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The Commlnsjon has determined
yr G;* r.n O Drwht, Alt,mie F.afety an<t 1.1 Commiwinn's Public Document Room. that the 1.uunnee of this amendment ,

... .:ns: Ikrard Panet. UK the l w HwHa" 1717 !! Etreet NW., Wn' hmeton. D.C., will not result in any signifscant envi. |

tory Commeon, wuhmgton D C. M55 and at the Rochester Pubhc Library,
@ J:, mew C. IAmts !!! 313 Woodr.aven 115 South Ave nue, Rochester. N.Y. ronmental impact and that pursuant

to !O CFR 51.MdH4) an environmental
P. cad. Chawl Ell N.C. 2%I4. 14G27. A copy of items (2) and (3) may impact statement or negative declara-

be obtained upon request addressed to Lion and environmental impact a p- !

DsLtd at Bethesda, Md., this 16th the U.S. Nuclear Hr gulatory Commis- praisal need not be prepared in con.day of March 1978.
sion. Washington. D C. 20555. Atten. nection with issuance of this amend- j

For the Atomic Saf ety and Licensing tion: Director. Division of Operating~
t mnE ,ard Panel. Reactors. ,

Jiur.s R. YonE,
Chairman. Dated at Bethesda, Md., this 1st day this action, see (1) the spplicatic.n for |

or March 1978. asnendment dated November 28,1977 j

fnt Doc.18-1520 nled 3-21-18; 8 45 am) (2) Amendment No.16 to License No. i

For the Nuclear Regulatory Com. DPR-18, and (3) the Commission's re-
'

'rnission. lated Safety Evaluation. All of these
[7590-01] DENNIS h ZIEMANN. items are available for public inspec-

gDocket No. 50-244,' Chic /, Operaffnp Reactors tion at the Commission's Public Docu. I

Branch No. 2, Dit'irion of Op' ment Room, 1717 H Street. NW.,
I

ROCHt1TER C A1 & tt!CTRIC CORP. craung Reactors. Washington, D.C., and at the Roches-
busnee of Amendment to Prov. ,isional IFR Doc.18-iS25 Piled 3-21-78; 8.45 am)

ter Public Library,115 South Avenue,
Rochester, N.Y.14627.*

OPeteling bsent. A copy of items (2) and (3) may be
The U.S. Nuclear Regulatory Com. (7590-01) obtained upon request addressed to

the U.S. Nuclear Regulatory Commis-z.!!slon (the Commission) has issued
Amendment No.15 to Provisional Op- (Docket No. 50-244) sion, Washington, D.C. 20555. Atten-

tion: Director. Division of Operatingtrating License No. DPR-18 issued to
ROCHESTIR GA5 & itICTRIC CORP.Rochester Gas & Electric Corp. which #

revised Technical Specifications for Istvonce of Amendment to Provisional Dated at Bethesda, Md., this 8th day
eperation of the R. E. Ginna Plant lo- op.,,,;ng tic.n.. of March 1978.'

ts:cd in Wayne County, N.Y. The The U.S. Nuclear Regulatory Com- For the Nuclear Regtdatory Com-
:r.endment is effective as of the date mission (the Commission) has issued mission.ef issuance. Amendment No.16 to Provisional Op. DENNIS b ZIEMANN,The amendment incorporates fire

protection Technical Specifications on erating License No. DPR-18. Issued to Chic /, Operating Reactors
the existing fire protection equipment Rochester Gas & Electric Corp. (the Branch No. 2, Division of Op-
and adds administrative controis relat. licensee), which revised Technical eraHng Redors.
ed to fire protection at the f acility. Specifications for operation of the R.
This action is being taken pending E. Ginna Plant (facility) located in IF7t Doc. 78-1527 nled 3-21-78; 8:45 am)

completion of the Commission's over- Wayne County, N.Y. The amendment
c11 fire protection review of the facill- is af fective as of its date of issuance. [7590-01]The amendment changed the Tech-

The application for the amendment nical Speelfications to' ADV150RY COMWTTEI ON REACTORty.

1. Delete the requirement for an sugouAgos
compiles with the standards and re- Annual Operating Report, while re- h *Hasquirements of the Atomic Energy Act taining the specifte requirement for an
of 1954, as amended (the Act), and the Annual Report of Occupational Expo- In accordance with the purposes of
Commission's rules and reculations. sections 29 and 182b of the AtornicThe Commission has mnde appropri- sure,2. Modify the submittal date for the Energy Act (42 U.S.C. 2039,2232b the
ste findmgs as required by the Act and Monthly Operating Report to the 15th Advisory Committee on Reactor Safe-
the Commission's rules and ret ula. instead of the 10th of the rnonth fol- guards will hold a meeting on Apr:1*6-
tions in 10 CFR Chapter I, which are lowing the calendar month covered by 7,1978, in Room 1046, 1717 H Street
set forth in the beense amendment, NW., Washington. D.C.
Prior public notice of this amendment the report.-3. Delete the Respiratory Protection The agenda for the subject meeting
mas not required since the amendment Program based on your comphance will be as follows:
does not involve a significant hazards with 10 CFR 20.103 smee this item is Tuvasory Arnu.6,1978consideration.

The Commission has dciermined now included in 10 CPR Part 20 of the
that the issuance of this amendment Commission's regulations, and e:so a.w.-e:s s 4.w. r.uctmvs ssssion (orex)

4. Add a shock suppressor (snubber) The Committee will hear and discuss theutil not result in any significant envi- to the safety.rclated listing of suppres. 'h

to 10 CPR 51.5t dx4) an environmental sors in Specification 3.13-1. ' N i[n(ous m te atfntonmental hupact and that pursuant
m t to tS ac-

The applention for the amendment tivttles. The Committee mill hear and ch3
impact 6tatement, or nerathe declara- complies with the standards and re* cuss the report of the ACTIS Subcommittee
tion and environmental impact als
pralsal need not be prepared in con. quirements of the Atomic Energy Act and consultants who may be present rcrard.
nection with issuance of this amend. of 1954, as amended (the Act), and the ing the request for an operattne Itcense forCommission's rules and regulations. the Arkansas Nucicar One, unit 2 poser.plant. Portions of this session will be closedrnent, The Commission has made appropri. if necessary to discuss proprietary informa-For further detalls with respect to
this action. see (1) the application for ate findings as required by the Act r.nd ti n appheable to this project. ,

amendment dated July 19, 1977, as the Commhaton's rules and regula. I

supplemented December 13, 1977, (2) tions in 10 CFR Chapter 1, which are oas ax.-as as A.w. Awo :s s r.u.-s:s s P.u. !

Amendment No. 15 to License No. set forth in the lleense amendment.
ARKANSAS NUcLt.AR ONe, UMT s (oPEN)

DPR-GI, and (3) the Comminion's re- Prior public notlee of this amendment The Committee will hear and discuss pre-
was not required since the amendment sentations by representatives of the Nnc

lated Safety 1: valuation dated Novem- does not involve a significant hazards. staff and the applicant related to the rd
quest for operation of Arkansas Nudearber 25,1977. All of these items are

Cvalthble for public inspection at the consideration.
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One, tmit'2. Dortions of this nennlon will be and ihr sositlennt rrgarelme s tic trauest fur Further informntion . regard;r gclosed il necewary to divuss proprietory in. sn operatens bre.ns e i..e inc u, burr imric. toples to be discussed. whelhcr the*

firmation appbcable Lu thui rnatter, ar station. isud I aent a r.g ts. en .il slun mrrting has born cancelled or rosche
''"""'"I"'d"'''""*"F'"""" dated, the Chairmnn's ruling on rw3:ss r.w.-s:4s P x. rxtevTrvs anston torent proprwtary Information applu nhlc to this

Qur.sts for the opportunity to prP*htThs Comriuttee w!!! discuss the report of matter,
oral statements and the time allottits Subcommittee and consultants w ho may

be present regardinn the laymd pathway g'e. 4 P M *8;88 P.C suretrTeva saaston (OITM/ therefor Can be obtained by a prep 1;g
nette study for floats ur and land based nu. et.naron telephone call to the ACRS Executae

. . einr pourrplants (NUltEG-0440). Portions The Committee mill dAcuss 6ta pn. posed Director. Mr. Raymond P. Praley, tek.
af this sezion will be closed if rectured to reports to NRC ri nrdmg Arkanw Nuclear phone 200-634-1371 between 8:15 a.rs
protect proprietary infortnation regarding One. Unit 2 n:sd the M.timre smrarar sta- andfp h c.s.t.
thls rnatter tion, unita 1 and 2. Thn aceton mill be

'

Dated: March 20,1978.
"s:ss r.u.-s ex tJQUtD PATHWAY CENEstC catory pruccedino. JOHN C. Ifort.r,7,,,gg,g,3 The Committee util di.scuss reporta of its .Ad isory Commifice'Ihe Committee sill hear and discuss re. rnemtsers regarding miwruancous ACllS ne. *
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wj d| uh WASHI!Uf0N, DCi

The 216th Meeting of the Advisory Committee on Reactor Safeguards, held at
1717 H St. N.W., Washington, DC, was convened at 8:30 a.m., Thursday,
April 6, 1978.

