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

Fred Hil1, NC DEHNR
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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.
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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.
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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.




10.

11.

7-day TTHM formation for RO plant treated water at blended water
conductivities ranging from 300 to 700 umhos/cm was less than 20 ug/L in all
cases. This suggests that current problems with high TTHM concentrations in
portions of the system served primarily by the RO plant can be attributed to
intermixing of waters from the RO and Skyco/Fresh Pond plants. Reaction of
organic precursor compounds present in the Skyco/Fresh Pond treated waters
with bromine in the RO treated water results in increased levels of both TTHMs
and bromoform when these waters are combined in the distribution system.

Evaluation of TTHM formation potentials (7-day, pH 9.0) conducted by two
independent laboratories for individual wells serving the Skyco plant confirmed
previous testing data which indicate that the wells exhibit high formation
potentials (average TTHM formation potential for all wells was 260 ug/L;
maximum formation potential for a single well was 344 ug/L).

TTHM formation potential testing for the Skyco wells indicates that selective
blending would not yield any significant reductions in system DBP levels.

Ozonation of softened water from the Skyco plant did not reduce TTHM
formation at extended chlorine contact times to levels that would permit
continued use of free chlorine as the secondary disinfectant within the distribution

system.

Based on the potential for formation of excessive bromate concentrations, use
of ozone, followed by chloramines as the secondary disinfectant at the RO plant
is not considered a viable alternative to free chlorine for reducing DBP
formation. (Allowable treated water bromate concentration will likely be 10 ug/L
under the impending Disinfectant/Disinfection Byproducts Rule.) While limited
testing conducted by other utilities indicates that addition of ammonia prior to
ozonation may reduce bromate formation, effectiveness of this treatment
technique is apparently site-specific. Pilot-scale testing would therefore be
required to assess process effectiveness.

Treated water TTHM formation potential (272 ug/L at 7 days, pH 9.0) and total
organic carbon concentration (4.62 mg/L) for the Fresh Pond plant suggest that

I1-2
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13.

14.

15.

this plant may have significant influence on DBP levels within the systems served
by the Dare Regional Water Supply System.

TTHM formation for treated water produced by the RO, Skyco, and Fresh Pond
plants following 30 minutes of contact time with free chlorine was less than
25 ug/L in all cases. This data suggests that use of chloramines as a secondary
disinfectant, following primary disinfection with free chlorine, would reduce
TTHM concentrations within the distribution systems served by the Dare
Regional Water Supply System to less than the probable future TTHM MCLs

of 80 ug/L and 40 ug/L.

Evaluation of TTHM rate-of-formation for treated water from each of the
Regional Water Supply System’s three treatment facilities indicates that TTHM
concentration reaches 50 ug/L (the goal established for this study for evaluation
of DBP reduction alternatives) after approximately 9 hours of chlorine contact
time for the Skyco treated water, and after approximately 8-10 hours for Fresh
Pond treated water. TTHM concentration for the RO treated water never
exceeded 20 ug/LL at blended water conductivities ranging from 300 to
700 umhos/cm.

Treatment of Skyco raw water using the existing membranes currently stored at
the RO plant would not reduce treated water DBP concentrations to levels which
would result in compliance with impending regulations under most operating
conditions due to inadequate membrane production capacity. (Projected capacity
of the existing membranes is approximately 500 gpm (0.72 mgd), based on 75
percent raw-to-product conversion.)

TTHM monitoring data for the Dare County regional water distribution system
suggest that compliance with the current TTHM MCL of 0.10 mg/L (and
possibly the impending MCL of 80 ug/L) could potentially be achieved by
increasing RO plant production rates to approximately 70 percent of the total
system production. However, problems with high TTHM levels may still be
experienced at Manteo and within the Nags Head system when the Fresh Pond
plant supplies the majority of the Nags Head treated water.
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19.

20.

Feasibility of increased RO plant production for meeting TTHM MCLs could be
readily evaluated through adjustment of plant production rates (i.e., increase RO
production to supply approximately 70 percent of the total system demand)
approximately one to two weeks prior to collection of the next group of TTHM
monitoring samples.

It is unlikely that expanded RO plant production would result in compliance with
the impending future TTHM MCL of 40 ug/L.

Construction of ion exchange systems utilizing macroporous anion resins to
remove DBP precursors cannot be recommended at this time due to limited full-
scale operating experience. However, preliminary opinions of probable cost for
this treatment alternative indicate that it could provide a cost-effective means of
reducing current treated water DBP levels. Pilot testing of these resins currently
being conducted at Cape Hatteras should yield valuable information regarding
process effectiveness and costs.

Opinions of probable project costs (the total of probable construction cost and
contingencies/engineering/administrative costs) and annual operation and
maintenance costs were developed for six DBP reduction alternatives. The
alternatives were evaluated using present worth analysis. Present worth costs for
each alternative (i.e., the sum of the project cost and the present worth of the
annual O&M over 20 years at an interest rate of 7.5 percent) are summarized
in Table 1. Unit water production costs for the DBP reduction alternatives are
summarized in Table 2. All costs reflect May 1993 price levels.

A weighted matrix evaluation which considers both total cost and "non-cost"
related criteria was used to compare the five DBP reduction alternatives.
The alternatives were ranked based on the following criteria:

» Total Project Cost

* Annual Operation and Maintenance Cost

* Risk / Reliability

*  Quality of Water Produced

»  Control/Flexibility

» Ability to Meet Current/Future Regulatory Requirements

11-4
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Table II-1

Present Worth Costs for
DBP Control Alternatives

Total Present Worth Total
Project Cost | of Annual O&M | Present Worth
Alternative $ $ $

Chloramination 390,000 281,000 671,000
Increased RO Plant 0 2,249,200 2,249,200
Production
Skyco Anion Exchange 3,505,000 1,218,000 4,723,000
Plant;
Reduced RO Bypass
Skyco Ozonation/ 4,555,000 1,125,000 5,680,000
Filtration;
Reduced RO Bypass
Skyco Nanofiltration 6,715,000 3,626,000 10,341,000
Plant;
Reduced RO Bypass
Skyco GAC Plant; 4,535,000 12,343,000 16,878,000
Reduced RO Bypass

*  Waste Disposal Requirements

* Ease of Implementation / Compatibility with Existing Facilities
Based on the results of the matrix evaluation, alternative rankings are as follows
(in decreasing order of desirability, when all factors are considered):
* Increase RO plant production to approximately 70 percent of the total
system production, on an annual basis (matrix evaluation rating: 81

points).

