August 20,

ATOMIC SAFETY

I e

In the Matter of

VIRGINIA ELECTRIC AND POWER COMPA! 50~ 339 OL

(North Anna Power Station, Units (Pumphouse Settlement)
1 and 2)

T NI Y AT DBADASET NTYT MO
NDUM OF I)RVA\._AED FI.‘»’AL\Ju
DIIMDUNIICE OFMMT OVINT
PUMPHOUSE SETTLEMENT

Upon sua sponte review of the Atomic Safety and Licensing

Board's initial declision authorizing 1ssuance of an operating

license for North Anna Nucle: Pow Station Units 1 and 2,

the Atomic Safety and Licensing ppes 3 d affirmed the
decision with respect to mos . , but withheld 1ts approval
in connection with two plant safety issues: 1) settlement
beneath the Unit 1 and 2 service water pumphouse, and 2) the
probability of unacceptable damage from missiles generated
either inside or outside the facilities. Subsequently, the
Appeal Board celled for an evidentiary hearing on these two
plant safety ue ] was held in Bethesda, Maryland, on
June 18, 19, and 20, 1979, Interven?r Arnold limited her
participation in these hearings to cross-examination of
*5plicant and Staff witnesses on the pumphouse settlement 1ssue,

In accordance with the agreed upon
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Appeal Board's Memorandum and Order of June 21, 1979, Intervenor
Arnold offers the following proposed findings on the pumphouse

settlement issue.

Introduction

Intervenor Arnold accepts as far as they go, the Staff's
proposed findings describing the service water pumphouse
settlement (including Introduction, Description of Service
Water System, Scil Mechanics, Settlement History, and the first
three paragraphs of the section on Dewatering)(Staff Proposed
Findings, pp. 2-13). With certain exceotlions discussed below,
this factual background surrounding the settlement problem is
not in dispute. Rather, the orincipal 1ssue before the Appeal
Board is whether the Applicant's solution to the problem and
the technical specification governing that solution provide
reasonable assurance that the health and safety of the public
will be protected, particularly in light of continuilng, poorly
understood settlement of the pumphouse. Simply stated, the
Applicant and Staff maintain that the Applicant's solution and
the proposed technical specification do provide such assurance;
Intervenor Arncld maintains that they do not.

An evaluation of the safety significance of modifying,
through a technical specification change, the allowable settle-
ment of the service water pumphouse must begin with the assump-
tion that the initial technical specification dealing with
settlement was also established with the intent to protect the

health and safety of the public (See Tr. 352-353), Since the
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tectnical specification change proposed by the Staff and
Vepco allows for 'acreased settlement of (he pumphouse
approaching the flexible limits of the service water piping
system, it follows that implementation of the new technical
specification wil) entall a greater risk to the health and
safety of the public. The disturbing fact in this 1s that
the greater risk is not counterbalanced by any additional
measures designed to insure the intersrity of the olping
system.* The expansion joints upon which the Ap>olicant
places so much reliance were in place at the time the initial
technical specification settlement limits were established
in the fall of 1977 (Tr. 353). Nothing has changed in this
regard. In fact, the only change that has occurred is that
settlement of the pumphouse has nearly reached the coriginsal
technical specification limits, thereby necessitating elther

a change in the limits, or anticlipation of plant shutdown.

* The Applicant and Staff take comfort in the fact that even
if the service water piping system were to fail as a result of
settlement induced stresses, safety would be assurzd by the
auxiliary pump system drawing from Lake Anna (Vepco SWPH Test.
p. 33). If the auxiliary system were the salvation that the
Applicant and Staff would have us believe, there would be no
need at all for a technical specification requiring plant shut=-
down when settlement reached a certain limit and before the plpes
failed. Obviously, therefore, fsilure of the expansion Joints
poses some danger, One disturbing thing abcut the Applicant's
reliance on the auxiliary pump system as a backup is the fact
that the Applicant only evaluated use of the system when the
plant is in a Mode five, cold shutdown condlitlon (1d. at 31).
No evaluation was made or required by the Staff of the safety
consequences of having to shift toc the auxiliary system durin
power operation of the plant (Tr. 121, 284), ‘(]g‘ }[fi
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The Method for Meazuring Continuing Expansion Joint Integrity
Is Inadeguate

The Applicart's reliance upon gservice water piping expan-
sion jJoints to maintain the integrity of the piping in the
face of continuing pumphouse settlement 1s cause for concern
because the method by which expansion Joint performance 1s
measured is so indirect and imprecise. The expansion joints
themselves are subject to a variety of stresses created by
lateral offset, compression of the Joints, extension of the
joints, and angular offset of the Jjoints (Tr. 93). With
respect to each of these stresses, the expansion Joint has a
limit, beyond which it will fail (Id.). Several external
factors contribute to these various stresses, among then,
soll welight, pumphouse settlement (Tr. 101-102, 212), and
thermal varistions (Tr. 214-218).

