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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

PENNSYLVANIA POWER AND LIGHT CO. Docket Nos. 50-387 0.L.
ALLEGHENY ELECTRIC COOPERATIVE, INC. 50-388 0.L.

(Susquehanna Steam Electric Station, )
Units 1 and 2) )

TESTIMONY OF .30HN C. LEHR
RELATIVE TO CHLORINE (CONTENTION 2),

Q. State your name and describe the work you perfonn.

A. My name is John C. Lehr. I am employed by the Environmental

Engineering Branch, Division of Engineering, Office cf Nuclear

Reactor Regulation, U.S. Nuclear Regulatory Commission. A copy of

my professional qualifications is attached.

Q. What is the purpose of this testimony?*

A. The purpose of my testimony is to address the allegations in the

j portion of Contention 2 which relates to chlcrir,e. That
|

contention, in pertinent part, states:

. . . the health effects of chlorina discharged into the river
have not been, but must be, adequately assessed and factored
into the NEPA cost-benefit balance before the plant is allowed
to go into operation.

In addition, the Licensing Board in a Memorandum and Order dated

March 16, 1981 stated, with respect to the chlorine portion of

Contention 2:

no asse. ment has been made of the health effects of a higher
| 1evel of 'lorination should a higher level become necessary
|

|
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because of the discharge of organic wastes into the river
upstream from the plant. Nor have the quantities and health
effects of trihalomethanes and halomethanes to be released
been adequately assessed, at anticipated or higher-than-
anticipated levels of chlorination.

Q. Would you describe the scope of the subject matter addressed in

your testimony?

A. I have been asked to evaluate the potential health effects of

chlorine. The major use of chlorire in the Susquehanna facility

will be to control biofouling of the heat exchange surfaces in the

main circulating water system. The build up of organisms on heat

transferring surfaces can adversely affect the condenser heat

transfer rate and thus the plant efficiency and can adversely

affect the performance of cooling towers. In extreme cases,

massive build up of organic materials in the cooling tower can lead

to failure of cooling tower fill. There are other comparatively

minoe uses of chlorine at the facility, such as disinfecting the

potable water supply and the sewage effluent. Because such uses

are insignificant in comparison, I have not addressed the use of

chlorine for disinfection of sewage or for production of potable water.

Q. Will the Susquehanna Steam Electric Station use chlorine for

biofouling control?

A. Yes. According to the application filed with the U.S.

Environmental Protection Agency for a permit under the National

Pollutant Discharge Elimin tion System (NPDES),I the Station will

utilize gaseous chlorine for biofouling control.
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Q. How much chlorine does the NPDES permit for the Susquehanna

facility allow the Applicants to release?

A. The NPDES pennit specifically limits the discharge of the amount of

free available chlorine in the cooling tower blowdown from the

Susquehanna Steam Electric Station to a daily maximum of 2.27 kg

(5 lbs) vith a daily average limit of 0.91 kg (2 lbs). When free

available chlorine is present in the station cooling tower

blowdown, the concentration is limited by the NPDES permit to a

daily maximum of 0.5 mg/1, with a daily average concentration limit

of 0.2 mg/1. Finally, the NPDES permit prohibits discharge of

chlorine from more than one unit at the site at the same time and

prohibits the discharge of chlorine in the cooling tower blowdown

for more than 2 hours in any one day.

Q. Does this use represent a pathway for chlorine to the offsite

environment?

A. fes. By far the most significant liquid pathway to the offsite

environment for chlorinated water is the cooling tower blowdown.

The principle form of chlorine present in the plant blowdown will

be chloride ion. This 4 because elemental chlorine and its

reaction products, hypochlorous acid and hypochlorite ion, react

very rapidly with substances in the cooling water to form chloride

iompounds, chloramines, and other chlorine-containing comL aunds

such as trihalomethanes. The Applicant indicated in the NPDES

application that a dechlorinatio: t._ystem using sulfur dioxide will

be employed for treatment of cooling tower blowdown. That system

. . _ . __. _.- _ .__ _ _ . - - - - - . - . _ _ .
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will reduce these active chlorine chemical species to below

detectable limits.

Q. Are any of the chemical forms in the cooling tower blowdown of

public health significance?

A. Yes. It is possible that the action of chlorine on organic

substances in the influent cooling waters may result in the

fomation of chlorinated organics in the plant discharge that will

not be removed by the dechlorination system. (Of the three types

of compounds mentioned earlier, chloramines will be removed by the

dechlorination system. There is no perceived threat to public

health from chlorides at the levels likely to be discharged.)