The Chairman noted the existence of the published agenda for this meeting,
and listed the items to be discussed. He noted that the meeting was being
held in conformance with the Federal Advisory Committee Act (FACA) and the
Government in the Sunshine Act (GISA) , Public Laws 92-463 and 94-409,

respectively. He noted that no requests had been received from members of
the public to present oral statements. He also noted that copies of the
transcript of some of the public portions of the meeting would be available
in the NRC's Public Document Room at 1717 H St. N.W., Washington, DC,
within approximately 24 hours.

[ Note: D . Isbin was not present Thursday.]

I. Chairman's Report (Open to Public)

[ Note: Raymond F. Fraley was the Designated Federal Employee for
this portion of the meeting.]

A. Reviewers

The Chairman named Messrs. Siess and Shewnon as reviewers for
the 216th ACRS meeting.

B. New Nuclear Licensing Bills

The Chairman noted that several proposals are before the
Congress for changes to the nuclear licensing procedures. He
noted two specific items included in the Administration's version
of the proposed bill that are of direct interest to the committee:

e The proposal for non-mandatory review of all license applica-
tions is more limiting than that proposed by the Committee. i

'

In the current form, the only license applications exempt
from mandatory review are those for follow-on standard plants.

* The name of ACRS is proposed to be changed to the Advisory
Committee on Reactor Safety.

I

i

- 1

7
.-. - _ , _ . _ . _ , . _ _ _ _ . . _



a -

. .

...

.

MINUI'ES OF THE 216TH ACRS MEETING APRIL 6-7, 1978

C. ACRS Fellows Program

... The Chairman noted that appropriations for the ACRS Fellows
~ Progr'am are not included in the current appropriations bill |

for fiscal year 1978. Members suggested that a letter should be |

prepared octlining the Committee's need for such a program and |

sent to the appropriate Senate and House Oversight Committees,
accompanied by a request that these letters be forwarded to the
pertinent committees or subcommittees within each House (see
Appendix III). |

D. Testimony of Committee Before Senate Subcommittee on Nuclear
Regulation

I

The Chairman noted that the Committee has been invited to |

testify before the Senate Subcommittee on Nuclear Regulation,
the Committee on Environment and Public Works, Senator Hart,
Chairman. The Chairman noted that a draft of proposed testimony
has been distributed to Members, and requested that they provide
comments and suggestions regarding this testimony as soon as
possible. He also noted that he would be accompanied to the t

hearing by the Executive Secretary, the Vice Chairman, and
Messrs. Bender and Siess. He welcomed the presence of any other

I

Members who could participate.

E. Vermont Yankee Vs. National Resources Defense Council

The Chairman noted that the U.S. Supreme Court has handed
down a decision on the litigation between the Vermont Yankee
Nuclear Plant and the National Resources Defense Council.
Included in this decision also was the litigation between the
NRC regarding the Midland Plant and Aschliman. The decision,

copies of the summary of which have been provided, was generally
favorable to the position taken by the NRC.

II. Meeting on Arkansas Nuclear One, Unit 2, Nuclear Power Plant (OL)

(Open to Public)

[ Note: Gary R. Quittschreiber was the Designated Federal Employee
for this portion of the meeting.)

A. Subcommittee Report

Mr. Carbon, Subcommittee Chairman, discussed the review of
the Arkansas Nuclear One, Unit 2 design. He noted that this
plant is a CESSAR-80 plant, but is using the newly designed core

2
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protection calculator system (CPCS). This system has been de-
signed since the construction permit review of this plant, and
therefore was not discussed at that time. He discussed the gen-
eYal design of the plant; the fuel rod configuration, noting that.

this plant will _be the first to use the combustion Engineering
16x16 fuel rod assembly; the functions of the CPCS, the core oper-
ating limits supervisory system (COISS), which will be used for

'

-the first time in this plant; and the outstanding issues. He
said that the subcommittee believes that the two major areas of

,

interest are the CPCS, and the large number of outstanding items |,

remaining to be resolved at this stage of the review. (For
details, see Appendix IV; for a description of the core protection
calculator system, see Atp2ndix V; for consultants' reports, see
Appendix VI.)

Mr. Carbon noted that an NRC Staff reviewer, J. Calvo, iden-
tified 39 techthal issues which needed to be resolved as of last
Spring, but the NRC Staff claims that all of these items have
since been resolved.

Mr. Kerr offered his opinion that he believes that the CPCS
has been very thoroughly reviewed by the NRC Staff, its consult-
ants, and the ACRS' consultants. He noted that the Applicant

- desires to keep the CPCS connected to the plant computer, which is
not part of the plant protection system, and therefore is not
safety grade. In this way the Applicant hopes both to mnitor the
operation of the CPCS, and to use the information gained for other
calculaticns, making wre efficient use of information generated
by the CPCS. The NRC Staff has concluded that such a connection
can be allowed during the startup phase of the reactor, but should
not be permitted during normal long-term operation. Mr. Kerr sug-
gested that the Committee may wish to explore this matter.

W. Lipinski, ACRS consultant, suggested that the connection
of the CPCS to the plant computer may improve the reliabilit,y of
the CPCS, and also provide a means for recordirrj the data genera-
ted by the CPCS. If the connection is not permitted, there will
be no recording of this data.

E. P. Epler, ACRS consultant suggested that the Committee
should proceed with caution in permitting a non-safety item to be
tied to a safety system. He noted however, that there are advan- '

tages to this connection as well as possible pitfalls. ;q

E
[ Note: D. Rueter , Arkansas Power and Light Company (APLC) , $
coordinated presentations for the Applicant; D. Martin, for the y
NRC Staff.) tj

3
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B. Applicant's Presentations

1. Introduction
~ ~ ' N '. Moore, APLC, discussed the status of construction

and testing of Arkansas Nuclear One, Unit 2 (ANO-2) . He noted
that the plant is 93.51 complete, based upon labor require-
ments, and 99.25% complete, based upon equipment installation.
261 of 287 systems have been accepted from construction for
pre-operational testing and startup activity. He noted that
pre-core hot functional testing was completed on February 18,
1978. The status of the pre-operational testing program is as
follows:

o 135 of 185 tests are complete,

o with regard to tests required for fuel loading, 102 of 136
tests are complete.

The present schedule for fuel loading is May 15, 1978.
It is anticipated that criticality will be achieved during the
week of July 3,1978, and it is hoped that commercial operation
will begin in late October 1978.

2. Core Protection and Calculator System

A. Spinell, Combustion Engineering (CE) , discussed the
design and review of the CPCS and discussed the COIES and how
this system aids the plant operator in maintaining some of the
limiting conditions for operation (see Appendix VII) .

3. Functional Design of the CPCS

W. Gill, CE, discussed the functional design of the CPCS,
including the relationships of the calculator to the remainder
of the reactor protective systems, the design bases events,
system inputs and outputs, system functions, algorithms, power
distribution methods, mthods to control departure from nucle-
ate boiling, and treatment of uncertainties (see Appendix VIII) .

In answer to a question, he noted that the plant will trip
for an accident involving a sheared shaft on a main coolant
pump, although this is not a design basis accident for the CPCS.

4. CPCS Algorithms and Uncertainties

R. Humphries, CE, discused the algorithms used in the CPCS
functions, and discussed the manner in which uncertainties are
treated (see Appendix IX) .

4
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5. CPCS Hardware and Software Design

E. Brown, CE, discussed the CPCS hardware and software
. '" design (see Appendix X) . He described how the functional

requirements of the CPCS were implemented in the hardware
and the software systems of the core protection calculator, the
on-line testing features, and the verification program for the
CPCS. He said that he believes that the test procedures pro-
vide for a wider range of response than hopefully would be
obtained from an on-line plant.

In answer to a question, E. Brown said that the CPCS sys-
tem automatically fails safe on loss of power.

W. Lipinski, ACRS consultant, questioned whether the test
procedures actually provide for dynamic response of the system
under truly transient conditions.

6. General Questions

In answer to a question, N. Moore, APIf, said that the
Applicant believes that any modifications made in the control
rod element system as a result of resolutions of the current
CE control rod problems, will be capable of being backfitted
into ANO-2. For example, additional guide tubes can be inser-

lted in the top of the assemblies to protect the current guide
tubes from the full vibrations. If resolution is obtained in
the very near future, it is possible that this nodification can
be made before the reactor goes into operation.

.

Mr. Shewmon requested that the Applicant provide him with |
the specification for hold-down bolts for Class-1 equipment. |

C. Status of NRC Staff Review '

1. Outstanding Items Relating to the CPCS

R. Martin, NRC Staff, said that with review of the CPCS,
out of the 27 issues which have been raised by tb NRC Staff,
only 3 continue to be outstanding and must be resolved prior
to the issuance of the operating license:

o Position No. 26: Optical Isolators. Resolution will be
required prior to the issuance of the
OL. Resolution is anticipated by June 1.