* Add provisions for chloramination at the RO, Skyco, and Fresh Pond
plants (matrix evaluation rating: 77 points).
» Construct nanofiltration facility to replace existing Skyco treatment plant;
reduce amount of raw water blended with RO plant membrane
permeate (matrix evaluation rating: 72 points).




Table II-2

Unit Water Costs for
DBP Control Alternatives

Total Unit
Alternative Project Cost | Annual O&M Water Cost’
$ $/year $/1000 gals

Current WTP Operation 0 1,176,600 1.00
Chloramination 390,000 1,204,200 1.06
Increased RO Plant 0 1,397,200 1.19
Production
Skyco Anion Exchange 3,505,000 1,296,100 1.39
Plant; Reduced RO
Bypass
Skyco Ozonation/ 4,555,000 1,287,000 1.48
Filtration;
Reduced RO Bypass
Skyco Nanofiltration 6,715,000 1,532,300 1.87
Plant;
Reduced RO Bypass
Skyco GAC Plant; 4,535,000 2,387,400 2.42
Reduced RO Bypass

"Includes total project cost amortized over 20 years at 7.5% interest rate.

» Construct granular activated carbon adsorption facilities at Skyco plant;
reduce amount of raw water blended with RO plant membrane

permeate (matrix evaluation rating: 66 points).

* Construct anion ion exchange facility at Skyco plant; reduce amount of
raw water blended with RO plant membrane permeate (matrix

evaluation rating: 49 points).

« Construct ozonation/pressure filtration facilities at Skyco plant; reduce
amount of raw water blended with RO plant membrane permeate

(matrix evaluation rating: 48 points).




21.

22.

23.

24.

Systemwide implementation of chloramination is the most cost-effective DBP
reduction alternative. Provisions for continued use of free chlorine as the
primary disinfectant at the individual treatment plants (prior to adding ammonia
to form chloramines) can be easily added.

A comprehensive public notification program should be conducted prior to
implementing chloramination. Based on the seasonal nature of a significant
portion of Dare County’s population, this program should ideally be initiated
approximately one year before converting to chloramines. An aggressive
program utilizing electronic media (radio/television), newspaper advertisements,
and monthly notices in consumer bills could reduce the duration of the
notification period to three to six months.

The risks associated with use of chloramines (potential for nitrification within the
distribution system; adverse impacts on kidney dialysis patients and fish-rearing
operations) are not considered excessive and can be minimized/eliminated by
maintaining proper chlorine/ammonia ratios at the treatment plants and by
conducting the public notification program prior to implementation.

Should Dare County feel that the risks associated with use of chloramines in the
distribution system are unacceptable (and assuming that increased RO plant
production does not yield compliance with current and impending TTHM MCLs),
the most desirable alternative would be to (1) reduce the amount of raw water
bypassing the RO process and install provisions for stabilization of treated water
(i.e., carbon dioxide feed facilities), and (2) construct a 4.5 mgd nanofiltration
membrane treatment plant to replace the existing Skyco treatment facility. This
would result in compliance with current and impending DBP regulations, while
allowing continued use of free chlorine within the distribution system.

Recommendations

In light of current TTHM compliance difficulties, the County may want to
reconsider (on a short-term basis) its decision to maximize use of the Skyco and
Fresh Pond plants and to reduce production at the RO plant. As treated water
from the Skyco and Fresh Pond plants exhibits significantly higher TTHM
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formation potential than the RO treated water, increases in the relative amounts
of Skyco/Fresh Pond delivered to the regional distribution system may result in
increases in the severity of current TTHM compliance problems.

Feasibility of complying with current and impending TTHM MCLs by increasing
RO plant production rates should be evaluated by adjusting the amount of RO
treated water delivered to the system to approximately 70 percent of the total
system demand. This increase in RO plant production should be initiated
approximately one to two weeks prior to collection of the next group of TTHM
monitoring samples (currently scheduled for September 1993), and maintained
until the samples are collected.

Water Production Department staff are encouraged to contact other North
Carolina utilities currently using chloramines in the distribution system (these
utilities are summarized in Appendix B) regarding implementation procedures
and overall effectiveness of the chloramination process.

The County should monitor results of pilot testing currently being conducted at
Cape Hatteras using macroporous anion exchange resins for removal of DBP
precursor compounds. Should results indicate that this process can successfully
reduce DBP formation to acceptable levels, Dare County should consider
conducting a similar pilot study using softened water from the Skyco plant to
assess feasibility and site-specific operating requirements.

The County should implement the selected DBP reduction alternative as soon
as possible in order to avoid further regulatory noncompliance. Should
chloramination be selected, development and implementation of the public
notification program should begin immediately, and Water Production
Department staff should work closely with North Carolina DEH officials to
ensure that a smooth transition to the chloramination process is achieved.
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lll. Existing Facilities and Operating Practices

The Dare Regional Water Supply System operates three water treatment
facilities; a 3.0 mgd reverse osmosis facility treating water from the Yorktown aquifer,
a 5.0 mgd ion exchange softening plant (the "Skyco" plant) on Roanoke Island, which
treats water from 10 wells, and a 1.4 mgd conventional surface water plant at Nags
Head which treats water from Fresh Pond. Treatment and operating practices for

the three plants are discussed below.

A. Reverse Osmosis Water Treatment Plant

The 3 mgd reverse osmosis (RO) plant began service in 1989. Eight wells supply
brackish water to the plant. Well depth is 425 feet, with the bottom 100 feet
screened. Capacity of each well is 500 gpm.

RO system feedwater pretreatment consists of acidification, addition of a
proprietary antiscalent (AF600), and S-micron cartridge filtration. Vertical turbine
pumps increase RO feedwater pressure to an average of 270 psi. The RO system
consists of three independent trains, each with a design permeate production capacity
of 850,000 gallons per day. Raw well water is blended with RO permeate to provide
approximately 1,000,000 gallons of finished water per day per treatment train. Each
RO train consists of 31 pressure vessels, each containing six spiral-wound membrane
elements. Pressure vessels are arranged in a two-stage configuration (22 first-stage
vessels, 9 second-stage vessels), and overall RO raw-to-product conversion is 75
percent. All membrane elements were originally UOP/Fluid Systems Model 8321 LP
TFC units; however, the second-stage elements were replaced during June 1991 with
Hydranautics Model 8040-LSZ CPA2 elements. This change was recommended by
the County’s membrane consultant to compensate for gradual increases in feedwater
TDS/conductivity levels since plant startup. The 144 Fluid Systems elements removed
from the second stage are currently being stored at the RO plant.

