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July 28, 1993

Dare County Desalination Plant
600 Mustian Street
Kill Devil Hills, North Carolina 27948

Attention: Mr. Bob Oreskovich

Gentlemen:

Black & Veatch is pleased to forward our final report on "Evaluation of
Disinfection Byproduct Reduction Alternatives" prepared for the Dare
County Regional Water Supply System.

We offer our appreciation to Bob Oreskovich, John Richeson, Darrell
Merrill and their respective staff's for all the assistance provided

during the preparation of this study.

Black & Veatch appreciates the opportunity to have been involved in this
study and is always available to address any questions you may have.

Very truly yours,

BLACK & VEATC

Jyp
Enclosure
cc: w/enclosures
John Richeson, Nags Head
Darrell Merrill, Kill Devil Hills

Fred Hil1, NC DEHNR
Doug Elder, Black & Veatch




BLACK & VEATCH

110 West Walker Avenue, Asheboro, North Carolina 27204-0728, (919) 672-3600, Fax: (919) 672-3640

December 7, 1994

Mr. Bob Oreskovich
Dare County

PO Box 1000
Manteo, NC 27954

Dear Mr. Oreskovich:

As you know, a number of different regulations have been and continue to be developed
under the Safe Drinking Water Act Amendments of 1986. Two important regulations which
will affect most water suppliers in the United States are the Disinfectant/Disinfection
Byproducts Rule (D/DBPR) and the Enhanced Surface Water Treatment Rule (ESWTR). The
proposed D/DBPR and interim ESWTR, which were published by the USEPA in July of this
year, were developed through a process known as Reg-Neg. In this process, input from
representatives of many interest groups helped develop a rule which accommodated most of
their concerns. The D/DBPR is expected to become law in December 1996 with very few
changes. The interim ESWTR is scheduled for promulgation in 1998 after considerable
public comment and consideration of monitoring results under the Information Collection Rule
(ICR). Requirements of both rules will be effective 18 months after their promulgations.

Because of the wide impact on water providers across the country, Black & Veatch has
prepared a summary document to clarify and promote awareness of the D/DBPR and interim
ESWTR requirements. A copy of this document and a summary of comments made by
USEPA officials at the 1994 Annual Meeting of the Association of Metropolitan Water
Agencies regarding the impacts of these regulations on water suppliers are enclosed. I hope
they will be useful references.

If you have questions about the D/DBPR, interim ESWTR, or other Safe Drinking Water Act
regulations or if you would like additional copies of this document, please give me a call.

Very truly yours,
BLACK & VEATCH

y e

John R. Hendrick
Enclosure




Summary of Regulatory Comments from the
1994 Annual Meeting of the Association of Metropolitan Water Agencies (AMWA)

A major focus of the 1994 Annual Meeting of the Association of Metropolitan Water
Agencies (AMWA) was the impact on utilities of the upcoming Information Collection Rule
(ICR), Enhanced Surface Water Treatment Rule (ESWTR), and Disinfectants and Disinfection
‘Byproducts Rule (D/DBPR). Several key USEPA staff members spoke about the proposed
regulations, potential changes, and estimated cost impacts for utilities.

Stig Regli, ICR Regulation Manager, presented an overview regarding the efforts to overcome
the challenges in finalizing the ICR, as well as developing laboratory approval, laboratory
quality assurance/quality control measures, and laboratory data base software. Originally, the
ICR finalization date was October 1994, with laboratory testing to start no later than October
1995. However, the regulation has been delayed until spring of 1995, but testing
requirements are still anticipated to begin in October 1995.

Regli also reported that laboratory approval will be handled by USEPA--it will not be
delegated to the states. He said that in addition to using an approved laboratory to perform
testing, the personnel performing the tests must also be USEPA approved. USEPA anticipates
between 10 and 15 laboratories will be approved, and this number should be sufficient to
handle the testing. USEPA's Pat Fair, chair of the Analytical Methods Task Force, presented
an update on the plans for laboratory approval and monitoring. Fair said laboratories will not
be approved until the ICR is finalized in the spring of 1995.

