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NEW ENGLAND COALITION ON NUCLEAR POLLUTION'’S
BETITON FOR REVIEW OF ALAB-899

4 Introduction The New England Coalition on Nuclear Pollu-
tion ("NECNP") hereby petitions for Commission review of ALAB-899
(August 23, 1988), in which the Appeal Board arfirmed NECNP's
appeal of the Licensing Board's dismissal of NECNP’s Contention
.}

In discovery, NECNP presented Applicants with a series of
interrogatories regarding the adeguacy of Applicants’ program to
detect and control "microbiologically induced corrosion," or

"MIC," a form of biofouling by which microbiological organisms

1 NECNP Contention 1V reads as follows: Conten*ion: The
Applicant must ‘'stablish a surveilance and maintenance progranm
for the prevencicn of the accumulation of mollusks, other aguatic
organisms, and debris in cooling systems in order to satisfy the
requirements of GDC 4, 30, 32, 33, 34, 35, 36, 38, and 39, which
require the maintenance and inspection of reactor cooling sys-
tems. The design, construction and proposed operation of
Seabrook fail to satisfy these requirements.

The basis of Contention IV, which is too lengthy to
reproduce nere given the page limits, is quoted in full in ALAB-
899, slip op. at 3-4. 09
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accumulate in and corrode nuclear power plant cooling systems.

In response to NECNP’s Second Set of Interrogatories and Request
for Production of Documents to Applicants on NECNP Contention IV,
dated December 23, 1987, Applicants objected to NECNP’s questions
on the ground that the literal language of NECNP Contention IV
did not specifically identify MIC as an issue.? NECNP then filed
a motion to compel Applicants to respond to these questions, in
which NECNP presented proof, in the form of NRC-sponsored
studies,’ demonstrating that the literal language used in NECNP
Contention IV and bases placed Applicants on notice that the
issue of "microbiologically induced corrosion" was encompassed by
the con?onticn.‘ By order dated February 17, 1988, the Licensing
Board denied NECNP’s motion to compel, and ruled, jnter alia,
that the issue of "microbiologically induced corrosion" ("MIC")

is not within the scope of NECNP Contention IV. The Licensing

2 "Applicants’ Responses to NECNP’'s Second Set of Inter-
rcgatories and Request for Production of Documents to Applicants
on NECNP Contention IV," filed January 14, 1988, at 2.

3 Neitzel, et al, "Improving the Reliability of Open-Cycle Water
Systems: An Evaluation of Siofouling Surveillance and Control
Technigues for Use at Nuclear Power Plants," NUREG/CR-4724, Vol.
1 (1986).

4 "NECNP's Motion to Compel Applicants to Respond to NECNF's
Second Set of Interrogatories and Request for Production of Docu-
ments on NECNP Contention IV," dated January 25, 1988, NECNF
also moved to compel Applicants to respond to questions seeking
information concerning possible biofouling and corrosion in “ecir-
culating water systems" at the Seabrook plant. NECNP’'s sub-
sequent appeals encompassed these discovery rulings as well.
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Board reasoned that "NUREG/CR-4724 wa~ issued some four years
after Contention IV was proposed," and that NECNP cannot "expand
the scope of the contention by reliance upon a document that did
not exist at the time Contention IV was submitted."®

NECNP then sought and was granted leave to file a motion for
reconsideration of the Licensing Board’s February 17, 1988 Order,
whizh motion was filed by NECNP on March 1, 1988. 1In support or
its motion, NECNP presented an expert affidavit from Dr. James
Bryers, who testified that the scientific meaning of the literal
terms of Contention IV encompassed the issue of microbiclogically
induced corrosion.® 1In addition, NECNP submitted scientific
studtcl‘ccntonporanoous to the admission of Contention IV
demonstrating that, in 1982, microbiclogically induced corrosion
was recognized as one of the detrimental effects of biofouling of
nuclear power plants. Both the Applicants and the NRC Staff
filed responses opposing NECNP’s motion, which urged the Licens-
ing Board to disregard the expert affidavit of Dr. Bryers on the

$ Memorandum and Order of February 17, 1988 Denying NECNP's
Motion to Compel, [unpublished) at 6-7.

6 NECNP's affiant, Dr. James Bryers, is a professor in the Cen-
ter for Biochemical Engineering at Duke Univorsity, and is the
author of over thirty publisaed articles in scientific journals
and treatises on the subject of microbial fouling and its effects
in engineered systems, including nuclear power plant heat-
exchange systems. Dr. Bryers’ affidavit and curriculum vitae are
attached in support of the NECNP’'s appellate brief, as Exhibits A
and B, for the convienence of the Commission.
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ground that it was "unpersuasive;" however, they failed to pro-
vide any expert opinion or studies of their own controverting the
voluminous material provided by NECNP.”7 The Licensing Board then
denied NECNP’s motion for reconsideration, again on the grounds
that "the opinion of Dr. Bryer (sic) and the appended scientific
studies cannot serve to establish that, in preparing the conten-
tion in 1982, the drafter intended to encompass MIC within the
scope of the contention."®

By letter dated April 22, 1988, NECNP notified the Licensing
Board and the parties that it did not choose to litigate Conten-
tion 1V due to the Licensing Board’s restrictive rulings which
precluded NECNP frem litigating the adequacy of Applicants’ pro-
gram to; controlling microbiclogically induced corrosion. NECNP
further stated that it intended to appeal the Licensing Board s
rulings on the scope of NECNP Contention IV at the appropriate

7 *“Applicant’s Response to NECNP's Motion for Reconsideration of
the Board’s Order Denying NECNP’s Motion to Compel," dated March
14, 1988, at 3; "NRC Staff Reponse to NECNP Motion for
Reconsideration of the Board’s Denial of NECNP’s Motion to Com-
pel," dated March 11, 1988, at 5 n.3.

8 Memorandum and Order [unpublished), dated March 18, 1988, at
3. The Licensing Board denied NECNP’s subsequent request for
entry upon land, dated February 19, 1988, on the ground that it
concerned the impermissible issue of MIC, ASLB Memorandum and
Order [unpublished), dated March 18, 1988, at 4-5. The Board
also denied NECNP’'s March 22, 1988, motion to compel Applicants
to answer interrogatories regarding MIC at Seabrook on the ground
that it was untimely, and because ?t concerned matters not within

the scope of NECNP Contention IV, ASLB Order [unpublished),
dated April 1, 1988,
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tine. On May 12, 1988, in reaction to this letter, the Licensing
Board dismissed NECNP Contention IV as "abandoned." NECNP filed
a notice of appeal on June 1, 1988, along with a motion for leave
to file the notice of appeal out of time. The Appeal Board, in
ALAB-894, granted NECNP’s motion.? oOn August 23, 1988, in ALAB-
899, the Appeal Board affirmed the Licensing Board’s dismissal of
Contention 1IV.

II. Reasons ALAB-899 Should Be Reversed The Appeal Board made
several errors in concluding that éontontion IV encompassed only
"blockage" of reactor coolant systems and not degradation caused
by microbiologically induced corrosion. First, the language of
the con?cntion. which refers to the "accumulation of mollusks,
other agquatic organisms, and debris in cooling systems," logi~-
cally embraces the effects of such "accumulation," including poth
blockage and corrosion.}? The scope of the contention is
determined by the language of the contention itself, and not by

the contention’s title, }!

9 ALAB-894.

10 Contrary to the Appeal Board’s implication (slip op. at 9),
these effects are not mutually exclusive, It would be perfectly
possible, for example, for blockage to occur at the same time
that corrosive effects took place.

11 The Appeal Board also errs in relying for its conclusion on
NECNP's statements at an oral argument, in which counsel referred
to blockage of cocoling tunnels to illustrate a point about
whether the Seabrook cooling tunnels constitute the reactor’s
ultimate heat sink. Obviously, this colloguoy did not squarely
raise the issue of the scope of the contention.




The Appeal Board also incorrectly found that Contention IV
lacked specificity with respect to the issue of microbiclogically
induced corrosion. A contention need only be specific enough to
put other parties on notice so that they will know what to defend
against or oppose, and to assure that the proposed issues are
proper for adjudication. Philadelphia Electric Co, (Peach Bottom
Atomic Power Station, Units 2 and 3), ALAB-216, 8 AEC 13, 20
(1974). The fact that the basis of Contention IV fails to spe~-
cifically use the technical term "MIC" cannot preclude litigation
of that issue, as that would establish "secretive and complex
technicalities" not intended by the basis and specificity
roquito?onts of 10 C.F.R. & 2,714(b). l1d. The basis of Conten~-
tion 1V refers, inter alia, to "buildup of fouling organisms" and
"fouling by aguatic organisrs." As demonstrated in affidavits
filed pefore the Licensing Board}?, these terms are adequate to
place Applicants on notice that they encompass the concept of
microbjiologically induced corrosion.

The Appeal Board did not reach a number of other issues
raised in NECNP's appeal, First, the Licensing Board wholly dis-
regarded the voluminous expert and scientific evidence presented

by NECNP that the literal language of Contention IV encompassed

12 See Note 18, infra.




the issue of microbiologically induced corrosion.l? Instead, the
Licensing Board created an entirely novel standard which seeks to
determine NECNP’s "intent" when its contention was formulated.
However, it is well-esablished that the scope of a contention is
controlled by an objective standard -~ the "literal language" of
the contention. Carelina Power and Light Co., (Shearon Harris
Nuclear Power Plant), ALAB-852, 24 NRC 532, 545 (1986).

