim, California 

yielded favorable responses of 47 and 45 percent respective-

ly. 

In areas where direct potable reuse has teen implemented, 

the public response reaches both ends of the acceptance sca-

le. Chanute, Kansas• 1956-57 emergency use of reclaimed wa-

ter generated a negative public reaction. Kasperson [1977) 

suggests that the poor quality of water involved and the 

fact that people were not informed of the reuse until after 

it was instituted 111ere influences on the generally poor 

public response. 

The development of direct potable reuse in Windhoek, Na-

mibia has, in contrast, been supported by the public. The 

use of reclaimed water for recreational lakes in Santee, Ca-

lifornia was implemented gradually and has gained public ac-

ceptance and understanding. 

5 Considering the fact that the Gallop Poll asked people 
whether or not they would want to drink ttrecycled sewage," 
this writer is surprised that anyone answered favorably. 
The specific characteristics of the surveys, however, is 
another issue and will not be discussed here. 
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The factors influencing a perscn 1 s acceptance of oL oppo-

sition to various applications of reclaimed wastewater have 

been analyzed by most of the surveyors. !bough the evidence 

is weak, Bruvold [1979] reports that correlations tetween 

attitudes and sex and age are consistent among studies. 

Three of the five major studies indicate that younger res-

pondents are more favorably disposed toward potable reuse 

than were older respondents. Four of these five studies in-

dicated that men are more supportive of potable reuse than 

are women. occupation and the quality of current supplies 

were also factors. 

!he major factors influencing responses, however, were 

level of formal education, adequacy of current water supply, 

and knowledge of/experience with water reuse. According to 

Kasperson [1977], six of the seven studies which tested the 

formal education relationship found it to he significant. 

In Johnson's study [1971], for example, he concludes, "Edu-

cation was the most significant of the personal factors as-

sociated with both acceptance of community consideration of 

renovated wastewater and with willingness to drink it." 

Surveys in communities which had experienced water supply 

crises generally found a more favorable attitude toward 

reuse than might be normally exfected [Kasperson, 1977]. 

Again to quote from the Johnson study, "Of the resource 
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characteristics perceived, the adequacy of future supplies 

appeared to be the ~ost significant in association with ac-

ceptance of community consideration of renovated wastewa-

ter." 

Knowledge of and/or experience with reuse was consistant-

ly important in survey results. Kasperson cites the Clark 

University study in his eiamples. Of the respondents who 

could recall even having heard of water reuse, 52 percent 

were willing to drink reclaimed wastewater; only 24 percent 

of unfamiliar persons were willing. This study also found 

that 65 percent of the respondents from Santee accepted po-

table reuse. 

Promoting Reuse. 

The prevailing attitude of the American public, if we can 

consider the surveys as indicators, is not favorably dis-

posed tovard direct potable reuse. It should not be as-

sumed, however, that any one community would not approve a 

reuse proposal; nor should it be assumed that negative atti-

tudes cannot be changed. Ihe writers reviewed for this sec-

tion appear optimistic~ Baumann and Kasperson (1974] con-

cluded from their literature review, that 

!here is little evidence to support the widespread 
conviction among those charged with proposing so-
lutions to the nation•s water supply problems that 
public opposition constitutes the most important 
obstacle to the adoption of wastewater reuse sys-
tems. 



63 

Different authors stress different approaches to promot-

ing acceptance of reuse. considerin~ the genecally favora-

ble existing attitudes toward acst reuse applications, Kas-

person [1977] opts for an approach which gradually 

introduces forms of reuse. ihe more familiar people are 

with reclaimed wastewater and the greater understanding they 

develop, the greater the likelihood that they will te recep-

tive to high-order reuse applications. 

Huang (1979] has developed a four step approach to over-

coming what he calls the public's "psychological unreadi-

ness" for wastewater reuse. First, Huang suggests institut-

ing a new terminology in order to impress upon the putlic 

that wastewater is something that is "only temporarily used 

and can be reused again after it is cleaned up." Second, 

Huang maintains that the fUblic must be informed that waste-

water reuse is not a new concept and that it has teen occur-

ring in the U.S. for many years. Huang's third step re-

quires that the sanitary engineering profession take a lead 

in publicizing current water and wastewater technologies and 

the abilities to produce high quality water. And fourth, he 

presents a call for more intensive toxicological research so 

as to develop appropriate ~uality standards. 

Bruvold (1979] proFoses that information campaigns be 

launched which are designed to reach those parts of society 
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which thus far have been least likely to give reuse much 

thought - namely the older, less affluent, and less well 

educated publics. According to Bruvold, the campaigns 

should stress the need for new water supply sources, the 

availability of modern technology, the applicable economic 

benefits, and the fact that public health officials do ap-

prove of certain uses of reclaimed water. 

to conclude this section a few words are needed on the 

attitudes of engineers and public health officials. The 

support of reuse projects by these people would seem criti-

cal to community acceptance. 

After acknowledging the rational professional conserva-

tism born from health issues, Niemann [1977] suggests that 

there are behavioral reasons which also contribute to the 

public health officials' reluctance toward reuse. Public 

health officials tend to be older, more experienced, and 

less mobi1e than engineers - characteristics which "probably 

enhance a tendancy to maintain the status guo." Niemann•s 

survey also indicates that these officials are traditionally 

oriented, fear coming in contact with what might te poten-

tially dangerous, and express "revulsion to body wastes." 

Consulting engineers have been more willing to accept the 

concept of direct potable reuse but hesitate to adopt it. 

These attitudes correlated with factors Niemann considered 
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conducive to innovation; the engineers tended tote younger, 

less experienced, more mobile, and having greater ear-ning 

power than public health officials. Niemann•s study also 

suggested regional attitude variations. !he strongest re-

sistance to reuse was in the East, generally positive tut 

mixed attitudes were encountered in the Mid-iest, and cau-

tious acceptance was found in the ijest~ 

Pratte and Litsky [1979] interviewed 12 Nassachusetts wa-

ter resource officials; 50 percent favored wastewater reuse 

by industries. Reasons for OFposition varied. Some resfon-

dents believed that the extra treatment steps were unneces-

sary, some thought that the Metropolitan District Commission 

could not accouodate reuse, and others thought that is would 

not be cost effective. Only one respondent was of the opin-

ion that the tech~ological cafability does not exist. 

In Pratte and Litsky•s conclusions they expressed alarm 

over the relative lack of knowledge of reuse among some res-

pondents. !hey also concluded that the "opportunity waste-

water reuse offers to conserve potabie water for higher uses 

is unrecognized." 

Discussion. 

Social acceptance of wastewater reuse is a factor inter-

nal to a community. Social acceptance. as a factor in reuse 

development, is not emphasized in the thesis case study te-
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cause the factor is not directly related to legal and insti-

tutional barriers to development. the public support issue, 

however, is mentioned briefly in the case study in chapter 

v. 

1e9a! - _!l!stitutional Factors. 

Of the four factors relevant to the development of waste-

water reuse as discussed here, the legal and institutional 

factors have received the least attention in the literature. 

The purpose of this section is tc survey the recognized le-

gal and institutional issues which may affect reuse propo-

sals. 

Legal. 

Donovan and Bates [1980] summarize the Dajor legal issues 

in the following four categories: 

1. State Statutes 
2. Enabling Legislation 
3. Water Rights Lav 
4. Franchise Rights 
5. Case Law 

State statutes include water quality laws, environmental 

statutes, and liability laws. In most states there is a 

lack of statutes dealing directly with reuse and reclama-

tion. 

Enabling legislation may dictate which among municipal 

organizations will be best suited to operate a ceuse pco-
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ject. Such legislation also desccibes financing consti:aint.s 

and contractual atilities. 

Water rights are an important issue in reuse; in some 

cases water rights facilitate reuse while in other cases 

they inhibit reuse. Donovan and Bates ( 1980] describe ins-

tances in Western states wherein users found it easier to 

obtain and use reclaimed water than to obtain appropriated 

water. 

On the other hand, water rights may be an obstacle to 

reuse where requirements as to the use and return of water 

are imposed. Cox and Walker (1976] explain that one of sev-

eral obstacles to reuse under the riparian doctrine occurs 

when wastewater will be diverted to another location for 

use, but vater use is restricted to riparian land. 

Potential problems under the water rights issue typically 

involve reduced flows in a watercourse, ill defined water 

rights for surface sources, reduced discharges to a waterc-

ourse, changes in the point-of-use or the point-of-disc-

harge, hiararchy of use, and disruption of Indian water 

rights [Donovan and Bates, 1980]. 

Franchise law involves special rights or licenses granted 

"to an individual or corporation to market goods or services 

in a particular area" (Donovan and Bates, 1980]. Public and 

private utilities, in this case, may have an "exclusive 
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franchise" where economies of scale do not warrant competi-

tion. It is possible that a wastewater reuse project could 

intrude on another entity's exclusive right to sell water in 

the service area. 

Donovan a.nd Bates [ 1980] consider case law an issue only 

in that its review is necessary for assessment of potential 

conflicts. 

In Millikin and Lohman•s [1979] examination of legal and 

institutional barriers to planned reuse in the Colorado Riv-

er Basin, they first bad to assess the "law of the rivec". 

The law of the river is a web of international treaties, 

federal legislation, interstate compacts, state water laws, 

and contracts which collectively control and appropciate the 

Colorado River. 

Millikin and Lohman found that both incentives and barri-

ers to reuse exist within this system. Complexities and 

uncertainties surrounding federal and Indian reserved water 

rights figure prominantly in the Colorado Biver situation as 

do the implications of altering the many interstate agree-

ments in the Colorado River ComFact. Of a more general na-

ture, it was found that state water law restrictions on 

changes in water rights were a barrier to reuse. Pursuing 

changes in the point-of-use or purpose-of-use was often too 

expensive and time consuming for potential reusers. 
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State restrictions on charges in stream regime or ~ater 

quality were considered constraints since recapture and 

reuse of flow may alter streaa regimen, add impurities, or 

increase consumption thus concentrating existing impurities. 

8illikin and Lohman [1979] also discovered that several 

of the federal and state environmental statutes indirectly 

interfered with reuse proposals and added "delay, expense, 

or risk". It was concluded that the statutes inhibit reuse 

projects in some cases because of natural conflicts (a reuse 

facility might be poorly planned and cause air pollution, 

for example) and in some cases because of "a relativelJ tri-

vial infringement of statuatory authority". 

Federal and state water quality control laws and the Co-

lorado River Compact's limitations on consumptive use were 

both found to be incentives to planned reuse. 

lake and Perrine ( 1979] and Ferrine ( 1979) describe some 

of the legal constraints found in Southern California. In 

some instances, the right of a publicly ovned utility to 

sell reclaimed water has been challenged. !he disruption of 

downstream flow is a potential problem as are antiparallel-

ing statutes (similar to franchise laws). 

In a review of three wastewater reuse case studies, Lake 

and Perrine found legal-contractual factors to be a barrier 

in just one of the three situations. In this case, the wa-
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ter district bad tied up all the reclaimed water through a 

historic limit clause and through an exclusive rights clause 

in its supply contract. As a result, surplus reclaimed wa-

ter goes unused. Interestingly, in one case it vas discov-

ered that greater use of reclaimed wastewater would reduce 

the actual public health risk for the area•s population. 

Institutional. 

Typical institutional barriers to reuse involve conflict-

ing pressures within decision making ayencies, conflicts of 

orientation between water allocation and water quality agen-

cies, lack of agencJ coordination, and a "zero-risk" atti-

tude among decision makers. 

In ttillikin and Lohman•s [1979] Colorado River Basin stu-

dy, they discovered that varying pressures of interstate 

agreements, interstate development plans, and federal poli-

cies on environmental control, energy develofment, and other 

areas, inhibited innovation among state water management of-

ficials. Those officials weLE forced "into decisions and 

policies based on precedent and tradition". 

It was found that conflicts between water allocation and 

water quality interests occured on both state and federal 

levels. Both views can be barciers to reuse. The alloca-

tors tend to encourage the return of reused water even when 

it may exceed guality standards; allocators also tend to 
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disfavor land afplicdtions of wastewater. iater quality of-

ficials tend to discourage any reuse that may increase the 

chance of human contact, including irrigation applications. 

They also inhibit some reuses through an "overly strict in-

terpretation of water quality central regulations". 