Posttreatment consists of blending of RO permeate with raw well water, and
addition of chlorine for disinfection, sodium hydroxide for adjustment of pH to
approximately 8.2, fluoride (hydrofluosilicic acid) for dental benefits, and a
polyphosphate-based corrosion inhibitor (Virchem 950). In the past, the typical RO
bypass flow rate was 10 to 15 percent of the total treated water produced; bypass
flows have recently been reduced in order to reduce the levels of DBP precursors at
the point of chlorine addition. Treated water flows to a 5 million gallon ground-level
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storage reservoir, and high service pumps deliver the treated water from the reservoir
to the regional transmission main. The treated water typically has a TDS
concentration of about 400 mg/L, and a total hardness of 40 to 50 mg/L (as CaCO,).

The concentrate stream from the RO process is discharged to a tributary to the
Atlantic Ocean under an NPDES permit.

The RO process is controlled by a programmable logic controller, which provides
automated control of pre- and posttreatment chemical feed rates and RO feedwater
pressures, and monitoring of all critical functions involved in the treatment process.

Monthly water quality records for July 1990 through March 1993 were reviewed
to evaluate performance and to identify typical operating practices. Data used in this
evaluation are summarized in Table III-1. (Note that the data represent a
compilation of monitoring results for one day each month, and therefore may not
reflect short-term variations in water quality.)

B. Skyco Water Treatment Plant

The 5 mgd Skyco plant, located on Roanoke Island, began service in 1979. Raw
water is pumped to the plant from 10 wells ranging in depth from 120 to 220 feet.
Eight of the wells were constructed along with the plant; two of the wells (well 12 and
13) were constructed during 1984. Rated capacity for eight of the wells is 500 gpm;
rated capacity of wells 11 and 13 is 600 gpm.

Treatment consists of ion exchange softening using four pressure cation-exchange
vessels. Provisions for blending of raw well water with the softened water are in
place but are not currently used; the softeners are operated in a "staggered
exhaustion" mode, which yields an average treated water hardness of approximately
80 mg/L (as CaCO;). One softener is currently out of service, and resin was recently
replaced in two of the four softeners. Regeneration of the resin is accomplished by
passing a sodium chloride solution through the resin bed. Regeneration brine
discharges to an onsite lagoon, which in turn overflows to Croaton Sound by way of
a drainage canal.

Zinc metaphosphate (Virchem 937) is added to the softened water, primarily to
sequester iron. Following addition of the zinc metaphosphate, chlorine is added for
disinfection, and fluoride (hydrofluosilicic acid) is added for dental benefits. The
treated water then flows to a 2 million gallon ground-level storage reservoir. A
chlorine residual of 0.1 to 0.5 mg/L is maintained at the reservoir discharge.
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Table -1

Raw & Treated Water Quality
for Reverse Osmosis Plant

(July 1990 - March 1993)

Constituent Average Range
Total Alkalinity, mg/L as CaCO,

Raw 252 190-284

Treated 47 30-66
Total Hardness, mg/L. as CaCO,

Raw 409 340-484

Treated 37 22-60
Calcium Hardness, mg/L as CaCO,

Raw 128 106-160

Treated 13 2-40
Total Dissolved Solids, mg/L

Raw 3050 2520-3310

Treated 400 300-450
Conductivity, pmhos/cm

Raw 6104 5270-6700

Treated 795 682-870
pH, Units

Raw 7.96 7.60-8.09

Treated 8.06 7.41-8.43
Color, units

Raw 14 4-27

Treated 1 0-4
Turbidity, NTU

Raw 0.81 0.14-1.61

Treated 0.13 0.03-0.28
Sodium, mg/L

Raw 682 570-880

Treated 91 63-142
Sulfate, mg/L

Raw 122 48-177

Treated 14.6 8.3-18.2
Chloride, mg/L

Raw 1760 1500-2000

Treated 185 170-210
Silica, mg/L as SiO,

Raw 13.2 5.2-16

Treated 19 1.4-23
Iron, mg/L.

Raw 0.45 0.34-0.52

Treated 0.05 0.03-0.08
Free Chlorine Residual, mg/L

Raw 1.56 0.96-2.34

Treated 0.77 0.16-1.54
Fluoride, mg/L*

Treated 1.02 0.91-1.17

*Fluoridation began September 1991.
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Additional chlorine is fed at the high service pump suction. Four pumps deliver
treated water to the regional transmission main, while two pumps deliver treated
water directly to the town of Manteo.

Monthly water quality records for July 1990 through February 1993 were
reviewed to evaluate performance and to identify typical operating practices. Data
used in this evaluation are summarized in Table III-1. (Note that the data represent
a compilation of monitoring results for one day each month, and therefore may not
reflect short-term variations in water quality.)

C. Fresh Pond Water Treatment Plant

The Fresh Pond plant, located in the town of Nags Head, began providing water
for the regional water system during 1985. The raw water supply is Fresh Pond, a
surficial aquifer. Powdered activated carbon is added at the intake, and alum is
added in a flash-mixing chamber at the inlet to a 1 million gallon
flocculation/sedimentation tank. The tank is equipped with wooden baffles to affect
flocculation. Settled water flows to two dual-media filters. Chlorine is added at the
filter inlet to yield a residual of approximately 0.5 mg/L, and additional chlorine,
fluoride (hydrofluosilicic acid) and sodium hydroxide (for pH adjustment) are added
at the filter discharge. Filtered water enters a 40,000 gallon clearwell beneath the
filters, and is then pumped directly to the regional distribution main and/or to the 0.5
million gallon Nags Head storage reservoir (located adjacent to the treatment plant).

The Fresh Pond plant can operate at rates of up to 1.5 mgd for several weeks.
Production is limited by the need to maintain withdrawal rates from Fresh Pond at
900,000 gallons per day or less during June through September.

Tracer testing to assess disinfectant contact times has been conducted to satisfy
the requirements of the impending Surface Water Treatment Rule. The North
Carolina Division of Environmental Health (DEH) has assigned removal credits of
2.07-log cyst/1.66-log virus, based on its evaluation of plant facilities and operating
practices (see Section IV, "Regulatory Requirements” for a discussion of Surface
Water Treatment Rule requirements).