Second, the Licensing Board erred in ruling that NECNP’s

February 19, 1988 request for entry upon land was outside the

scope of the discovery period. The language used in the Licens~-
ing Board’s December 2, 1987 Scheduling Order implied that Febru-
ary 19, 1988 was the last date on which reguests for discovery
may be ;crvod. The Board’s Scheduling Order did not provide a
separate deadline by which discovery requests must be served and
received. Past NRC practice in the Seabrook proceeding has con-
sistently been that the date by which dis.cvery is to be closed

has meant the date on which the last discovery regquest must be

13 NECNP presented uncontroverted evidence that microbiologi-
caily induced corrosion was recognized as one of the detrimental
effects of biofouling as early as 1977, five years prior to the
formulation of NECNP Contention IV, Bryers’ Affidavit, at 9;
S§ee also Norman, G., Characklis, W.G., and Bryers, J.D., "Control
of Microbial Fouling in Circular Tubes with Chlorine," 18 Devel-

nmm;mx_umnmmnf. Pp. 581-599 (1977), excerpt
attached to NECNP’s appellate brief as Exhibit E.




filed.'% where a Licensing Board has intended to impose on
parties a specific deadline by which the last discovery response
must be received, and depositions must be taken, it has done so
explicitly, 15

Finally, the Licensing Board erred in denying NECNP'’s motion
to compel Applicants to respond to questions seeking information
concerning possible biofouling and corrosion in all "circulating
water systems" at the Seabrook plant, on the ground that NECNP
Contention IV only concerned "cooling nyntons.“l‘ These dis-
covery requests were entirely permissible.

It is well established that "In modern administrative and
le, 1l pfacticc, pretrial discovery is liberally granted to enable
the parties to ascertain the facts in complex litigation, refine
the issues, and prepare adequately for a more expeditious hearing
or trial." Pacific Gas and Electric Co, (Stanislaus Nuclear Pro-
ject, Unit 1, LBP-78-20, 7 NRC 1038, 1040 (1978). In this
regard, interrogatories need only have "general relevance, for

discovery purposes, to the matters in controversy in the proceed-

14 "Memorandum & Order - Establishing Hearing Schedule on
Offsite Issues Raised By NHRIRP," ASLBP No. 82-471-02-0L, dated
December 4, 1986; "Memorandum and Order," ASLPBP No., 82-471-02

OL, dated September 13, 1982.

15 *“"Memorandum and Order," ALSBP No. 82-471-02-0L, dated July 25,
i»86, at 11-12.

16 "NECNP's Motion to Compz2l Applicants to Respond to NECNP’s
Second Set of Interrogatories and Request for Production of Docu-
ments on NECNP Contention IV," dated January 295, 1988, at 4-5,.




ing." Texas Utilities Generating Co, (Comanche Peak Steam Elec-
tric Station, Units 1 and 2), LPB-81-25, 14 NRC 241, 243 (1981).

Here, NECNP sought information about other systems in order
to determine the extent to which microbiologically induced corro-
sion has occurred and is adeguately treated in general at
Seabrook. These interrogatories seeking information about other
systems are designed to lead to information that is relevant to
NECNP’s Contention IV, which concerns the adogulcy of Applicants’
surveillance and maintenance program for the prevention of micro-
biologically induced corrosion in cocling systems. The presence
of corrosion in other circulating water systems may well indicate
that co?rosion may occur in cooling systems., 1If corrosion has
occurred in other circulating water systoms, it is necessary to
determine whether Applicants have a program designed to prevent
or control corrosion in these systems. Obviously, if Applicants’
responses showed that these programs are the same as the programs
used to prevent or control corrosion in cooling systems, this may
be admissible evidence that such programs are also not adequate
to treat or control corrosion in cooling systems, Accordingly,
these interrogatories were clearly "relevant to the subject mat-
ter involved in the proceeding...(or which) appears reasonably

calculated to lead to the discovery of admissible evidence." 10

C.F.R. § 2.740(b) ().
I1I. Reasons the Commission Shoulid Take Review of ALAB-899 The

Commission should take review of this petition because it raises
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both significant safety issues and important questions of Commis-
sion practice and policy. First, the integrity of the Seabrook
reactor coolant systems is of paramount significance to the safe
operation of the plant. In their Supplemental Response to
NECNP’s Second Set of Interrogatories to Applicants on NECNP Con-
tention IV, Applicants, revealea that MIC has been discovered in
Seabrook cooling systems., Thus, this petition poses very real,
and not just speculative, concerns about the potential effects of
microbiologically induced corresion on cooling systems at
Seabrook.

Second, both the Appeal Board and the Licensing Board com=-
mitted fundamental legal error with respect to the application of
the CO;nialion'l standards for the admissibility of contentions.
These errors, if allowed to stand, could have profound and
adverse effects on the public’s right to participate in NRC
licensing proceedings. For these reasons, the Commission should

grant review of this petition for review,

Respectfully submitted,

. /
A -l ‘é~
Diane Curran A
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Andrea C. Ferster
HARMON & WEISS
2001 "S"™ Street N.W. Suite 4230
Washington, D.C, 20009
(202) 328-3500
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UNITED STATES NUCLEAR REGULATORY COMMISSICN
BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of

Public Service Company of

New Hampshire, et al. Docket No. 50=443 OL-1

ONSITE EMERGENCY
PLANNING & TECHNICAL
ISSUES

(Seabrock Station, Units 1 & 2)

NEW ENGLAND COALITION ON NUCLEAR POLLUTION’S
BRIEF IN SUPPORT OF ITS APPEAL OF THE LICENSING
MISSAL OF NECNP CONTENTION IV

BQARD’S DIS

I. INTRODUCTION

The instant appeal concerns the Licensing Board’s March 18,
1988, ruling which limited the scope of NECNP Contention vl to
only one of the adverse affects of the accumulation of aquatic
organisms in cooling systems, namely, the accumulation of macro-
organisms resulting in blockage and constriction of coolant flow.
As a result of this ruling, as well as other Licensing Board
rulings constricting the time and tipe Of allowable discovery Ior
this contentisn, NECNP was precluded from inquiring into, or

litigating, the adequacy of Applicants’ program to monitor and

1 NECNP Contention IV reads as follows: The Applicant must
establish a surveilance and maintenance program for the preven-
tion of the accumulation of mollusks, other aquatic organisms,
and debris in cooling systems in order to satisfy the require-
ments of GDC 4, 30, 32, 33, 34, 3%, 16, 18, and 39, which recu
the maintenance and inspection of reactoer cooling systems. Th

ire
e

: -~

-

design, construction and propcsed cperation of Seabrook fail
satisfy these requirements.
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control microbiolegically induced corrosion, a form of biofouling
caused by the accumulation of microbiological organisms in cool=-
ing systems.

II. BACKGROUND
On March 25, 1987, the Licensing Board isrued a Partial Ini-

tial Decision ("PID") which authorizes Public Service Co. of New
Hampshire ("Applicants") to operate the Seabrook nuclear power
plant at power levels up to and including 5% of rated pwwcr.z
NECNP appealed that decision on the merits, arguing, inter alia,
that the Licensing Board had wrcnql? d.niid NECNP Contention IV.
On October 1, 1987, the Atomic Safety and Licensing Appeal Board
(the "Appeal Board") issued ALAB-873, reversing and remanding in
part the March 25, 1987 Licensing Board decision authorizing a
low power license for Seabrock. The Appeal Board ordered, ipter
alia, that the Licensing Board admit two of NECNP’s contention
concerning protection against steam generator tube ruptures
(NECNP Contention I.V.) and potential degrading of the plant’s
heat removal capability due to build-up of biclogical organisms
(NECNP Contention IV), and begin the litigation process for these

improperly rejected contentions.® Discovery upon the remandad

2 Ne: ' e (Seaprook Station,

Units 1 and 2), LBP-87-10, 25 NRC 177 (1987). Hereinafter, all
administrative decisions in the Seabrook proceeding will be cited
only by number and date. The agency’s citaticon system denotes
decisions of the Licensing Board Panel as "LBP" decisicns, Apreal
Board decisions as "ALAB," and Commission decisicons as wCcLI."

3 ALAB-875, slip op. at 13-20.
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contentions began on October 26, 1987, and was to be completed by
February 19, 1988.%

In response to NECNP’s Second Set of Interrcgatories and
Request for Production of Documents to Applicants on NECNP Con=
tention IV, dated December 23, 1987, Applicants objected to
NECNP’s questions concerning the adequacy of Applicants¢ program
to detect and control "microbiologically induced corrosion," on
the ground that the literal language of NECNP Contention IV did
not specifically identify "microbiologically induced corrosion"
as an issue.® NECNP then filed a motion to compel Applicants to
respond to these questions, in which NECNP presented proof, in
the form of NRC~sponsored studies,6 demonstrating that the
literal language used in NECNP Contention IV and bases placed

Applicants on notice that the issue of "microbiologically induced

4 Discovery was extended by the Licensing Board Order of Decenm-
ber 2, 1987, to take into account the additional obligations
placed on counsel as a result of the Appeal Bo~r.d rulings on low

power operation.

5 "“Applicants’ Responses to NECNP’s Second Set of Inter-
rogatories and Request for Production of Documents to Applicants

-~

on NECNP Contention iV," filed January 14, 1988, at 2.

6 Neitzel, et al, "Improving the Reliability of Open-Cycle ?a:e:
Systems: An Evalua. ion of Biofouling Surveillance and cContrel
Techniques for Use at Nuclear Power Plants," NUREG/CR-4724, Vol.