The Applicant has done a computer analysis to determine
the amount of pumnhouse settlement that would create stresses
of the kind described above so as to cause the expans.ion
joints to reach their desien limits (Tr. 99, 100-101). The
settlement limit obtained by this analysis, is the only
eriterim the Applicant proposes to use 10 determine if the
expansion joints are functioning properly and have not been
over stressed (Tr. 104). In other words, only if settlement
reaches a certain amount will the Applicant snticipate that
the joints are approaching their functional 1imits. He has
no apparent means of directly monitoring, or plans to directly

monitor, the functioning of the expansion joints (Tr. 104).
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The Applicant's indirect method of measurement is all the
more alarming in light of the uncertainty surrounding the
precise nature of the expansion Jjoints' fallure mechanism,.
The Applicant testified that the mechanism of failure of the
joints would be pinhole eaks (Tr. 113). The basis for this
conclusion was testing undertaken by the manufacturer of the
expansion joints (Tr. 114)., However, although the Applicant
had some knowledge of the testing that had been done on the
expansion joint by the manufacturer (Tr 233-242), he was
unaware of the specifics of manuf=cture (Tr. 279), and wes
denied access to the proprietary computer codes used in
analyzing the margin of safety in the expansion Jjolnts (Tr.
245-246), The Appllcant was uncertain as to the manner in
which a pinhole leak might expand (Tr. 222), and both the
Applicant and the Staff appeared to be largely 1gnorant of
the previous performance of expansion Jjoints in similar
situations, or even whether they had been so used at all
(Tr. 222-223, 379).

In response to questioning regarding how an unantici-
pated failure of the expansion Jjcints would be detected, the
Applicant's witness suggested that in the case of a 3000 gpm
leak not detectable on control room flow indicators, rellance
would be placed on the operator's noticing flooding of the
expansion joint enclosure while making hls rounds (Tr. 224).
Even given the Applicant's belief that expanslion Joint failure
{s an unlikely event, reliance on a visual detection of
flooding during an inspection round occurring once per four
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hours is insufficiently reliable to insure protection of the
public health and safety.

The Applicant's Past Monitoring Performance Requires That
Stringent Monitoring Requirements be Included in the Technical

Specification
Assuming, arguerdo, that the Appeal Board was satisfied

with the proposal to determine expansiorn Jjoint integrity

through the indirect and imprecise means of settlement measure-
ment by surveying, the Applicant's history of surveying would
constitute independent grounds for concern. At the ocutset, 1t
should be noted that throughout the North Anna operating license
proceedings, concerns have been raised about Vepco's competence
and commitment to operate North Anna Units 1 and 2 in a safe
manner and in compliance with NRC requirements. In authorizing
the issuance of an operating license, the Atomic Safety &
Licens.ng Board found that Vepco had the necessary competence
and comm!tment (6 NRC 1127, 1177 (1977). 1Its findings in this
regard, however, were not made without concerns also being
expressed that certain events had reflected unfavorably on
vepco's technical qualifications and that Vepco had lagged in
ungrading its management to provide necessary leadership and
control to ensure proper operation of its plants (Id. at 1149-
1152). While the licensing Board's findinzs regarding commit-
ment and competence have been affirmed by this Appeal Board, one
is forced to conclude that these same issues continue to be
germane in the more limited area of wonitoring pumphouse

settlement.,
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Of principal concern are the events surrounding the

monitoring of pumphouse settlement between July,
March, 1978. The initial technical specification
Vepco to renort to the NRC when pumphouse settlement reached

~

75% of .15 feet went into effect on November 26, 1977 (Tr.
154), Stone & Webster, Vepco's architect-engineer for the
North Anna facility participated in the drafting of these
technical specification T 59). An investigation by the
NRC's office of Investigation and Enforcement (I4%E) revealed
that during, or at most sh 1) efore, the time Stone &%
Webster and Vepco began afting t% technical specification
governing pumphouse set men Stone & Webster already had
obtained survey results show'ug that the . .phouvce had

gettled to 7€6% of the .1F ot 1limd yon to be established

by the technica

techn| spe 1tior ar s 757 reporting requirement were
not yet in effect, I also > Vepco pointed out, that
n any event, Ston Jebster mon n ita would not have
’

been a basis fc ' ying compliance with the technical speci-
ficaticn, since thelr monitoring was not of the required Second
Order, Class curacy (Tr. 160) Nevertheless, it seeams
reasonable to expect that the August survey results, which
showed nearly twice the settlement of the previous survey 1n