Lake and Perrine's [ 1979] analysis found the lack of 

coordination of authority and agency cooperation to be a 

significant obstacle to reuse in Southern California. In 

addition, the lack of a consistant basis for water Ericing 

was seen as a barrier. 

The Department of Health services in California tends to-

ward "failsafe" recomendations for health standards which 

the Water Resources Control Board ~s to incorporate into re-

gulations. The investigators raised the concern that this 

approach of both measuring risk and judging the acceptable 

level of risk by the health agency was undesirable and pro-

duced impractical "zeco-risk" FOlicies. 

In the three case studies included in this investigation, 

a variety 0£ administrative-institutional barriers were en-

countered. In one situation, public health standards set-

ting, interagency conflicts, price determination, and goals 

conflict were problems. In a second situation, the issue 

was grants administration; the third case study involved no 

institutional constraints. 
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Discussion. 

Legal factors in reuse development tend to be imposed 

upon proposals; these factors, (eg. state regulations) are 

external to a community's decisioD making povers. Institu-

tional factors, however, appear to be either internal or ex-

ternal to local control. 

Because the studies of legal and institutional barriers 

to reuse are limited, it is difficult to assess how typical 

their findings are. The emphasis in the Virginia Beach case 

study is on legal and institutional bai:riers. 

Wastevat~ ~ Innovation. 

The technological, economic, social, and legal-institu-

tional factors discussed in this chapter influence the de-

velopment of wastewater reuse in general and reuse proposals 

in specific (figure 8). The interaction between these fac-

tors may be specific to a proposal. Clearly, overcoming 

barriers associated with one factor category will have not 

have much impact on promoting reuse unless barriers in other 

categories are also overcome. 

These factors through their internal or external nature 

and the fact that they combine positive and negative influ-
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ences to create a context for the develofment of reuse, are 

similar to the types of factors found in other fields. 

Though the information is limited, some hint as to the rea-

sons why wastewater reuse, particularly potable reuse, has 

not been actively pursued in this country may come from re-

search into policy innovation and organizational theory. 

Gans and Horton (1975] provide some of these hints by 

their study of human services integration. Basically, Gans 

and Horton found that the existence of a certain environment 

increased the chance for innovation among public agencies. 

Innovation (in this case, services integration) was more 

likely to occur when the sociopolitical leadership of the 

locality supported the idea or project, and when the innova-

tion was considered a high priority. In cases where the 

agency director was aggressive in pursuing coordination and 

contacts with other important "actors", and was supported by 

a capable staff, the innovation had a better chance of oc-

curing (Gans and Horton, 1975; pp. 6, 43]. Gans and Hocton 

also concluded that if an innovation was a priority at the 

national level, then a conducive local environment could be 

molded (pp. 7, 44]. 

At the state and local levels which this thesis empha-

sizes, the "environmental" influences on the developm€nt of 

reuse are important. In the Virginia Beach case study, le-
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gal and institutional factors form a major part of this en-

vironment for such innovation. It was expected that this 

environment would be a negative one. 

Gans and Horton's (1975] observation about the influence 

of an innovation•s national priority status is clearly ap-

plicable to wastewater reuse in the United States. ~he 

greatest advaocements in reuse have come from countries in 

which water supply and reuse were high priority objectives 

(Israel is the classic example). Ihe u.s. federal govern-

ment has supported wastewater reuse research to a limited 

extent (about one-fourth of the Denver project has EPA fund-

ing, for example). And this support is certain not to in-

crease under the current administration. 

If municipal reuse was today what nuclear energy was in 

the 1950 1 s, we would probably be drinking reclaimed wastewa-

ter tomorrow regardless of the apfarent insufficient confi-

dence in public health protection. States like Virginia can 

proceed with reuse Froposals at their own initiative tut it 

seems likely that this will be a slow process. A suLge in 

the experimentation with and use of potable reuse in this 

country will probably not occur unless the federal govern-

ment takes a leading role. 
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fonclusio~. 

It appears, based on the information presented in this 

chapter, that many but not all of the economic, social, and 

legal-institutional constcaints to reuse would te resolved 

as a result of answering the FUblic health risk guestions. 

Based on the literature reviewed, however, the legal-insti-

tutional category appears to contain the most obstacles to 

reuse that are not related to health issues. In fact, this 

literature review imFlies a relative insiginificance of 

technological issues in creating legal and institutional 

barriers. Man1 of the costs associated with reuse are a re-

sult of added treatments and safety factors. Confidence, on 

the part of public health officials and the public, in the 

quality of water provided through wastewater renovation 

would advance social acceptance of reuse considerably. And 

assurance of continued water quality would affect the area 

of water rights and health standards also. 

Virginia Beach is a good environment for observing the 

relationships between these factors and the influence of 

legal-institutional issues particularly because of the 

City's aggressive search for new water supplies. In consid-

ering reuse as a water supply Oftion, Virginia Beach oper-

ates in a decision making context over which it has limited 

control. Economic feasibility and social acceptance may be 
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characteristics of the locality. However, technological ca-

pabilities in the field of wastewater reuse are not readily 

influenced by the City; a~d the legal and institutional lar-

riers to reuse are dominantly at the State level, making 

them external to the City•s decision making process. It is 

at the State level that the factors of development combine 

to form an environment unresponsive to reuse innovation. 

The following chapter outlines this state legal and institu-

tional context. 



Chapter IV 

LEGAL lHD INS!ItOTIONlL lSPEC!S Ol 7BB STATE Ol 
VIBGINI1 1 S BEGOLATION Ol !OBICIPAL il7BB SUPPLY 

1BD SEWAGE 7BEA!MEN!. 

Counties, municipalities, and public service authorities 

being created and empowered by the State are restricted by, 

and subject to, the statutes of the State and the policies 

of its agencies. In the area of wastewater reuse, the City 

of Virginia Beach is subject to the statutes of the State of 

Virginia and the policies of tbe Virginia Health Department 

and the State Water Control Board. This chapter surveys the 

State level legal and institutional factors ~hich influence 

wastewater resuse emphasizing the roles of the Virginia 

Health Department and the State Water Control Board. With 

this information as a base, the more specific aspects of the 

case study can te built in the next chapter. 

The Code of Virginia is covered first. It outlines the 

obligations and abilities of political units in Froviding 

adequate water supply and sewage treatment. The ability to 

set rates and charges for services is discussed in the code, 

as are the abilities to make contracts and issue tonds. It 

does not appear that these issues would te legal hindrances 

in Virginia Beach, though they may be in other localities. 

-78-
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The primary agencies at the state level in regulating 

these public services are the Virginia Health Department 

(VHD) and the State Water Control Board (SMCB). Even though 

the Code of Virginia does not address reuse in specific, it 

can be surmised that the VHD has considerable control and 

discretionary power over reuse through existing broad con-

trol over water supply and sewage treatment in the State. 

The VHD has been open to wastewater reuse proposals but 

views them in a veLy conservative persfective based on its 

public health protection role. 

Thus far the VHD has produced one document specific to 

municipal wastewater reuse, the Interim Protocol. The In-

terim Protocol serves as a critical document in the Virginia 

Beach case, as the Protocol forms the VHD's basis for propo-

sal review. 

In generalr the SjCB supports Mastewater reuse for most 

major applications except domestic use. the SiCB also has 

experience in water reuse regulation through its adoption of 

the Occuguan Policy. 

Watec rights are the final factor to be examined in this 

review. Virginia operates under the "riparian doctrine" of 

water rights which embodies some hindrances to wastewater 

reuse. While a potentially important influence on reuse in 

the State overall, water rights are not a hindrance to reuse 

in the Virginia Beach case. 
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State £~gulgti.Q.!! of water .fil!.E..f.!.Y ~~ sewage lreatment. 

The Code of Virginia addresses the topics of water sup-

ply, sewage systems, and public health but does not deal di-

rectly with municipal wastewater reuse or recycling. This 

section will review the Virginia State Statutes as external 

legal and institutional factors which impact municipal 

reuse. 

Public Service Authorities. 

Every county, city, and town is authorized to individual-

ly or jointly operate water and sewer projects and to enter 

into contracts in accordance with these projects. Howev~r, 

many counties and municipalities do not o~erate their own 

water and sewage treatment facilities. The Virginia Water 

and Sewer Authorities Act [15.1-1239] describes the proce-

dures of setting up authorities and details the abilities of 

these bodies. 

Among the powers granted in 15.1-1250, authorities can 

issue revenue bonds, and "fix, charge, and collect rates, 

fees and charges for the use of or for the services fur-

nished". They can "combine anJ water system, sewer system, 

sewage system disposal system as a single s1stem for the 

purposes of operation and financiDg." 



81 

Pcocedures for setting rates and charges are discussed in 

15.1-1260. Authorities are enabled to fix and revise cates, 

fees, and other charges in order to provide sufficient funds 

for operation. All rates and charges are subject to State 

Corporation Commission review. 

Authorities are also empowered to enter into contracts 

with other public agencies and with private cocpoprations, 

associations, and individuals. As per 15.1-1268, these au-

thorities are subject to the jurisdiction of the SWCB under 

the provisions of the State iater Control Law. 

From a legal standpoint, the authority to construct reuse 

facilities and to set water and sever rates would be a fri-

mary concern for a jurisdiction interested in wastewater 

reuse. Based on the aforementioned sections of the Cede of 

Virginia and the status of the City of Virginia Beach, these 

issues would not hinder the develofment of wastewater reuse 

in the City. 

State Age11cies. 

The Virginia Health Department. 

Understanding the broad role and responsibility of the 

VHD is important to understanding its influence over reuse 

development in the State. 
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Sewage treatment. 

Beginning in 1872, the Virginia Health Department's (VHD) 

jurisdiction has expanded gradually with the adoption of new 

legislation. 7oday the VHD and the Virginia Board of Health 

(VBH) together form the primary State body in matters of 

public water supply and sewage treatment. Under 32.1-164 of 

the Code, the Board is given a broad set of responsibilities 

in the sewage treatment realm. 

~he Board shall have supervision and control over 
the safe and sanitary collection, conve}ance, 
transportation, treatment, and disposal of sewage, 
all sevage s1stems and treatment works as they af-
fect the public health and welfare. 

In accordance with this assignment, regulations may include, 

without limitation, the following (selected for relevance to 

wastewater treatment facilities): 

1. A requirement that the owner obtain a permit ••• 
prior to construction, installation, modification 
or operation of a sewage system or treatment 
works ••• reguired pursuant to chapter 3.1 of title 
62.1 of the Code of Virginia. 

2. Criteria for the granting or denial of such 
permits. 

3. Standards for the design, construction, instal-
lation, modification, and operation of sewage sys-
tems and treatment vorks. 

7. Standards governing the transportation of sew-
age. 
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Water Supply. 

Ihe role of the VHD and the VBH in public water supply is 

more involved. First, the State has defined, generally, the 

characteristics of water qualified for domestic consumption. 

[32.1-167] "Pure water" means water fit for human 
consumption and domestic use (i) which is sanitary 
and normally free of minerals, organic substances 
and toxic agents in excess of reasonable amounts 
and (ii) which is adequate in quantity and quality 
for the minimum health requirements of the persons 
served. 

Again, the VBH is granted comprehensive supervision of the 

water supply process in 32.1-169. 

The Board shall have general supervision and con-
trol over all water supplies and waterworks in the 
Commonwealth insofar as the bacteriological, chem-
ical, radiological, and physical quality of waters 
furnished for drinking or domestic use may affect 
the public health and welfare and may reguire that 
all water supplies be pure water. 

Regulations in accordance with this role may include, with-

out limitation, the following (selected for relevance to 

reuse): 

1. Requirements and procedures for the issuance of 
permits required by this article. 

2. ~inimum health and aesthetic standards for pure 
water. 
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3. Minimum standards for the quality of water 
which may be taken into a waterworks. 

4. Criteria for the siting, design, and construc-
tion of water supplies and waterworks. 

8. Such other provisions as may be necessary to 
guanantee a sufply of pure water. 

Continuing in 32.1-172, the code states 

No owner shall establish, construct, or operate 
any waterworks or water supply in this Common-
wealth without a written permit from tbe Commis-
sioner .. The permit may state the permitted capac-
ity of the waterworks, the Fermitted source of the 
water supply, the permitted manner of storage, pu-
rification, and treatment for the water supply and 
such other conditions as the Commissioner may deem 
necessary to afford a supply of pure water .. 