1 (1986).
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corrosion” was encompassed by the centention.’ By Order dated
February 17, 1988, the ~ic nsing Board denied N'CNP’s motion to
compel, and ruled, in‘exr aliuy, that the issue o. "microbiologi-
cally induced corros.on" ("MIC") is not wichin the scope of NECNP
Contention IV. Thr. Licensing Board reasonad that "NUREG/CR=-4724
was issued some four years after Contention IV was proposed,™ and
that NECNP cannot "expand the scnpe of the contention by reliance
upon a document that did not exist at the time Contention IV was
submittead."®

NECNP then sought and was granted leave to file a motion for
reconsideration «f the Licensing Board’s February 17, 1988 Order,
which motion was filed by NECNP on March 1, 1988. In support of
its motion, NECNP presented an expert affidavit frem Dr. James
Bryers, wro testified that the scientific meaning of the literal

terms of Contention IV encompassed the issue of microbiologically

7 WNECNP’s Motion to Compel Applic-nats to Respond to NECNP’s
Second Set of Interrogatories and Request for Production of Docu=-
ments on NECNr 'ontention IV," dated January 25, 1988. NECNP
also moved to cumpel Applicants to respond to questions seeking
information concerning possible biofouling and correosion in "cir-
culating water systems" at the Seabrook plant. Applicants had
refused to provide this information with respect to all circulat-
ing water systems which Applicants claim are not "cooling sys~-
tems" based on their view that "Issues cor.;erning circulating
water systems generally are outside the scope o. Contention IV."
“Applicants’ Responses to NECNP’s Second Set of Interrogatories
and Request for Production of Documents to Applicants on NECNP
Contention IV," filed January 14, 1988, at 13, 28, The Licensing
Board did not address this argument, since it viewed its resolu-
*ion of the MIC issue as dispositive. ASL3 Memcorandum and Order

(unpublished], dated February 17, 1988, at 3 n. 2.

8 Memorandum and Order of February 17, 1988 Denying NECNP’s

Motiun to Compel, [unpublishea] at 6-7.
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induced corrosion.? 1In addition, NECNP submitted scientific

studies contemporaneous to the admission of Contention IV
demonstrating that, in 1982, microbiclegically induced corrosicn
was recognized as one of the detrimental effects of biofouling of *
nuclear power plants.lo Both the Applicants and the NRT Staff

filed responses opposing NECNP’s motien, which urged the Licens=- * .
ing Board to disregard the expert a.tidavi’. of Dr. Bryers on the
ground that it was "unpersuasive;" however, they failed to pro-
vide any expert opinion or studies of their own controvert..g the
voluminous material provided by NECNP.1l The Licensing Board

then denied NECNP’s motion for reconsideration, again on the
grounds that "the opinion of Dr. Bryer (sic) and the appended

scientific studies caniot serve to establish that, in preparing

the contention in 1982, the drafter intended to encompass MIC

within the scope of the contention."12

9 NECNP’s affiant, Dr. James Bryers, is a professor in the Cen~
ter for Biochemical Engineering at Duke University, and is the
author of over thirty published articles in scientific journals
and treatises on the subject of microbial fouling and its effects
in engineered systems, including nuclear power plant heat-
exchange systems. Dr. Bryers’ affidavit and curriculum vitae are
attached in support of the instant appeal, as Exhibits A and B.

10 <Copies of th~ relevant portions of these studies are attached
hereto as Exhibits C through G.

11 "Applicant’s Response to NECNP'’s Motiun for Reconsideration
of the Board’s Order Denying NECNP’s Motion to Compel," dated
March 14, 1988, at 3; "NRC Staff Reponse to NECNP Moticn for
Reconsideration of the Board’s Denial of NECNP's Motion to Com=-
pel," dated March 11, 1988, at 5 n.3.

ac

12 Memorandum and Order (unpublished], dated March 18, 1988,
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rulings ¢ the scope of NECNP Contention IV at the appropriate
time. On May 12, 1988, in reaction to this letter, the Licensing
Boarddismissed NECNP Cc' tention IV as "abandoned." NECNP filed
a notice of zppeal on Jun; 1, 1988, aleng with a motion for leave
to file the notice of appeal out of time. The Appeal Board, in
ALAB-394, granted NECNP’s motion,t?
III. THE LITERAL LANGUAGE OF CONTENTICN IV ENCOMPASSES THE ISSUE

OF "KICRPBIOLOGICALLY I§DUCED'C8RROSION" AND OTHER

It is important, at the cutset, to understand the scientific
definitions of the phenouenon of "biofouling" and "microbiologi~-
cally induced corrosion," and the scientific meaning of the terms
employed in NECNP Conteation IV. NECNP Content.on IV asserts
simply that "the Applicant must establish a surveillance and
maintenance program for the prevention of the accumulation of
mollusks, other aquatic organisms, and debris in cooling sys-
tems..." This contention does not specifically identify the
problem as either "fouling" or "biofouling," nor does it identify
any of the detrimental effects of this process. However, this
language in fact rroadly jdentifies the process commonly known as
"fouling," which has a number of detrimentali effects, including

blockage, cunstriction and/cor mechanical deterioraticn of the

15 ALAB-894.
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operating characteristics of valves and pumps, fluid resistance,

and corrosion.l1®

The Licensing Board determined that NECNP Contention IV was
1131:.3 to only one particular detrimental effect of fouling,
that of blockage of piping in heat exchange systems, which is
g.ncraliy caused by the build-up of macro-organisms (such as
clams and mussels) and debris on the inside of piping, resulting
in the degradation of heat removal capability of cooling water
systems. In reaching this cenclusion, the Licensing Board
appropriately relied on the literal language of the contention,
which referred to "the accumulation of mollusks, other aquatic
organisms, and debris."}? However, the Licensing Board erred in
reaching the conclusion the word "accumulation" was intended to
refer only to the detrimental effect of blockage caused by foul-
ing. Rather, the term naccumulation” clearly refers to the pro-

cess of fouling itself, which is the accumulation of organisms

16 See Bryevrs’ Affadivit, Exhibit A, at 7; see also Bryers,
J.D., Characklis, W.G., Zelver, N., and Nimmons, M.G., "Micreobial
Film Development and Associated Eneigy Losses," at 12.14~1, Paper
No. 12-15 presented at the Proc. 6th OTEC Conference, "Ocean
Thermal Energy for the ’80’s," Washington, D.C., June 19-20,
1979, which defines "fouling" as follows:

The term fouling refers to the formation of inorganic and/eor
organic deposits on surfaces. 1In cooling systems, thesae

deposits form on condenser tube walls increasing fluid fric-
tional resista)ce, accelerating corrosion and impairing heat

transfer.

~

An excerpt of this study is attached hereto as Exhit it C.

17 ASLB Memorandum and Order, dated February 17, 1988, at 5
(emphasis in original).
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(both macro and micro) and debris on pipes. The accumulation of
macro-organisms can cause blockage, and the accumulation of
biofilms on heat-exchange systems can ultimately interact with
bacteria to cause the phenomenon of microbiologically induced
corrosion.l® Thus, the use of the word "accumulation" in the

Contention reinforces a broad, rather than limited construction

of Contention IV.

1t is well settled that a party is bound by the literal
terms of its own contention. ‘Carolina Power and Light Co.

(Shearon Harris Nuclear Power Plant), ALAB-852, 24 NRC 532, 545

18 Perhaps the clearest explanation of the process, and dif-
ferent types of fouling, appears in a 1981 article by
W.G.Characklis, entitled "Bicengineering Report == Fouling
Biofilm Development: A Process Analysis:"

The term fouling refers to the formaticn of inorganic
and/or organic deposits on surfaces. These deposits can
impede the flow of heat across the surface, increase the
fluid frictional resistance at the surface, and increase the
rate of corrosion at the surface. In any case energy losses

result.

Several types of fouling and their combinations may
occur in heat exchangers: 1) crysztalline or precipitation
fouling, 2) corrosien fouling, 3) particulate fouling, 4)
chemical reaction fouling, and 5) biological fouling.
Biological fouling results from a) develcpment of a biofilm
consisting of microorganisms and their products (micrebial
fouling), b) deposition and growth of macroorganisms such as
barnacles (macrobial fouling), and ¢) assorted detritus.

, Vol., XIII, pp. 1923-1960 (John
Wwiley & Sons, Inc. 1980), excerpt attached as Exhibit D. gee
also Bryers, J.D., Characklis, W.G., Zelver, N., and Nimmens,
M.G., "Microbial Film Develcpment and Associated Energy Losses,"
at 12.14-1, Paper No. 12-1%5 presented at the Prcc. éth OTEC Cen~
ference, "Ocean Thermal Energy for the ’'80's," washingten, D.C.,
June 19-20, 1979, ercerpt attached hereto as Exhibit C: Bryers

Affidavit, at 8.
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(1986). Here, the literal terms of the contention broadly
identify the process of fouling, which has a number of detrimen-
tal effects, including microbiologically induced corrosion.
Accordingly, microbiologically induced corrosion is within the
scope oy NECNP Contention IV.

The Licensing Board, in part, apparently based its decision
on the fact NECNP Contention IV did not specifically identify the
issues of "biofouling" or "microbiologically induced corrcsion."
However, a contention need only be specific enough to put other
parties on notice so that they will know what.to defand against
or oppose, and to assure that the prcposed issues are proper for
adjudication. Philadelphia Electric Co. (Peach Bottom Atomic
Power Station, Units 2 and 3), ALAB-216, 8 AEC 13, 20 (1974) .