The Fresh Pond plant operates only on an "as needed" basis. Over the last
several years, the plant has typically operated from May through September (during
1992, however, the plant operated until December).
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Table INI-2
Raw & Treated Water Quality
for Skyco Water Treatment Plant
(July 1990 - February 1993)

Constituent Average Range
Total Alkalinity, mg/L as CaCO,

Raw 91 55-148

Treated 91 50-155
Total Hardness, mg/L as CaCO,

Raw 170 156-188

Treated 81 40-166
Calcium Hardness, mg/L as CaCO, :

Raw 126 114-154

Treated 55 20-88
Total Dissolved Solids, mg/L

Raw 300 230-317

Treated 319 224-450
pH, units

Raw 7.5 7.1-7.9

Treated 7.3 7.0-8.1
Color, units

Raw 14 7-22

Treated 11 4-21
Turbidity, NTU

Raw 0.67 0.37-1.0

Treated 0.67 0.21-1.80
Chloride, mg/L

Raw 48 43-57

Treated 70 53-154
Silica, mg/L as SiO,

Raw 344 279-42.3

Treated 33.5 28.8-37.2
Iron, mg/L

Raw 0.29 0.17-0.47

Treated 0.11 0.04-0.34
Free Chlorine Residual, mg/L

Treated 0.61 0.05-1.36

Distributed 0.61 0.16-1.26
Fluoride, mg/L*

Treated 1.03 0.84-1.17

*Fluoridation began August 1991.

D. Treated Water Transmission and Storage

The three treatment plants deliver treated water to a transmission system
consisting of approximately 15 miles of 16- and 24-inch ductile iron main. The
transmission main originates at the Skyco plant, passes under Roanoke Sound, and
extends north to the Kitty Hawk reservoir and pumping station. The towns of Nags
Head and Kill Devil Hills operate their own water distribution systems that are




supplied from metered connections to the transmission main at several locations.
Dare County owns and operates a distribution system west and north of Manteo on
Roanoke Island, which is served by an elevated tank at the Skyco plant site. The
town of Manteo owns and operates its own distribution system on Roanoke Island,
and receives water from a metered connection to the Skyco plant. The distribution
systems serving Kitty Hawk and Southern Shores, and unincorporated areas north of
Southern Shores (Duck, Sanderling) are owned and operated by Dare County. A
schematic representation of the regional transmission system, including plant and
storage reservoir capacities, is presented on Figure III-1.

Water Production Department staff indicate that the "average" population served
is approximately 13,000 (note that the total population served varies considerably
over the year due to the County’s popularity as a summer resort area).

E. Future Treated Water Production Considerations

Based on the high quality of water produced and the ease of plant operation,
Water Production Department staff would prefer to maximize use of the RO plant,
while reducing reliance on the Skyco and Fresh Pond facilities. However, several
factors preclude operation in this manner:

» The higher cost of water production, attributable to the high RO process

feedwater pressure requirements.

» County management policy that the RO plant serve as a "supplement" to the

Skyco and Fresh Pond plants.
» Restrictions on power usage patterns and consumption imposed by North
Carolina Power.

Water Production Department staff indicate that use of the RO facility will likely
be scaled back over the next several years. Based on information presented in the
Regional Water Supply System’s "Third Annual Report", the RO plant supplied 56
percent of the total system demand during 1991; the Skyco and Fresh Pond plants
supplied the remaining 38 percent and 6 percent, respectively. The staff predicts that
that the RO plant will supply "30 to 40 percent" of the total system demand over the
next two years, with the Skyco/Fresh Pond plants supplying the remaining 60-70
percent. No significant growth in treated water demand is predicted over the next
several years.
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Based on Water Production Department staff projections, treated water
production for each plant over the next several years will be as follows:

RO WTP.......ccoeeruenne.e. 361.77 MG/year (average 1.0 mgd)
Skyco WTP......uerrrennee.e. 677.71 MGl/year (average 1.9 mgd)
Fresh Pond WTP............ 133.68 MG/year

The above treated water production figures were used during this study as the basis
for development and evaluation of DBP reduction alternatives.
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IV. Regulatory Requirements

Aspects of several current or impending regulations under the 1986 Amendments
to the Safe Drinking Water Act (SDWA) which may affect current Dare Regional
Water Supply System treatment practices are discussed below. The EPA is
continuously modifying and revising these regulations in response to public comments
and results of new research regarding the potential toxicity of the compounds to be
regulated. The discussion which follows reflects current EPA positions on the various
water quality issues, or the opinions of personnel currently involved in the
development of the regulations. Major changes prior to final promulgation of the
regulations may therefore require revision of the conclusions and opinions presented
in this report.

A. Surface Water Treatment Rule

EPA published the final Surface Water Treatment Rule (SWTR) in June 1989.
The SWTR specifies mandatory performance requirements for filtration and
disinfection of surface water supplies and groundwater supplies "under the direct
influence" of surface water. As the Fresh Pond plant treats a surface supply, the
impact of any modification of current disinfection practices on compliance with this
regulation must therefore be considered.

As directed under the 1986 SDWA Amendments, EPA has established new
criteria for regulation of five microbial contaminants in drinking water derived from
surface supplies; Giardia lamblia cysts (Giardia), enteric (intestinal) viruses,
Legionella, heterotrophic bacteria (HPC), and coliforms. EPA has recognized that
it is neither economically nor technically feasible to measure the levels of these
contaminants on a regular basis. The Agency has therefore promulgated treatment
techniques which will result in removal and/or inactivation of these contaminants, with
primary focus on controlling Giardia cysts and enteric viruses. When these two
contaminants are effectively inactivated, the remaining three are also reduced to
acceptable levels. The treatment techniques for control of these microbial
contaminants are specified in the SWTR, such that a minimum of 99.9 percent (3-log)
and 99.99 percent (4-log) removal and/or inactivation is achieved for Giardia cysts
and enteric viruses, respectively.