Studies conducted on raw waters treated with chlorine for
2disinfection and studies on cooling tower waters and once-through

3waters treated with chlorine for biofouling contro1 have revealed

the subsequent presence of trihalomett, anes in the treated waters.
4In a summary of studies, EPA reports that trihalomethanes, listed

as toxic under the Clean Water Act, were found in greater amounts

in a power plant effluent than in the influent in at least one

reported study of recirculating cooling systems.

The principle health effect of the trihalomethanes and the

halomethanes involves their suspected carcinogenicity. These
Scompounds have been evaluated by EPA in order to establish

criteria for the protection of human health. A criterion of 1.9

pg/l has been established by EPA for ingestc6 waters contaminated

with chloroform. This same criterion has also been established

- . - _ .
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for ingested waters contaminated with halomethanes, singly or in

combination. EPA has identified this as the level tht may result

in an incremental increase in cancer risk in humans of 10-5 over a

lifetime.5

Q. Can you estimate the likely levels of trihalomethanes to be

produced at the Susquehanna Steam Electric Station?

A. The staff has not made a quantitative estimate of trihalomethane

concentrations likely to be present in the plant discharge.

However, some insight may be obtained from an NRC sponsored study,0

which examined the products of low level chlorination (i.e., in the

range used in power plant cooling water chlorination, 2-5 mg/l

residual chlorine at one hour contact time) of various natural

wattrs in the United States. Chlorofom was found to be the

principal trihalomethane product of freshwater chlorination.

Chlorofonn production in these chlorinated freshwater samples ranged

from 2 pg/l to 25 ug/1. Total trihalomethane concentrations inJ

these samples ranged from 4.1pg/l to 33.2jJg/1.

In addition, the Applicants have recently conducted a pilot plant

study to describe the formation of trihalomethanes and other

chloro-organic compounds when concentrated Susquehanna River water

is chlorinated. The results of this study showed a chloroform

concentration of 3.9);g/l and a total trihalomethane concatration

of 4.35 pg/l which are within the range of values found during the
0evi;ning MC study noted above.

'
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The range of values of trihalomethanes found in the Applicants'

study is lower than that found in the NRC study when raw water is

chlorinated. However, the samples in the NRC study were not

aerated during their chlorine exposure period. A study by Jolley,

et al.3 showed a volitalization loss for chloroform and other

trihalomethanes to the atmosphere in samples collected from cooling

tower basins in chlorinated closed cycle cooling systems. For

chloroform, this loss was about 84%. If this loss is applied to

the NRC study results, the results provide closer agreement with

those observed in the Applicants' study. Table 1 shows the

trihalomethane concentrations found in the NRC study.

12,13
Finally, additional preliminary information has recently

become available from the same NRC sponsored study in the form of

measuret of trihalomethane concentrations in intake and discharge

samples ce'lected from operating nuclear power plants. The plants

sampled both have closed cycle cooling systems, one with a natural

draft cooling tower (as does the Susquehanna Steam Electric

Station) and one with mechanical draft cooling towers. The cooling

water systems of both plants were chlorinated to 3-5 mg/l total

residual chlorine. Dechlorination was not practiced at either

plant, although blowdown was held up in the mechanical draft

cooling tower equipped plant until the residual chlorine concen-

tration fell below 0.05 mg/1. This resulted in an extensive period

of aeration (i.e., 8-12 hrs tyr'c 0 ) At this point, while the

.- . . . . - . . -.
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natural draft cooling tower plant had a residence time for

chlorinated waters of 30 minutes. The results are shown in

Table 2, The discharge samples show chloroform and total

trihalomethane concentration on the order of, but less than,

those found in the Applicants' study.

Based on the results of the NRC sponsored study and the study at

Oak Ridge National Laboratory, as described above, I believe that

the values presented in the Applicants' pilot study represent

reasonable estimates of trihalomethane concentrations likely to be

produced at the Susquehanr.a Steam Electric Station.

Q. Have trihalomethanes been found in treated U.S. water supplies?

7
A. Yes, In a study of 80 U.S. cities, a number of trihalomethane

compounds were found in drinking water. Chlorofom was always

found to be the major trihalomethane present.
,

Q. How do the concentrations of chlorofonn in these public water

supplies compare with the values noted in association with

! chlorination of recirculating cooling waters?
|

%. The average value of chlcroform in the sampled public water
i

supplies was 21)ig/1, with 10% of the samples exceeding 100pg/1.