The fact that the contention fails to identify specifically the
issues encompassed by the contention by their technical names

cannot preclude litigation of thos: issues, as that would estab-
1ish "secretive and complex technicalities" not intended by the
basis and specificity requirements of 10 C.F.R. § 2.714(b). 1Id.
In case of doubt, Applicants "may fill any gaps in their knowle~

edge of the intervenors’ case through discovery against inter-

venors." Utiliti . (Comanche Peak Steam Electric Sta-

tion, Unit 1, ALAB~-868, 25 NRC 912, 933 (1987).19

19 We note that Applicants here chose not to undertake any dis~
covery against NECNP; in any event, howe'...r, they were quickly
put on notice through NECNP’s discovery that NECNP regarded
microbiologically induced corrosion as within the scope of its

contention,
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Here, NECNP Contention IV, by broadly identifying the pro-

cess of { ..ing of nuclear power plant heat-exchange systems,
clearly put Applicants on notice that the contention encompassed

*all the detrimental effects of this process, includihq micro-
biologically induced corrosion. Thus, the issue of microbiologi~-
eally induced corrosion was identified with sufficient
specificity to satisfy the pleading requirements of 10 C.F.R. §

2.714(b) .20
IV. THE LICENSING BOARD ACTED ARBITRARILY AND CAPRICIOUSLY IN

A. The Licensing Board Applied an Incorrect Legal Standard
in Determining the Scope of NECNP Contention IV.

As noted above, the scope of a contention is defined by the
literal terms of the contention. Carolina Power and Light Co.
(Shearon Harris Nuclear Power Plant), ALAB-852, 24 NRC 532, 545
(1986). However, the Licensing Board wholly disregarded the
voluminous expert and scientific evidence presented by NECNP that
the literal language of Contention IV encompassed the issue of

microbiologically induced corrosion. Instead, the Licensing

20 While misrobiologically induced corrosion is not specifically
discussed in the bases for the contention, the bases for a con-
tention cannot be relied on to alter the contention’s actual lan-
guage. Texas Utilties Co. (Comanche Peak Steam Electric Station,
Unit 1), 25 NRC 912, 932 n. 83 (1987). And, as noted above, the
contention’s literal language was sufficient to identify the
issue of microbiologically induced corrosion. Likewise, the use
of the word "blockage" in the caption of NECNP Contention IV can-
not be construed as limiting the scope of the contention to only
that Jetrimental effect of fouling, to the exclusion of others.
Like the interpretion of statutes, titles or captions cannot be
used to alter or vary the plain meaning of provisions. See €.4.

Pike v. U.8., 340 F.2d 487 (9th Cir. 1974).




Board created an entirely novel standard which seeks to determine
NECNP’s "intent" when its contention was formulated. Applying
this new standard, the Licensing Board determined that NECNP did
not "intend" for its contention to encompass the issue of micro~
biclegically induced corrosion in 1982, when the contention was
first formulated. ’ .
This subjective standard for determining the scope of a con-
tention is without any support in past NRC procodont.zl Further,
it is flatly contradicted by the nunerous cases setting forth an
objective test for determining the scope of a contention, namely,
that the literal language employed by the ccntention controls.,
See Philadelphia Electric Co. (Limerick Generating Station, Units
1 and 2), 22 NRC 681, 709 (1985), in which the Appeal Board held
the intervenors to the literal terms of its contention, despite
their assertion that the "sought To litigate something else."
More importantly, the subjective standard applied by the
Licensing Board runs contrary to the principle purpose of 10
c.F.R. § 2.714(b), which is to provide notice to Applicants of so

that they will know what to defend against or oppose. Philadel-~

phia Electric Co. (Peach Bottom Atomic Power Station, Units 2 and
3), ALAB-216, 8 AEC 13, 20 (1974). Indeed, as the Limerick case

21 Iionically, the Licensing Board was forced to confine its
search for "NECNP’s then (1982) intent" to the language and basis
of the contention itself, since this contention was wrongly
rejected by the Board at the outset, thereby precluding any
opportunity to develop this contention. As noted above, the
literal language of the contention itself encompasses the issue
of microbiologically induced corrosion.
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cited above recognizes, it would be fundamentally unfair %o
Applicants if subjective intent could be used to guide litigation
of contentions and to protect Applicants from surprises.

Indeed, NECNY presented evidence that micrebiologically
induced corrosion was recognized as one of the detrimental
effects of biofouling as early as 1977, five years prier to the
formulation of NECNP Contention 1v.22 Thus, the literal language
of the contention was sufficient to provide adequate notice to
Applicants that microbiologically induced corrosion was cne of
the issues t be litigated within the scope of NECNP Contention
IV in 1982, when the contention was drafted, as well as in 1987
-- the more relevant time periocd ~- when the contention was
actually gdmit:ed and litigation begun. Despite the fact that
this evidence was uncontroverted, the Licensing Board disregarded
this evidence, again on the premise that these studies did not
indicate what NECNP "intended" in preparing the contenticon in
1982,23 Clearly, the focus should not be on what NECNP
"intended" but on whether Applicants objectively had adequate

notice. We submit that the literal language of the contention

provided this notice.

22 Bryers’ Affidavit, at 9; JSee also Norman, G., Characklis,

W.G., and Bryers, J.D., "Control of Microbial Fouling in Circular
Tubes with Chlorine," 18 Development in Industrial Micrebiclogy,

Pp. 581~590 (1977), excerpt attached as Exhibit E.

23 ASLB Memorandum and Order (unpubliched], dated March 18,
1988, at 3.
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Moreover, the facts here show that NECNP did intend that
microbiologically induced corrosion be encompassed within the
scope of its contenticn. This intent is apparent in the conten-
tion’s literal language, which broadly identified the issue of
fouling, and in NECNP discovery requests, in which NECNP con-
sistently sought to acquire information about the Applicants’
program to control microbiologically induced corrosion. The
Licensing Board erred in basing its finding of NECNP’s "1982
intent" on the very general information provided to satisfy the
pasis and specificity requirements of 1o'c.r.a. § 2.714(b), and
in ignoring the more persuasive evidence of NECNP’s intent con-
sistently evidenced in NECNP’s discovery requests and pleadings,
which were filed as soon as NECNP was permitted to litigate the
contention. Again, to confine the search for NECNP’s "intent" to
, aly those documents filed in 1982, and to ignore the clear evi-
dence of NECNP’s intent contained in its discovery requests,
would unfairly penalize NECNP for the Licensing Board’s action in
wrongly rejecting the contention at the outset.

B. The Licensing Board Erred in Ruling Contrary to the

Uncontroverted Expert Affidavit and Scientific Studies
Provided by NECNP.

In addition to applying an incorrect legal standard, the
Licensing Board erred in disregarding the expert affidavit and
scientific studies presented by NECNP. NECNP presented an expert
affidavit from Dr. James Bryers, one of the nation’s foremost
experts on the issue of microbiologically induced corrosion and

fouling of heat-exchange systems, who stated that the literal
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language of the contention encompassed the issue of microbiologi-
cally induced corrosion,?4 and that the problem of corrosion in
engineered systems caused by the interaction between micro-
organisms and biofilms on pipe-liquid surfaces was recognized by
the scientific community as early as 1977.23 Neither the
Applicants nor the Staff offered gnx'controvortinq affidavits or
studies. Rather, Applicants rested merely on the bald assertions
of counsel that Dr. Bryers’ testimony is wunpersuasive;"2% and
the NRC Staff merely stated, again without submitting any con=-
troverting evidence or expert opinion, that Dr. Bryers’ opinion
"is entitled to little, if any woiqht.”27 Despite the absence of
any controverting evidence, the Liceasing Board disregarded Dr.
Bryers’ ;ostimony. The Licensing Board’s ruling was based on its
view that Dr. Bryers’ statements, by necessity made six years
after the contention was formulated, "cannot serve to establish

that, in preparing the contention in 1982, the drafter intended

24 Bryers’ Affidavit, at 5.

25 Bryers’ Affidavit, at 9; See alsg Norman, G., Characklis,
W.G., and Bryers, J.D., "Control of Micrebial Fguling in Circular

Tubes with Chlorine," 18 pevelopment in Industrial Microbiology,
pPp. 581-590 (1977), excerpt attached as Exhibit E.

26 "Applicant’s Response to NECNP’s Motion for Reconsideration
of the Board’s Order Denying NECNP’s Motion to Compel ," dated

March 14, 1988, at 3.

27 W“NRC Staff Repcnse tu NECNP Motion for Reconsid

Board’s Denial of NECNP’s Motion to Compel," dated
1988, at 5 n. 3.

0
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to encompass M1C within the scope of the contention,"28

Where expert opinion evidence is submitted by only one side,
as is the case here, an agency may disregard it only under three
circumstances: where the agency possesses the expertise to’'sub-
stitute its judgment in the place of the experts’; where their is
contrary evidence already in the record: and where the expert’s
testimony has minimum credibility. Stein, Mitchell, and Mezines,
Administrative Law, § 28.06 (Mathew-Bender, 1987). None of these

circumstances is present here.

First, the issue at hand involves the interpretation of
technical, scientific terms used in the field of microbiolegy and
biochemical engineering, which is not an area in which the Com=
mission possesses expertise. Where the testimony of a witness is
in ait area in which the agency lacks knowledge or technical
skill, it may not arbitrarily substitute its judgment for that of
an expert witness. Culler v. Commissioner of Internal Revenue,
237 F.2d 611, 616 (8th Cir. 1956).

Second, there was ro contrary evidence in the record, other
than the unsupported "lay ' opinion of Applicants’ and the Staff’s

legal counsel. Finally, as noted above, Dr. Bryers is one of the

28 ASLB Memorandum and Order (unpublished), dated March 18,
1988, at 3. This reasoning is particularly ironic, in light of
the fact that Dr. Bryers’ "post hog" interpretation of this Con=
tention is necessitated by the fact that the contention was
wrongfully dismissed at an earlier stage in this proceeding.
disallow expert opinion as to the scientific meaning of the pla
langauge of the Contention because it could not, due to an erro

o
-
1.
i
v
-

-
4

v
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not of NECNP’s making, be made contemporanecusly, is blatantl
unfair and prejudicial to NECNP.
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country’s foremost experts on the subject of the effects of
biclogical fouling on engineered safety systems. His opinion as
to the meaning and scope of the plain language of NECNP Conten-
*tion IV is clearly entitled to great woith.zg Accordingly, the
Licensing Beard abused its discretion in ruling contrary to the
uncontroverted and entirely credible evidence presented by NECHNP
that microbiologically induced corrosion was witiin the scope of

NECNP Contention IV.
V. THE LICENSING BOARD ERRED IN DISALLOWING NECNP’S DISCOVERY

The Licensing Board denied NECNP’s Motion for Leave to Enter
Applicants’ land, filed on February 19, 1983, and its alternative
motion to extend the deadline for discovory,3° on two grounds:
first, that the motion sought discovery on matters not within the
scope of NECNP Contention IV: and second, that the motion was

untimoly.31 This ruling was in error on both counts.