Coliphage and clestridium perfringen will be added to the microbials list for testing under the
ICR, according to Regli. They will be possible indicator organisms for animal and
agricultural sources of Cryptosporidium. In addition, Regli indicated that some cases will
require sending a sample to USEPA for archiving. USEPA anticipates bench-scale and pilot
testing required under the ICR will cost $150,000 and $750,000 per facility. Even with the
exclusion criteria, Regli said he thought most systems will have to perform bench-scale and/or
pilot testing for each of their facilities.

Larry Weiner, USEPA systems analyét, gave a preview of the Windows-based software that
will be required for reporting testing results to USEPA. It will be available early in 1995.

John Cromwell, Apogee Research, presented estimated cost information on the impact of these
proposed regulations for 300 of the largest utilities with facilities of 100 mgd or larger
(approximately 440 plants total). Apogee Research is working for the American Water Works
Association (AWWA) in compiling estimated cost impacts of these regulations on utilities. It
is estimated that data collection required under the ICR will cost utilities upwards of

$130 million. In addition, Apogee Research estimates the interim ESWTR, scheduled for
promulgation by December 1996, will have a capital cost of $5.8 billion for approximately
one half of the public water systems serving populations greater than 100,000. The D/DBPR,
which will be promulgated in two stages, is anticipated to cost utilities $4.4 billion for capital
improvement and $1 billion annually for Stage I of the D/DBPR. Stage II of the D/DBPR
will cost about $6.8 billion in capital improvements and $1.6 billion annually.




Evaluation of Disinfection Byproduct
Reduction Alternatives

Prepared for
Dare Regional Water Supply System
Dare County, North Carolina

Black & Veatch
Project No. 23464.150
June 1993




I HEREBY CERTIFY THAT THIS REPORT WAS PREPARED BY ME OR

UNDER MY SUPERVISION.

™ pay oF .|
SIGNED SEALED, AND DATED THIS ‘ A DAY OF O\ , 1993.

B{/ ,o\@;u—~@ &ZQQ»Q




IL.

II1.

IV.

Table of Contents

Page No.

Introduction . ......... ... e I-1
A. PUIPOSE . . oottt e I11
B. SCOPE .o e I-1
C. ADDIeviationsS . ... v et iitin ottt it it et eiaeenennen I-2
Summary of Findings and Recommendations .................. II-1
A. Findings ......... . . e II-1
B. Recommendations . ..........ccuouiuuuiniiinieeennennennenn II-7
Existing Facilities and Operating Practices .................... III-1
A. Reverse Osmosis Water Treatment Plant . ................. III-1
B. Skyco Water Treatment Plant . ... ....................... I11-2
C. Fresh Pond Water Treatment Plant ...................... II1-4
D. Treated Water Transmission and Storage . ................. II1-5
E. Future Treated Water Production Considerations ............ I11-6
Regulatory Requirements . ............ ..., V-1
A. Surface Water Treatment Rule ......................... Iv-1
B. Groundwater Disinfection Rule ......................... IvV-3
C. Disinfectant / Disinfection Byproducts Rule ................ Iv-4
D. North Carolina DEH Requirements . .................ou.. V-6
Disinfection Byproducts Formation and Control Techniques ... .... V-1
A. DBP Formation and Occurence ............covvinnenn... V-1
B. Historical Trihalomethane Monitoring Data . ............... V-2

1. Dare County Distribution System ...................... V-2

2. Nags Head System .................... ... V-3

3. Kill Devil Hills System .. ..., V-4
C. DBP Reduction Procedures Implemented at Dare County ..... V-5
D. DBP Control Techniques . ........ ..., V-5

1. Reduced Chlorine Contact Times . ..................... V-6

2. Alternative Disinfectants . . ............. ... .. ....... V-8

3. Removal of DBP Precursor Compounds ................. V-8

TC-1




Page No.