5'

.
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e Position No. 14: Seismic Qualification Review. Resolu-
tion is anticipated to have progressed

' to a point by June 1 that remaining
-

. . . . ,

portions of the issue can be addressed'

with conditions to the OL, without undue

impact on the issuance date of the
license.

e Position No. 19: Software Change. Resolution should have
progressed to a point by June 1 that
remaining portions of the issues can be
addressed with conditions to the operat-
ing license, without undue impact on the
issuance date of the license.

|

2. Review of CPCS

L. Beltracchi, NRC Staff, discussed the Staff's review of
the CPCS, including the current status, the safety overview, '

.the criteria for the review, the methodology used, and the test
audits (see Appendix XI).

3. Safety Significance of CPCS

W. Hodges, NRC Staff, said that the design basis for the
CPCS' is the loss-of-flow event. The CPCS is also capable of
protecting against a number of the anticipated operational.'

occurrences, which include uncontrolled control element assem-
bly withdrawal, control element assembly misoperation, boron
dilution, excess heat renoval, and steam generator tube rupture.
In addition, the CPCS also.provides some protection for a
steam-line rupture event with loss of off-site power, and for a
main coolant pump shaf t seizure when loss of flow can be
detected. The NRC Staff has investigated the backup protection i
that is available for each of these postulated accidents in the
event of the failure of the CPCS concurrently with one of these

;

accidents. For several of the postulated accidents, the CFCS |
Jdoes not provide the_ first trip even when it is operating,

therefore there is no change in the consequences to the plant
at such times, whether the CPCS is operating or not. The only

- accident for which there is not automatic backup for the CPCS
is a control element assembly misoperation, which requires
manual backup by the operator. In such an event, the operator
is assisted by alarms from the COLSS, and also by indications
on the control panels. If the CPCS does fail to operate in the
control element assembly misoperation event, the plant is in
the same mode of operation in which it would have been had
there not been a CPCS installed. For this particular event,

~ Combustion Engineering plants always required a manual. trip.

6
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W. Lipinski asked whether a program has been developed to
-examine the performance of the CPCS system after it is placed
into operation to determine that it does indeed function in

---the manner in which it is intended to function.

W. Hodges said that during startup testing, a Icss of flow
Power inputs will be simulatedtest will be run at no power.

to the CPCs at several power levels durire these trips and the
function of the CPCS will be monitored. There will also be a

He -|zero power trip based upon the input frm the real pumps. '

said that the purpose of the vendor's Phase 2 testirsg of the
system, af ter the software had gone through a rather extensive
testing program to determine that there were no codire errors,
was to check the system functionally to see whether the inte-
grated system would perform as designed. During this Phase

f
2 testing, the simulator that was used was noisy, and may have I

been nonrepresentative of the type of noisy signals which might
be received from an operating plant. Evaluation was obtained
of the behavior of the dynamic components of the algorithms
themselves used for the DNBR calculations. During these tests,
although the scatter of the signals fejl outside that pre-

the time to trip was an order of magnitude less I

dicted,
than the required time to trip as demonstrated by design
analysis codes. Further, the simulator provided a capability
to dynamically vary all input simultaneously.

,

l

|Hodges, noted for an example, that the most limitingW. '

transient is the core pump loss of flow. This. case was ana-
|

lyzed on the simulator, all of the inputs were ramped in a pre-
dicted manner based on design calculations, all of the inputs
were varied simultaneously, the trip output was obtained, and
the time to trip was compared with the required time of trip as
predicted by the . design codes, and this was found to be con-
servative. Fur the r , to ensure that there were no coding
errors, the test cases were reperformed on the single channel
test system at Windsor, where the dynamic inputs could be held |
steady. The results of these tests were compared with the

<

FOKfRAN coding, and the difference was very small between the
Based onDNBR outputs and the local power density outputs.

these tests, the NRC Staff was satisfied that the scatter
arising from the Phase 2 testing was not due to coding errors,However, the NRC Staff isbut rather to a noisy simulator.
requiring that process noise be evaluated in the plant during
startup testing to insure that excessive trips owing to the
dynamic component of the thermal power algorithms themselves

7cannot result. i

7 t
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W. Gill, CE, discussed noise levels in operating CE
plants. He noted that measurements have been made in a num- I

ber o plants, including St. Lucie, and that a spectrum of |

'~~ frequencies and amplitudes have been identified which would |
be expected to be found in ANO-2, assuming that ANO-2 will |
behave as the other plants have. The single channel CPCS I

system at Windsor, is being exposed to this spectrum of
amplitudes and frequencies, and this program is approximately i

80% complete. !
1
IIn a discussion regarding the linking of the CPCS to the

reactor computer, F. R. Naventi stated that the NRC Staff made
a decision (position 20) not to conduct a safety review of !

these combined systems in the case of ANO-2. Since this area |
has not been reviewed as a safety system, and the possible |
interactions and consequences not considered, the combined use (
of the two systems will not be authorized during routine ,

operation. As a continuation of this discussion, E. P. Epler !
Isuggested that, before use of the CPCS and the reactor computer

as a combined system should be allowed, the interactions
between the two systems should be considered, so that failure
of the safety system from such events as common node failure
or interference by the nonsafety system can be precluded.

In answer to a question regarding the issues raised by J.
Calvo, NRC Staff, in his memo of June 24, 1977, L. Beltracchi
said that many of these concerns were also NRC Staff concerns.
Changes have been made in the ANO design to resolve these
issues. R. Tedesco, NRC Staff, said that J. Calvo was not
involved in the last part of the ANO-2 review, and that his
concurrence on the resolutions of these issues has not been
obtained.

4. Data Links to Plant Computer

F. R. Naventi discussed the data links to the ANO-2 i

computer (see Appendix XII) . |

5. Status of Project Review |
|

D. Martin, NRC Staff, discussed the overall status of the
project review, noting recent resolutions to formerly open
items, the status of open items and the expected resolution,
and new items that have been identified recently (see Appendix
XIII).

8
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6. Applicant's Response

D. Rueter said that the Applicant agrees with the inter-
..

pretation of the NRC Staff regarding the status of the pro-
ject in the review. j

i

In answer to a question regarding the number of exper-
ienced personnel to be transferred from Unit 1 to Unit 2, |
R. Terwilliger , APLC, said that five shift supervisors, five i

I

plant operators, five assistant plant operators, and four
waste control operators who will operate Unit 2 have also '

'

had experience on Unit 1. He noted that, in agreement with
the NRC Operator Licensing Branch, because of the dissimi-
larity between Units 1 and 2, there will be very few opera-

tors that are licensed for both units.

D. Caucus

The Members provided their opinions concerning matters dis-
cussed above and identified those matters that they believed
should be addressed in a report concerning this review. |

The Committee agreed unanimously that it would try to write i

a favorable report on the Arkansas Nuclear One, Unit 2, Nuclear |
|Ibwcr Plant.

Mr. Kerr requested that the NRC Staff compare the ANO-2
docket with other dockets recently reviewed to determine trends
in the number of open items in the reviews being considered by
the Committee. L. Crocker, NRC Staff, agreed to provide such a

'

summary.

III. Meeting on Liquid Pathway Generic Study (Open to Public)

[ Note: Gary R. Quittschreiber was the Designated Federal Employee
for this portion of the meeting.]

A. Subcommittee Report

Mr. Moeller, Floating Nuclear Plant Subcommittee Chairman,
discussed the history of the development of the Liquid Pathway
Generic Study (NUREG-0440), noting that this study compares the
radioactive material releases from Class-9 accidents from floating
nuclear plants with similar accidents at land-based plants (see
Appendix XIV) . He noted that reports were received from a number i

Iof ACRS consultants (see Appendix XV) .

9
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Mr. Moeller stated that the Committee's mission in this
meeting is to ascertain whether NUREG-0440 adequately addresses
the , questions raised by the Committee at previous meetings. Of
particul'ar interest is the methodology used in the evaluation. He,,

suggested that subsequent meetings may be needed to review the
acceptability of the risks involved or the need for design changes
to make the risks acceptable.

]

R. Foster, ACRS consultant, pointed out that while the re- |

sults of both atmospheric and liquid pathways have been examined, i

there is a very important difference in the two pathways in that |
the liquid pathway may provide a prompt release of sump water, as l
contrasted with a second more delayed release from the molten
core. It is possible that the prompt release of the sump water may
in fact lead to consequences which are substantially greater 1

than those from the core melt.

I. Catton, ACRS consultant, offered the following opinions:

e The NRC Staff calculations of leach rate of debris as presen- |
ted in NUREG-0440 are best estimate calculations, rather than :

upper bounds.

e Fragmentation of the rtolten core from a steam explosion has I
'

not been adequately considered.