Further, the Commissioner may amend or revoke permits, ass-

ess civil penalties for violations, and make emergency ord-

ers. 

Interim Protocol. 

Based on this public health regulator role, the VHD was 

prompted to develop the "Interim Protocol for Consideration 

of Drinking Water Recycle" in 1981 in response to the Virgi-

nia Beach proposal for a potable reuse program (AFFendix B). 

This four page document outlines the "minimum acceptable 

criteria for establishing a direct recycle drinking water 

system for the City of Virginia Beach or any other locality 

in the state" £ VHD, 1981; pg. 1 ]. 
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These criteria do not at this time represent an official 

position of the VHD; rather they are guidelines for reuse 

proposals. They represent the Department's attempt to de-

velop a "fail safe system" to the degree technically possi-

ble for the protection of the public. It is expected that 

regulation of wastewater reuse will be on an individual, 

site specific basis with the Protocol serving as the base-

line document. Despite the "unofficial" nature of the docu-

ment, its criteria are fundamental to the infeasibility of 

wastewater reuse in Virginia Beach. The elements of the 

Protocol are surveyed here generally; specific impacts are 

discussed in following chapters. 

Section I of the Protocol describes requirements for 

public involvement in reuse plans. Among the criteria, a 

formal assessment of public acceptability is required as ·is 

a public education or information program. 

section II, the most detailed part of the Protocol, de-

scribes the criteria for experimental approval. According 

to this section, all potable recycl.e systems are to be con-

sidered experimental; none of the vatec produced in the 

first 24 months of operation can be used for potatle use. 

Feasible non-potable reuse "shall have been" utili2ed before 

potable recycle is considered. The time frames mandated in 

the Protocol have been established through in house discus-

sion at the VHD. 
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!he Protocol outlines a three phase approach to system 

development that must be followed, designates the minimum 

unit processes which must be included in the flow train, and 

deliniates the minimum pilot test parameters to be included 

in a minimum of twelve months testing. A reduced scale ex-

perimental plant is envisioned for demonstration. Flan ap-

proval is based on these test data; final operation approval 

is based on a favorable risk assEssment. Other continuous 

monitoring is designated upon approval. 

Section III is an outline of administrative criteria. 

The primary reguirement is that of a single administrative 

authority for control of the entire treatment process. 

The existence of two separate administrative au-
thorities (one over the wastewater treatment fa-
cility and another over the drinking water treat-
ment facility) is not acceftable. The entire 
treatment process must be considered as a single 
treatment train and shall be monitored, operated, 
and administered as such (VHD, 1981; pg. 3). 

Single agency control is necessary, the Department as-

serts, to avoid conflicting objectives and procedures ~hich 

might jeopardize the quality cf the water. In most situa-

tions in Virginia, single agency control is achievable be-

cause one jurisdiction operates both water treatment and 

sewage treatment. 

Under Section IV 1 Technical Criteria, recycled water may 

not be used as a sole source of water, for safety reasons, 
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the "critical maximum permissible dilution rate shall te 

1:3." The Protocol states that industrial wastes should be 

minimized and pretreated and if possible eliminated. 

Reguirements for operational testing and monitoring are 

outlined in section v. The Health Risk Assessment is not 

described in detail in the Protocol but is to be developed 

by the VHD Division of Epidemiology. Finally in Section 

VII, the VRD is designated as the body which will make all 

final health related decisions in recycling projects. 

VHD policy is rigid on the reuse issue in that it will 

not approve a recycle system under any circumstances if a 

more conventional water source is feasible. Commenting on 

this stand, VDH Director of Water supply Engineering Allen 

Hammer [1982] expressed the Ofinion that the policy would 

not be "softened". It is possitle that the state might ban 

reuse altogether in light of the many health unknowns. 

Position on Beuse. 

1he VHD maintains that a conventional water source should 

be used before any other. In tbe event that conventional 

options are examined and prove impossible to implement, 

reuse optons can be considered. 

The VDH•s basic purpose is to assure the public of ade-

quate quality and quantity of water regardless of the 

source. ~he Department has been open to reuse proposals but 
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views them in a very conservative perspective based on its 

public health protection role. Unsatisfied with the current 

knowledge of public health risks and treatment process reli-

ability, the YHD has formulated a cautious, expensive, and 

time consuming process for implementing reuse proposals as 

documented in the lnterim Protocol. 

The State Water Control Board. 

Though not as important to municipal wastewater reuse as 

the VBD, the SiCB is a potentially influential body in this 

area. the State Water Cantrel Board (SiCB) began as a crea-

tion of the State Water Control Law in 1946. Through inter-

est in discharges to state waters and water conservation, 

the Board is involved in municiFal sewage systems and thus, 

potentially, reuse projects. The Board has, however, ne-

glected conservation and management issues in favor of water 

quality problems. 

The SWCB was originally charged with administering and 

implementing the Water control Law; its tasks included the 

establishment of water quality standards (~hich were ap-

proved by the federal government in 1971). Over the years 

through amendment of the Act, the Board's responsibilities 

have been broadened (Walker and Cox, 1976]. The primary 

method of control of State waters has been the waste disc-

harge certificate. Part (2a) of 62.1-44.15 states that it 
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is also the duty and authority cf the SWCB to "study and in-

vestigate methods, procedures, devices, appliances, and 

technologies which could assist in water conservation or wa-

ter consumption reduction." Through 62. 1-44.36, the SWCB is 

assigned the responsibility of flanning the development, 

conser:vation, and utilization of Vicginia•s water resourc-

es. 

Though the Board has been le9islativel1 mandated to de-

velop water resources policy, Walker and Cox [ 1976] explain 

that the enabling legislation does not convey authority for 

effecting the resulting policy provisions; "implementation 

must be accomplished within the scope of existing agency au-

thority" {Cox and Walker, 1976; pg. 26]. 

The SWCB is mandated under 62.1-44.18 to jointly super-

vise all sevage systems and sewage treatment works, and in-

structed to give discharge approvals under 62.1-44.19. Vir-

ginia's Groundwater Act of 1973 [62.1-44.83 through 

62.1-44.106] fur:ther joins the VHD and the SWCB in adminis-

tration and enforcement in order to "conserve, pLotect, and 

beneficially utilize the groundwater of this State, and to 

ensure the preservation of the public welfare, safety, and 

health ••• " 

The Code does not set forth any explicit guidelines for 

resolution of differences between the agencies. Generally, 
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conflicts have been resolved informally [Walker and Cox, 

1976]. 

Occuquan Policy. 

Through its overseer role in the sewage treatment area, 

the SiCB became involved in the Opper occuquan reuse pro-

ject. 7his indirect potable reuse system in operation in 

Northern Virginia has set the stage for what might be ex-

pected in other reuse proposals. It bas been anticipated 

that a similar "Virginia Beach Policy" would be developed if 

wastewater reuse in that City were deemed acceptable. A re-

view of the Occuguan Policy is helpful to understanding what 

role the SWCB might play in other municipal reuse p.rojects. 

Beginning in 1968, the SWCB conducted two studies and au-

thorized one consultant study examining the Occuquan Beserv-

ior water quality problems which resulted from sewage disc-

harges. In 1970, the "Adoption of a Policy For waste 

Treatment and Water Quality ftanagement in the Occuguan Wat-

ershed" was published. this document represented potential 

interim and long term solutions to the watershed's pollution 

problems; the result was a high level wastewater treatment 

facility and a program of indirect potable reuse. 

Ihough revised over the years between 1970 and 1982, the 

basic policy document outlines the proposed solutions and 

gives detailed recomaendatoos. 7he long term solution cov-
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ers treatment plant location, cafacity, design reguirements, 

and administrative and technical requirements. The interim 

solution consists of procedures for exfanding existing 

treatment plants. 

The policy also gave birth to the Watershed Monitoring 

Subcom~ittee whose job it is to "insure that performance 

levels ace maintained and that the effects of discharges and 

urban runoff on receiving waters are known" [SWCB, 1974t; 

pg. c-1 ]. 

Position on Reuse. 

ihough it has not formulated an official position oo 

domestic reuse, the SWCB has established a position favoring 

municipal reuse for non-potable industrial and agricultural 

applications. Like the VHD, the SWCB maintains that conven-

tional water sources should be used first. 

SWCB Policy 3.5-3. 
The use of reclaimed water should be considered in wa-
ter resources planning for urban areas providing auch 
uses are compatible with the public's health and safe-
ty. Acceptable uses which should be coDsidered are: 

1. Cooling waters· 
2. Agriculture 
3. Irrigation 
4. Industrial 
5. Recreational 

The direct reuse of sewage effluents as a raw domestic 
source is not recommended or condoned (SWCB, 1974b; pg. 
BC-2-5 ]. 
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Water Rights,]~§~, ~~  MuniciEalities. 

Water rights are rights  of  use  wherein  there  is  an  obli-

gation  to  return  diverted  water  to  the  environment with mi-

nimum  impact  on  subseguent  users.  In  the  case  of  wastewater 

reuse,  "transformation from a  conventional  system  of reuse 

may be  unlawful  if  injury  to downstream water  users  result" 

(Cox  and Walker, 1976; pg. 156]. The potential for injury 

and  associated  legal  conflicts will depend on the  form  of 

reuse  considered.  As  Cox  and Walker [1976] describe it,  a 

case  of  water  recycle  which  reduces  withdrawal  will  not  tend 

to  cause  injury  to  downstream  interests; in a  case where 

withdrawals continue  at  the  previous  rate  hut some use  is 

found for the wastewater  such  that  discharges  are reduced or 

eliminated,  the  chance  for injury is  high. 

Virginia,  being  an  essentially water rich  state,  has 

adopted  the  riparian  doctrine  of water rights. The basic 

concept  of  this  doctrine  is  that  an owner of  land  bordering 

a  natural  stream  has  the right to  make  a  "reasonable  use"  of 

the vater on  the  "riparian  property" (SWCB, 1974b; pg. 

RC-2-10]. The aspects  of  this  doctrine which can  have  an 

impact  on wastewater reuse  are  the  concept  of  reasonable  use 

and  the  restriction  of  water  use  to  riparian  land  (Cox  and 

Walker,  1976]. 
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The reasonableness concept as a criterion is defined by 

the circumstances of a particular situation; the basic det-

erminant is the impact of the proposed use on at.her .land 

owners with si11ilar rights. "Any use that substantially de-

pletes stream flow to the detriment of others is therefore 

likely to be unreasonable, with use for domestic purposes 

constituting the principle exception" (Cox and walker, 1976; 

pg. 158]. This concept presents few constraints on change 

of water use since the doctrine is enforced through the ju-

dicial system and "almost all afplications of water to the 

productive enterprises are recognized as reasonable under 

appropriate conditions" (Cox and ialker, 1976; pg. 159). 

The riparian land requirement may be an obstacle to reuse 

proposals when a diversion of wastewater for use at another 

location is involved. Since riparian land is that vhich is 

in contact with the stream, this requirement is especially 

critical where land has been subdivided into many tracts and 

water rights therefore have been abolished. 

The extent of enforcement of this requirement varies 

among riparian doctrine states. !he general qualification 

"allows use on non-riparian land in situations where ripari-

an owners on the stream in question are not injured" (Cox 

and Walker, 1976; pg. 159). According to cox and Walker, 

non-riparian uses are judged unreasonable Fer se whenever 
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supplies are not adequate to ueet all riparian needs, with-

out regard to relative utilities of the riparian and non-ri-

parian uses. As a :result, "the conditions under vbich 

wastewater can te transported for use on non-riparian land 

are very restrictive" (Cox and Walker, 1976; pg. 159]. 

It is rare for municipal SUfply to have a preferred sta-

tus among water uses. Under the riparian doctrine, munici-

pal use bas been distinguished from the individual's ripari-

an right of reasonable domestic use and the associated legal 

reductions in flow (Walker and cox, 1970]. 

In the case of a non-navigable stream, a municifality is 

liable for any damage resulting to downstream riparian own-

ers. A non-riparian municipality could use water ftoa a 

non-navigable stream as long as damages were not incurred 

downstream. It appears that muDicipal use of a navigable 

stream is not restricted as long as no damages are caused. 

Ihe riparian doctrine distinguishes between immediate wa-

ter use and water storage. According to Walker and Cox 

( 1970] this concept has not been completely defined. sto-

rage rights tend to be more restrictive than use rights ~hen 

the former exist at all. Storage for future use in a dry 

season has not been seen as a valid right by the courts. 