May, would have been viewed as cause for alarm and proampted

further investigation. At the very least, the results should

'

eiiher have prompted an immedliate Second Order, Class II survey,
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or else been resorted to the Staff when the technical specifi-
cation became effective in November. None of these things
happened, however. The Applicant's explanation for tnis was
that the August survey results did not reach the appropriati
persons withir Vepco or Stone & Webster until sonetime in
1978 (Tr. 161-165; Staff SWPH Test., App. C, P« 7i Tr. 426).
The "oversight" with respect to the August, 1977, survey
data alone calls into question the Aoplicant's competence and
care in the monitoring of settlement. The whole matter is even
more disturbing, nowever, in 1light of the fact that the
Appiicant had other {ndications between July and December,
1977, also apparently ignored, wnich sugge:ted that settlement
of the pum-house had increased substantially. In March and
July of 1977, the surveying firm of Moore Hardy & Carrouth
(MH&C) whom Vepco had hired to conduct settlement surveys to
Second Order, Class II accuracy, obtained survey results indi-
cating that the pumphouse had settled to nearly twice the level
that it had reached by December, 1976 (Id.). While the MH&C
July figures were equivalent to only 42% of the soon to be
established tecnnical specification limit, the fact that they
were nearly double the December, 1976 MH&C figures should have
been some cause for alarm. That 1t was not, is evidenced by
the fact that MH&AC did no further surveying until December,
1977 (I1d.). This five month lag may not seem unusual in light
of Vepco's testimony that MH&C was only required to monitor at
six month intervals (Tr. 156, 169). The fact is, however, that

while MHAC may only have been required to monitor at six month
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intervals, they actually were monitoring much more frequently

prior to July, 1377. In the year prior to obtaining the July,
1977 settlement measurements, M4l conducted six measurements

at intervals of three months or less (Staff SWPH Test. App. C,
p. 5). Yet, following the July readings, they did not monitor
again for five months.

Mr. Cartwright testified for the Applicant that his under=-
standing was that MHAC actually was required to monitor pump-
house settlement "on demand"” by Vepco (Tr. 156, 169). If this
was in fact the case, it seems surprising that Vepco did not
"demand" further surveys following the dramatic incr2ase in
gettlement shown by the MHAC July, 1977 figures. Even if
Vepco was not aware of the even more dramatic Stone 4% Webster
survey results, it would have been prudent for them to seek
further survey informatioﬁ on the basis of the MHAC July data
alone. That they did not is even more confounding in view of
the fact that it was during this time period that they were
developing the technical specification for pumphouse settlement
monitering and reoorting.

The monitoring events from July, 1977 to December, 1977
reflect badly enough on Vepco's competence. Two other aspects
of pumphouse monitoring history, while perhaps not as signifi-
cant, nevertheless also ralse doubts about the Applicant's
competency. Again, as in the case of the July-December 1977
monitoring, these events may not invblve a specific violation
of NRC regulations or requirements. Rather, they indicate a

lack of necessary prudence on the part of the Apolicant in
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constructing and operating 1ts nuclear facilities. To a large

extent, it is an Applicant's competence and prudence upon which
the puolic must rely if 1its health and safety is to be adequately
protected.

The first of these two areas of concern i:volves the
amount of lag time that has occurred between the time settlement
surveys were taken, and results of those surveys were made
avallable to Vepco. An I4E inspectlion on December 6=8, 1378,
found that on occasion, up to four months had elapsed between
the time the MH&C surveys were made and the data from those
surveys was transmitted to the licensee's engineers (Staff SWPH
Test., App. B, p. I-2). Vepco was informed at that time that
the time interval between wmaking the surveys and analyzing the
deta had to be reduced (12‘)‘ Yet, on a subsequent inspection
from March 5=15, 1979, I4E inspectors discovered that the most
current pumphouse settlement survey data at the plant site
were the November 20, 1978 readings (Staff SWPH Test. App. C,
p. 11). The results of MHAC surveys made in January end
February, 1979 had as of March 7, 1379, not yet been received
from MH&C (19')' Wnile Vepco has indicated that tlme delays
have been reduced as a result of a new internal procedure which
they have established (Tr. 124-125), their obvious slowness in
improving this performance,particularly {n the iace of warnings
by I4&E inspectors, cannot be ignored.