[ Note: R. Vollmer coordinated presentation for the NRC Staff.]

B. NRC Staff Presentations

1. Introduction

R. Vollmer summarized the major conclusions drawn from the
current revision of NUREG-0440, Liquid Pathway Generic Study
(see Appendix XVI) . In his conclusion, he stated that the NRC-

Staff believes that, in the very unlikely event of a core melt,
the floating plant presents a greater hazard to the health and
safety of the public, in that the sump water, and a large
amount of the contained radiation in the core, would be removed
through the liquid pathway before effective interdiction could
be instituted. Further, the NRC Staff believes that effective
liquid pathway interdiction would result in a high social or
economic impact. Actual cost figures are currently being
developed.

10
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R. Vollmer said that the Liquid Pathway Generic Study
represents a last major effort in the completion of a safety

. . evaluation report (SER) and an environmental statement for the'

' floating' nuclear plant. It is important to the NRC Staff that''

the Committee provide c. report containing the Committee's
view on its assessment on the adequacy of the study, as input
to both the environmental impact statement and the SER.

C. Offshore Power Systems Company conclusions

D. Walter, Offshore Power Systems Company (OPS), discussed
the Liquid Pathway Generic Study, specifically both the NRC Staff
and the OPS conclusions. Included ir: this discussion were the
dose pathways considered for the study, the FNP liquid pathways
dose consequence calculations made by OPS, NRC Staff conclusions
as included in NUREG-0440, the scope of the NRC Staff Liquid Path-
way Generic Study, the results of recent Sandia Corporation leach
tests, calculated dose consequences from Class-9 accidents, a com-
parison between liquid and air pathways, air pathways dose conse-
quences, the calculated accident risk for air pathways, and a
comparison of the risks from air pathways and liquid pathways (see
Appendix XVII) .

D. Technical Presentations j

1. Dose Comparisons

G. Chipman, NRC Staff, compared calculated doses released
from Class-9 accidents postulated in both floating and land- j
based plants (see Appendix XVIII). i

In answer to a question, G. Chipman noted that, if the
airborne material is released through the bottom of the contain-
ment,'such release caused by a melt-through, the airborne
release for a floating plant would be approximately the same as
for a land-based plant.

Mr. Bender suggested that it would be uss ful to examine a 4
'

variety of current land-based sites to consider what the
economic and environmental ~ consequences of a Class-9 accident
might realistically be.

2. Core Melt-Through Penetration Mode and Steam Explosions

T. Spies, NRC Staff, discussed several postulated modes
for penetration of containment by a core melt and also the
consequences of postulated steam explosions (see Appendix XIX).
He addressed the concerns regarding steam explosions that were
raised during the March 22 subcommittee meeting.

11
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In a discussion among Members, ACRS consultants, and
T. Spies, it was established that very limiting conditions are

..... required in order for a steam explosion to take place. Criti-

cal to this interaction are the temperature of both the cooling'

mass and the heating mass, and the further requirement that the
heating mass must be a liquid. One of the prime requirements
for a steam explosion is a very high rate of heat transfer.

3. Applicant's Response to NRC Staff's Presentation of Steam
Explosions

D. Walker, OPS, said that it is important to note chat the
calculated releases from the leaching of the molten fuel and
those from the sump produce comparable dose consequen:es. The
radionuclides most effective in producing these dose conse-
quences are cesium and strontium. Important to the overall
consequences are the leach rate, and whether or not the sump
material can be interdicted. If significant leaching takes a
week, and the sump material finds itself in the sea water
almost immediately, the contribution to dose from the leaching
becomes insignificant. He noted the Applicant's disagreement
with the NRC Staff conclusion that the realistic concern for
dose to the public should not be, as the NRC Staff contends,
Category-5 releases. He said that the Applicant believes that
both the Category-5 and 7 releases are insignificant because of
the' low probability of their occurrence.

4. Magnitude of Pressure Transient Following a Steam Explosion

D. Walker , OPS , summarized the Applicant's analysis to
determine the magnitude of pressure transients following a
steam explosion, noting the calculated initial peak pressure,
the physical configuration of the reactor pressure vessel and
the barge, time factors involved, and heat transfer calcula- j

tions (see Appendix XX) . He noted that both the Applicant and |
the NRC Staff have concluded that steam explosions are unlikely 1

in the event of a core melt accident, and that, even if the l
'

-accident should occur , it is unlikely that the interactions
would involve any large fraction of the core debris in a single
event.

I. Catton, noting that the model used by the Applicant
involved a pressure pulse from a noncondensible gas, questioned
whether these calculations were applicable to a steam bubble.

12
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In a discussion regarding possible damage to the second
unit at an FNP site from a steam explosion occurring beneath
the first . unit, B. Haga said that the neighboring plant could

.. , pe shutdown safely even in the event that its barge was rup-
tured, sank, and was in a tilted position.~

D. Walker said that the study indicated that the time
>the material would be held in the sumps was in the range of 10

to 35 days. He said that, following the core melt-through,
the plant would still float, even with a hole, and that tidal
flushing of the sumps would not occur.

5. Coupling of River, Estuarine, and Ocean Doses

J. A. Nutant, OPS, discussed the estimated liquid pathway
results (man-rem per core-melt), plant site rankings based on
liquid pathway man-rem consequences without interdiction,
airborne releace estimates for a steam explosion inside the
hull, diameters of released particles, and dose consequences
from particle transport (see Appendix XXI).

In answer to a question, D. Walker said that the airborne.
releases are approximately the same for all plants of equiva-
lent size, and that the dose consequences are determined by the
population distribution in the vicinity of the plant, and vary
from site to site.

l

D. F. Bunch, NRC Staff, noted that, in these presentations,
1|the Staff made the same assumptions that were used in NASH-1400,

so that comparisons could be made in familiar terms. |

6. NRC Staff's Response to Applicant's Presentations |

G. Chipman noted that the NRC Staff made its comparison on
the basis of expected results, what could occur, and what would
be expected to occur if the core-melt did occur. The NRC Staff-

analysis showed that risk from the air pathway for a floating
plant is comparable tc that from a land based plant. He said
that the NRC Staff disagrees with the Applicant's analysis with
regard to sump water, and that more than 10% of the sump water
would be released within one week.

P. Haga said that he believes that the Applicant has shown
that, when realistic interdiction is considered, the consequen-
ces of accidental releases of radioactivity to the liquid path-
way are not very important when compared to the consequences of
accompanying releases to the air pathway. The conclusion is
that, for accidents beyond the design basis, floating nuclear
plants have been shown to be comparable to land-based plants.

-
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Therefore, the applicant sees no need for any extra design
features, and does not plan any. He offered the hope that

,...this meeting would be sufficient for the Committee to prepare
a' final report on the OPS application.

R. F. Foster, ACRS consultant, summrized his conclusions
as follows:

e The air pathway is going to be at least as important as
the liquid pathway, and perhaps as much as an order of
magnitude more important.

e The sump release is at least as important as the leach
rate from the core, and perhaps five times more important.

1

l

e Interdiction is practical in terms of the liquid pathway, |

although probably not at the source. I

e The problems are economic as well as risk to health and
safety.

I. Catton summarized his conclusions;

e He questioned the size of the calculated steam explosion.

e ile questioned whether the steam explosion was properly
addressed with regard to the particular materials involved. |

|

e The overall consequences from a Class-9 accident may be
only a factor of two different between floating and land-
based plants.

E. Caucus

The Committee agreed unanimously that it would attempt to
write a report on NUREG-0440, Liquid Pathway Generic Study, at
this meeting.

[ Note: Time did not permit the completion of this report at the
216th ACRS neeting. It is anticipated that this report will be
completed at the 217th ACRS meeting, in May,1978.]

IV. Meeting on McGuire Nuclear Station, Units 1 and 2 (OL)
(Open to Public)

[ Note: Richard P. Savio was the Designated Federal Employee for this
portion of the meeting.)

14
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A. Subcommittee Report

- Mr . Plesset, discussed the history of the Subcommittee's
review of the application for an operating license for the McGuire

. Nuclear Station, Units 1 and 2, discussed the overall plant param-
~ eters end site location, the outstanding issues, and briefly

compared this station with other stations of similar design (see
Appendix XXII) . He noted certain changes made in the ice con-
denser portion of the plant as a result of the operating experi-
ence obtained at the D. C. Cook Nuclear Plant. He noted that
McGuire is the first plant to be reviewed that utilizes an Upper-
Head Injection (UHI) system as part of the ECCS.

[ Note: K. S. Canady coordinated presentations for the Applicant;
R. Birkel, for the NRC Staff.)