VI. Analytical Testing Summary ..........c.ueeinienenneeeee... VI-1
A. Distribution System THM / THAA Levels ................. VI-1
B. Reverse Osmosis Plant Testing . .. ....................... VI-2
1. Procedures ... ..cv ettt e VI-3

2, RESUMS & ottt e e e VI-3

C. Skyco Water Treatment Plant Testing .................... VI-4
1. Skyco Well THMFP ... ..o VI-5

2. Ozone Testing . ... .vvviinmn et VI-7

3. Testingat Skyco WIP ... ..., VI-8
D. Fresh Pond Water Treatment Plant Testing ................ VI-9
1. Sample Preparation ...............iiiiiiiiia. VI-9

2. RESUMS « ottt it ettt ettt e e e VI-10

E. CONCIUSIONS & o vt vttt et e e ettt i i i iiaieeee e eieen VI-11
VII. Disinfection Byproduct Control Alternatives .. ................ VII-1
A. Limit Free Chlorine Contact Times ..................... VII-1
1. Disinfection Requirements .......................... VII-2

2. Reverse Osmosis Plant . .......... ... ... ... ... VII-2

3. Skyco Water Treatment Plant .. ...................... VII-4

4. Fresh Pond Water Treatment Plant ................... VII-6

B. Alternative Disinfectant . ............ ...y VII-7
1. Reverse Osmosis Plant . ......... ... .. ... ... VII-8

2. Skyco Water Treatment Plant . ....................... VII-9

C. Removal of DBP Precursor Compounds .. ............... VII-10
1. Carbon AdSOIPtion . . ..t vvv v vi i VII-10

2. Membrane Processes . ...........iiiiiiiiiiiii.n VII-14

3. Anion Exchange Resin ............................ VII-22
VII. Evaluation of DBP Control Alternatives ................... VIII-1
A. Construction CostS . . v v vt i ittt i e VIII-1
B. Operation and Maintenance Costs . .................... VIII-2
1. Reduced Bypassat ROPlant .................... ... VIII-4

2. Chloramination . ..........oouiiienmnnnennneneen.. VIII-6

Table of Contents (Continued)



Table of Contents (Continued)

Page No.
3. Anion Exchange Plant ............ . ... ..o ian. VIII-6
4. Carbon Adsorption Plant ................. ... ..... VII-7
5. Skyco Ozonation/Filtration Plant . . ................... VIII-7
6. Skyco Nanofiltration Plant ............... ... ... ... VIII-7
7. Increased RO Plant Production ..................... VIII-9
C. Present Worth Costs . ........ ... ... VIII-10
D. Unit Water Costs .. ..... ..ottt VIII-10
E. Matrix Evaluation .............. ... .. . i, VIII-11
IX. ConClusions . ... oot in it it i i i e IX-1
Appendices
Appendix A Distribution System THM Data
Appendix B Experience with Chloramines at North Carolina Ultilities
Appendix C Comparative TTHM / THAA Data
Appendix D Testing Results for RO Plant
Appendix E  THMFP Data for Skyco WTP Wells
Appendix F Ozone Demand Testing Data for Skyco WTP
Appendix G Testing Results for Skyco WTP
Appendix H Testing Results for Fresh Pond WTP
Appendix I Disinfection CT Calculations for Fresh Pond WTP
Appendix ] THMFP Reduction Experience for Nanofiltration
Appendix K Macroporous Anion Exchange Resin Information
List of Tables
Page No.
Table II-1  Present Worth Costs for DBP Control Alternatives ........ II-5
Table II-2  Unit Water Costs for DBP Control Alternatives .......... II-6
Table II1I-1 Raw & Treated Water Quality for Reverse
Osmosis Plant (July 1990-March 1993) ................ II1-3
TC-3




Page No.

Table III-2 Raw & Treated Water Quality for Skyco Water

Treatment Plant (July 1990-February 1993) . ............ III-5
Table V-1  Trihalomethane Monitoring Data Summary for

Dare County Distribution System . ................... V-3
Table V-2 Dare County Distribution System Trihalomethane

Levels for Areas Served by RO, Skyco Plants ........... V-4
Table VI-1 Comparative TTHM, THAA Concentrations for

Dare County Distribution System . ................... VI-2
Table VI-2 TTHM Formation Potentials for RO Plant

Treated Water . . ... ..ttt VI-4
Table VI-3 Water Analysis Results for RO Plant Raw,

Treated Water .. .........oiniinnniiiiinnnnn VI-4
Table VI-4 TTHM Formation Potentials for Skyco Wells:

Historical Monitoring Data ......................... VI-6
Table VI-5 TTHM Formation Potentials for Skyco Wells:

April 1993 Monitoring Period . ........ ... ... ... .... VI-6
Table VI-6 Water Analysis Results for Skyco WTP . ................ VI-8
Table VI-7 Water Analysis Results for Fresh Pond WTP ........... VI-10
Table VII-1 Chemical Requirements for Alkalinity/pH ’