Cases have only involved storage for power production, how-

ever. 



95 

Interbasin transfer of water is an associated issue of 

water rights. !he Attorney General of Virginia does not 

consider interbasin transfer legal when a water supplying 

utility withdraws water from one basin and sells it to resi-

dents of another basin. Utilities do, however, transport 

water to non-riparian landsi the water must te obtained 

through the right of eminent domain. !hese transfers have 

been tole.rated. 

Agricultural interests and envi.ronmental organizations 

have been particularly vocal in opposition to interbasin 

transfer. Many other groups have risen to oppose t.ransfers 

when it appears that the economic development of their water 

rich areas would be harmed. lhe Virginia legislature has 

not seen fit to authorize such interbasin transfers of wa-

ter; Ed Born [1982] of the Virginia Water Besearch Center 

speculates that some type of compensation scheme would be 

necesary for the legislature to legalize the transfers. 

Conclusion. 

The Code of Virginia gives the VHD and the VBH considera-

ble control and discretionary powers. Perhaps most impor-

tant of the Health Eoard•s influences on wastevate.r reuse is 

its ability to set the design standards for all phases of 

sewage treatment facilities, and to develop criteria for 

siting, designing, and constructing water supflJ facilities. 
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On the water supply side, the Board has been given a vague 

definition of "pure water" which allows considerable in-

terpretation of "reasonable amounts" of contaminants, "ade-

quate" quantity and quality, and "minimum" health xeguire-

ments. In addition, the Board may set minimum quality 

standards for the water which may be taken into waterworks. 

For its specific quality criteria, the State has adopted the 

Federal Drinking Water Quality standards. As yet, neither 

federal nor state standards for recycled municipal wastewa-

ter have been established. 

The central element of the Board's control is the permit. 

The Commissioner is able to outline conditions for all as-

pects of the water supply process in the permit; he/she may 

also include "such other conditions as the commissioner may 

deem necessary to afford a SUFply of •pure water'" 

(32.1-172]. Clearly, this gives a Commissioner great lati-

tude; stipulations will be affected by current attitudes on 

reuse. 

In the Virginia Beach case, the need for VHD approval of 

the reuse proposal and the VHD's ability to control facility 

design and planning are critical. The VHD1 s influence is 

most clearly manifested in the Interim Protocol and this in-

fluence is essentially a negative one from the perspective 

of implementation. 
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No body at the State level in Virginia, it appeaLs, bas 

taken a lead in investigating reuse. Ultimately, this makes 

life more difficult for localities interested in reuse as a 

water supply option. If wastewater reuse were to be active-

ly studied and encouraged in Virginia, the SWCB has the po-

tential to take a leading role. 

However, the SWCB has focased on water quality issues 

rather than conservation and 1anagement. Historically, the 

SWCB's major involvement has been with water quality: cont-

rolling discharges and upgrading sewage treatment plants. 

There are tvo main reasons for this emphasis. First, the 

federal Clean Water Act and various mandated programs of the 

Environmental Protection Agency made money available for 

sewage treatment plants and water qoalitJ programs. Second, 

Water quality issues have impacted greater nuabers of Virgi-

nia residents in relation to supply concerns; few communi-

ties have been in a situation of running out of water 

[ Watts, 1982). 

As a result of this orientation, much less work has been 

done on state water mana~ement. It is possible that the 

time for a change in focas bas arrived since federal funds 

for water quality programs are being reduced. Other obsta-

cles remain. Statutorily, the SWCB has the responsibility 

of planning and managing the State waters; in reality, bow-
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ever, problems of appropriation and public policy have in-

terfered. According to Ed Born of the Virginia Water Be-

search Center [1982], some members of the SWCB would argue 

that they have not been given sufficient funds to carry out 

the Board•s statuatory responsibilities. 'lhe Legislature's 

HB-1607 reemphasized the Board's duty to prepare a compre-

hensive plan. In response, the Board requested a one mil-

lion dollar budget for 1982-84. The legislature refused 

this re~uest, saying that the SwCB must go ahead with the 

resources available; the Board then replied that a com~ce-

hensive plan would nov take over 20 years to complete. 

Public policy and the appropriation of surface waters un-

der the riparian doctrine are seen by sone as obstacles to 

proper state water planning. Virginia's Groundwater Act of 

1973 created groundwater management districts but left them 

little to manage as the Act grandfathered in so many forms 

of water use. Under 62.1-44.87 of the Code of Virginia, 

permits are not reguired for agricultural and lifestock wa-

tering purposes, human consumption and domestic use, or any 

single industrial or commercial purpose using less than 

50,000 gallons of water per day. ?he doubtful legality of 

interbasin transfer under the riparian doctrine plus these-

paration of control over groundwater and surface water 

sources bas proven to make water planning at the state level 

difficult if not impossible. 
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Based on the observed inability of the State to 

coordinate water management and conservation, to allocate 

sufficient funds for those purposes, and to approve interba-

sin water transfer proposals, one could conclude that the 

concerns of water short areas are not a priority. !he VHD 

and the SWCB, as specific State bodies, have not teen com-

mitted to investigating aLd promoting reuse in the State. 

As a result of this low priority status and lack of interest 

in reuse, the opportunities fer wastewater reuse in Virginia 

are limited. watts [ 1982], himself, said that municipal 

reuse could become a reality in Virginia Beach before any-

where else in the State; and not even Virginia Beach has 

been able to accomplish that yet. 

In summary, the VHD and the SWCB have ultimate control 

over wastewater reuse proposals from Virginia localities; in 

the case of municipal reuse, the VHD is the prominent tody. 

The Health Department has broad responsibility and is in a 

position to regulate all phases of wastewater treatment and 

water supply treatment. lhe VHD has thus far been open to 

reuse proposals for review. lhe SWCB, through policy, does 

not allow reuse for domestic fUtfoses but has been involved 

in ~gulating the indirect reuse system in Occuquan Reser-

voir. 
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A combination of factors - unclear responsibility, insuf-

ficient funding, and prohibitive water rights interpreta-

tions - have made comprehensive State water planning and 

management difficult. 

With this context in mind, the specifics of the Virginia 

Beach attempt at municipal wastewater reuse can be examined 

in the next chapter. 



Chapter Y 

LEGAL AID INSTXTUTIOB~L BABBIEBS !0 iAS7EiAIEB 
BEUSE DBVELOPMBB7: VIBGIIIA BEACH CASB S70D!. 

The objective of this chapter is to examine the legal and 

institutional factors affecting the development of wastewa-

ter reuse as a potable water supply in the City of Virginia 

Beach. Background information on the City and the nature of 

its water supply situation is covered first. The City's 

1981 study of water supply development Oftions and its ass-

essment of wastewater reuse are then discussed. The major 

section of the chapter reviews the legal and institutional 

obstacles underlying Virginia Beach's current inatility to 

consider potable reuse as a feasible option. 

It is concluded that, unlike cases in the Western United 

States, legal issues such as interbasin transfer and con-

tractual relationships do not hinder reuse development in 

Virginia Beach. Nor are institutional factors such as ad-

ministrative au~ority and coordination seen as otstacles. 

However, the criteria set by the VHD in the interim Protocol 

act as legal and institutional barriers to reuse. In the 

final analysis, the economic and Fractical realities of im-

plementing a reuse project as per the criteria are teyond 

what is possible for Virginia Beach at this time. 

-101-
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lhe city of Virgini~ ~..b-
The 300 square mile City of Virginia Beach was estab-

lished in 1963 from the rural Princess Anne County and the 

resort community of Virginia Beach. lhe City is the east-

ernmost jurisdiction in Virginia's tidewater area. Virginia 

Beach is boardered on the vest by the cities of Norfolk and 

Chesapeake, and on the south by the state of North Carclina. 

The north and east edges of Virginia Beach are Atlantic Oce-

an shoreline. 

In 1981, the population of Virginia Beach reached 

256,500; the City is the Nation's fourth fastest growing 

jurisdiction (Department of Economic teYelofment, 1978]. 

Tourism is an important element in the Virginia Beach econo-

my; over two million people visit the City annually 

(Department of Economic Development, 1978). Agriculture is 

the primary activity in rural sections of the City but the 

largest sources of employment are retail trade and services. 

Several military installations are found within the 

City's borders and employ 20 percent of the labor force 

(Department of Economic Development, 1978]. Ihese installa-

tions are Camp Pendelton, Fort Story, Little creek Naval 

Base, Oceana Naval Air Station, and the United States Naval 

Amphibious Base [Divison of State Planning and Community Af-

fairs, 1973]. 
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!~ sueili and ]_gmand. 

The City of Virginia Beach has no reliable source of 

freshwater within its boundaries. The existing aquifers are 

shallow and the groundwater is partially contaminated as 

they are subject to saltwater intrusion and pollution. To a 

limited extent, though, groundwater is used. Individual 

wells draw 9 to 12 million gallons per day (mgd) ftom local 

aquifers; this water is used primarily for watering lawns, 

washing cars, and filling swimming pools. After 25 to 30 

years of use, these sources are typically subject to saltwa-

ter intrusion [leahy, 1982]. 

Freshwater surface sources capable of supplying domestic 

needs do not exist in Virginia Beach. Inland bays and small 

lakes are, however, used for fire fighting when domestic 

supply is not adequate. 

Virginia Beach•s primary source of water have teen the 

surpluses of the City of Norfolk; this has been the case 

since the 1920•s. The current water supply contract, drawn 

up in 1973, expires in June of 1993. The safe yield of the 

Norfolk system is 70 mgd and is expected to he reached dur-

ing the 1980 1 s. It is not exfected that Norfolk could con-

tinue to supply Virginia Beach's growing water needs. 
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The average water surplus available to Virginia Beach has 

been 25 mgd. Average demand has grown to 19 mgd; peak de-

mand has risen to 30 mgd. In its Water Position P~per 

[ 1981], the City has estimated that average annual demand 

may gtov to over 40 mgd with a feak demand of almost 60 mgd 

by the year 2000. 

The Tidewater area suffered drought from Pall of 1980 

through the Spring of 1981. 1he summer peak water demand in 

Virginia Beach was 30 mgd. By the Fall of 1981, the availa-

ble water supply out of Norfolk was onlJ 15 agd [Virginia 

Beach, 1981]. Mandatory restrictions on water use were im-

posed in 1980 and lifted in July, 1981; table 11 summarizes 

these prohibitions and allocations. 

By early 1981, the City had made contracts with the City 

of Suffolk and the Counties of Isle of Wight and southhamp-

ton for the construction and operation of five emergency wa-

ter wells. The combined capacity of these wells is 20 mgd. 

The Malcolm ~irnie Inc. ( 1981] Assessment indicates that 

this system could provide emergency relief fa£ the next ten 

years at best. 

Water iosition Pa£§F• 

The City's major step to develop a reliable water supply 

in the near future has centered on an assessment of 24 of-

tions, one of which was wastewater reuse. 1hese options can 
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'!able 11. 

SU~MARY OF WATER USE RESTRICTIONS AND ALLOCATIONS IMPOSED 
BY THE CITY OF VIRGINIA BEACH DURING 1980-1981 DBCUGH'I.• 

Restrictions. 

1. landscape and lawn watering prohibited unless a J gallon 
bucket is used 

2. filling and refilling swimming fools prohibited 

3. car washing prohibited unless a 3 gallon bucket is used 

4. driveway and walk washing pcchibited 

5. hydrant meters for use of fire hydrant water by 
commercial establishments recalled 

6. drinking water in restaurants must be requested by 
customers 

Allocations. 

1. Single Family Residential. 
3 person househcld: 184 gallons/day (represents 75~ of 

normal JOO gallon/day use) 
each additional person: 50 gallons/day 

2. cowmercial Establishments. 
75% of previous years usage for season 

3. Motels. 
standard room: 150 gallons/day 
efficiency unit: 180 gallons/day 

4. Medical Facilities. 
no allocation restrictions 

Continued on next page. 
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Table 11 Continued. 

1. Single Family Residential. 
0 - 75% use: $1.06/1000 gallons 

75 - 100% use: $4.10/1000 gallons 
100%+ use: $14.70/1000 gallons 

2. Commercial Establishments. 
0 - 75% use: $1.10/1000 gallons 

75 - 100~ use: $4.10/1000 gallons 
100%+ use: 70/1000 gallons 

* Source: Piland, 1982. 
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be grouped into four categories: shallow groudwater systems, 

desalinization of deep well brackish water, wastewater 

reuse, and surface water supplies outside of the City 

(Malcolm Pirnie, Inc., 1981]. 