B. Status of NRC Staff Review

R. Birkel discussed the chronology of the review of the
application for an operating license for the McGuire Nuclear Sta-
tion, and he noted that there were no differing technical views
expressed by members of the NRC Staff relating to the review of
the McGuire safety analysis report, as summarized in the Safety
Evaluation Report (SER) , NUREG-0422. He noted that the environ-
mental portion of the public hearing was completed on April 22,
1977, and that it is anticipated that the radiological safety
portion of the AS&LB hearing will be resumed in late June,1978.
This hearing is being contested. He noted that, with the excep-

tion of a few outstanding issues, the NRC Staff has completed the
review of the McGuire Station. He noted the status of the 21

- issues listed as outstanding in the SER as of March 1,1978: 10
issues have been satisfactorily resolved, 3 are partially resolved
and generic in nature, and the remaining items are expected to
be resolved in the near future. Referring to section 1.6, begin-
ning on page 108 of the SER, he listed the status of outstanding
items as follows: |

Items Requiring Information from the Applicant:

Item 1: Duke Power Company has orally committed to providing
the required information and justification no later
than July 1, 1978. NRC Staff finds this acceptable.

Item 2: The Applicant is committed to submit his stress anal-
ysis report by October 1, 1978. NRC Staff finds this
acceptable.

Item 3: Resolved.

Item 4: Resolved.
.
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Item 5: Resolved.

Item 6: Resolved.
~ htem 7: Generic, partially resolved.

Item 8: Resolved.

Item 9: The Applicant has stated u.at a response will be I

provided by May 8, 1978. The NRC Staff finds this
satisfactory. 1

|

Item 10: Generic, partially resolved. The Applicant has agreed |
to submit additional information to identify the model ;

. number and the requalification document reference for !
information for class-1E equipment. The NRC Staff
will review this information and compare it with the
Westinghouse Topical Report. The Applicant has also
agreed to submit additional documentation on balance-
of-plant electrical connections and terminals inside |
containment. The NRC Staff believes that the review
of the requalification program and the correction of !

any equipment deficiencies can be completed prior to I
the issuance of an OL, currently scheduled for Decem-
ber, 1978.

'

Item 11: Resolved.

Item 12: Resolved.

Item 13: Resolved.

Item 14: The NRC Staff has not yet completed its evaluation of
the steam line break accident which was recently filed
as Revision 28 to the FSAR.

Issues Requiring NRC Staff Evaluation

Item 1: This issue is open. The NRC Staff review is in pro- -

'gress, but major problems are not expected.
!

Item 2: Partially resolved. The NRC Staff has approved the |

LAll ECCS Generic Evaluation Model. The Applicant will .

sutxnit the Appendix K analysis using this model by
May 8, 1978. Major problems are not expected. f

7

Item 3: This issue is resolved. 9

16
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Item 4: This issue is resolved.

,_,, Item 5: The NRC Staff review of the McGuire fire protection
design is in progress. A revised fire protection-

'
'

analysis was sutxnitted by the Applicant on March 22,
1978. A site fire protection review is scheduled for
the week of April 17-21, 1978, with staff positions to

' be issued by May 15, 1978. The Applicant's response
is due on June 29, 1978. The review is projected to
be completed by mid-August.

Item 6: A request for additional industrial security informa-
tion was issued April 7,1978, with response from the
Applicant due in mid-May. The review is scheduled to
be completed by mid-July. j

Item 7: UpSated financial information from the Applicant was |

filed April 7, 1978.

With regard to ACRS generic matters, a discussion of NRC
Staff efforts leading to satisfactory resolution is contained in
a letter to Chairman Bender dated October 25, 1977. Appendix B
of the McGuire SER provides the current status of these matters as
they relate to this plant.

R. Birkel concluded that the NRC Staff does not consider any I

of the remaining eight open items or the three generic items to (
pose serious or major problems. Each item will be resolved to the
NRC Staff's satisfaction well in advance of a decision to isFue an
operating license.

Mr. Plesset identified two additional items for which the NRC
Staff was requested by the subcommittee to be prepared to answer
questions:

o The effect of inadvertent injection by the upperhead injection
system when the plant is being shutdown and pressure in the
primary system falls.

e At the subcommittee meeting, D. Riley, California Environmen-
tal Study Group, had noted concern that the headbolts that
secure the reactor vessel head to the vessel could fail in an
''unzippering" node of all the bolts, and that the head might
be blown through the containment.

In answer to a question, R. Birkel identified the two conten-
tions raised in this case by intervenors:

17
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1

e financial qualification of the Applicant, and

e the effects on the McGuire Plant of seismic events occuring
... , outside the tectonic province in which the plant is located.

Both issues have been addressed in the SER.

C. Introduction
1

K. S. Canady, Duke Power Company (Duke) discussed the loca-
tion of the site, the Duke service area and transmission grid,
the Duke generating capacity, the corporate organization of the

-company, and the general plant layout (see Appendix XXIII) .

In answer to a question, K. S. Canady noted that security I
i

protection for McGuire will be contracted to an outside organiza-
tion. He also noted that quality assurance and control organiza-
tions report to a corporate quality assurance director, whose i

Iorganization is outside that of the steam production department.
He also noted that there is a decommissioning task force developed
within Duke. ;

1

In answer to a question regarding the use of emergency diesel
generators at McGuire, instead of an emergency line from a nearby
hydroelectric station as at Oconee, K. S. Canady said that Duke
was unable to reach agreement with the NRC Staff on the use of
hydropower for emergency power at this station.

In answer to a. question regarding the NRC Staff's reluctance
to permit McGuire to rely upon the hydro station at the Collins -
Ford Dam for emergency power, K. Kniel, said that the NRC Staff
requirements are that emergency power must meet Seismic Category-1
qualifications and tornado missile protection: the Collins - Ford
hydro station does not meet these requirements.

In answer to a question regarding hydroelectric generators,
C. Wylie, Duke, said that at Keeowee Dam, the experience with the a

l

hydro station since the two units went in service in April 1971,
was that out of approximately 500 manually initiated starts, there ,

have been 7 failures to start. These failures were not in the !

hydroelectric unit itself, but in the manual initiation circuits.
Once the initiation signal was received, the turbines started.
With respect to diesel reliability at McGuire, with 4 diesel gen-
erators being tested, and with a criterion of reaching speed in 11
seconds, in 545 starts, 544 were successful, and the other reached i

speed in 12 seconds.
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D. Emergency Planning (Questions Only)

In answer to a question regarding relationships with the
' North Carolina Department of Human Resources, Radiation Protection |

,

Branch, L. Lewis, Duke, said that Duke is working with this cogni- |
zant agency in North Carolina to prepare the draft of the State of
North Carolina's emergency plan. This plan will comply with the |

NRC requirements, the NRC Regulatory Guide and Checklist, and sup-
plements to the Checklist. Appendixes will be prepared for each |
of the nuclear stations within the State of North Carolina. He |

'

noted also that Duke has well-established communications with the
South Carolina Department of Health and Environmental Control,
Radiation Protection Branch, which were developed with the licens-
ing and operation of the Duke's Oconee Nuclear Station in South :

Carolina. In addition, the Southern Emergency Response Council, (
made up of representation of all of the Southern States, effec-
tively interacts with the states and provides help to each state

.

in the event of an emergency.
I

E. ECCS Design ;

1. UHI Analysis vs. Measurement ;

'

N. Lauben, NRC Staff, discussed the Staff's review of ,
the UHI evaluation model from January,1975 through Deceraber,
1977; identified the issues considered since December, 1977,
discussed the confirmatory comparisons for the split downcomer
model and downcomer model sensitivity; and compared accumulator ;

flow rates, upperhead temperature, guide tube flow, and support '

column flow, as calculated by the Westinghouse UHI models and
the Sandia UHI model (see Appendix XXIV).

2. Specific Plant Analysis

S. Israel, NRC Staff, said that when the Applicant subnit-
ted a IDCA analysis for the large break, using the August,1977
model, the analysis indiccted that the double-enSed cold-leg
guillotine break with a Moody discharge factor of 0.6 was the
most limiting break, and calculated a peak clad temperature of
2164 F. More recently, the Applicant has submitted small
break analyses which indicate that a six-inch break is the nost
limiting break with peak clad temperature of approximately |

'

1500 'F. The large break calculations took credit for a finite
containment backpressure based on the IOCA calculations. These .

calculations are still under review by the NRC Staff. In !
reviewing the IDCA calculations, the Staff is interested in
sensitivity studies regarding the application of UHI. Of
interest also is the break spectrum, to assure that the most

- |
'
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limiting breaks have been identified. Following this discussion,
the Applicant will present analyses of these matters, which the
NRC Staff .has not seen yet. However, based on the experience

,,
--obtairled during the long review of the UHI evaluation model,

the NRC expects that the results will show peak clad tempera-
tures below 2100 F for peaking factors of around 2.3.