EPA has recognized that Giardia cysts and enteric viruses are readily removed
by efficiently-operated conventional treatment facilities using granular media

Iv-1




filtration. Therefore, credit for 99.7 percent (2.5-log) cyst removal and 99 percent
(2-log) virus removal by conventional treatment (coagulation, sedimentation, and
filtration) is recommended in EPA’s SWTR "Guidance Manual". The State of North
Carolina has adopted more stringent guidelines, which reduce the allowable credits
in most cases. The actual credit received is determined on a case-by-case basis,
based on results of an onsite plant inspection and review of operating practices.
Plant staff indicate that DEH has assigned removal credits of 2.07-log cyst and 1.66-
log virus. Provisions for a minimum additional 0.93-log inactivation of cysts and 2.34-
log inactivation of viruses must therefore be made by disinfection to achieve the total
required 3-log cyst and 4-log virus removal and/or inactivation. (Virus removal/
inactivation well in excess of 99.99 percent is typically achieved when conditions for
99.9 percent removal/inactivation of Giardia cysts are maintained.)..

North Carolina DEH has adopted the use of CT values to assess the level of
disinfection achieved. CT values are the product of the disinfectant concentration,
C (in mg/L), and the contact time, T (in minutes), at the point of disinfectant residual
measurement.  Disinfectant contact times used in calculating CT values are
determined by field studies using tracer compounds. Contact time is defined by EPA
and DEH as the T, detention time, or the period in which 10 percent of the water
entering a specific unit process (settling basin, filter, clearwell) has passed through the
unit. This definition of T, ensures that a minimum of 90 percent of the water being
treated is in contact with the disinfectant for the reported length of time. EPA has
published CT values for various disinfectants in its SWTR "Guidance Manual". For
disinfection using free chiorine, CT values are dependent upon water temperature,
pH, and chlorine residual. CT values for free chlorine increase as water temperature
decreases and as pH values increase.

Under the SWTR, DEH must determine whether a groundwater source is under
the direct influence of surface water. This determination must be completed by June
1994. If a groundwater source is determined to be under the direct influence of
surface water, the utility must comply with the turbidity and disinfection requirements
of the SWTR. While DEH has not completed this determination for the wells
serving the RO and Skyco plants, it is considered unlikely that these wells will be
classified as "under the direct influence of surface water", based on well depths and
construction methods. It is therefore assumed that the SWTR turbidity and
disinfection requirements will not apply to the RO and Skyco plants.
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One aspect of the SWTR which will likely be incorporated into the impending
Groundwater Disinfection Rule in some form is the use of treatment techniques to
ensure that protection from microbial contaminants is continuously maintained. The
use of CT values to monitor disinfection efficiency is currently being considered for
inclusion in the Groundwater Disinfection Rule.

B. Groundwater Disinfection Rule

Under the 1986 SDWA Amendments, EPA must propose and promulgate
disinfection requirements for groundwater supplies not under the direct influence of
surface water. A draft version of the Groundwater Disinfection Rule (GWDR) was
made available for public comment during July 1992. The draft rule presents possible
regulatory requirements and the rationale behind the rule, in addition to requesting
comment on issues related to development of the rule. EPA’s original intention was
to publish the proposed GWDR during June 1993. However, this proposal has been
delayed until August 1994 due to resource limitations within the Agency and to the
current emphasis within EPA on development of the Disinfectant/Disinfection
Byproducts Rule.

The GWDR will apply to all community water systems. It will likely include
requirements for disinfection of source water, distribution system disinfection, use of
qualified plant operators, treatment techniques for control of microbial contaminants,
maximum contaminant level goals (MCLGs), and provisions for variances and
exemptions. A treatment technique will probably be specified for viruses,
heterotrophic bacteria, and Legionella, rather than specific maximum contaminant
levels (disinfection will likely be proposed as the treatment technique). EPA has
selected viruses as the target organism for this rule, as pathogens such as Giardia and
Cryptosporidium are not normally found in groundwaters not under the direct
influence of surface water. The minimum level of virus inactivation required has not
yet been decided. However, it is expected that the level of inactivation to be
required will not exceed the value specified in the Surface Water Treatment Rule
(99.99 percent, or 4-log), and may in fact be lower (2-log or 3-log inactivation), based
on removal of viruses by "natural disinfection" processes during passage of the water
through subsurface strata.

EPA intends to provide guidance to state regulatory agencies for specifying
design and operating conditions for systems using groundwater supplies. The Agency
Plans to include the application of the CT concept (as developed for the SWTR) in
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this guidance, but is also considering other methods that would also indicate adequacy
of the disinfection provided. Unlike systems treating surface water supplies, the use
of ultraviolet light (UV) for disinfection will probably be allowed for systems treating
groundwater not under the influence of surface water. A discussion of UV
disinfection requirements (light intensities, need for equipment redundancy, and
factors that impact the overall process efficiency) is presented in the draft GWDR.

The draft rule also discusses the concept of "natural disinfection". A wellfield or
well that is not vulnerable to virus contamination would be considered to meet the
criteria for "natural disinfection”, and may therefore be eligible to receive an
exemption from (or a reduction in) the minimum disinfection requirements.

Based on an assumed GWDR promulgation date of June 1995, the regulation
would become effective during December 1996 (18 months after promulgation).
Under the schedule being considered by EPA, all community water systems which
disinfect would have to be complying with the performance requirements specified
within the rule by December 1997.

C. Disinfectant / Disinfection Byproducts Rule

The current Interim Primary Drinking Water Regulations provide standards for
four disinfection byproducts (chloroform, chlorodibromomethane,
bromodichloromethane, and bromoform), all of which are regulated under the MCL
for total trihalomethanes (TTHMs). Consideration is also being given to regulating
not only TTHM, but also many other disinfection byproducts. The current MCL for
TTHMSs (0.10 mg/L) is expected to be revised by 1995.

One of the primary difficulties EPA faces in developing this regulation is the
need to simultaneously minimize the chronic cancer threat associated with
disinfectants/disinfection byproducts (D/DBPs) and the acute threat of waterborne
disease. The Agency recognizes that disinfection practices which may reduce the
formation of undesirable byproducts may, in some cases, also reduce the levels of
microbial contaminant inactivation achieved. Based on the anticipated difficulties in
achieving the desired goals, and on the lack of extensive health effects data for the
various disinfectants and their byproducts, EPA recommended that the rulemaking
proceed as a negotiated rulemaking, or "Reg Neg". This procedure involves
representatives of the affected industry (i.e., water utilities), academicians, State
regulatory agency personnel, treatment equipment manufacturers, EPA, and various
consultants and citizens organizations. The working group is to develop and analyze
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the alternative rulemaking options available to EPA for the D/DBP regulation, with
the ultimate outcome being consensus on the requirements of the final rule. EPA
is under a court-ordered deadline to issue the proposed regulation by June 1993. It
is likely that EPA will seek a six-month extension of this deadline, with promulgation
of the final rule during December 1995.