The three primary assessment criteria were (1) ability to 

provide up to 60 mgd, (2) at a reasonable cost, and (3) 

without major complications. "Complicating factors" con-

sisted of interstate waterways, interbasin transfers, water 

quality problems, major regulatory constraints, and declin-

ing yields. 

Of the options reviewed, the "Appomattox Alternative'' vas 

deemed to be the best possible solution to the City's water 

dilemma. 7his water supply proposal reguired legislative 

approval and the unanimous consent of the ABMA meabers 6 

(Water News, March, 1982]. Despite Governor John Dalton's 

endorsement of the proposal [iater News, December, 1981], 

Virginia Beach's bid to join the Appomatox Biver iater Au-

thority (HB-510) was denied in 1981 because of the interta-

sin transfer issue. (Through the Attorney General•s in-

terpretation of riparian doctrine, interbasin transfer is 

illegal.) 

6 the Appomatox River Water Authority currentlJ includes the 
cities of Petersburg and Colonial Heights, and the coun-
ties of Chesterfield, Dinwiddie, and Prince George. 
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According to the Position Ea£~r, investigation into 

wastewater reuse showed that upon completion of the Hampton 

Roads Sanitation District's (HBSD) new Atlantic Plant, effl-

uent would be available for recycle into potable supply for 

Virginia Beach. the reclaimed wastewater would have to be 

blended with conventional supflies at a ratio of J:1. "Pro-

jected capital costs for a 10 mgd potable reuse plant would 

be about $3.84 fer thousand gallons" (Virginia Beach, 1981; 

pg.III-22]. 

Indirect wastewater reuse, as applied in northern Virgi-

nia, was not possible in Virginia Beach because of the 

City's lack of natural water bodies (Virginia Beach, 1981]. 

Non-potable reuse vas rejected based on the lack of ~ark-

ets and the high cost. Virginia Beach does not have any 

large water-using industries in its borders; the existing 

lack of water has prohibited the City from attracting such 

industries [Watts, 1982]. ihe agricultuLal sector would not 

support a useful non-potable system either. currently farms 

do not pay for water since rain accomodates the growing sea-

son in Virginia Beach; City officials do not believe that 

this sector would find reuse to be an economical water sup-

ply [Leahy, 1982]. therefore a potential reuse market is 

unavailable. 
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The other limitation to a non-fotable system is the dis-

tribution cost. For a city spread over 300 square miles, 

the cost of a new distribution system is prohibitive (iatts, 

1982]. 

In the final analJsis, the City's position on direct po-

table reuse was that "Existing regulatory constraints pre-

clude wastewater reuse from serious consideration Fending 

the development of official standards and guidelines" 

[Virginia Beach, 1981). 

!he Position Paper does not explain this position nor de-

fine "regulatory constraints". To determine the basis for 

this conclusion one must turn to the ]ater Beuse As~~E! 

by Malcolm Pirnie, Inc. released one month before the !£.§1-
tion f~Ee£. Quoting from the letter of transmittal: 

we believe that the fresent state-of-the art in 
water treatment is sufficient to permit the design 
and operation of facilities to remove specific 
known contaminants from the Atlantic Plant effl-
uent and to meet anJ foreseeable standards devel-
oped for reuse. 

!he major obstacle to the expeditious implementa-
tion of a potable reuse project is the state of 
knovledge within the regulatory and scientific 
communities. The establishment of maximum conta-
minant levels for all constituents in a water sup-
ply which present an unacceptable risk to putlic 
health has yet to be developed. As a result, the 
Virginia Health Department has indicated that they 
will require a very specific and cautious approach 
to a potable reuse project. The Health Depart-
ment's position is in line with regulatory think-
ing nationvide and, to an extent, represents a 
more lenient approach than is found in other 
states. 
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Still, this statement does not give any indication of the 

specific factors which, as a result of this knowledge gap, 

affected Virginia Beach's decision not to pursue reuse. 

These factors will be examined in the next section. 

Legal and Institutional Factors in Beuse Development. 

This section will review the legal and institutional fac-

tors involved in developing wastewater reuse in the City of 

Virginia Beach. Discussion is grouped by agency or juris-

diction since it is not always possible to draw a clear line 

between legal and institutional factors. 

Hampton Roads Sanitation District. 

The HRSD Atlantic Plant is scheduled to begin operation 

in 1983; the plant is situated on the southern shore ot Vir-

ginia Beach and vill treat sewage from Virginia Beach and 

Chesapeake. It was determined that with some additional 

treatment, a portion of the plant's effluent (destined for 

ocedn outfall) could be a raw water supply tor the City of 

Virginia Beach. Approximately 10 to 15 mgd could initially 

be diverted for this purpose. 
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Legal and Institutional Advantages. 

The HRSD has been willing to cooperate io assisting the 

City study reuse and has expressed a willingness in partici-

pating in the construction and operation of the advanced 

processes needed for potable reclamation (Watts, 1982; Mal-

colm Pirnie, 1981]. 

The VHD requirement for single agency administration of 

the wastewater and the water treatment tacilities would mean 

that the HRSD would have to take over water supply. 1he 

HRSD is chartered by the State to maintain a sever system. 

Therefore, for the HRSD to assume responsibility for pro-

cessing wastewater to drinking water guality, a charter re-

vison would be necessary (Watts, 1982, Malcolm Pirnie, Inc., 

1981]~ Watts (1982] believes that if the reuse proposal 

proved feasible in other aspects, the necessary chartEr 

change would be forthcoming from the State. Legal, techni-

cal, and political issues would not be a protlem. 

Though the Malcolm Pirnie, Inc. !ssessment implies that 

the HRSD wouid not be interested in taking over water supply 

authority, discussion with Donny Wheeler of the HBSD (1982] 

indicates the contrary. Wheeler did not believe that single 

agency administration was necessary in this case tut it 

would be feasible. He added that the HRDS has only been ap-

proached about its willingness to supply effluent to Virgi-
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nia Beach. Discussions have been of a preliminary nature; 

no policy discussions with the HRSD Commission have taken 

place. 

The City of Virginia Beach. 

Legal Issues. 

Legally, Virginia Beach has the ability to construct and 

operate reuse facilities. Fossible litigation over fran-

chise law does not appear to be a danger here. The City 

serves 67,000 homes, approximately 75 percent of all resi-

dences and businesses; tvo small public utilities supfly wa-

ter to 500 homes [Watts, 1982; Virginia Beach, 1981]. 

Existing contractual arrangements are not an obstacle to 

wastewater reuse development. After 1993, Virginia Beach 

will not be under any obligations that could complicate de-

velopment. 

Should wastewater reuse for potable purposes be institut-

ed, the Virginia Beach CitJ Council would be the tody res-

ponsible for setting rates and charges. Since transporting 

and transfer issues would not be involved in the Virginia 

Beach situation, it does not appear that complications in 

pricing would arise. 

If the wastewater reuse arrangement with the HBSD could 

be worked out, interbasin transfer would not appear to be a 
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complicating factor. Based on the City's experience with 

legal obstacles, reuse could represent a relief and a source 

of independence in water supply for the City. 

Interbasin transfer is not limited or prohibited by Vir-

ginia statuatory law. Limitations or prohibitions are a re-

sult of common law riparian rights. For Virginia Beach the 

fact that municipal purposes are not ranked as high as other 

reasonable uses has been an obstacle. 

Virginia Beach bas found intertasin transfer issues to be 

a pervasive obstacle to water supplJ development. Interha-

sin transfer was listed as a complicating factor in 11 of 

the 24 options reviewed by the City (Virginia Beach, 1981]. 

The Virginia Beach Public Utilities Director, Aubrey 

Watts, contends that the real problem for the City as tar as 

interbasin transfer is concerned is the City•s lack of 

standing in court; the State has been unwilling to support 

the City on water withdrawal issues. 

In sum, it can be said that none of the purely legal is-

sues (eg. statuatory authority) are barriers to reuse in 

Virginia Beach. 

Institutional Factors. 

1he City and the VHD have been able to work together on 

this proposal without any communication or coordination 

problems. The City finds the Department's reserved afproach 
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to potable reuse to be appropriate; local officials view the 

Department's strong and broad responsibility in the water 

and sewer regulatory realms is necessary (iatts, 1982]. 

ihe complicating factor is the lack of standards for re-

claimed water. The United States Public Health Service has 

not developed quality standards and most officials agree 

that existing drinking water standards are inappropriate to 

recycled water. iith resfect to this lack of standards, 

Watts does not believe that the VHD is following a ze10-risk 

criterion (Watts, 1982]. 

The southeastern Public Service Authority (S.EPSl) is a 

regional water resources development agency7 which bas the 

authority to issoe bonds, contract for services, develop and 

implement services [Watts, 19S2J. therefore, the legal 

framework for a solution to area water problems exists. The 

agency has not been able to progress with water supply 

plans, however, because of recurrent political, institution-

al, legal, and technical obstacles [Matts, 1982; ~alcolm 

Pirnie, Inc., 1981]. While SEPSA could, in theory, play an 

influential role in developing regional and local reuse op-

portunities, the agency has not been involved in Virginia 

Beach's reuse proposal. 

7 SEPSA represents Southampton County, isle of iight County, 
Chesapeake, Franklin, Nansemond, Norfolk, Portsmouth, Suf-
folk, and Virginia Beach. 
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From an engineering standpoint, professionals have told 

the City that wastewater can he reclaimed. If it came to 

fighting the VHD about it, however, the City would be on its 

own. In essence, the engineers would not take a strong 

stand in support of potatle reuse. 

Prom a social acceptance standpoint, Watts thinks that 

reuse would work in Virginia Beach before any other locality 

in Virginia. Though no formal surveys have teen conducted, 

it appears that the residents of Virginia Beach and the 

City's public officials have not shown any substantial con-

cern over the prospects of wastewater reuse. According to 

Watts, the residents realize that there is a serious water 

resource problem and they are willing to try new solutions. 

The Virginia Beach population tends to be young, highly edu-

cated, and of higher incomes. 1his, watts believes, makes 

the City amenable to trying wastewater reuse. 1here is a 

considerable military population also which, as a grouf, is 

familiar with different types of water sources. 

Locally, there is some misunderstanding of the water 

problem. It is the common perception of people, including 

residents, that Virginia Beach's tourist trade is the pro-

blematic tactor in water consumption. In fact, however, the 

tourist industry has relatively little impact on total water 

use; at the peak of the tourist season, vacationers use 2 
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mgd. Watts maintains that if the water supply problem cen-

tered on the tourist industry, it could easily be solved by 

constructing a reuse or a desalting plant in the teach area. 

Based on this assessment, there are no factors which 

might be considered strictly institutional which critically 

inhibit the development of wastewater reuse in Virginia 

Beach. The Viginia Health Department•s Interim Protocal, 

however, acts as a legal and instituional barrier in the de-

velopment of reuse; its effects are examined in the next 

section. 

Virginia Health Department. 

It might he expected that a "Virginia Beach Policy", si-

milar in form to the "Occuguan Policy" and based on the "In-

terim Protocol", would be formulated between the approfriate 

agencies if Virigina Beach found it feasible to proceed with 

reuse. 

Effect of the Protocol Requirements. 

The so called "unknowns" in public health effects have 

prompted a cautious, conservative approach to reuse on tbe 

part of the VHD. Some of the require~ents develofed under 

this approach make potable reuse impractical in Virginia 

Beach. 
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Several of the VHD's criteria cannot realistically be ac-

complished in Virginia Beach. The requirement that non-fo-

table reuse be demonstrated before potable reuse can be used 

is inappropriate in this case because of the high distribu-

tion costs and lack of markets associated with non-potable 

reuse. The "Interim Protocol" states that "natural purifi-

cation processes should be applied where possible". This 

approach, creating a greater separation between wastewater 

processing and advanced treatment, would increase the like-

lihood of of VHD approval of the proposal. Virginia BEach, 

however, lacks the natural surface waters to accomplish 

this. 

The Protocol requires a 75 percent dilution rate; that 

is, only 25 percent of the water supply can te reclaimed 

wastewater. For Virginia Beach, this ~akes reuse impracti-

cal since the City does not have enough "pure water•• to ac-

hieve the required mix. 