;

3. UHI Analysis

W. Johnson, Westinghouse, discussed the UHI analysis,
including predicted ECCS performance, the analysis conditions,
compliance with Appendix K, modifications to the ECCS model,
loss-of-coolant / temperature analysis code, zircaloy-water
problem description, and the calculated peak clad temperatures
using the approved UHI evaluation nodel for a double-ended
cold-leg guillotine break (see Appendix XXV) . .He discussed the
recently discovered metal-water problem in the Westinghouse
evaluation model. This error was originally discovered by
Fromateme, Westinghouse's French licensee, when they found that
the total heat generation rate calculated from the metal-water
reaction was low by a factor of 2. Further investigation i
showed that the evaluation model had a logic error. He men- i

tioned the various reasons why Westinghouse had not found this
error previously. Westinghouse believes that this error, in
terms of licensing requirements, is significant, but that in
terms of margins to safety, it is not.

D. Ross, NRC Staff, disagrees with Westinghouse that the
margin of safety was unchanged.

In answer to a question, J. Cermak, Westinghouse, said
that for non-UHI plants, the effect of this error is in the
neighborhood of from 0.15 to 0.25 in peaking factor. With
respect to UHI plants, the effect is approximately 100 in the
Appendix K calculated temperature.

In answer to a question regarding the advantage of higher
peaking factors, K. S. Canady said that, with a low peaking
factor, the plant must be operated to closer limits than with a
higher peaking factor. If there is a relative high peaking
factor, the plant can be operated in either a base loaded or
load-following mode; the higher peaking factor gives more I

operational flexibility.

F. Stud Bolts

R. E. Tome, Westinghouse, said that his presentation was pre-
pared as a result of the question of stud bolt failure in the
pressure vessel head as raised at the subcommittee meeting. Each
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reactor vessel has 54 7-in. diameter closure studs threaded at
each end. There are 8 threads per in. , and the length of the
thr.ead engagement between the stud and the vessel flange is 9 in.
The length of the engagement between the stud and the nut is 7 in.'

Studs, nuts, and washers are made from SA-450 Class-3 material with
an ASME code specified minimum room temperature yield strength of. I

130,000 psi, and an ultimate strength of 145,000 psi. The closure
stud assemblies for McGuire- Units 1 and 2 were designed, analyzed,
fabricated, ' and inspected to the requirements of the 1971 edition
of the ' ASME code, Section III, and December,1971 addenda. The
design conditions for the stud assemblies are to resist an inter-
nal pressure of 2500 psi in the reactor vessel at 6500F, while the I
normal operating conditions are to resist 550 psi pressure at 550
*F. There are several stress limits that must be met by the studs
during plant operation. The studs are sized so that the average
membrane stress in the studs is less than 1/3 of the code speci-
fled minimum yield strength for the design conditions. The shear

,

stress in the threads is less than 0.6 of this allowable membrane l
'

stress limit. The maximum membrane stress during normal plant
operation occurs at the end of heatup, and is 47.6 ksi, vs. a code
allowable of 73.6 ksi, which is 2/3 of the specified minimum yield
strength at operating temperature. The maximum membrane plus

: bending stress during normal plant operations also occurs at the
end of plant heatup, and is 98.6 ksi vs. a code allowable limit of
110 ksi, which is the specified minimum yield strength at 550 'F.

During ' steady state operation the stresses in the studs are at a
membrane stress of 24.4 ksi, and a combined membrane plus bending
stress of 57.5 ksi. The hypothetical case for one stud failing
instantaneously at the end of the heatup was considered. The
dynamic effect of suddenly applying all the loads from the stored
energy in the flange below the failed stud and the pressure load
increase from the failed stud on just 2 adjacent studs next to the
failed stud was calculated to be an average stress across the two
studs of 65.7 ksi, which is still below the code allowable limit ,

of 73.6 kai for normal operation. The maximum calmlated membrane
bending stress in those studs was found to increase to 116.4 ksi,.

which will result in some localized yielding. Therefore, there

would not be a progressive stud failure mode, or zipper effect
from this assumed stud failure. The most critical stress loca-
tions on the studs, the threads, were evaluated using the ASME- I

specified fatigue reduction factor of 4. The significant stress

cycles on the studs were 57 specified startup cycles including a
tensioning and untensioning operation, and 143 additional startup
cycles without the studs being tensioned or untensioned. The
total usage factor for the studs was calculated to be 0.6 vs. code
-allowable value of 1.0, using the ASME design peak curves. The
ASME Code provides design fatigue curves for temperatures between
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f66m temperature and 700 F, which covers the operating temperature-

of McGuire. The temperature effect is compensated for by code re-
quirements. Bolts will be tensioned to a maximum membrane stress
.f 55 ksi, the nut will be tightened, and the tensioner relaxed,
which would reduce the membrane stress in the stud. The elonga-
tion applied to each stud by the tensioner is controlled by a
hydraulic pressure gauge on the tensioner pumping unit. Elonga-
tions of all studs are held to 0.0051 inches, with a tolerance of
plus or minus 0.0002 inches for normal operation. In addition to
other requirements for the material, it also must meet a Brinell
hardness between 302 and 388. In addition, Section 3 of the ASME
Code requires Charpy impact testing be performed on the material.
Charpy and tensile tests are performed on samples removed from one
bar of each heat of material represented or for each charge of
10,000 lb. of material, whichever is less. A review of the record
for the McGuire stud material processed to these requirements
indicates that the axial strength and ultimate strength in all
cases exceed the code-specified minimum allowables. Periodic non-

Idestructive testing, both volumetric and surface, are required
for these studs during fabrication and plant life. The stud
material receives a 100% volumetric examination by ultrasonic
testing (Ur) in both the radial and axial direction after heat
treatment and prior to threading and must meet the ASME Section
III acceptance standards. After final machining, the studs
receive a 100% magnetic particle examination to detect nonaxial
surface indications. The studs then receive a 100% Ur axial scan
af ter hydrostatic testing in the shop, prior to their ship-
ment to the plant site. The studs receive a 100% visual examina-
tion and a 100% Ur examination from one end. During the plant
life, the studs must be 100% reinspected on both surfaces, either
a Ur or MT and Ur exam, in 10 years with 5 to 33% of the studs
being inspected every 40 nonths.

R. Tome concluded that the Applicant believes that the reac- |

tor vessel studs, designed and fabricated to the requirements
'

of Section III of the ASME Code, and inspected to both Section III
and XI requirements of the code as required by the federal regula-
tions, will not fail and will operate in a reliable manner for the
life of the plant. This conclusion has been borne out by experi-
ence on operating Westingho.se plants.

!.
l Mr. Siess noted that this presentation did not answer the

questions raised by Mr. Riley, regarding .possible failure at a
pressure of approximately 7000 psi under AIWS conditions, and
his claim that 18% of the stud bolts may be below standard
strength.
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R. Tome claimed that none of the studs are below strength,
that any, defective studs are replaced before operation, and that
there is no concern that the system could reach 7000 psi pres-
sure and rupture the studs, since other components would fail
first. 1

1

Mr. Shewmon requested informath regarding the specifica- 1
'

tions to which the holddown bolts ' 'e auxiliary feedwater tur-

bine are manufactured. K.S. Canad 'd to provide the informa-
tion.

G Effect on Fuel of Core Radial Diffe' cressure from
Asymmetric LOCA Ioads i

l
J. Cermak, Westinghouse, said that Westinghouse has performed 1

a scoping calculation of the forces from a pressure wave which
moves the core barrel and then the rarefaction wave moving back i

across the inside of the core causing a differential pressure !

across the fuel assembly. This load would be the equivalent of
10% of the hydraulic load on the fuel. Westinghouse believes
that the conservatism in the design can easily absorb this 10%

,

pressure, which was not considered in the initial design. Further, i

calculations of the forces on the fuel assembly of McGuire, con- 1

sidering both the seismic and hydraulic loading on the fuel assem- !

bly, totaled less than 2000 lbs. Adding the 10% calculated in the
bounding calculation, the total loading would be less than 2200
lbs. Both of these loads are less than the lower limits of the
experimental data, which is 3200 lbs. Westinghouse concludes

ithat there would be no significant deformation of the fuel assem-
bly, and therefore believes there is no problem. 1

|
H. General Questions |

In answer to a question regarding whether an operator action
at a remote shutdown panel could cause an unsafe condition, T.C. ;

McMeekin, Duke, said that there is protection against such a i

situation. A rem te shutdown panel alarm will register in the 1

control room if the panel is opened. Further, a set of transfer I

switches must physically be opened to transfer control from the j
control room to the remote control panel. ,

i
I. Caucus 4

1

The Committee agreed unanimusly that it believed it could l

write a letter favorable to the application for an operating j
license for the McGuire Nuclear Station, Units 1 and 2. j

G
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V. Meeting with the NRC Staff on Recent Operating Experience, Licensino
Actions, Generic Matters Relating to IMRs and Future Agenda (Open to
Public)

,,
-.

,

[ Note: Thomas G. McCreless was the Designated Federal Employee for
this portion of the meeting.]