It is likely that the D/DBP rule will be proposed as a "staged" regulation.
Conversations with officials involved in the Reg Neg process indicate that the
following will be recommended under Stage 1 of the regulation:

* Arevised MCL for total trihalomethanes of 80 ug/L.

* A new MCL for total haloacetic acids of 40 ug/L.

* MCLs of 4 mg/L for free chlorine and monochloramine.

* An MCL of 10 ug/L for bromate (a byproduct of disinfection using ozone).

* An MCL for chlorite (a byproduct of disinfection using chlorine dioxide) of
0.8 mg/L.

* An"enhanced coagulation" requirement for systems with total organic carbon
(TOC) content at the point of disinfectant addition exceeding 2 mg/L;
treatment option/pilot studies would be required for systems with TOC
exceeding 4 mg/L.

* Beginning in 1994, monitoring of DBPs and microbial contaminants would
be required for utilities serving more than 100,000 consumers to develop a
data base to be used in the development of Stage 2 of the regulation.

Reduction of TOC prior to disinfectant addition is based on the desire to reduce the
levels of both "known and unknown" DBPs in the treated water, and compliance
would be determined based on an annual running TOC average (similar to the
current procedure for monitoring compliance with the TTHM MCL). MCLs for
individual THM compounds will not be recommended, and earlier plans to
recommend an MCL for dichloroacetic acid have been dropped. Under the Stage
1 proposal, the compliance date for surface water systems serving more than 10,000
consumers would be December 1997; the deadline would be extended to December
1999 for groundwater systems serving more than 10,000 consumers and for all
remaining surface water systems. (It is not clear at this time if the compliance date
for Dare County will be 1997 or 1999 because both groundwater and surface water
supplies are used.)

Under Stage 2 of the regulation, MCLs for TTHMs and THAAs may be lowered
to 40 ug/L. and 30 ug/L, respectively. Development of Stage 2 will require another
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round of negotiations; should these negotiations be unsuccessful, MCLs of 40 ug/L
for TTHMs and 30 ug/lL for THAAs would be promulgated. The Stage 2
requirements would become effective in year 2002.

While the Reg Neg committee has agreed in principle on the recommendations
to be included under Stage 1 of the regulation, a consensus has not yet been reached
on the Stage 2 recommendations.

D. North Carolina DEH Requirements
The Division of Environmental Health has adopted the following policies
regarding the use of chloramines for disinfection of public drinking water supplies:
* Utilities must maintain a minimum total chlorine residual of 2.0 mg/L
throughout the distribution system.
* All routine coliform monitoring samples must also be analyzed for the
heterotrophic bacteria (HPC).
* Ultilities must revert back to use of free chlorine within the distribution
system once per year for a short period of time to ensure that development
of excessive levels of biofilm does not occur within the system.
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V. Disinfection Byproduct Formation and Control Techniques

A. DBP Formation and Occurrence

As discussed in Section IV, current regulations include standards for four
disinfection byproducts (chloroform, chlorodibromomethane, bromodichioromethane,
and bromoform), all of which are regulated under the MCL for total trihalomethanes
(TTHMs). THM: are regulated because of their potential carcinogenicity to humans.
Based on discussions with officials involved in the development of the impending
Disinfectant/Disinfection Byproducts Rule (D/DBPR), it is likely that a new MCL for
total haloacetic acids (THAAs) will be included in the rule. THAASs encompass five
specific DBPs: monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid, and dibromoacetic acid. These two categories of DBPs were
therefore utilized during this study as the basis for evaluating DBP reduction
alternatives.

Both TTHMs and THAAs are formed through reaction of free chlorine with
natural organic materials (typically humic and fulvic acids) which are present in
essentially all surface water supplies and in many groundwater supplies. The rate of
formation and the ultimate concentration of DBPs within a water system are
dependent upon a number of factors, including water temperature and pH, applied
chlorine dosage, chlorine contact time, and the concentration of DBP precursor
materials in the raw water supply. DBP rate-of-formation increases rapidly as pH
increases, although ultimate DBP concentrations (as typically measured after 7 days
of contact time with free chlorine) are not significantly affected by pH. The presence
of bromide in the raw water supply (a common occurrence in systems located in
coastal areas) can affect both the species of DBPs formed and ultimate DBP
formation levels. Bromide is oxidized in the presence of free chlorine to bromine,
which can then participate in the formation of brominated THM compounds
(chlorodibromomethane, bromodichloromethane, bromoform).

Information on the relationship between TTHMs and THAAs in U.S. water
systems is limited. However, existing data indicate that TTHMs are typically the
predominant DBP, with THAAs present in most systems at concentrations less than
for TTHMSs. Analysis of distribution system samples for 35 water utilities throughout
the U.S. conducted during 1987 and 1988 by the Association of Metropolitan Water
Agencies and the State of California Department of Health Services revealed a
median THAA value equal to approximately 50 percent of the median TTHM
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concentration.  Limited pilot- and full-scale operating data also indicate that
treatment to reduce TTHM levels yields reductions in THAA levels which are
typically proportional to, or (in many cases), which exceed the level of TTHM
reduction achieved (on a percent reduction basis). Therefore, treatment to achieve
compliance with the MCL for THMs should, in most cases, result in compliance with
the impending MCL for THAA:s.

B. Historical Trihalomethane Monitoring Data

Trihalomethane monitoring data was reviewed for the Dare County distribution
system, and for the systems serving the Towns of Nags Head and Kill Devil Hills. (A
detailed summary of the THM monitoring data reviewed is presented in Appendix
A). Monitoring results for the three systems are discussed below.

1. Dare County Distribution System

TTHM data for the Dare County system for November 1990 through April 1993
(11 monitoring periods) is presented in Table V-1. TTHM concentrations on a
"quarterly running average" basis (the current basis for assessing compliance) ranged
from 63.2 ug/L to 92.3 ug/L for the period reviewed. While compliance with the
current MCL of 0.10 mg/L (100 ug/L) is being achieved, reductions in TTHM levels
will be required to comply with the impending reduced MCL of 80 ug/L, and an
ultimate future MCL of 40 ug/L.