Adjustment at ROPlant ............. ... ... ... VII-16
Table VII-2 Combined RO/IX Plant Capacities for Treated

Water THMFP = 50ug/L ............ ... .. ..... VII-17
Table VII-3 Design and O&M Parameters for Skyco

Nanofiltration Plant . .......... ... ... . ... VII-20
Table VII-4 Trihalomethane Levels for Regional Distribution

System vs. RO Plant Production ................... VII-22
Table VIII-1 Probable Project Cost for Reduced RO

Plant Bypass . ... ....ouueriineeniiieennnnnn VIII-1
Table VIII-2 Probable Project Cost for Chloramination ............ VIII-2
Table VIII-3 Probable Project Cost for 5 mgd

Anion Exchange Plant . ......................... VIII-3
Table VIII-4 Probable Project Cost for 5 mgd Carbon

Adsorption Plant . . ........ ... ... L i VIII-3

List of Tables (Continued)

TC-4




List of Tables (Continued)

Page No.
Table VIII-5 Probable Project Cost for 5 mgd
Ozonation/Filtration Plant . ...................... VIII-4
Table VIII-6 Probable Project Cost for 4.5 mgd
Nanofiltration Plant . . .. ... ... it VIII-5
Table VIII-7 Probable Annual Operations and Maintenance
Costs for Reduced RO Plant Bypass . .............. VIII-5
Table VIII-8 Probable Annual Operations and Maintenance
Costs for Chloramination . . . .. ......ovevnnnn .. VIII-6
Table VIII-9 Probable Annual Operation and Maintenance
Costs for 5 mgd Anion Exchange Plant ............. VIII-7
Table VIII-10 Probable Annual Operation and Maintenance :
Costs for 5 mgd Carbon Adsorption Plant ........... VIII-8
Table VIII-11 Probable Annual Operation and Maintenance
Costs for 5 mgd Ozonation/Filtration Plant .......... VIII-8
Table VIII-12 Probable Annual Operation and Maintenance
Costs for 4.5 mgd Nanofiltration Plant . .. ........... VIII-9
Table VIII-13 Present Worth Costs for DBP
Control Alternatives . ...............utiunnnn.. VIII-11
Table VIII-14 Unit Water Costs for
DBP Control Alternatives ...................... VIII-12
Table VIII-15 Matrix Evaluation . . . ... ... VIII-14
List of Figures
Following
_Page No.
Figure III-1 Dare County Water Treatment and
Storage Facilities . ........omuienenen .. I1I-6
Figure VI-1 TTHM Rate-of-Formation for RO Treated Water . ... ..... VI-3
Figure VI-2 TTHM Rate-of-Formation for Ozonated Skyco Water . . .. .. VI-7
Figure VI-3 TTHM Rate-of-Formation for Skyco Softened Water ...... VI-8
Figure VI-4 TTHM Rate-of-Formation for Fresh Pond
Filtered Water ... ... VI-10
TC-5




List of Figures (continued)

Following
Page No.
Figure VII-1 Fresh Pond Water Treatment Plant Clearwell
Baffle Configuration . ............ ... .. VII-6

TC-6




l. Introduction

The Dare Regional Water Supply System encompasses an extensive system of
water treatment, storage, and distribution facilities which serve various public water
systems within Dare County. The treatment facilities produce a high-quality finished
water which typically meets all current state and federal water quality standards.
However, total trihalomethane concentrations within the distribution system serving
Kill Devil Hills recently exceeded the Maximum Contaminant Level of 100 ug/L. In
addition, impending regulations being promulgated under the 1986 Amendments to
the Safe Drinking Water Act will include more stringent standards for total
trihalomethanes, and new standards for other disinfection byproducts. Reductions
in the current level of disinfection byproducts within the systems served by the Dare
Regional Water Supply System are therefore required to comply with both current
regulations and the more stringent future regulations.

A. Purpose

The purpose of this study is to identify and evaluate potential methods for
reducing current levels of disinfection byproducts within the distribution systems
served by the Dare Regional Water Supply System.