The second are:z of concern invi.lves the carelessness
demonstrated by the Applicant in originally establishing survey

marks to be used in monitoring pumphouse settlexment and expansion
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joint performance, The expansion jolnts were installed in the
service water piping between August and October of 1976 (Vepco
SWPH Test. p. 24; Tr. 90). The Applicant must have known at
that time that future differential or absolute settlement
would be a critical factor in whether or not the expansion
joints maintained thelr integrity, and that therefore, some
means of measuring such settlement would have to be devised
(Tr. 399). Yet surprisingly, the Aoplicant established ne
survey markers on the service water lines near the expansion
joints until July, 1977 (7Tr. 390), Certainly, prudence would
nave called for establishing survey markers coincidentally
with the installetion of the expanslon joints (Tr. 400-401).
As a result of Vepce's fallure in thils regard, the job of
determining what additional amount of settlement can be with-
stood by the expansion Joints has been made more difficult
(Tr. 397. 400-401). Rather than being able to measure differ-
eritial settlement directly through survey readings, it has
been necessary to estimate at least that portion of the
differential settlement that occurred from the time the expan-
sion Jjoints were installed to the time the survey markers were
tnstalled (Staff SWPH Test.p. 36-37).

The aforementioned fallings on the part of the Applicant
with respect to monitering performance must be viewed seriously
and require at a minimum that any new technical gspecification
governing settlement contain strict, exacting, and frequent
monitoring and reporting requirements. The Applicant argues

that with respect to reporting survey. results, strict
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requirements ne not ; icluded in the technical specifi-

cations since Vepcc wn internal rep« z procedures now

require that survey 11ts Dbe eoorted within seven

(Tr. 122, 124)., Veoco's lack of

respect to reporting, however, glives

new internal procedures., In view of

would be prudent on the Staff's part 3tabl . 3urvey

result reporting requirements within th hnic: specifi-

cation. While I4% may have the authority to enforce Vepco's

internal procedures, it is not unreasonable to assume that

violation of a technical specification will be considered
more seriocus than violation of an internal procedure.®* It

1s ess2ntial with t! oplicant that the

rer

Continuiong Settlement Requlres Additional Caution

discissed problems . expansion Joint
monitoring methods and Vepco's monitoring performance are,
even viewed in isolation, cause for concern. In considering
a technical specification change that will authorize continued
plant vperation despite pumphouse settlement far greater than
originally predicted, the Appeal Board must take into account
in addition to these problems the fact that the pumphouse 18

continuing to settle. In other words, monitoring methods and

ses were unable to state at the hearing whether
yqll‘,_ IXE considered viclation =of technical
rre serious than violaticn of internal procedures
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performance would still be of concern even had settlement
.ased. They are of even greater concern, however, in the
face of continuing, poorly understood settlement,

The uncontroverted fact is that settlement of the North
Anna Unit I »umphouse continues (Tr 311). Vepco suggests
that the fact that settlement has been gradual for the past
twenty months is an indication that periods of significait
abrupt settlemnt are over (Vepco SWPH Test. p. 20). Omnly
additional time will tell on this score. Al any rate, ¢s far
as the Staff is concerned, future rapid settlement canrot be
ruled out (Tr. 341). Tt must be noted also, that the the
June/July 1979 settlement figures orovided by counsel for the
Applicant in his letter of July 23, 1979, when roughly plotted
on Figure 7G of the Applicant's testimony, show a pumphouse
settlement rate greater than that of the previous twenty
months.

Other aspects of the settlement problem also suggest a
cautionary approach. To bezin with, the settlement that has
occurred thus far is not completely understood, particularly
insofar as the time-rate of settlement 1s concerned (Tr. 312-
313), Moreover, the Applicant and Staff are not in complete
agreement on how certain phenomena such as an increase in
groundwater will affect settlement (Tr. 358-360). Another
consideration is that the s-rvice water plpes north of the
expansion joints are also settling {Tr. 107). The!~ settle-
ment has been greater than that of the north wall of the pump=-
house for reasons that are also not clearly understood (Vepco

10§1 §1¢ HOBH-382

SWPH Test. p. 22; Tr. 107).