29 While Dr. Bryers’ cpinion as to "the scope of NECNP Conten-
tion IV" is, admittedly, the ultimate issue of this case, Dr.
Bryurs’ expert opinion of the technical, scientific meaning of
the terms used in the contention, and his expert opinion as to
the range of detrimental effects that are caused by the process
referred to in the contention, are entirely appropriate and

admissible.

30 “NECNP’s Reply to Applicants’ Response to NECNP’s Request for
Entry Upon Land," dated March 3, 1988, at 4.

31 ASLB Order [unpublished), dated March 13, 1988, at 4-5.
According to the Licensing Board, its December 2, 1988 Scheduling
Order, which provided that vApplicants,’ NECNP and the staff
shall ... complete discovery by February 19, 1983," meant that
all responses to discovery must be received by February 19, 1988,
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First, as noted above, microbiologically induced corrosion
and biofouling are within the scope of NECNP Contention IV.
Therefore, NECNP’s motion was clearly "relevant to the subject
mattér involved in the proceeding...[and] appears reasonably cal-
culated to lead to the discovery of admissible evidence." ™0
C.F. § 2.740(b) (1) . =

Second, the language used in the Licensing Board’s December
2, 1987 Scheduling Order implied that February 19, 1988 was the
last date on which requests for discovery may be served. The
Board’s Scheduling Order did not provide a separate deadline by
which discovery requests must be served and received. Past NRC
practice in the Seabrook proceeding has consistently been that
the date by which discovery is to be closed has meant the date on
which the last discovery request must be filed.?? Rather, where
a Licensing Board has intended tc impose on parties a specific
deadline by which the last discovery response must be received,
and depositions must be taken, it has done so cxplicitly.33

NECNP relied in good faith on the Board’s previous practice
of providing explicit guidelines and deadlines in such instances
where it intended for the deadline for service of discovery

requests to be different and earlier from deadline for completion

32 "Memorandum & Order - Establishing Jdearing Schedule on
Offsite Issues Raised By NHRERP," ASLBP No. 82-471-02-0L, dated
December 4, 1986; "Memorandum and Order," ASLPBP No, 82-471-02

oL, dated September 13, 1982.
33 “"Memorandum and Oxder," ALBP No. 82-471-02-0L, dated July 23,
1986, at 11-12.
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or closure of discovery. Given the serious consequences in terms
of NECNP’s ability to effectively litigate the important,
remanded safety issue of NECNP Contention IV, and the reasonable~-
ness of NECNP’s reliance on past practice regarding discovery
schedulirg, the Board should have allowed NECNP’s motion, or
granted NECNP’s request in the alternative for an extension of
the discovery deadline. See cincinnati Gas and Electric Co.
(Wiliiam H. Zimmer Nuclear Station), 12 NRC 231, 232 n.1 (1980)
(ASLB considered untimely filed response because reluctant to
take position which might preclude litigation of safety or
environmental issues without giving every party an opportunity to

be heard).

VI. THE LICENSING BOARD ERRED IN DISALLOWING DISCOVERY INTO CIR=-
CULATING WATER SYSTEMS THAT WERE NOT "COOLING SYSTEMS."

The Licensing Board also erred in denying NECNP’s motion to
compel Applicants to respond to questions seeking information
concerning possible biofouling and corrosion in all "circulating
water systems" at the Seabrook plant, on the ground that NECNP
Contentior IV only concerned "cooling systoms."34 These dis-
covery requests were entirely permissible.

It is well established that "In modern administrative and
legal practice, pretrial discovery is liberally granted to enable

the parties to ascertain the facts in complex litigation, refine

34 "NECNP’s Motion to Compel Applicants to Respond to NECNP's
Ssecond Set of Interrogatories and Request for Production of Docu-
ments on NECNP Contention IV," dated January 25, 1988, at 4-5.
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thae issues, and prepare adequately for a more expeditious hearing
or trial." Pacific Gas and Electric Co. (Stanislaus Nuclear Pro-
ject, Unit 1, LBP-78-20, 7 NRC 1038, 1040 (1978). In this
regard, interrogatories need only have "general relevance, for
discovery purposes, to the matters in controversy in the proceed-
ing." Texas Utilities Generating Co. (Comanche Peak Steam Elec~-
tric Station, Units 1 and 2), LPB-81-25, 14 NRC 241, 243 (1981).

Here, NECNP sought information about other systems in order
to determine the extent to which microbiocleogically induced corro-
sion has occurred and is adequately treated in general at
Seabrook. These interrcgatories seeking information about other
systems are designed to lead to information that is relevant to
NLCNP’s Contention IV, which concerns the adequacy of Applicants’
surveillance and maintenance program for the prevention of micro-
biologically induced corrosion in cooling syatems. The presence
of corrosion in other circulating water systems may well indicate
that corrosion may occur in cooling systems. If corrosion has
occurred in other circulating water systems, it is necessary to
determine whether Applicants have a program designed to prevent
or control corrosion in these systems, Obviocusly, if Applicants’

responses showed that these programs are the same as the programs

used to prevent or control corrosion in cooling systenms, this may

be admissible evidencs that such programs are also not adequate
to treat or control corresion in cooling systems. Accordingly,
these interrogatories were clearly "relevant to the subject mat-

ter involved in the proceeding...(or which) appears reasonably
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calculated to lead to the discovery of admissible evidence." 10
C.F.R. § 2.740(b)(1).
VII. CONCLUSION

For the foregoing reasons, the Licensing Board’s erred in
ruling that microbiologically induced corrosion was not within
the scope of NECNP Contention IV, and by restricting the time and.
type of allowable discovery under this contention. Therefore,
the Licensing Board’s decisions of February 17, 1588, March 18,
1988, and April 1, 1988, should be reversed.

Respectfully submitted, —
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UNITED STATES NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of

Public Service Company of

New Hampshire, et al. Docket No. 50-443 OL~-1

ONSITE EMERGENCY

PLANNING & TECHNICAL
ISSUES

AFFIDAVIT OF DR. JAMES BRYERS

I, James Bryers, being on cath, depose and say as follows:

(Seabrook Station, Units 1 & 2)

vvv\.—vvvvvv‘

) I am a Professor in the Center for diochemical
Engineering at Duke University. My curriculum vitae, which
describes my academic and professional experience, publications,
and research, is attached hereto as Exhibit B.

2. My area of expertise in the field of chemical
engineering is in the physical, chemical and biclogical processes
governing biofilm formation, and the detrimental effects of these
biofilms in engineered systems, including nuclear power plant
heat-exchangers.

3. I have reviewed the text and bases of Contention IV,
"Blockage of Coolant Flow to Safety-Related Systems and Com~-
penents by Buildup of Biolegical Orvanisms," sponsored by New
England Coalition on Nuclear Polluticn ("NECNP") in the above-
captioned proceeding. It is my opinion that, while Contention
IV's identification of the problem as "the accumulation of mol-
lusks and other aquatic organisms in reactor cooling systems"

does not specifically identify any particular type or detrimental
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effect oy fouling, it broadly identifies the preciess of fouling.

4. Tue term "fouling" refers to the formation of
inorganiz and’or organic depnsits on surfaces, and includes that
form of fculing caused by the attachment ot.lacro-arq1n1l3| and
narticulate ratter on pipe-liquid interfaces, and corrosisn foul-
ing, resulting from the interaction of bioloq1c31 organisms and
biofilms or slime layers on surfaces. "Microbiclegically induced
corrosion," also referred to as "microbioclogically mediated cor-
rosion," is one detrimental effect of fouling, which -an be
caused by the interaction between aercbic and anaerovic bacteria
and biofilms in pipe-liquid interfaces.

S, It is my opinion that, because the identification of
the issue. in NECNP Contention IV broadly identifies the process
that causes "fouling" and "corrcsion," microbiologically induced
corrosion is within the scope of this Contention.

6. "Biofouling" refers to fouling that results from the
development of a biofilm consisting of of microorganims and thair
products (microbial fouling), the depositisn and growth of macro-
organ.sms s.'ch as barnacles (macrobial rouling), and the
accumulation of assorted detritus. Biofouling can be very
extensive, aven with very minute levels of biofilm. Sirilarly,
flow or heat ineff ' ciencies can occur even with minute coverage
of fouling organisms on surfaces.

7. There are several detrimental effects of biofouling in

heat-axchange systems. One effect is blockage of cooling sys-

tems, and subsequent impairment of the system’s heat transfer



Tas-—

L SN

e

- 1 -
capabilities. Blockage can be caused by the accumulation of
macro-organisms (mussels, barnacles). Another detrimental effect
of fouling is ~ontriction and/or mechanical dotori?ragicn of the
orF * ‘.ting characteristics of valves and pumps, which is cause' by
the accumulation of a biofilm or "slime" on pipe-liquid inter-
faces.. Another detrimental effect of fouling is tlhid.tric-
tional resistance, whereby fluid as pumped ineffeciently through
pipes. Finally, corroaion and degradation of pipes and heat-
exchange systems, as a result of the accumulation of micro=
organisms (microbial fouling) on surfaces.