In the EPA Interim Primary Drinking Water Regulations,0 EPA has

l established that total trihalomethanes in community drinking water

systems serving 75,000 or more individuals not exceed 100 pg/l.

These values range from comparable to well above the reported

values in chlorinated surface waters. These values are more than

l
1
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an oraer of magnitude above the values found in discharges from

chlorinatd cooling tower waters.

Q. Do limitations on the discharge of these compounds exist in the

applicable EPA Effluent Guidelines?

A. No. Lir.itations on chlorinated organics are not now a part of the

applicable effluent guidelines or new source performance standards

for the steam electric generating point source category.

In the EPA Proposed Pretreatment and New Source Rules for the Steam

Electric Poer Generating Category,4 organic and inorganic priority

pollutants, including chloroform, were cited as being present in

cooling tower blowdown due to chlorination of circulating water.

Specific limitations on these pollutants were excluded from EPA

rules on the bases that:

Sufficient protection is already provided by the Agency's

guidelines and standards under the Act, and the pol''stant is

present in amounts too small to be effectively reduced by

technologies known to the Agency.

Q. What effect would the use of chlorine for biofouling control at the

Susquehanna Steam Electric Station have on public health?

A. As I mentioned earlier, the station's NPDES permit prohibits

discharge of residual chlorine from more than one unit at a site at

a time. Thus, the trihalomethane concentrations likely to be

-_ __ -. _ ._. . . ._ -. .. .
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present in the discharge from a chlorinated unit at the site will

be reduced by about one half by dilution with the unchlorinated

unit's cooling waters prior to discharge to the Susquehanna River.

The use of chlorin; at the station for biofouling control would

likely result in the release of trihalomethanes, principally

c aroform, in amount at the plant discharge before mixing with

river water that are about an order of magnitude below the average|

values that have been found to be present in drinking water

supplies for U.S. cities,7 and that are about 2% of the allowable

drinking water supply systems covered by EPA regulaticas under the

Safe Drinking Water Act.

The station discharge flow is a small fraction of the river flow,

which will serve to reduce the concentrations of trihalomethanes

even further prior te withdrawal of river water for treatment for

potable use downstream. The station cooling tower blowdown is less

than 3% of the August 7 day 10-year low flow for the river and is

much less than 1% of the median river flow at the site. These
;

flows represent dilution factors of about 34.6 and 323, respectively.

For the stated low flow condition, using either the Applicants'

values or estimating from the staff's preliminary results at
;

operating power plants, the calculated in-stream concentrations of

chloroform are an order of magnitude below the EPA ambient water

quality criterion of 1.9 jJg/1. For total trihalomethanes, the

! calculated in-stream concentrations are lower than the ambient

|
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water quality crites ion of 1.9J;/l by a factor of 4. Fce the

median flow, the increases would be virtually unnoticable.

In the development document for the proposed EPA effluent

limitations for the steam electric point source category,11 the

non-water quality aspects of chlorination and subsequent

dechlorination of cooling tower blowdown hace been evaluated and

are "not expected to result in any non-water quality environmental

effects."Il

Q. What are your conclusions with regard to the use of chlorine for

biofouling control at the site at presently anticipated levels?

A. Based on the above mentioned considerations, I conclude that the

use of chlorine for biofoulw.g control at the site will not result

in a significant impact with respect to the public health,

l
:

i

!

!
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Table 1

lTrinalomethane Concentrations in U.S. Freshwater Samples

Unchlorinated Samples Chlorinated Samples

2
Actual 84% reduction

Chloroform n.d. - 0.6 2.0 - 24.7 0.3 - 4.0

Bromodichicrmethane n.d. tr - 10.3 0 - 1. 7

Dibromochloromethane n.d. tr - 5.8 0 - 0.9

Branoform n,J. n.d. - tr n.d.

1 - Values in ug/1. From reference 6.j

2 - Based on observed reduction in reference 3.
n.d. - not detected
tr - trace
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Table 2

Trinalomethane Concentrations at Operating
Nuclear Power Plants (Preliminary Information)i

Intake Ditcharge

2Plant A Plant B Plant A Plant B

Chloroform n.d. 0.2 0.38-0.68 0.7

Bromodichloromethane n.d. n.d. n.d. 0.7
,

Dibromochloromethane n.d. n.d. n.d. 0.7 - 0.8

Bromoform n.d. n.d. n.d. 0.2 - 0.3

1 - Values in pg/1. From references 12, 13.
2 - Plant with mechanical draft cooling towers
3 - Plant with natural draft cooling towers
n.d. - not oe;ected

I
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JOHN C. LEHR
'

U.S. Nuclear Regulatory Commission

.