TTHM concentrations for areas of the Dare County system served primarily by
the RO plant and the Skyco plant are summarized in Table V-2. While there is no
physical segregation of the treated water transmission system with respect to
individual treatment facilities, system hydraulics and plant locations result in two
distinct zones; (1) north of 8th street, served primarily by the RO plant, and (2) south
of 8th Street, served primarily by the Skyco plant. The primary differences in the
waters in each system are the THM species present. Bromoform is the predominant
THM species in the system served by the RO plant (approximately 50 percent of the
average total THM is bromoform), while chloroform is the predominant THM
species in the system served by the Skyco plant (approximately 40 percent of the total
average THM is chloroform). As shown on Table V-2, average TTHM levels for
each of the two system zones are approximately equivalent (75.8 ug/L for the RO
system vs. 80.6 ug/L for the Skyco system). Treated water trihalomethane formation




Table V-1
Trihalomethane Monitoring Data Summary for
Dare County Regional Distribution System
Total Trihalomethane Concentration
Monttar e R B

pg/L ng/L wg/L
11/90 65.5 25.8-123.9 --
02/91 79.5 23.9-146.4 --
05/91 93.5 233-141.1 -
09/91 90.0 35.6-120.1 32.1
11/91 62.1 15.4-1014 81.3
02/92 50.1 19.1-48.1 739
04/92 50.1 16.7-89.3 63.1
07/92 94.5 50.9-162.7 64.2
11/92 90.5 55.8-140.1 71.3
01/93 90.9 20.2-129.3 81.5
04/93 933 70.4-119.2 92.3

levels for both the RO and Skyco plants must therefore be considered in the
evaluation of TTHM reduction alternatives.

2. Nags Head System

Total THM concentrations within the Nags Head distribution system between
March 1992 and April 1993 (5 monitoring periods) ranged from 64.3 ug/L to
124.9 ug/lL on a quarterly average basis, with a maximum single-sample TTHM
concentration of 152.3 ug/L. at Oregon Inlet Marina. The four-quarter running
TTHM average for the period reviewed ranged from 84.1 ug/L to 99.3 ug/L, with
approximately equal concentrations of chloroform, bromoform,
bromodichloromethane, and chlorodibromomethane present. While compliance with
the current MCL of 0.10 mg/L (100 ug/L) is being achieved, reductions in TTHM
levels will be required to comply with the impending reduced MCL of 80 ug/L, and
an ultimate future MCL of 40 ug/L.




Table V-2
Dare County Regional Distribution System
Total Trihalomethane Levels for Areas Served by RO, Skyco Plants
Quarterly Sample Result Four-Quarter Running Average
Month/Year RO Plant Skyco Plant RO Plant Skyco Plant

ng/L pg/L ng/L pg/L
11/90 37.8 93.2 -~ -
02/91 50.8 108.2 - -
05/91 83.0 104.0 -~ --
09/91 96.1 83.9 66.9 973
11/91 54.3 69.9 71.1 91.5
02/92 33.6 66.7 66.8 81.1
04/92 4.6 55.5 57.2 69.0
07/92 121.2 67.7 63.4 65.0
11/92 101.3 79.8 75.2 674
01/93 116.1 65.7 95.8 67.2
04/93 94.9 91.7 108.4 76.2

Average 75.8 80.6 75.6 76.8

3. Kill Devil Hills System

Total THM concentrations within the Kill Devil Hills distribution system between
February 1992 and April 1993 (six monitoring periods) ranged from 57.6 ug/L to
130.6 ug/L on a quarterly average basis, with a maximum single-sample TTHM
concentration of 163.5 ug/L at East Arch Street. The four-quarter running TTHM
average for the period reviewed ranged from 91.8 ug/L. to 104.6 ug/L, with
bromoform the predominant THM species present (bromoform comprised
approximately 45 percent of the running average TTHM concentration). The 4-
quarter running TTHM average exceeded the current MCL of 0.10 mg/L (100 ug/L)
during the April 1993 monitoring period. Reductions in current TTHM levels are
therefore required to comply with the current MCL of 100 ug/L and the impending
reduced MCL of 80 ug/L.. Additional monitoring conducted during June 1992 at five
locations within a housing development at the hydraulic end of the Kill Devil Hills
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distribution system showed an average TTHM concentration of 134.3 ug/L, with a
range of 93.4 ug/L to 154.4 ug/L.

C. DBP Reduction Procedures Implemented at Dare County
Water Production Department staff have implemented measures to reduce DBP
levels within the systems served by the Regional Water Supply System. These
measures include: (1) reductions in chlorine residuals maintained across treated water
storage facilities, (2) reducing water levels within storage facilities to reduce contact
time of the water with free chlorine prior to distribution, and (3) most recently,
reducing the pH of the treated water and the amount of raw water bypassing the RO
treatment process. While all of these measures should reduce DBP levels in the
distribution system to a limited extent, TTHM monitoring conducted during April
1993 indicates that TTHM concentrations, on a four-quarter running average basis,
still approach (or exceed, in the case of Kill Devil Hills) the current MCL of 0.10

mg/L.

D. DBP Control Techniques

Three basic treatment approaches can be used to reduce/minimize the formation
of DBPs:

* Limit the contact time of free chlorine with the process stream to the
shortest period required to accomplish disinfection. Use combined chlorine
(chloramine) as the secondary disinfectant within the distribution system.

* Use an alternative primary disinfectant which does not form unacceptable
levels of DBPs. Use chloramine as the secondary disinfectant within the
distribution system.

* Remove the organic precursor compounds which form DBPs prior to
addition of chlorine.

Another approach to DBP control is to remove the DBPs after they are formed,
rather than to prevent their formation. Adsorption using granular activated carbon
contactors and air stripping using packed-tower aerators are typically considered for
removal of TTHM compounds; however, data on efficiency of removal of THAAs by
these treatment processes is limited. While both aeration and carbon adsorption can
be used to reduce treated water chloroform levels, removal of brominated THM
compounds (chlorodibromomethane,bromodichloromethane,bromoform)isrelatively
inefficient. Therefore, for systems exhibiting significant formation of brominated
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THM compounds (as for the Dare County system), this treatment approach would
not provide adequate control of DBP formation, and was therefore not evaluated
during this study.

Each of the three applicable treatment approaches listed above are discussed in
detail below.