A. Davis-Besse-1: Implementation of ACRS Recomendations from the
ACRS Report of January 14, 1977

L. B. Engle, NRC Staff, discussed the implementation of the
. ACRS recommendations included in the Ccamittee's report of January
14, 1977. (For background, see Appendix XXVI.) He said that the
purpose of this report is to update the Committee to the current
status. He noted that Supplement No.1 to the SER was issued on j
April 22, 1977, the same date that an OL was issued for Davis- |

Besse, Unit 1. Although the OL was issued authorizing full l

power, 960 MWe, the operation of the facility was restricted to a
sequence of operational modes until preoperational test, startup
test, and other items were completed to the satisfaction of the
NRC Staff. This OL stipulated 19 conditions that imposed limita-
tions on plant operations, and required special reports and/or
modifications to be completed at specific timas following the date
of the issuance of the license. Since the issuance of the license,
6 conditions to the license have been removed by amendments,
supported by SERs, and 2 conditions have been revised..

The reactor attained criticality on August 12, 1977, initial
electricity was produced on August 23, and 75% of full power was
attained on January 23, 1978. A reactor power of 90% was obtained
for 2 days on February 15 and 16, 1977. However, condenser prob-
lems required the Licensee to reduce operating power to 75%, until
April 3, when power was increased. 100% of rated power was reached
on April 4. Based on recommendations by Babcock and Wilcox (B&W),
the NSSS vendor, on April 5 the Licensee reduced plant operation
to 3 pumps to reduce flow and is currently operating at about 75%
of full rated power. Davis-Besse has burnable poison rod assemb-
lies, and is therefore affected by the failure of one of these
assemblies in the Crystal River Plant. The cumulative service
factor has been about 75%, and the unit forced-outage rate has
been about 25%. The shutdowns were required for repairing and
servicing equipment primarily in the secondary system. The first
scheduled refueling outage is planned for late 1979.

In answer to a question, L. B. Engle said that the condenser
problems to which he referred involved some tube leaks. It has

not yet been determined whether these leaks are from flow-induced
vibration as a function of power. Tubes will be inspected during
a planned outage.

24
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L. B. Engle reviewed the items raised in the Committee's
January 14, 1977 report:

e' Increase of seismic design basis from 0.15g to 0.29 The~

NRC Staff stipulated in the operating license that the Licen-
see shall subnit a seismic reanalysis and evaluation to the
NRC for its review in sufficient time tc obtain Commission
approval'of the adequacy of the plant systems needed to
accomplish safe shutdown of the plant and continued shutdown
heat renoval prior to startup following the first regularly
scheduled refueling outage. In performing the reanalysis, a
safe shutdown earthquake of 0.2g shall be applied at the
foundation level of the plant, and the response spectra shall
be as specified in Reg. Guide 1.60. The NRC Staff is in the
process of developing guidelines for this seismic reanalysis.

e ECCS. The NRC Staff has reviewed revised nucleate boiling
logic proposed by B&W, which does not allow return to nucle-
ate boiling after critical heat flux conditions are reached
The NRC Staff has determined that the revised logic was en
appropriate change to be incorporated in the B&W evaluation

- nodel, that the overall effect of the change on peak clad
temperature was insignificant, and that it met the Acceptance
Criteria. The Applicant has subnitted additional analyses
correcting for fuel pin pressure errors and erroneous flow
resistance values for the reactor vessel inlet nozzle. The
NRC Staff has determined that the ECCS analysis for Davis-
Besse, Unit 1, is in accordance with Appendix K.

o Large Break Analysis. The operating license stipulated that,
within six months from its issuance, the Licensee shall
provide additional supporting analysis for the large break
spectrum to document the exact margins, and should provide to

,

the NRC Staff reactor coolant system flow data. The Licensee
submitted the large-break spectrum on October 21, but, be-
cause of delays in plant operation, the coolant system flow
data were rot available. The license condition was revised
to require that within 30 days following 2 weeks of sustained ,

reactor power operation at a power level of 90% or greater of |

rated thermal power, the Licensee provide operating reactor !

system coolant flow data. However, during the 2 days that 1

the plant was at 90% rated thermal power, the Licensee was 1

Iable to obtain the system flow data, and is getting ready to
subnit the information to the NRC Staff by mid-April.

25
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e Improved Radiatic' Surveillance in Ohio. The State of Ohio
has indicated to the NRC Staff that it is initiating a pro-

...,, gram which will eventually qualify for an NRC state contract
for' technical aid.~

e long Term Capability of Hermetic Geals. Environmental quali-
fication of equipment is being pursued by the NRC Staff as
part of a Category A generic activity, Task Action Plan

Qualification of Class IE Safety-Related Equipnent,A-24,
to assure proper performance of seal materials during plant
operation.

The
e Instrumentation to Follow the Course of an Accident. and aNRC Staff has issued Regulatory Guide 1.97 (Rev.1),

technical activities steering committee was established on
1977. The NRC Staff has concluded that theAugust 22,

instrumentation to monitor post-accident conditions ::0! the
NRC Staff criteria and was acceptable. However, Davis-Lesse
1 does not meet Position C.3 of Regulatory Guide 1.97,
Revision 1, and guidance is being developed in this area.

e A'IWS. This is a generic matter. The NRC Staff has prepared
a draft generic technical report on AIWS which incorporates
the comments and concerns of the industry, including the
Babcock and Wilcox Company. This draft report is currently
being reviewed by NRC management and the NRC Staff. An open

meeting will be held on April 19, 1977, to discuss the stud-
ies concerning AIWS.

e Fire Protection. The Licensee has submitted its fire hazard
analysis report, and the NRC Staff has determined that
the report was not adequate for determining the fire protec-

in accordance with Appendix A to the Branchtion program :Technical Position. Therefore, a condition was placed on the
license, stipulating that within three years from the date of |
issuance of the license, the Licensee shall increase the ,

'

level of fire protection in the facility to the levels recom-
in Appendix A, or with alternatives acceptable to

mended *

the NRC Staf f. Prior to startup following a first regularly
scheduled refueling outage, the Licensee shall implement
Section B of Appendix A, Administrative Procedures, Controls,
and Fire Brigade, and Section C of Appendix A, Quality

Since the issuance of the OL, the reevalu-Assurance Program.
the fire protection program has continued. The

ation of
Licensee has presented additional information on the installa-

Thetion of fire retardant seals for electric penetrations.

~ 26
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! NRC Staff has concluded that these seals through fire barri-
ers as installed at Davis-Besse are conditionally acceptable.
However, the NRC Staff h'as required that the Licensee perform

.
- ~ .certain full-scale testing to verify the adequacy of the

configuration and installation of the seals that represented
the worst-case departure from sections originally tested
under the ANSI E119 standard. The NRC Staff is scheduled to
complete the Davis Besse Unit 1 fire protection review before
the end of of calendar year 1978.

e Industrial Security. The NRC Staff has reviewed the Licen-
see's amended security plan as required by NCFR 5073.55, and

- completed their Phase 1 review in September of 1977. The
Licensee has sutmitted a nodified security plan. This plan

is being evaluated.
4

B. Oconee: Microseismicity

J. Kelleher, NRC Staff, discusscd a microcarthquake swarm
occurring at the Oconee site in January,1978. He noted that the
cause of this swarm is not clear. The maximum magnitude of these
microearthquakes was in the range of 2 to 2.5 on the Richter scale.
He noted that there was a network of microseismometers located at
this site.

In answer to a question, J. Kelleher said that there are very
few areas in Eastern United States that are currently being noni-
tored for microseismicity, and that it is possible that similar
swarms of microcarthquakes could be taking place elsewhere without
their being detected.

Regarding the reported . swarm, only one earthquake was re-
ported as being " felt". (For the data presented, see Appendix
XXVII.) !

- C. Combustion Engineering Plants: Control Element Guide Tube Wear

H. Levin, NRC Staff, stated that a problem of cracking of
control element guide tubes was first identified in the Millstone
2 Plant on December 14, 1977. He reviewed the chronology of the
actions taken since this problem was first identified, and dis-
cussed the design of the components, the safety considerations
involved, the observations made on the worn components, the
interim fixes accepted by the NRC Staff, the bases for continued
operation, and the susceptibility of other NSSS designs to guide
tube wear (see Appendix XXVIII).

.
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1

Mr. Bender suggested that _.plicants establish whether there '

are suitable out-of-pile vibration test arrangements for all |

f6 actor internals configurations to evaluate the effect of repre-
sentative working conditions.