I ar currently employed as Senior Environnental Engineer in the Office of
in the Environmer.tal Specialists Eranch.huclear Reactor Regulation, Division of Site Safaty and Enviror ertal Analysis. .

I have the rettonsibility for the ,

incependent review and analysis of the proposed site, alternative sites, site
selection methodology, station construction, and design and operation of those
features of nuclear power plants as they nmy affect natural water resources
existing water quality and use, water quality and usage goals as established,

ry the responsible agency and other impacts on the aquatic enviror.nent.

environmental inpact statements (EIS) on numerous constructior. garmit andthis capacity, I have prepared the abiotic aquatic impact sections f9e NRC
In

operating license applications. '
For operating license applicatf or.s. I have

provided the technical specifications in the area of water quality and chemical
discharge licitations and monitoring requirements.
expertise in the NRC overview function of contractor prepared EIS's in the areaI have provided the technical
cf abiotic aquatic impact assessments, including the need for mitigative actions |!
and establishment of coordination with state and regional EPA offices.
of NRC licensing actions for over 70 applications.obt e capacities, I have beer. responsible for the water quality related aspects

In the

for the t,a er quality related sections of several NRC NEPA alternate !teI have also been responsible
investigations of proposed nuclear power plants, including the Seabrook Unit.

and 2 plant. s1

I have acted as a consultant to other NRC branches and provide analyses of
water Cuality problems through technical astistance requests, particularly to;

the Division of Operating Reactors on mattses pertaining to assessment of
chtmistry monitoring programs for operating plants.entrical effluent impacts and changes in abiotic effluent limitations and water

i

to determine actual releases of residual chlorine from operating nuclear powerI have served as the coordinator and principal investigator in an in-house studyplants.
Ir addition. I am the Division technical representative on severalir.ter-office NRC Research Review Groups. As such, I am responcible for defin-

ing and coordirating research need; in the area of abiotic aquatic environnental
concerns and for providing the technical guidance for on~;oine research programsin this area.

Examples of research activitie, govs ned b, thes review groups
are asbr,tos in cooling tower waters, residual chivrine and chlorination by-
products in pteer plant discharges in fresh and marine waters and investication
of the occurrence of pathogenic organiscs in power plant cooling waters.,
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I have been designated as the in-house technical originator responsible for
development of Environnental Standard Peview Plans add essing staff NEPA reviews
of site water quality, plant water uses, plant chemical and sanitary wastes,
water quality related inpact!. of plant operation, abiotic aquatic monitoring
and c.5emical treatment systen alternatives. In a related activity, I have

par.icipated as a member of the Standard Environnental Technical Specifications
Tas' Group responsible for tt e abiotic aquatic nonitoring sections of the
M:Guire Units 1 and 2 and the Three Mile Island Unit 2 ETS.

I have participated in tecnnical cor.ferences with and coordinated water qua'iity
relatec activities with the U.S. Environmental Protection Agency, the U.S. Army
Corps of Engir.eers, an', other Federal, State and local agencies regarding
irclener.tation of the National Environmental Policy Act, the Federal Water
Follutier Control Act and its amendments, the Toxic Substances Act, the Drinking
Water A and the ntnoranda of uncerstanding between tne NRC and EPA and COE.

I have else oeveloped expertise and been designated as the responsible technical
sce:ialist ir. the areas of sound level predictior. tec'.r.iques for power plants
ar.d their transmission lines and techniques for estir.ation of community response
tc er.viror.r.er.tal sound levels, as influenced by por:sr plant construction and
ope ra ti on. I have been responsible for sections of hRC environnental impact
statements addressing tr.ese areas for several prcptsed and operating nuclear
power plants.

I have a Bachelor of Science degree in Mechanical Engineering from Drexel
Institute of Technology (1969) and a Master of Science degree ir. Environmental'

Engineerine from Drexel University (1972) speciali:ing ir. water associated
probler.s in the environment. My academic background includes studies in water
chemistry, domestic and industrial waste treatment, and water resources
managemer.t.

From 1969 to 1972, I was a mechanical engineer at the U.S. Arny Frankford
.

I Arsenal, Pni1adelphia, Pennsylvania. I wa assigned as Project Manager of
materials handling, and pollu. ion control efforts for the Small Caliber
Ammunition Mocernizat'.on Program. I participated in the development of

;

|
solid and liquid waste m.3agenent and noise control programs for metal

|
parts nanufacturing facilities.
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