1. Reduced Chlorine Contact Times.

As the formation of DBPs are time-dependent, ultimate DBP levels can often be
reduced by limiting chlorine contact times. This is accomplished by adding ammonia
to the water following the chlorine contact period required for disinfection.
Ammonia reacts with free chlorine to form chloramines, stable disinfectant
compounds which, unlike free chlorine, do not react with organic precursors to form
TTHMs and THAAs. The term "chloramines" refers to any of three compounds
formed during the free chlorine/ammonia reaction; monochloramine (NH,CI),
dichloramine (NHCL,), and trichloramine, or nitrogen trichloride (NCl;). The species
of chloramine formed is dependent primarily upon the pH of the water being treated
and the ratio (by weight) of chlorine to ammonia added. Under normal pH
conditions, monochloramine is the predominant chloramine species formed.
Monchloramine is generally the preferred species within the distribution system,
because of its biocidal properties and minimal potential for causing undesirable tastes
and odors. Chloramines have been used successfully by several utilities in eastern
North Carolina to control TTHM formation. (Comments from North Carolina
utilities currently using chloramines are summarized in Appendix B.) Benefits and
potential drawbacks associated with use of chloramines to limit DBP formation are
summarized below.

a. Benefits. Because chloramines are less reactive and more stable than free
chlorine, a persistent residual is more easily maintained throughout the distribution
system. This is particularly beneficial for utilities with systems containing significant
low-flow areas or many dead-end mains. The need for remote booster chlorination
systems to maintain disinfectant residual is eliminated in most cases.

Research has shown that chloramines can apparently penetrate deeper into
biofilm layers within the distribution system than free chlorine, thereby providing
superior control of microorganism regrowth. Chloramines have also been shown to
be effective at reducing heterotrophic plate counts within the system.
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When the residual is maintained in the monochloramine form, chloramines
generally have less tendency than free chlorine to impart undesirable chlorinous tastes
and odors to the treated water. Finally, use of chloramines to limit free chlorine
contact time typically will be the least expensive DBP control option to implement
and operate. Chloramination can typically be easily adapted to existing plants (new
chemical feeders for application of ammonia are required, however).

b. Potential Drawbacks. The primary drawbacks associated with use of
chloramines are (1) lower disinfection capabilities than for free chlorine, (2) potential
adverse impacts on special use groups, such as kidney dialysis patients, and
commercial agencies and hobbyists involved in fish-rearing, (3) the potential for
nitrification within the distribution system, and (4) degradation of elastomeric
materials used in distribution system appurtenances and plumbing fixtures. Other
drawbacks are increased system water quality monitoring requirements and the need
to revert back to a free chlorine residual once per year to minimize potential
nitrification problems.

Potential problems associated with chloramine’s reduced disinfection effectiveness
can typically be eliminated by providing facilities to ensure that disinfection is
accomplished with free chlorine (or an alternative disinfectant such as ozone) prior
to ammonia application. Under this mode of operation, a free chlorine residual is
maintained for the period required to ensure positive inactivation of microbial
contaminants, and then ammonia (and additional chlorine if necessary) are added to
halt the formation of DBPs.

Chloramines must be removed from waters used in kidney dialysis units. Failure
to remove the chloramine residual can result in hemolytic anemia and/or
methemoglobinemia in dialysis patients. Chloramines are also toxic to fish and other
aquatic life. Procedures are readily available which will remove the chloramine
residual; a comprehensive public notification program must be conducted prior to
implementing the chloramination process to ensure that these problems are not
experienced.

A concern for utilities treating warm waters (above 10C to 15C) is the potential
for nitrification within the distribution system. Nitrification is a microbial process in
which residual ammonia is oxidized to nitrate and nitrite. Nitrification results in rapid
depletion of the chloramine residual and (typically) increased frequency of positive
coliform samples and enhanced growth of heterotrophic bacteria. Control measures
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include maintenance of adequate chloramine residuals (1 to 2 mg/L minimum)
throughout the system, operation to minimize free ammonia in the treated water (ie.,
use of higher chlorine-to-ammonia ratios), and periodic (typically annual) reversion
to a free chlorine residual within the system for a short period. Other North Carolina
utilities which currently use chloramines report that nitrification problems have not
been experienced.

Chloramines are suspected of causing accelerated deterioration of elastomeric
(rubber) components within the distribution system and residential plumbing and
fixtures. As this deterioration is further accelerated at increasing water temperatures,
utilities located in warmer climates are more likely to experience problems with
elastomer deterioration than utilities located in colder climates.

Current North Carolina Division of Environmental Health policies require that
utilities using chloramines analyze each routine distribution system coliform sample
for heterotrophic bacteria, which will increase the workload on plant laboratory staff.
DEH also requires reversion to a free chlorine residual in the system once per year.
Other North Carolina utilities using chloramines indicate that no significant problems
or consumer complaints have been experienced during this annual change in
disinfection residual within the distribution system.

2. Alternative Disinfectants

A second alternative for reducing TTHM and THAA formation is the use of
disinfectants which do not react with organic precursors to form the undesirable
DBPs. Ozone and chlorine dioxide are typically considered for primary disinfection
when use of free chlorine results in unacceptable DBP concentrations. However,
continuing concerns regarding the potential long-term health impacts of chlorine
dioxide byproducts (chlorite/chlorate ions), and lack of full-scale demonstrated
techniques for removing these byproducts may reduce (or eliminate) future use of this
compound. Based on the current uncertainties surrounding use of chlorine dioxide,
it was not evaluated during this study.

3. Removal of DBP Precursor Compounds

A third DBP control alternative is to remove the organic precursor compounds
which react with free chlorine to form TTHMs and THAASs prior to adding chlorine.
Treatment processes which have demonstrated the ability to remove these precursors
include (1) conventional coagulation/sedimentation/filtration using multi-valent metal
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salts, such as aluminum or iron, (2) adsorption using granular activated carbon, (3)
ion exchange using anion exchange resins, and (4) membrane treatment (reverse
osmosis or nanofiltration). The primary advantage associated with precursor removal
for DBP control is the ability to continue to use free chlorine as a disinfectant within
the distribution system.

TTHM formation potentials for the Skyco and RO plant raw water supplies
exceed levels typically considered applicable to treatment using conventional
coagulation/ sedimentation/filtration. Implementation of this alternative also is not
considered practical because of the large site areas required for the treatment
facilities. Use of conventional treatment to reduce DBP concentrations is therefore
not considered feasible, and was not evaluated during this study.