8. The identification of microbiologically induced corro-
sion can be seen in Contention IV’s use of two words == "aquatic
organisms,"” and "accumulation." The term "aquatic crganisms"
rerers both to macro-organism such as mussels, clams, and other
bivalves and bivalve larvae, arn. micro-organisms, including
aercbic and anaercbic bacteria. "Accumulation” is used in the
bio-chemistry field o refer to the accumulation of biofilms on
heat.-exchange systems, which ara the result of asrobic or
anaercbic bacteria depositions, as well as the accumulation of
macroorganisms. See Jryers, J.D., Characklis, W.G., Z2e‘'ver, N.,
and Nimmons, M.G., "Microbial Film Development and Associated
Energy Losses," at 12.14-1, Paper No. 12-15§ presented at the
Proc. 6th OTEC Conference, "Ocean Thermal Energy for the ’‘80’'s,"
Washington, D.C,, June 19-20, 1979. This detrimental biofilm or
slime can ultimately interacts with bacteria to cause corrosion

of heat-exchangers. Thus, "the accumulation of agquatic
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organisms" refers equually to the accumulation of microorganisms

and the formation of biofilms, as well as the accumulation of

Macroorganisms.,

9. The problem of corrosion in engineered systemr caused
by the interaction between microorganisms and biofilms on pipe~
liquid surfaces is not a new cne. A; early as 1977, the cor-'
rosive wffects associated with microbial fouling and biofilm
formation have ber: thu subject of studies by the scientific com-
munity, and have ber identified as a detrimental effect of
"biofouliry." §Ses .orman, G., Characklis, W.G., and Bryers,
J.D., "Control of Microbial Fouling in Circular Tubes with
Chlorine," 18 Development in Industrial Microbiology, PP. S21-53%0
(1977), artached as Exhibit E, and studies cited above.

10. Fouling by macro-organisms, such as barnacles and mus-
sels, should not be thought of as independent of microbial foul-
ing. Microbial fouling often precedes colonization of heat~-
exchanger surfaces by macro-organisms, since the microbiological
organisms which cause the corrosion are a food source for
bivalves, permitting and encouraging their settlement and
colenization, and the sedimentation caused by and causing micro-
Dioclogically induced currosion enables musscls and oysters to
attach more firmly to piping surfaces. Therefore, control of

microbial fouling results in control of macrobial fouling. Con-

: ]
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versely, centrolling macro-fouling will not necessaryily cont

microbial fouling or microbiologically induced corrssien. See

Characllis, W.G., "Bicengineerirg Renors -- Foulinc infilm
I = .
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B, Consulting o

Oregon Graduate Center, Beaverton, OR - 1986

BIORFESPONSE, Inc., Havwooud, CA - 1986

Cetus Corporation, Emeryville, CA = 198% ‘
Nestle' Corporation, Vevey, Switzarland - 1985

shell Exploration & Productlon, Aberdeen, Scotland - 1985

Ciba~Geigy, Born, Svitzerland - 1981-1985
Shell 041 Company, Westhollow Research Center, Houston, Tx - 1984

Institute of Paper Chemistry, Appleton, W1 - 1980
Brictish Petroleum, London, England - 1980-1981
Shell 041 Company, Calgary, Alta, CAN - 1980
Mobil 01l Company, Edmonton, Alta, CAN - 1980

C, Directed Thesis Research

Microbiological events in aerobic/anaercbic fouling biofilms,
Ph.D., resecarch of W,F, M:Coy, Department of Biology, University

of Calgury, Calgary, Alta, CAN - 1982,

Transport of groundvater pollutants during peak flood events in
the Glatt River, Kanton Zurich, M,Sc. Thesis, EAWACG, 19812,

Particulate Effects on the anaerobic production of methane, Fh.D.
research of J. Berger, EAWAG 1983,

Use of dynamic tracer methods to evaluate performsnce of biomass
suppwrt particles in wastewater treatment systems, M.Sc,
research project, EAWAG, 19813,

Mass transport within biofilms, Ph.D., research of H, Siegrist,
EAWAG, 1985,

Death, Lysis, and Cryptic Crovwth in Microbial Cultures, Ph.D.
research of C.A, Mason, EAWAG/ETH, 1986,

JOURKAL EDITORSHIP

Regional Editor, BIOFOULIRG, Gordon & Breach Science Publ.,
Begianing 1987 untili 1990,

PROFESSIGNAL SOCIET.ES

Americean Institute of Chemical Engineers
Society of Industrial Microbiologists
American Chemical Society = Microbial and Biochemical Technology

ARARDS, HOKRORS, SCHOLARSHIPS

Charles P, Schaufus Fellowehip from the Par:
Assnciation and the Millipore Corporaticon
recyele in {ermentation
$30°000.

fa> ressarch
gvecems, Nov. 1985, Awargs value:




PUBLICATIONS

A,

Articles in Refereed Journals

Bryers, J. D., Biologically Active Surfaces: Processes
Governing the Formation and Persistence of Biofilms,

Biotechnol, Prog., 2 (2): S57-68, 1987.

Bryers, J. 0. and Mason, C. A. Biopolymer Particulate
Turnover in Biclogical.Waste Treat: nt Systems: a Review

Bioprocess Enginsering, 2: 95-109, 1987,

Muson, C. A., Hamer, G., and Bryers, J. D., The Death and
Lysis of Microorganisms in Environmental Processes, FEMS

Reviews, 39: 373-401, 1986,

Mason, C. A., Bryers, J. L., and Hamer, G.,
Activity, Death and Lysis during Microbial Growth in a

Chemostat. Chemical Engineering Communications,

43¢ 163-176, 1986,

Bryers, J. D., Stability Analysis of a Binary Culture
Chemostat Experiencing Biofilm Formation, Bioprocess

Enginecring, 1, 3-11, 1986,

Hamer, G., Bryers, J. D., and Berger, J. Thermophilic
Anaercbic Digestion for Snwage Sludge Digestion, ACTA,

BIOTECHNOL., S 213-222, 1788,

Bryers, J. D. A Structured Mcdel of the Anaerchbic

Digestion of Biomass Particulates. Bistechnology and
: 21(8): 638-649, 198S..

Bryers, J. D. Biofilm Formation and Chemostat Dynamics:
Pure and Mixed Culture Considerations, Bigtechnelegy and

Bicenginacering, 26(8): 948-958, 1984,

Bryers, J. D. and Characklis, W. G. Processes Governing
Early Biofilm Formation. RicSechnology and Bicengineering,
24 (1l): 2451-2476, 1%i2.

Characklis, W. G., Trulear, M. G,, Bryers, J. D., and
Zelver, N. Dynamics of Biofilm Processes: Methods.

Nateg Research, 16(7): 1207-1216, 1982.

McCoy, W. F., Bryers, J. D., Robbins, J., and
Costerton, J. W, Observatiocns of Fouling Biofilm Formation.

Sanadian J. Microbiology, 22(9): 910-917, 1981,

Bryers, J. D. and Characklis, W, 6. Ea'ly F
Formation in a Turbulent Flow System: Jvera

Waser Research, 15(4): 483=-4%1, 19881.
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Other Professional Publications

Bryers, J. D. A Structured Model of

Diauxic Growth in Continuous Culture, Proceedings 1987 ASME
Winter Meeting, Bioprocessing Colloquium, Boston, MA.
December, 1987.

Bryers, J. D. Effects of Cell Recycle on Cell Viability and
Metabolinm, 1987 ASME Winter Meeting,
Bicprocessing Coulleoguiunm, Boston, MA. December, 1987.

Banks, M. K. and Bryers, J. D. Biopolymeric Particulate
Turnover in Biofilm Systens, A.I.Ch.E. 1987
Annual Meeting = Colloidal Phenomena in Biofilm Systems, New
York, NY, November, 1987.

Mason, C. A., Bryers, J. D., and Hamer, G. Mikrobielles
Wachstum in Chemostaten: Ein Tod, Lyse und kryptisches
Wachstum inkorporierendes Modell, 3. Dechema
Jahrestagung der Biotechnologen, Frankfurt, BRD. 198%5.

Bryers, J. D., Hamer, G. and Moo=-Young, M. (Eds.).
Third Internaticnal Waste Treatment and Utilization

Symposium. Conservation and Recvcling, 8 (1/2), 198s.

Hamer, G. and Bryers, J. D., "Aerobiec thermephilic
sludge treatment: some biotechnologices concepts,"
Third Internaticnal Waste Treatment Symposium,

and Recvcling, 8, (1/2, 198%),

Bryers, J. D., Berger, J. and Hamer, G. Interpretation of
Thermophilic Anaerocbic Digestion Experiments Using a
Dynamic Structural Model. Proceedings, Third Internaticnal
Waste Trea*ment and Utilization Symposium - IWTUS3].

Resources and Recvcling 8 (1/2), Pergamon, 1985,

Bryers, J. D., Characklis, W, G., Zelver, N., and
Nimmons, M. J, Biof2uling Film DPevelopment and Asscciated
Energy Lesses, Broceedingg, 6th OTEC Conference,

G. L. Dugger (Ed.), Washington, D. C., 1979.

Bryers, J. D. and Characklis, Ww. G. The Mathematical
Simulation of Microbial Film Growth,
87th Annual AWWA Conference, Anaheinm, CA, 1977.

Nerrmann, G., Characklis, W. G., and Bryers, J. D.
The Contrel of Micrebial Films in Circular Tubes with

Chlcrln., lz’vgig:m,a:: ;:A V\"*wa:igl,—\nn' u'

Chapter 48, 1977,
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cC.

Contributions to Books

Characklis, W. G. and Bryers, J. D. Bicfilms in
Wastewater Treatment, Chapter 17, in BIOr...'s,
W. 5. Characklis and K. C. Marshall. (Eds.), John Wiley,

(in press).