If direct potable reuse is employed, only domestic waste-

water can be processed. The VHD would prohibit any further 

commercial or industrial connections to the wastewater col-

lection system. 

Though the City has agreed that the long testing and tri-

al procedures outlined in the Protocol are reasonable, these 

same requirements make wastewater reuse economically infeas-
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ible for Virginia Beach. ihe estimated time frame for pro-

ject implementation is 12 years (Malcolm Pirnie, Inc., 

1981). In the final phases, a 12 month pilot testing period 

would be followed by a 24 month Frototype period. For these 

24 months, Virginia Beach would have to produce water tut 

would not be able to sell and distribute it. This trans-

lates into two years of operation without re~enue [Watts, 

1982]. 

Table 12 displays the estimated costs of this proposal. 

Malcolm Pirnie, Inc. [1981] estimated that indirect potable 

reuse and groundwater injection systems would cost in excess 

of the direct potable option. Non-potable reuse was esti-

mated to cost about the same as a potable system. 

~lusio]. 

Basically, for the City of Virginia Beach, direct potable 

reuse is too little, too late, for too much. Having worked 

with the VHD, the City now views wastewater reuse develop-

ment as a potential solution in the 1990 1 s. Watts does not 

envision progress in implementaton being made until the Den-

ver studies are completed in the early 1990 1 s. 

According to Watts, the City is willing to spend more mo-

ney on an option like reuse which would make the City inde-

pendent in the water supply area and avoid the legal and 
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'!able 12. 

PBELIMINABi COST ESTiflAIES FOR A 10 MGt tIBEC7 POTABLE 
RESUE PLANT IN VIBGINIA BEACH.* 

1. Capital Costs. 
Pilot testing Program 
Prototype Testing Program 
Risk Assessment and Public 
Relations Program 
Production Plant 
Land 6 Rights-of-Way 
Legal, fiscal, administrative 
and technical services 
Contingencies 

Total Capital Costs 

2. Annual costs. 

.£ 600,000 
14,600,000 

2,800,000 
50,800,000 

500,000 

7,600,000 
5,100,000 

$82,0CO,OOO 

Amortized Capital Cost 
(91 for 25 years) 
Operation & Maintenance 

$2.30/1000 gallons 
1.54/1000 gallons 

Total Annual Cost $3.84/1000 gallons 

* Source: Malcolm Pirnie, Inc., 1981. 
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political problems of other options. Eut ceuse at this 

point can only deliver 10 mgd to Virginia Beach - only one-

sixth of the water required under projections for the 

1990 1 s. 

For Virginia Beach, reuse is not a good long term invest-

ment. Potable reuse could now be developed at a greater 

cost than other options but the supplementary supply would 

also carry a high cost. A smaller investme~t in a surface 

source outside of the City could provide all the water need-

ed. However, these options would place the City in a con-

tinued dependent position and generally are accompanied by 

legal and political troubles. 

In an overall view of reuse development in Virginia 

Beach, legal issues are a help rather than a hindrance. 

Whether or not the City has the authority to plan, con-

struct, and operate a reuse facilitJ is not a question. The 

necessary HRSD charter change is a rectifiable issue. !he 

reuse option is helfed by the fact that most every other wa-

ter supply option that Virginia Beach has is plagued ty le-

gal complications. 

From an institutional perspective, intra-agency communi-

cation and coordination does not appear: to .t.e an obstacle. 

Local opinion appears to be favorable on the reuse prospect. 

This option is helped by the fact that it, ovec other supply 
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options, could give Virginia Beach a good degree of indepen-

dence in the water area. 

The half legal, half institutional obstacle over which 

reuse stumbles is the set of approval reguirements developed 

(though not finalized) by the VHD. the City of Virginia 

Beach cannot meet these criteria and still have a water sup-

ply source of sufficient quantity and reasonable cost. 

These criteria are based on the State's perceptions of the 

current state of knowledge and confidence in the potable 

reuse field. Therefore, ~hile legal and iastitutional fac-

tors are indeed barriers to reuse in Virginia Beach, the 

critical points are the underlying technical and public 

health issues. Therefore, if the definition of legal and 

institutional factors is broadened in this context to in-

clude the response of State agency reguirements to technical 

uncertainties, then legal and institutional factors are cri-

tical obstacles to reuse develofment in Virginia. 

When considering the necessary environment for the devel-

opment of wastewater reuse, the findings of this study indi-

cate that the failure to innovate in this area is not the 

fault of the locality but of the State. It appears as 

thoogh the local environment is receptive to wastewater 

reuse innovation. Water supply, in general, is a high pri-

ority with the City officials and the residents of Virginia 
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Beach. Further, the Department of Public Utilities is bead-

ed by an intelligent, committed man vho is SUFported ty a 

capable staff. 

At the State level, however, legal and institutional bar-

riers to reuse have been constructed such that the ability 

to pursue municipal reuse at the local level is hindered. 

Without committment and incentive from the State level, 

there is little chance that cities like Virginia Beach will 

find wastewater reuse to be a feasible water supply option~ 



Chapter Yl: 

COICLOSIOI 

Primar1 Conclusio!• 

Based on this case study the following conclusion can be 

drawn: legal and institutional factors were the critical 

obstacles to reuse development in the City of Virginia 

Beach. However, these factors were not obstacles in and of 

themselves; rather, they reflected larger issues born out of 

a lack of confidence, at the State level, in the reliability 

of reuse technology and in the knowledge of public health 

effects. The Interim Protocol 1 as the key document in this 

case, is the legal and institutional lint between the tech-

nical issues and the implementation of reuse proposals in 

the State of Virginia. 

Secondaf.I conclusions. 

Two secondary conclusions can also be drawn. First, alt-

hough the Interim P~otocol still stands as a significant 

barrier for all Virignia localities, the infeasibility of 

direct potable reuse in Virginia Beach does not necessarily 

imply that proposals from other Virginia localities would 

likewise be infeasible. And second, the completion of cur-

rent studies in the areas of health effects and technical 

reliability will increase the likelihood of implementation 

-123-
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of potable reuse projects in Virginia if the study results 

are favorable. 

Discussion. 

the specific obstacles to development of wastewater reuse 

as d water supply in Virginia Beach were the VHD criteria 

for approval as described in the "Interim Protocol". the 

criteria were based on the VHD1 s interEretation of current 

knowledge of and confidence in the ability to provide a mi-

nimum risk water SUFply tbtougb reuse. the effect of the 

criteria, whether one considers them reasonable or not, is 

to make wastewater reuse ecooomically unreasonable. 

The nature of the legal and institutional barriers in 

this investigation differs from that of previous research 

noted in chapter III. In this case, the definition of legal 

and institutional factors must be broadened. The1 are not 

clearly distinct from other factors affecting water reuse; 

in fact, the legal and institutional barriers are a manifes-

tation of other issues. In some cases, issues such as con-

tractual relationships or a history of interagency conflict 

might be obstacles to wastewater reuse yet he wholly inde-

pendent of other reuse related issues. However, in the Vir-

ginia Beach case, the primary legal and institutional obsta-

cle to reuse develo~ment, the Interim Protocol, is in fact 
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rooted in the critical issues of public health risk and 

technological reliability. 

The general factor categories discussed in chapter 3 are 

arranged based on their relationships to one another in the 

Virginia Beach case study in figure 9. ihe ldck cf confi-

dence in public health effects information and the ability 

to maintain a minimua risk water supply forms the basis for 

VHD and SWCB policies and procedures. These policies, are 

in turn, the basis for specific criteria (as those in the 

"Interim Protocol") for review and approval of reuse profo-

sals. The criteria, in combination with locdl economic fac-

tors, affect the economic feasibility of the proposal. In 

this case, the "Interim Protocol" is the dominant factor in 

making potable reuse a very expensive option; the long de-

velopment time periods and the extensive testing require-

ments are the essential factors in this exfense. 

The criteria also interact vith local legal, institution-

al, and political factors to determine the technical and 

practical ability of the City to implement a reuse project. 

While the local situation apfears to be favorable for reuse, 

the criteria, again, dominate as negative influences on im-

plementation. 

In the final analysis, the economic feasibility of the 

proposal and the technical/practical ability of the City to 
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implement combine to make potable reuse unpractical in Vir-

ginia Beach. 

This particular pattern of factors may not necessarily be 

matched in other Virginia localities. While the current 

state of knowledge, the legal political and institutional 

provisions of the State, and the VHD criteria were all 

looked upon in this study as static factors in a limited 

time frame, the political, legal and institutional provi-

sions of a localitJ, the economic situation, and the techni-

cal abilities to implement a reuse proposal change over time 

and space. 

According to Alan Hammer [1982] of the VHD, there is lit-

tle chance that the agency will soften its requirements for 

reuse proposal approval. Hammer is of the opinion that re-

quirements might become more stringent upon the development 

of reclaimed water standards. However, the intuitive con-

clusion would be that with more experience in potable reuse, 

the resolution of health uncertainties, and the development 

of standards 8 to guide development, implementation would be 

made easier. 

e While criteria are typically specific and rigid, standards 
tend to allow a degree of flexibility in the mode of at-
tainment. 
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Figure 9, Relationships between factors influencing the development of wastewater reuse 
for potable supply in tile City of Vir')inia Beacl1. (+) denotes positive 
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Recommendations. 

State Preparation. 

The State of Virginia, through the VHD and the S~CB, 

should prepare itself and its localities for the time when 

direct potatle reuse has the "go ahead" of the scientific 

community. This could be accomplished in three steps. 

First, the State should study and designate those juris-

dictions wherein potable reuse would be socially, economi-

cally, and environmentally beneficial. such study could 

prompt a regional or statewide approach to water supply 

problems which would allow individual communities, which 

need potable reuse for supply, to avoid the 75 percent di-

lemma. If a locality is of such a need for domestic water 

that its most rational or its only option is reuse, the com-

munity could rarely be expected to provide 75 percent or 

some other large percentage of "pure water". A regional or 

statewide approach might be used to develop a water supply 

system for several communities through which they would be 

able to share the burden of supplying sufficient "pure wa-

ter" to wh~ch reclaimed water could be mixed. ihe approach 

could also be applied in cases of communities needing water 

bodies for natural purification processes or any other local 

limitations. 
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Second, the State should develop policy and technical ar-

rangements which would guide and facilitate reuse develop-

ment when and where appropriate. The point of this stei: is 

to set in place a comprehensible process for necessary char-

ter changes and authority designations. Likewise, a ration-

al, coordinated process for the application of required i:er-

mits would aid localities interested in reuse. Interim 

Protocol type criteria should be further developed with 

flexibility in order to accoaodate changes in the state of 

technology and confidence in reuse. 

Third, the State, in cooperation with interested locali-

ties, should design public information and education pro-

grams. These programs could be used to help communities 

make informed decisions about their water supply and to help 

prepare publics for the use of wastewater reuse. 

Further Study. 

If further research into the institutional and legal ob-

stacles to reuse development were to be conducted in Virgi-

nia, it might best be focused on appropriate agency policy 

and State legislation. What tools would te needed in policy 

and law to make vastevater reuse a possibility for jurisdic-

tions that really need it? How could these tools be creat-

ed? Based on observations made in this investigation, a 

workable hypothesis would concentrate more on agencies than 
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on legal issues; it would propose an appcopriate state/local 

structure for the implementation of wastewater reuse. 

Ideally, such investigation would be a basis for the fist 

step of State preparation for reuse as previously described. 

An hypothesis which does result froB this investigation 

can be stated as follows: Incomplete kllowledge and the lack 

of confidence in public health aspects of potable reuse, as 

reflected in state legal and institutional requirements, are 

the critical obstacles to wastewater reuse development as a 

public water supply in the State of Virginia. Study based 

on this could include more specific analysis of State poli-

cies, procedures, and attitudes. Is the state of Virginia's 

reaction to the state-of-the-art in wastewater reuse based 

on incomplete knowledge? Legislative biases? Assessment of 

public opinion? Basic resistance to change? 

A broader context for further research can also be pro-

posed. A comparative study of the process of reuse develop-

ment in the United States and other countries might address 

the fact that the United States has advanced reuse in some 

applications but has lagged behind in other applications. 

ihy has this occured? ihat can be learned about policy and 

legal tools from the attempts of other countries? How might 

the United States better approach reuse development in the 

future? 
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A - Table .1. 