It is of crurse, differential settlement that is one of
the key factors affecting expansio. Jjoint integrity (Tr. 356).
Although absolute settlement of the pumphouse alone can create
differential settlement between the pumphouse and the pipes,
ultimately iv is differential rather than absolute settlement
that must te measured carefully (Id.). It is for this reason
that the proposed technical specification (actually issued by
28, 1979) establishes with respect to the
pumphouse, limits on differential settlement only, rather
than on both absolute or total settlement and diffe :ntial
settlement (Id.). The differential zettlement limit in the
new technical specification is )r a.l practical purposes,
estabtlished in the original
technica pec catior hen ont * g8 for the fact that the
limits are measured from different points in time (Tr. 388).%
The .22 feet of differential settlement allowed by the new
technical specification is designed to be consistent with the
amount of movement (0.25 ft) which the expansion Jjoints were
designed to accomodate without exceeding stress and fatigue
1. aits (Staff SWPH Test, p. 37).%%
# The original technical specification allow ifferential
settlemeni of .25 ft measured from Deceamber, 1975 The new
technical specification allows differential s ent of .2¢
ft measured from July 1977. The Staff estim: s that between
December, 1975 and July, 1977, there were ifferential
settlement. Thus, when sd justed for the diffe asurement
dates, the limiting vilues are the same.
## The Applicent originally proposed a technical specification
establishing an average settlement limit of .33 ft., which,

he calculated, would create movements csuperimposed on the
expansion Jjoints representing about S4% of the dynamic allowable
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Although the Staff believes that the .22 ft differential
settlement figure is a conservative one (Staff SWPH Test. pp.
36«37), the aforementioned uncertainties regarding settlement
causes, use of settlement monitoring as a means of measuring
expansion Jjoint stress, and Veoco's questionable monitoring
abllities, suggest that additional conservatism is in order to
insure that the expancion Jjoints are kept well short of design
limits. At a minimum, any chanse in the original technical
specification should be extremely conservative at least until
such time as either: 1) the Staff is substantially satisfied
that further abrupt settlement of the service water pumphouse
and the service water piping is unlikely, or 2) an accurate
method of directly measuring stress or fatigue of the expane
sion joints is devised and substituted for the indirect method
employing settlement surveys. An appropriately conservative
technical specification should set a differential settlement
limit substantially lower than the .25 ft of differential
movement which the expansion Joints were designed to accomo=-

date (See Staft SWPH Test., p. 37). In addition, 1t shculd

TCon't from previous page) and 40% of the static allowable
(Vepco SWPH Test., p. 26). It is not entirely clear from the
record, Lowever, how the Applicant's .33 ft of average settle-
ment correlates with the Staff's .22 ft of differential settle-
ment. Since the implication of the Staff's testimony 1s tnat
the .22 ft of differential settlement would bring the expansion
joints close to their design limits, it would appear that the
Applicant's .33 ft of average settlement corresponds to a lesser
amount of differentia) settlement. Testimony by M¥r. Wert for
the Aoplicant suggested that the (33 ft of averagpe gsettlement
corresoonds to avoroximately only # inch or .042 ft. of differ-
ential settlement, considerably less than that allowed by the Staff's
proposed technical svecification (Tr. 315, 331; See generally,
TI‘. }2“':51 ).
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also retain a total or apsolute settlement limit for the two
northwest corners of the pumdchouse (See Vepco SWPH Test.,
Fig. 6, SM-10, SM-7), so as to provide an indication of the
seriousness or lack thereof of continuing pumphouse settlement.®*
If the Applicant is correct in his assessment that hence-
forth absolute settlement will be extremely small, he should
have no objection to a technical specification limit on absolute
settlement only slightly greater than the .15 ft limit established
by the original technical specification. If the Applicant 1is
correct in his analysis, the new absolute limit will probably
never be reached., If the Applicant is incorrect in his assess-
ment, however, and future abrupt settlement does occur, a
technical specification 1limit on absolute pumphouse settlement
could insure that the Staff will receive timely notice of the

settlement and be in a pogition to take appropriate action.

Conclusion

On the foreroing evidence, the Applicant's survey method
of monitoring expansion joint performance, and a technical
specification embodying a differential limit of .22 ft are not
sufficlently precise and conservative, respectively, to ade-
quately protect the health and safety of the public. Tn order

to satisfy the health and safety rejulrement, the Staff must

® Differential settlement data would not, by {tself, provide such
an indication, since if both the pumphouse and piping together
fell to China, there would be no differential between them,
although the absolute settlement problem would be severe.

+ The Staff's proposed (now imolemented) technical specification
does .nclude an absnlute settlement limit for service water
piping north of the expansion Jjolnts.



be required to:
1. Adopt a technical specification on service water

pumphouse settlement which,

a) 1imposes a more stringent limit on differential
gettlement than .22 ft.
imposes an absolute settlement limit for the
service water pumnhouse only marginally
greater than the original limit of .15 ft.
establishes a time limit for the time between
which settlement surveys are made, and the
data is computed and reported to the Applicant,
which time limit should not exceed 7 days.
requires that monitoring of settlement should
occur once every

Direct the Applicant to develop and implement a

method for measuring expausion Jjoint integrity

through direct measurement of the exoansion joint,
rather than through interoretation of settlement

".ta.

Respectfully submitted
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