Bryers, J. D. and Characklis, W. G. Biofilms in
Biotechnology, JChapter 19, IN: BIOFILMS,
W. G. Chara klis and K. C. Marshall. (Eds.) John Wiley

Publication (in prass).

Bryers, J. D. Mathematical Models of Bacterial Attachme.t
and Subsequent Biofilm Formation. IN: Mathematical

Modals in Microbial Physiolegy, Michael Bazin (ed) CRC Review
Series, Boca Raton, FL. (in press).

Bryers, J. D. and Hamer, G. Use of Artificially Captured
Microorganisms in wWater Purification., Chapter

IN: Mecthods in Enzymology Series: Enzyme and Whole Cell
Techrology. K. Mesbach (Vol. Ed) Academic Press, Inc.,

New York. (in press),

Bryers, J, D. Application of Captured Cell Systems to
Biological Treatment Processes. Chapter 2 in

A4 vntal Svstems, Vol, I., D. L.
Wise (Ed) CRC Review Series, Boca Raton, FL. (1987).

Bryers, J. D. and R, L. Irvine. Structured Modelling of
Biclogical Treatment Processes. Chapter 6 in
Vol. II, D. L. Wise (Ed) CRC Review

sSystems,
Series, Boca Raton, FL. (1987).

Irvine, R. L. and Bryers, J. D. Stoichiometry and
Kinetics of Bicloaical Treatment Processes.

IN: Comprehensive Biotechnelogy, Valume IV - Principles

of Biotechnology: Engineering Considerations, M, Moo=Young,
C. L. Couney, and A, E. Humphrey, Chapter 41, PD 757-772,
(Eds.), Pergamon Press, lLondon (1986) .

Bryers, J. D. Biofilm Formation and Its Consequences.
Group Two Report. IN: Microbial Adhesion and Its
“onsequences. K. C, Marshall (Ed.) Dahlem Konferenzen.
Berlin, West Germany. January, 11784,

Brysrs, J. D. Proc sses contrib::ing to Biofilm Formation:
A Review. o i First Int rnational Conference on
Fixed Film Biological Processes, Y. C. Wu g% al (Eds.), King
Island, OH, pp, 155-183, 1982,



Characklis, W. G., Bryers, J. D., Trulear, M. G.,

and Zelver, N. Biofouling Film Development and Its

Effects on Energy Losses: A Laboratory Study, in Chapter s,
+ J. F. Garey (Ed) Ann Arbor

control
Science, Inc., Ann Arbor, MI, PP. 49-76, 1v80,

Bryers, J. D. and Characklis, W. G. Measurement of

Primary Biofilm Formation, in Chapter 11, Condensesr Biofouling

gontrol J. F. Garey (Ed) Ann Arber Science, Inec., .
. Ann Arbor, MI, pp. 16%-183, 1980,

Bryers, J. D. and Characklis, W. G. Kinetics of Primary
Biofilm Formation within a Turbulent Flow System, in
3 of Heat Equipment, E.F.C. Somerscales and J.

Iransfer
G. Knudsen (Eds.), Hemisphere Publishing Corporation,
Washingten, D. C., pp. 313-333, 1981,

D. 1Invited Seminar/Conference Speaker:

"Biotechnology in Environment.' Engineering - Introduction"
and “"Fate of Genetically Engineeced Mciroorganisms in Natural
and Envineered Systems," Invited Lecture, American
Environmental Engineering Professors (AEEP) Workshop,
Philadelphia, Pennsylvania, October 1987.

"Modelling of Biological Wastewater Treatment," an IAWPRC
Specialized Seminar, August 28-30, 1985, Copenhagen,
Denmark. Session Chairman on Basic Kinetics.

“Microbial Adhesion and Its Consequences," Dahlem Conference
Schedulad January, 1984, Berlin, invited guest speaker.

"First Internaticnal Conference on Fixed Film Biolegical
Processes," invited Session Chairman on Fundamental Biofilm
Processes, Kirgs Island, Ohio, April, 1982.

"First International Conference on Fouling of Heat Transfer
Equipment," session Co-chairman on Biofouling,
Rensselaer Polytuchnic Institute, Troy, New York, 1979.







1985

1965
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1987

Duke
Universicty

Duke
University
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Duke
Uriversicy

Duke
University

Duke
University

Duke
Universicty

Duke
University

Duke
University

Research Craduate School 12'000,
Equipment and the Richard
Grant Leach Research
Endovment
Resrarch Academic Research $'000.
Equipment Couneil, Duke
Crant Unfversity
Research NIH Biomedical s0'000,
Development Research Crant
Grant
Biofilm Parenteral Drug 30'000.
Formation Association §
vithin Cell Millipore Corp.
Recycle C.P. Schaufus Awvard
Fermentation
Systems
Biochemical Nortth Carolina 406°'000.
Engineering Biotechnelogy
Research Center
Laboratory
Development
(Co=1.vestigator: H., Clark)
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Transients
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Duke
University

Duke
Universicty

Duke
University

Duke
University

Fate of Riopcly~ North Carolina
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Polysaccharide
Production on
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MICROBIAL FILM DEVELOPMENT AND ASSOCIATED ENERGY LOSSES

J. D. Beyers*®, W. G. Qharacklis®, N, z.:m?. and M. G. Nimmomf

Envirunmental Science and Engpincenng Dept.
George R. Brown School of Engineering

p—
—
-

X

Rice University
Houston, Texas 77001

Adsggoct

Microblal fouling (n pover plant condenters lne-
creases heat transfer and fluld frictional resis~-
tance resulting (n energy losses. Binfouling cone
trel Ls genaraily By cnlorine addition creating po=
tential toxicity problems in receiving vaters, A
better undetstanding of diofouling film developnent
and descruction (i.e,, stoichiometry and kinetics)
18 necessary to maintain effluent vater guallity
vhlle minimizing dleofouling effects.

This paper reviews research progress in the fol=-
loving areas:

1. Development of various sensitive diofiln de~
tection smthods for sonitoring the extent of biow
fouling.

2. Determination of effects of ‘certain varfadles
on the kinetics and stoichiomesry of biofilm accusu~

latton,

)., Cocerelation of diofile development to in-
creases in both heat transfer and flutd frictional
resistance,

&, Deterwmination of the effects of chlorine ap~
plications on estadlisnhed biofilas,

]ns:gdgcilbn

The ters fouling refers to the formation of (nore
ganic and/or organic deposits on surfaces. In goele
ing systems, these depcsits form on condenser tube
wvalls Increasing {luid frictional resistance, sccel~
erating cerrosion and impairing heat transfer, Four
types of fouling, alone or in combinations, msay
oceur:

1. erystalline fouling caused by precipitation
of CICO’. Cas0, or silicates

2, corrosion fouling resulting from formation of
insulating lavers of metal oxides on the tudes

3. Tfouling due to wdherence of prefculate mat~
ter on tube surfaces

&. Dbiological fouling rosulting from attachment
and groweh of micrabial arganisos

This Investigation was restricted 2o the study of
blologieal fouling.

Professor, Eavivonmental Science “nd Engineering
Dept., Rice University.

80, *oradunte Ausistant, Enviroamental Science
and En inecring Dept., Rice University

The Probles

The sost common method feor controlling the foule
ing biolile development and maintaining condenser
perforsance {8 periodic chlerination, MHowever, cone
cern over residual toxicity from hypochlorous acid
or its reaction products has resulted {n federal
regulations which linmit the allovadble concentrations
of free avatladle chiscine in ¢ooling vater dis~
eharges. At the present tise, there is a9 sound da-
sis for assessing the ispact of the regulations,

This (nvestigation stems from the appatent need
fov a more basic understanding of fouling diofilam
developoent and fouling blofile descructien,

Project objectives {ncluded the folloving:

L. Duvelep o bettear understanding of foulingbio=
film developsent, vith particular esphasis on the
effects of fluid flov rate, bulk vater tesperature,
vall surface tesperature and limiting nutrient cone
centration,

2, Determine the effectiveness of fouling bioe
fila destruetion by chemical oxidants, primarily
chlerine,

). Develep & pracitcal, reliadle, sufficiently
sensitive device for senitariag dicfouling and (or
effectively operating and controlling diofouling de-
struction processes at operating power plants.

Laboratory experiments and a limited numser of
field tests vere conducted vith tve reacter config~
uratiens:

L. # tubular reactor

2, an annular reactor consisting of 2 statienary
outer cylinder and o totating inncr cylinder.

The tubular reactor geometry and (ts turdbuleat
flov regime are fdentical to these existing {n cool-
ing vater condensers, The annular reactor vas test-
ed as & dlofouling monitor decause it {5 very sensie~
tive to fouling and is easv to operate and saintain,
The annular reactor has the potential of deing used
in 8 sidestrean from the cooling vater supply to
continuously soniter Blefouling for control of the
addition of oxidant. Blofouling in the experivental
reactors wvas measured by observing changes in the
folloving parameters:

1. bdieftlm thickness

2. attached Slomass

3. fluid frictional resistance
&, hear transfer resistan.e

Processcs in Fouling Biafils Development

Microdtal fouling s the conbined result of ness

12151
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MICROBIAL FACILI{ATION OF CORROSION
David C. White
310 Nuclear Research '
Department of Biological Science
Florida State University

Tallahassee, Florida 32306

ABSTRACT
Newly developed sensitive biochemical methods make possible the
quantitative study of microbes that facilitate corrosion. At least 3

mechanisms for facilitation of corrosion . n now be examined. The uneven

distribution of microbes and their extracellular polymers can create

concentration cells that differ in cathodic activity. The metadolic

.acitivities of aerobic microbes can create anaerobic niches in highly serobic

eavironments and from these niches organic acids can be generated by the

activities of fermentative bacteria., In the presence of sulfate or organic

sulfate estars, the oxidation of organic acids can lead to generation of

hydrogen sulfide by the sulfate reducing anaerobes. Hydrogen sulfide i-

capable of cathodic depolarization and of oxidation by aerobic Thiobacteria

with the formation of sulfuric acid. The Adetection and validation of

“signature" lipids in these microbes can now 2llow the use of l:,C enrichment
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experiments which can provide correlation between ccrrosion rates and specifie
microbial activities co that more rational countermeasures can Le developed as

has been begun for the microfouling community and the problems of heat transfer

efficiency.