Summary of Statewide Standards for the Safe Direct Use of Reclaimed 
Wastewater for Irrigation and Recreational Impoundments 

Description of minirnwn required 
Wastewater Characteristics 

Use of rccl.1irncd wastewJter 

lrrig.11ion 
FO<Jder crops 

Fiber crops 

Seed crops 

Produce eJten raw. surface irrigJtcd 
Produce e,llcn ra,,. spray irriplcd 

PrimJry" 

X. 

X 

X 

Processed produce, surface irr.g:11ed X 

Processed produce. spray irri,::otcd 
wnd.scapcs. parks. etc. 

Crear ion of impoundments 
wkcs (.1e,1heric cnJoymcnt oniy) 

. R<."stricted recrc:otiona.l lakcs 
Nonrcstric:ed recreational bkt:s 

Secondary 
and 

disinfected 

X 

X 
X 

X 
X 

'Effiut:nt not containing more thJn 1.0 ml:lirer/hr settkahle solids. 
1Eftlucnt not rnntaininf; more than !O Tcrbidity Cnits. 

From Ongert and Jopling, 1977 

Secondary 
coagulated. 

filteredb 
and 

Coliform 
MPN/100 ml 

median 
disinfected (daily sampiing) 

No require-
ment 

No require-
men! 

No require-
ment 

2.2 
X 2.7 

No ~.quire-
ment 
23 
23 

23 
2.2 

X 2.2 
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A Table 2. 
COH ~AS7E,~T(R RECL.~MATIOII CRl7rnIA FOR WASTEilATER 

Reuse 
Food Crops 

SprJy irrigation 

Surface irri3at ion 
Genera 1 
Orchards and 
vineyards with 
no fruit contac~ 
with water or 
ground 

Except ions 

F Jdder, Fib er & Seed Creps 
Fodder, fiber and 
seed c:-ops 

?asbre for milking 
130 i:"li 1 S 

Landscaoe !rr igat ion 
Golf c:urses, 
cemete!" i es, 
freewav land-
scao i n9 3nd 
ldndsca;:,ing 
Park.s, pl,~ygro·1nds 
and schoolyards (c) 

RecreH iona i Jrr.:,o•Jn~:nents 
~onres:r 1c ted 

Restricted ta non-
bodily cor:tJct 

Lar.c' scrne-non-i::or ... Jct 

QWd:) e 
Co Ii forms ( b} 

Qeguired 7reat:neot ( a) (~P'l/ :co ml) 

810-oxidaticn, coagulation/ 2.2 (d} 
clarification. filtrJtion, 
dis in feet ion 

Bio-oxidation, disinfection 2.2 
Primary sedimentation ns (e) 

Considered on individual ns 
basis if croo "Jnaerqoes 
pathogeo destroying -

rOC!:'!;Sinq 

Primary sedimentation ns 

Bio-oxidation, disinfection 23 

Bio-oxidation, disinfection 23 ( f) 

Bio-oxid.1tio~. co,aalation/ 2.2 (d) 
clarification, fi 1 trat ion, 
disinf~a:tion 

Bio-ox1dJ.tion, c0Joulat1on/ 2.2 ( d) 
clarificJtion, fi ll~atiGn, 
1isinfe,:ticn 

Sio-oxidJtion, dislnfection 2.2 

Sia-0:r i,jati0n di~ ir,fe,: t ii:-,n 23 
(a) .Jrim~ry effluent must not ccnt1in marl? than 0.5 milliliters per liter 

· per hour 'Jf settleatile soii:::s. Filtraticn :.iust orovidQ Jrl 1?ffluent 
with J ti.Jrbidity that does not exceed Jn avera'J'= of 2 ti..r::iidity units 
and -j,:-es not exceed a nax.imi..m 0f 5 turJidlty units. Alternative 
methc,js of treJ~n1ent may be acceoted lf the J;i;:,l1cant Ce..,'J11str.1tes 
to the satisfac.:ion of ":DH thJ.t they -,.nll assure an eq"JJ! Cegree of 
treJt.:·,ent and reliab1lity. 

(b) ."'cdiJ.n as Ce~i~r--,,ned from results of last 7 days for which analyses 
have b~~n CO'..-;::ilet~d. 

(c) ?reposed reqoirements wil 1 probably be adopted in 1973. 

(d} Shall not ex.ce~d 23 MPN/100 ml in more ~hJ.n one sar:i;::il~ within dny 
30-day per ioil. 

(e) ~equ1re,.,ent sot specified. 

(f) Shall not exceed 2~0 ~P~/lCO ~1 1n any sa~ple, 

From Everest and Paul, 1979 
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"'- - Tal.:lc 3. 

RECOMMENDED LIMITS FOR POLLU rANTS IN RECLAIMED WATER l..iSED FOR IRRIGATION• 

TRACE HEAVY ,\.1fTALS 

Constituent 

Aluminum 

Arsenic 

Ber;.llium 

Boron 

Cadmium 

Chromium 

Cobalt 

C:ipper 

FluoriJc 
Iron 

Lithium 

~lolybclenum 

r-.iickei 

Selenium 

Tin, Tun:.;stcn 
and Tit.rnium 
V::in.idium 

Zinc 

Long-Term Use·' 
(mg/l) 

5.0 

0.10 

0.10 

0.75 

0.01 

0.1 

0.05 

0.2 

1.0 
·. 5.0 

5.0 

? -__ ) 

0.2 

0.01 

0.2 

0.02 

0.1 

2.0 

·'For water used continuouslv on :ill soils. 

Short-Term Use' 
(mg/I) 

20.0 

2.0 

0.5 

2.0 

0.05 

1.0 

5.0 

5.0 

15.0 
20.0 

10.0 

? -__ ) 

10.0 

0.05 

2.0 

0.02 

1.0 

100 

Remarks 

Can c:wse non-productivitv in acid soil,, but soils at 
pl-! 5.5 to ~.O wiil precipitate the ion and eliminate 
toxicity. 
Toxicity to pbnts varies widdv. rang;in~ from I 2 mg/ 
I for Sudan grass to iess than O 05 mg/I for rice. 
Toxicity to plants varil's widely, ranginis from 5 mg/1 
for kale to 0.5 mg/1 for bush beans. 
Essential to plant growth. with optimum yields for 
manv obtained at a few-tenths mg/I in nutrient 
solui°ions. Toxic to many sensitive- plants (e.g., citrns 
plants) at I mg/1. 
Toxic to beans, beets and turnips at concentrations 
as low as 0. I mg/I in nutrient solution. Conser:ative 
limits recommended. 
Not gener:illy recognized as essential growth ele-
ment. Conservative limits recommenJed due to lack 
of knowledge on toxicity to plants. 
Toxic to tomato plants at 0.1 mg/I in nutrient 
solution. Tends to be inactivated bv neutral and 
alkaline ;oils. · 
Toxic to a number of plants at 0.1 to 1.0 mg/I in 
nutrient solution. 
Inactivated by neutral and alkaline soils. 
Not toxic to plants in aer:ited soils, but c:m contrib-
ute to soil acic.:iEc:ition :ind loss of essential phos-
phorus anJ moh bdendum. 
Can inhibit pl:mt cell growth·at \e~. high concentra-
tions. 
Tolerated by most crops :it up to j mg/I: mobile in 
soil. loxic to citrus at low doses-recommended 
limit is 1H)7j mg/I. 
Toxic :o :i number of crops :it a few-tenths to a few· 
mg/I in .icid soils. 
Not toxic to rl.ints :it normal i:oncentr:itions in soil 
and w:ller. C:,n be to~.ic to livestock if forage is grown 
in soil, 1, ith hi~h levels of :11 :iil:iblc m"I: bdenu:11. 
To.;.: to a nun~her of pl:ints :it OS to \.I) mi.;/!; 
reduced toxicity at n<'utr .ii or :ilk:iiinc rl-1. 
Toxic tu pLrnts :it low rnnccntr:11iuns :ind to live,tcx:k 
if fur:1'se is gruw u in ~oils with low kids of added 
selenium. 
E!Tecti1 ch' excluded hy pl:ints; specific toler:ince 
le,cls unki,m,n. 
Toxic to m:.ir.y pl:ints .lt :cl:itivdy low concentra-
tions. 
Toxic to m:rnv pbnts at widdv 1::irvir1g concentr:i-
tion;; reduced rnxicitv .1t incrc:heu pl I ,nor abmd 
and in tinr-textured or on;:inic soik 

''For wa:er used for a peroid of up to 20 years on fine-textured neu:ral or alkaline soils. 
•frum;' 

From Donovan nnd Bates, 1980 
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A Table 4. 
UC CCC?EP.ATJ'/E EXTE:;sJOt{ :JJ~tl :N,c f"GR l~f[;,PP.ETATJO,~ 
OF C1JAUTY OF ~ATE.~ FOR IRR !G,HIO'l { d} 

Prool~e:, dnj :::!elatej Con-;titu'!.-:t 
Salinity (b) 

lncr'!as u,g 
Proble-ns 

EC of irrigation water, 
mho/c:n 

750 750-3000 3000 

Pe0 meability 
EC of irrigation wdter, 

mho/c:n 
SAR ( c) 

500 500 2000 

Specifi 0c ion to,icity (d) 
From root absor~t ion 

Sodiu::i (evaluate by SAil) 
Chlcride 

me/1 
:ng/1 

aoron, rng/1 
Frc:n fo Ii ar absorption ( e; 

(sorisk lers) 
Sod iu,1t 

me/1 
mq/1 

Chloride 
me/1 
'Tlg/1 

3 

4 
142 

0.5 

3.0 
69 

3.0 
106 

3 - 9 

4 - 10 
142 • 355 
0.5 - 2 .o 

3.0 
69 

3.0 
105 

10 
355 

2.0 • 10 

Miscellaneous (f) 
NH4 • 11, 

pH 

mg/1 for sensitive crops 
~03 • N, 

HC03 (only with overhead 
sprink. lers 

me/1 
mg/1 

1. 5 
90 

.05 - 30 

1.5 - 8.5 
90 - 520 

6.: - 8.4 

:lO 

8.5 
520 

( a) Int~r;,retJt~ons are bdsed en ;)css1ble ~ffe-:!s of ::instituents ·:'In cr·ops 
anG/or soils. Guidelines 3re fle:d~le and should be ~01jlfied ·,,.hen, 
warranted by locJl experier1ce or soe-:ial condi':.ior.s of crop, soil, 

(b) 

(c) 

(d) 

and ~ethod of irrigation (UC Coc;,erative £,tension, 1975). •· 
r.ssurr:es ·..-ater for crop ph,s ."lee~ed w,Her for le!chin1 requirement (LR) 
wil1 t.e a;ipJje".1. Cro::,'i 'ldry in tol~rdnce to $alirnty. Refer to 
ta~:es fvr ere;, tolerance Jnd :_q. Tr.e .,:ino/::m,640 = aporoxi~Jte 
totJI dissolved solics (T~S) in mg/I or ppm; .,.,,no x l,GGO • miccchos. 
St..R {sodlt.;r.1 adsor;::ition ntio) is calcuLited from a ml')difie,j equ.,ticn 
devel::ioed by 'J.S. SaLni~y ~.!~vrat::ry to include added effects cf 
precipitation and dissolution of calcium 1n soils and reldted to co3+ 
HC03 concentrdt ions. 
~est tr~e cr~ps and 
(u~e values sho .. n). 
tolerJnce tables). 
taoles. 

•Oody c.-n.1~~nt.1ls are sensitive to sodium 1nd c'iloride 
~ost ann<1al crops .ire not sensit1Ye (use salinity 

For t:iorcn ser1'iitivity, refer to boron tolerance 

{e) Leaf 3reJs .... et by sprir'< lers {rctJting Me,1ds) 'TldY 'ir.ow .i le.1f ~urn 
due t::i sudiu,'!l er cnlor1'.:!e Jbs~r;)t.ion under low hu~idity/hijn ev.1ooration 
conditicns. (Ev1;.--orJt1on ;ncr·~!ses kn CJ'lccntrJticn in 1i1Jter f1 ir.is 
on l~aves ~et· .. ee., rotJt1ons of sprinkler hcJd'i.) 