B. Scope

The study area for this project includes the areas currently served by the Dare
Regional Water Supply System’s three water treatment facilities. The principal
elements of the study are the following:

1. Review historical trihalomethane monitoring data for areas served by the
RO, Skyco, and Fresh Pond water treatment facilities.

2. Evaluate the level and speciation of trihalomethanes formed upon
chlorination of treated waters from the RO, Skyco, and Fresh Pond plants
for a variety of chlorine contact periods and simulated distribution system
conditions.

3. Review current water treatment practices, and identify practices which may
contribute to excessive formation of disinfection byproducts.

4. Identify and evaluate potential treatment methods for reducing current
disinfection byproduct levels within the systems served by the Dare Regional
Water Supply System to ensure compliance with impending regulations.

I-1
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Conduct laboratory and bench-scale testing as necessary to confirm critical
assumptions and/or to generate required data for evaluation of treatment
alternatives.

5. Develop opinions of probable costs for the construction and annual operation
and maintenance of treatment modifications or facilities required to comply
with disinfection byproduct regulations.

6. Prepare a report summarizing the findings and recommendations of the

study.

Abbreviations
Abbreviations used in this report are as follows:

C Celcius

CaCO, Calcium carbonate

cm Centimeter

DBP(s) Disinfection byproduct(s)

D/DBP(s) Disinfectant/disinfection byproduct(s)
DEH North Carolina Division of Environmental Health
EPA United States Environmental Protection Agency
F Fahrenheit

GAC Granular activated carbon

gpd Gallons per day

gpm Gallons per minute

GWDR Groundwater Disinfection Rule
HAA(s) Haloacetic acid(s)

HPC Heterotrophic bacteria

IX Ion exchange

Ib Pound

MCL Maximum Contaminant Level
MCLG Maximum Contaminant Level Goal
MG Million gallons

mgd Million gallons per day

mg/L Milligrams per liter

NTU Nephelometric turbidity unit

O&M Operation and maintenance
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PAC

psi

RO
SDWA
sq ft
SWTR
TDS
THAA(s)
THM(s)
THMFP
TTHM(s)
TOC
ug/L
umhos/cm
uv

WTP

Powdered activated carbon

Pounds per square inch

Reverse osmosis

Safe Drinking Water Act

Square foot

Surface Water Treatment Rule
Total dissolved solids

Total haloacetic acid(s)
Trihalomethane(s)

Trihalomethane formation potential
Total trihalomethane(s)

Total organic carbon

Micrograms per liter

Micromhos per centimeter (conductivity)
Ultraviolet (light)

Water treatment plant
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Il. Summary of Findings and Recommendations

A. Findings

Under the impending Disinfectant/Disinfection Byproducts (D/DBP) Rule, the
Maximum Contaminant Level (MCL) for total trihalomethanes (TTHMs) will
likely be reduced from the current 0.10 mg/L (100 ug/L) to 80 ug/L by 1997, and
may be further reduced to 40 ug/L during year 2002 under Stage 2 of the
regulation. Systems served by the Dare Regional Water Supply System will be
unable to comply with these revised MCLs unless treatment modifications to
reduce TTHM formation are implemented.

During April 1993, the Kill Devil Hills system exceeded the current TTHM MCL,
of 100 ug/L, and the four-quarter running TTHM average (the current basis for
assessing compliance with the regulation) for the Nags Head system was

99.3 ug/L.

Water Production Department staff have implemented measures to reduce
treated water disinfection byproduct (DBP) levels. However, these measures
have not reduced TTHM concentrations to levels which comply with either the
current MCL or the probable future MCLs.

Proposed increases in the amounts of Fresh Pond and Skyco treated water
delivered to the regional distribution system will likely increase the severity of
current TTHM compliance problems, as water from these plants has significantly
higher TTHM formation potential than treated water produced at the RO plant.

An MCL of 60 ug/L for total haloacetic acids (THAAs) will likely be included in
the impending D/DBP Rule; the MCL may be reduced to 30 ug/L during year
2002 under Stage 2 of the regulation. Monitoring of system THAA levels
conducted during this study at eight locations showed an average system THAA
concentration of 37.3 ug/L; individual sample concentrations ranged from 20 to
49 ug/l. Reductions in system TTHM levels to achieve compliance with
impending regulations should also result in compliance with impending MCLs for
THAA:s.