INTRODUCTION
With the increasing necessity to recycle both fresh and saltwvater,
problems of microfouling and subseqient microbially facilitated corrosion :

become more important. No. only do microbial films increase resistance to

efficient heat transfer, increase the resistance to fluid flow and provide the

conditions fcr facilitation of corrosion, but they may provide the idecal growth

conditions for the dissemination of the human pathogen Legionella. Simple
antifoulirg treatments with biocides are increasingly expensive and potentially
damaging to the environment so research tows'ds a new strategy to interdict
microfouling led to the development and validaticn of biochemizal methods by
which the biomass and community structure of the microbial films could be

examin .d, These mathods can now be applied to increase the basic oy

understanding of microbial corrosion facilitation.
Microbes can facilitate or initiate corrosion by their activities by at

least three mechanisms., Concentration cells differing in cathodic activity can

be generated by the uneven distribution of microbial and extracellular biomuss

and community compositon, Microbes can generate corrosive metabolites such as

the organic acids that are important in the weathering prozess by vhich soils

are replonished or Ly the generation of mineral acids under the proper
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conditions of growth. The sulfate reducing Lacteria generate hydrogen sulflide
with subsequent cathodic depolarization and metalic rilfide formation,

With newly developed methoduiogy for “signature” lipids of various
physiological groups of organisms, the microbial ecology of these organisms can
be studied to provide a rationale for countermeasures.

EXPERINENTAL PROCEDURE

A flow diagram of the experimental procedures utilized in the study of

microbial fouling and corrosion is illustrated in Figure l.

Patchy distribution

A coupon of the exposed surface is recovered and stained with aqueous
acridine orange. The acridine orange is then washed off and the relative
distribution of intensity of fluorescence measured with an epifluorescent
microfluorimeter can give a quantitative estimate of the patchiness as the
specimen is moved acros~ the microscope stage (1). Other coupons can be fixed
with glutaraldehyde, dehydrated, coated and examined by scanning electron
microscopy (2). A typical micrograph of the fouling community developing on

titanium expopsed to seawater is shown in Figure 2.

Lipid extraction

The camples are extracted by the one phase Bligh and Dyer method and after
inducing phase separation the lipids are recovered from the organic phase (2).
The residue remaining after extraction is removed from the surface by abrasion
and analyzed after acid hydrolysis. The aqueous portion of the lipid

extraction is also analyzed for the adenine nucleotides as illustrated in

Figure 1.
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An experimental investigation of the deleterious
effact of microubial slime layers on the hydraulic
per formance of water conduits jc presented. The
underlying mechanisms that lcad to an increase of
friciional losses in the conduit are explored and
their relative importance is discussed., It is
shown that although the slime layer is viscoelastic

and filamentous, its effect on frictional resistance

A

can be adeguately revrcsented through an increase

in rigid egquivalent sard roughness of the conduit

wall.
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Effcct of Biofilm Growth on Hydraulic Performance

By B. F. Picologlou,' N. Zelver,! and W. G, Characklis’

INTRODUC” ION

Biofouling in water conduits causes pronounced increases in
fluid frictional resistancé. Tge resulting energy losses are of
major concer " to the water supply and power industries.

Biofouliny is a general term referring to undesirable

effects due to attachment of microorganisms at liquid-solid

interfaces. The microorganisms produce a polysaccharide slime

layer (5,6,8) which, when formed on the inside surface of water
conduits, increases frictional resistance in flow systems re-
sulting in energy losses or losses in pipeline capacity.
Deterioration of pipeline capacity attributed to biofilm
development can be substantial. Seifert and Kruger (l4) report
a 55% reduction of original capacity in a 50 mile (80 km)
long water supply pipeline 23.62 inches (60 em) 1D due to a
thin slimy layer approximately 0.026 inches /6350 um) thick,
Table 1 documents other case histories of biofouling in water
supply lines (3.
Biofouliny is not limited to microbial activity, The term
includes the interaction of the microcorganisms and the glime

layer with both the chemistry of the solid surface and the bulk

'Asst. pProf., LDept. of Mechanical Engrqg., Rice Univ., Houston, Tex.
*Research Environmental FEngr., Cuteck, Inc., Sacramento, Calif,
‘pProt., Dept. of Environmental Sci. & Cngrg., Rice Univ,, Houston, Tex.




TABLE 1.

Data Summar
Frictional Losses Due

Y from Case Yistories of Clos.d Conduits Expe:iancing
to Biofilms

Reduction in

Conduit Conduit
Design Flow Biofilm Thickness Diameter Length Conduit v
Capacity (micrometers) (centimeters) (kilometers) Surface Reference

(1) i2) (3) (4) (S} (6)
12% in 2 years 800 105 13 Cement « (9
231 1600 90 13 Concrete (9
16% in 3} weeks 5000 90 41 Steel (1)
53% in ] years 635 60 93 Steel (1s3)
3.5% W 1 year - Je 2.5 Steel (7
liote: 1 micrometer = 3.94 x 10~ inches

1l centimeter =

1l kilometer

-3937 inches

.621S miles

WETEPEL N,



fluid. These intecractions can cnhancc some of the more commonly
known fouling pheinomena such as precipitation or crystallization
(scaling) and corrosion. 1In these latter cases, the wall layer
attains a much more rigid structure and the pronounced increase
in frictional resistance can be successfully explained by the
increase in the equivalent sand roughness of the pipe wall. 1In
the case of microbial slime lavers, the situation is more som-
plex. The thickness and morphology of the slime layers are
functions of the operating conditions. A change in operating
conditions, such as an iancrease in wall shear ;tress. can cause
significant changes in the morphology and thickness uf the bio-
£ilm, thus changing the value of the equivalent sand roughness.
In addition, the viscoelastic nature of the slime layer and its
filamentous morphology suggest that perhaps additional dissipa-
ticn me:hanigms contribute significantly to the increased fric-
tional resistance, Consequently, description of the biofilm
effect by a unique value of equivalent sand roughness may be
inadequate over the entire range of the operating conditions,
The purpose of this study is to explore some of these
possibilities. This paper will only be concerned with microbial

slime layers and, therefore, the term bicfouling will be used

for microbial fouling and the term biofilrm for the microbial

slime layer,

EXPENIMENTAL METHODS
Only the salient features of the system employed are qgiven
here, For additional information, see refarences (16) and (4).

The experimental system was designed so that important
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CHAPTER 48
Cuntrol of Microbial Fouling in Circular Tubes with Chilorine

* G NORRMAN, W.GC. OHARACKLIS, AND ). D. BRYI RS

Department of Environmental Science and Fngineenng,
Rice Umiversity, Ho, <tun, Texes 7700/
.

Mictobial fouling is a major cuuse of encigy loss in water pipclines, heat exchangers, and
power-plant condensers. Chemical control is wsuslly by chlonne addition. New resincrions on
efNuent chlonne residusls require that chlorine be 3dded judiciously. The work described is the
basis for & methodology 1o determine optimum chlonne dosing rates far (ouling control. Tubylar
reacror expenments were conducied for turbulen' conditions (Reynoldt number |3.000-19.000).
Microbial fiim thickness (T) was monitored by electneal conductiviry (£2.5 um) and correlated
well with increases in (riciional resisiance measured by pressure drop (An). Observed Ap was
sgnificantly higher than predicted based on reducnon of cros-sctional area available for Now.
and 3 p inzreases of 200% were observed for T2100 wm. Chiorine addition caused partial fim
removal with consequent increases in effuent particulates. A mathematical description of
mucrobial film growth and its control by chiorine it offered.

INTRODUCTION

Microbial fouling is 3 major cause of energy losses in water pipelines and heat exchangers.
Thin microbial films attach to the inside of water conduits causing large increases in both Nuid
frictional and heat transfer resistance. Characklis (1973a.0) and Norrman (1976) reviewed the
Uterature conceming the effecu of fouling on frctional resistance. Chionne generaily 15 used
for comirolling microbial fouling in such systems. However, both economic considerations and
increasingly stringent environmental regulations reQuire 3 sysiematic understanding of
mucrobial fouling, its effects, and methods of control. This paper descrives research direcied
toward the fullowing objectives:
|. Development of 2 suitable apparatus for experimental de.srmination of frictional
resistance as 3 function of fiim thickness
1. Determination of the dependence of (nctonal resistance on film thickness and Now
rate.
3. Determination of the effect of varying chiorine application rates on film thickness and
frictional resistance
4. Development of mathem:tical models deszriding both Nim growth and film destruction
by ¢chlorine

MATERIALS AND METHODS

Sverem descmption. A wubular resctor was used for reasons o dynamic milanty to lyll-scale
systems. Figure | is a schematic disgram of the experimental spparatus. Two loops permitied
amultaneous expenmentt at different Now rares, Each leop contuned 3 rotameter and
weparate sections for film thicknuss, Nim density, and pressure diop mesurements. The entire
fystem, including test sections (Fig 1), was scrylic tubing (1.27 em 1.D ) roughened to
promate mucrobial attachment. The tubul: resciors were aperated on 2 once thtough basis
duning chlonne addition.
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