(f) Excess .'i :nJy ~ff~ct p~o~'JC~l~n or c,uJlity cf certJin croos; e.g., SLJ'.J.!r 
be~ts. cit;us, avocJ.j:::s, 3.;,;::r1cats, etc. (1 ,ll~/l rn1 - N • 2.72 lbs. 
1'C/1cre foot of d;pl\~j .. Jt.cr.) HC03 1i11th ovl'!'"held ~pri1k.ler trrigJtlon 
r. ... y c.iuse a wn1!e carbo:iJte ~epo~it to fcrrn on frult dnd 1e,5ves. 

From Everest and Paul, 1979 
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A - Table 5. 

RECOMMENDED COOLING-WATER QUALITY CRITERIA 
FOR MAKE-UP WATER TO RECIRCU1ATING SYSTEMS• 

Parameter Recommended Limit'' Recommended Limit'" 

Cl 
TDS 
Hardness (CaCO,) 
.-\lblinir,· (C.,(:Q.' 
pH 
COD 
TSS 
Turhidit,· 
BOD 
Or~anics (mcthdene 
blut' act in· substances) 
:'\H, 
PO, 
SiO: 
.-\I 
Fe 
~In 
Ca 
~k 
HCO, 
so, 

500 
500 
650 
350 
•• 
75 

100 

50 
0.1 
0.5 
O.S 
50 .. 
24 

200 

•from''"'. l{equired limits in mg/I. except for pH units. 
••.-\ccepted as received. · 

From Donovan and Bates, 1980 

100-~00 
S00-1.6:iO 

50- I 1,A, 

20 
6.9.CJ.O 

7:i 
2:i-100 

50 
25 
2 

4 

--· I 

0. I 
o .. i 
0 .. , 
50 

O.:i/** 
2-1 
200 

Comments·· 

Preferablv () /!. -.2 
Preferablv below 111 
Prcferablv below ill 
Prt'fer:ibl:, below !O 
Preferablv below 5 
2 is good 

Preferabk below I 
I is good 
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A - Table 6. 

RECOMMENDED INDUSTRIAL BOILER-FEED WATER QUALITY CRITERIA" 

Parameter 

Silica (SiO:) 
Aluminum (i\l) 
Iron (Fe) 
Manganese (;\.fn) 
Calcium /Ca) 
~l.u;nesium (;\I~) 
Ammonia (NH,) 
13icarbo11zi1e (HC0 1) 

Sulf:11c (SO,) 
Chloride (Cl) 
Di5solved Solids (TDS) 
Copper (Cu) 
Zinc (Z:,) 
HarcJnes5 (Cz.COi) 
r\lblinitv (CaC0 1) 

pH. units 
Or1;anics: 

;\.kthvkne blue active substances 
Carbon tetrachloride extract 

Chrn1ic1I oxyi;en demand (COD) 
Hydrogen sulfide (H~S) 
Dissolved oxygen (0 2) 

li:rnpcrature f 
St1,pcndccJ Solids 

low Pressure 
(psig) 

30 
5 

0.3 .. .. 
0.1 
17(· .. .. 
700 
0.5 .. 
350 
350 

7.0-10.0 

_; 
•• 
2.~ .. 
1(1 

Intermediate 
Pressure (psig) 

I!) 

O.J 
01 
0.4 
0.2:i 
() l 
120 .. .. 
:i(X) 

no=, 
•'i.Ol 
l. () 
too 

?..2-10.0 

s .. 
O.!Xl7 .. 

:i 

•from". Rccommcnc.kd limits in mg/I except ror pl I (u1;'ts) and temperature !cb,rct.'s Fahrenheit). 

High Pressure 
(psig) 

0. 7 
0.01 
0.(Vi 
O.!l l 
0.0 I 
on t 
o. I 
4H 

. . 
2m 
ll. ll:, 
!Ul I 
0.07 
40 

H.2-'J.O 

I' • :> 
d .. =. 
1.0 .. 

ll.(Xl7 
. .. 
o .. =. 

••,\cceptcd as received (it meeting ot~cr !imitin!:\ valucsi, h:is never been a problem at conccntrati0ns encountt.'rcd. 

From Donovan and Bates, 1980 
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A Figure 1. 
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Advanced WJste Trea:rr.en' Ri::";Jr .· ..... -:JemonstrJtion Projects 1966 to present 

Water recbmation :ind reuse at Santee, C:iiiforni::i. 

From Hammer, 1975 
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A Figure 2. 
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Schematic of the water recbmation plant and water supply system for Windhoc:k, Southwest 
Africa. 

From Hammer, 1975 
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· Interim Protocol for Consideration of Drinking ~ater Recycle 

The purpose of this document is to present an interim protocol for 
establishing a public water supply system utilizing direct recycle of drinking 
water from domestic sewage. Current proposals of t~is nature from the City of 
Virginia Beach have necessitated the developr.Jent of t~is document. This 
Department specifically reserves the power and res;::'.):1Si=>il ity to revise, 
update, or cancel all or part of this docu~ent at a:1y:i~e based on our expanding 
knowledge in this area. 

This Department does not take lightly the enor::ous public health implica· 
tio~s of a locality distributing directly re(;ycla:: drir.kfog water to its· 
citizens. Under no circumstances will this Depar:.~ent consider approval of such 
a system when development of a more conventional wa:er s~urce is feasible. 
Only by the application of the most· sophis:icated tre::.'":::~t techniques and the 
best available monitoring program could a syste, ~f t~is type be successfully 
put into operation. Above al 1 else this De;,art:::e:.':. .::~st assure that the public 
health is fully protected and that the pt:blic re,a~~s confident in the safety of 
their water supply sy_stem. 

The following subsections highlight the mi:-:::::~--::i a:ce;:':.able criteria for 
establishing a dir:ct recycle drinking wat~r systa7. f:r the City of Yfrginia 
Beach or any other locality in the State. 

Critical Definitions: 

Water Reuse - taking a used water or waste•,atar and treating it to such ex-
tent that it can be reused for any benficial use prior to final disposal 

Water Recycle - taking a used water or wasteweter and treatin~ it to such 
extent that it can be reused for its origir.al pur;:c:se, i.e. going from drinking 
water to se•..iage and back to drinking 'dater. 

-I. Public Involvement 

- Any plan for direct recycle of drinking w!t:r ~ust include continuing 
public participation throughout the proj~ct pla;;nin;, implementJtion and 
operation phases. 

- Public acceptance of direct recycle-must be assured by the waterworks 
owner. 
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- A form~l assessment of public acceptability must be undertaken early in 
t~e planning phase. · 

- P~jlic participation in system administration and planning, through a 
Citizen's Advisory Committee, should be considered. 

- A continuing Public Education or Information Program must be included. 

II, Ex~erimenta1 Approval 

- Ar,y drinking water recycle system wi11 be considered experimental and is 
subject to the requirements of Section 3.24 of the Waterworks 
Re;ul ati ons, 

- Al1 feasible non-potable re1Jse shall haye been utilized before potable 
recycle is considered. 

- A three-phase approach to system development must be fol lowed .• 

1. pilot testing 
· 2. fu11 scale prototype testing 
3. full.scale production 

- Pilot tests should be designe~ to select the best process flow train and 
must include the following unit processes as a minimum: 

1. a high oxidation process, z. adsorption, 
3. reverse osmosis or ultrafiltration, 
4. nitrogen removal, if necessary, 
5. ion exchange, if necessary. 

- Pilot test monitoring sna1l include at least twelve r::onths d.~ta of con-
t1:1!.laus operation ·at the final flow scheme and inc1uce the following 
p::.rarr.e:ers: 

1. microbiological (bacteria and virus) 
2. toxicological 
3. chemical ( inorganic and organic) 
4. mutagenicity (Ames test) · 

- Tr.e Pi1ot test period shall be used to develop operations control tests 
(real time monitoring) for the project. 

- i:'.e full scale Prototype test unit shall include the treat;;ient train 
<'.a·1elo;:ied during the pilot tests and shall continue the extensive moni-
torin; program with increased emphJsis on operational contr;il tests. 

- Final approval of prototype plans and specifications shal 1 be bJsed on a 
r.iinimu::i 1.£ months of pilot test datJ. 

- Al1--="'at2r produced during the first 24 months of st.nle operatton of the 
pr:itot.:r:ie shall not be used for drinking (non-potable reuse is · 
re:c::::::ended). 
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- Fi r,al experimental approval and the ex;:eri:::en:a l opera ti on permit wi 11 
be issued upon successful completion of the prototype phase and favor-
able health risk assessment by this Depart~ent. 

- Extensive monitoring in all parameter groups previously discussed shall 
cor.tinue throughout the experimental ·operation phase (12-24 months) of 
act:.ial distribution of recycled water to the public. 

- A final operation permit will then be issued after a favorable health 
risk assessment. Required operational and other continuous monitoring 
shall be determined at this time. 

III. Ad::iinistrative 

- The existence of two separate administrative authorities (one over the 
wastewater treatment facility and anot~er over the drinking water treat-
mer.t facitlity) is not acceptable. The entire treatment process must be 
considered as a single treatment train and shall be monitored, operated 
and ad::iinistered as such. · 

- A for:::al ad;,1inistrative organization with clear authority for indepen-
de~t action with regard to this proje:t and clearly defined respon-
sibilities shall be established by written a;ree:;ient between all 
concerned parties including the Virginia De~art.~ent of Health. 

- The ad::iinistrative organizatinn should inc1 ~de provisions for technical, 
public health, and citizen input by one or =ore advisory cornmit!ees. 

- The ad~inistrative organization shall be a::;:ted by ordinance or other 
for:nal legal commitment by all included par:.~es no later than 6 months 
'af:er the initiation of the pilot test phase. 

- An absolute necessity to this project is t::e ?revision of properly 
trained operational, laboratory, and ac:;iinis:.rative staff. 

IV. Techiical Criteria 

-·Prove:, treatment units should be utilized fo experimental .process . 
trains. Ex;::erimental units in experi;;:ental ;,recess trains are to be 
avoid:d. 

- Storage requirements will be based on the r:sults of operational control 
t:sts c!eveloped during the pilot and proto:~-·;:e testing so that any 
insufficiently treated water may be wasted to non-potable use. 

- As an additional safety" factor, recycled .... at::r :nay not be ·used as a sole 
so·1rce of water. The initial maxi::lur:i ;::er:::issible dilution rate shall be 
1:3 (reuse: other approved potable su~ply). 

- The dilution ratio shall remain relathely constant and shall be 
ac::omp1 ished prior to distribution of the finished product. · 

- Industrial waste should not be recycled.· All industrial wastes should 
be minimized and."pretreated. An exter.sive and comprehensive survey of 
the se,,iage collection system is necessary to identify and eliminate, if 
possible, all sources of industrial waste. 1:0 new contributions of in-
d~strial waste shall be permitted. 
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- ?revisions for serial monitoring of •,1atar qt.:a1 ity through each of the 
various unit processes shall be provided. · 

- Specific unit process design criteria sha11 be based upon the results of 
the pilot and prototype tests as approriate. 

V. ~onitoring 

- ..\11 operational tests shall be perfor;;:ed by a single duly authorized 
certified laboratory (established as a part of the Administrative 
Or;ani zation). 

- Special and experimental monitoring may be performed at any laboratory 
approved by the Department. 

- The capability of monitoriog all unit processes throughout the treatment 
train shall be provided. 

- :~or.;toring requirements will include wcrk in each of the fol1owing para-
meter areas: 

1. Bacterial 
2. Viral 
3. Inorganic chemicals 
4. Organic chemicals 
S. Epidemological 
6. Toxicological 
7. Kutagenicity 

- Specific parameters to be checked will be deve1cped through and approved 
by t~e Virginia Departme~t of Health. 

VI. Eealt~ ~isks Assessment 

Tr.is section will include the interna: r.;;::hanis-:: to be used by the Health 
De~ar-::::ent in assess the public heal-;:h risk poteriti al throughout the ter;;i 
cf th~s project to be developed by the Dhision of Epid,miology. 

VII. !::ter::ction between Depart.ient and ~a'.:er·,ork.s C·~·r.er 

All final heal th related decisions conc;;rni::;i the use of recycled wa·ter 
sha~1 be made by the Virginia Deparc::::~t of r.ealth. 

- Spe:ific details of day to day interactions .t::i be developed by nego-
tia'.:ion with Waterworks owner . 

.__...,....---,--.,~-,,-,----'(,;.,.:,.ff ft I 
.--trfenR. Ha::::ner, ?.E., uirecco.r 

Bureau of Water Su~~ly Engineering 
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