D. Crystal River 3: Failure of Burnable Poison Rod Assembly

K. Seyfrit, NRC Staff e first discussed events leading up to
the identification of a burnable poison rod assembly failure at
Crystal River, Unit 3. On September 12, 1977, following recovery
from a scram, a quadrant tilt of 7% was noted, which disappeared
after several hours of operation. On January 1 and again on
January 3, 1978, there was an alarm on the loose parts monitor
associated with the B steam generator; this disappeared after a
short period of time. On February 17, there was another alarm on
the loose parts monitor associated with the B seam generator,
which persisted. The Licensee performed a number of investiga-
tions, including examining the chemistry of the primary coolant,
and looking at other loose parts monitors. No other abnormalities
were noted at that time. Because of the persistence of the,
noise in B steam generator, one of the reactor coolant pumps was
shut down, and power was reduced to about 78%. This reduction in
power and flow eliminated the noise at that point. A B&W investi-
gation team was called in, evaluated the data that was available,
and confirmed that there were some 1cose parts in the top of the B
steam generator. Operation continued from February 18 to March 3,
at which time the Licensee was able to determine that there had
been a small amount of steam generator tube leakage, on the order
of a gallon a day. The unit was taken off-line on March 3, and a

cool-down begun. Observation through a manhole on B steam genera-
tor identified some loose parts, including the coupling and spider
for the burnable poison rod assembly B-47. In addition, there j

were other parts identified, including pieces of cladding, aw
some evidence of damage of the tube ends. On March 13,,the
reactor vessel head was removed, and a second burnable poison rod,
B-52, was observed sticking up. Several poison pins were broken
off. Examination of the latching mechanism indicated that one of
the balls was missing, and grooves were found in the hold-down
latch assembly that corresponded to the location of the missing
ball. She remainder of the fuel assembly appeared to be in good
condition. The Licensee has postulated three possible causes for j
the damage, and is investigating to determine the actual cause. ;

The first two assumptions involve a manufacturing deficiency and j

the possibility that the assembly was not initially latched. The ]
third assumption is that the wear was caused by vibration.

'
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'

K. Seyfrit stated that at this time there are only two other
plants in operation using these burnable poison assemblies, Davis-

'Besse-1, and Three Mile Island-2. It is likely that the burnable
.|poison assemblies will be removed from Davis-Besse within the '

next ten days to two weeks, when the plant is shut d,own for
other planned maintenance. He noted minor damage to the steam j

generator, and inferred that part of the problem is the extension (
of the tubes approximately 3/4 in, above the tube sheets. The |

Iprobable fix for this problem may be the removal of the extension I

of the tubes above the tube sheet. (For details, see Appendix
) XXIX.) ,

E. Implementation of Regulatory Guide 1.97, " Instrumentation
to Follow the Course of an Accident"

F. Hebdon, NRC Staff, stated that when the work had been com-
pleted on Regulatory Guide 1.97 (Rev.1), the NRC Staff began work
on Task Action Plan A-34 to develop detailed acceptance criteria
and guidance to be used by Applicants, Licensees, and NRC Staff
reviewers to support implementation of this guide. During the
development of this Task Action Plan, it was recognized that cer-
tain instruments were described in the Guide with such clarity
that implementation on that part of the Guide could proceed more
quickly than could implementation of the entire Guide. Therefore,
the NRC Staff decided to divide implementation of Reg. Guide 1.97
into two phases:

o Phase 1 incorporates the recommendations of position C.3 of
the Guide. Position C.3 describes the specific instrumenta-
tion to be used if accident conditions degrade beyond those
assumed in the FSAR. It was believed that position C.3,

by itself, constitutes an interim solution that could be
implemented on all operating plants in a timely manner, while i

!the more time consuming case-by-case review described'in the
remainder of the Regulatoy Guide is completed.

e Phase 2 incorporates the remainder of the regulatory posi- i

tions in Regulatory Guide 1.97. The principle position is
position C.1 which states that for postulated accidents
listed in Chapter 15 of Regulatory Guide 1.70, the Applicant
shall perform a detailed safety analysis to determine the
parameters that should be measured to provide the operator
with essential information concerning the nature of an acci-
dont and the response of available safety systems.

29
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LaSalle County and Watts Bar were selected for Phase 1,
position C.3, and Allens Creek and Sundesert were selected for*

Phase 2, or for full implementation of Regulatory Guide 1.97.
Subsequently, in response to the. ACRS report on Diablo Canyon,
Diablo Canyon was added as a lead plant for implementation of
position C.3. In Aua"st 1977, Regulatory Guide 1.97 (Rev. 1).

was issued. The NRC Staff has characterized this revision as
Category 3, backfit require 6 for all applications in review,
and further NRC Staff consideration of individual cases required
in order to determine the need for backfitting for all operating
plants.

Two problems have developed in dealing with Applicants:

1. Technical questions, such as the definition of identifiable
release points described in position C.3 have been raised.

2. Philosophical problems concerning the apparent commitment in ;

position C.3 to include instrumentation to monitor accidents |

that go beyond Class 8 have been raised.

The NRC Staff has made some progress in clarifying its position
and in resolving the Applicants' concerns in these areas. How-
ever, work remains to be done in both areas. In March, the NRC
Staff sent additional guidance to the Applicants and requested the
proposal for implementation of Reg. Guide 1.97 be submitted no
later than May 1,1978.

F. Seismic Monitoring on the Eastern Seaboard

C. Stepp, NRC Staff, described the seismic monitoring net-
works in Eastern United States, noting that the NRC Staff is fund-
ing entirely or partially the operation of these networks. He
said that there are two principle networks along the eastern sea-
board, the Northeastern Network, and a network around Charleston,
SC. The Northeastern Network includes about 30 microseismic
monitoring stations that will detect local earthquakes of smaller
than magnitude Richter 3. The Charleston network includes about
12 microseismic stations. Another network is currently being
installed in the central Virginia region, and will consist of 5
microseismic stations. In addition, another 5-station micro-
seismic network is being established in southwestern Virginia,
in the Giles ' County earthquake zone. It is proposed that these
microseismic stations in Virginia be operated by Virginia Poly-
technic Institute. j

i
30

Y !
f

|r 4

---
, _ _ .



_ __ _ , _ _ _ _ _ _ . _ _ _

, ,

t es s
.

.

MINUTES OF THE 216TH ACRS MEETING 3.PRIL 6-7, 1978

- C. Stepp said that four of the microseismic instruments cur-
rently located in the temporary network at North Anna will be
-incorporated into the central Virginia network. He noted that
there ar'e currently 17 stations in the Lake Anna area. The effect,,

of the reduction of the number of microseismic stations will be
loss of accuracy in pinpointing epicenters of seismic disturbances.
The accuracy of the proposed network would be only approximately
plus or minus 5 km. Because of the concentration of the four sta-
tions at North Anna, the accuracy in this particular area would be
on the order of from 1 to 1.5 km. (For details see Appendix XXX.) |

The Committee raised no objections regarding the proposal to
reduce the number of instruments at the North Anna seismic network.

G. Monitoring Neutron Exposure at Nuclear Facilities

S. Block, NRC Staff, said that, as a result of questions
arising regarding the exposure of nuclear plant personnel to
unknown amounts of neutrons, and the possible inadequacy of
neutron detection and recording instruments, this problem is being
considered by the NRC Staff. He noted that the Office of Nuclear
Regulatory Research has been requested to initiate a program for
the purpose of collecting data on the effectiveness of personnel |
neutron dosimetry programs at the operating nuclear power plants
(see Appendix XXXI). He pointed out that, for certain energy
ranges, adequate dosimeters have not been developed, and he

~

recommended that such instruments be developed. He reviewed the
neutron dosimetry records that are available from operating
plants, and was unable to identify a significant problem. He

suggested that the likelihood of overexposure, in the range where
instrumentation has not been available, is highly unlikely.
However he recommended that further investigations be nude. (For

) details on personnel neutron dosimetry methodology, see Appendix
XXXII. )

H. Future Aaenda

The Committee approved a tentative future schedule (see
Appendix II).

L. Crocker, NRC Staff, in discussing the scheduling of a re-
view of Indian Point Nuclear Power Plant, Unit 3, for an increase
to full rated power, said that the SER has been published and is
being delivered to the Committee. However, at this time, the

-

impact of the programing error discovered in the Westinghouse ECCS
evaluation model, noted earlier in the meeting, is not known.

1
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Mr. Bender requested that the Staff provide the Committee
with a written statement regarding the details of the error, and

'how it was found.

The Committee again requested that the NRC Staff inform the
Committee of any significant design changes regarding the
currently-proposed Allens Creek Nuclear Plant and the design pre-
viously reviewed by the Committee.

VI. Executive Sessions (Open to Public)

[ Note: James M. Jacobs was the Designated Federal Employee for this
portion of the meeting.)

A. Regulatory Activities Subcommittee Report

1. Revision of 10 CFR 50.44

Mr. Siess, Subcommittee Chairman, recalled that at the 1

215th ACRS meeting, the Committee declined to approve the !

proposed changes in wording of 10 CPR 50.44, relating to :

combustible gas control following a IDCA. He said that the NRC !

Staff has decided that their position to not permit repressuri-
zation, along with purging, is the conservative position, and
it.is their intention to propose the changes to the rule to the
Commission without the ACRS' blessing. They do recognize,
however, that there are questions about the desirability of
repressurization, and therefore have requested the Office of
Nuclear Regulatory Research to include a study of repressuriza-

0 Lion in connection with its proposed research project on
advanced containment concepts, involving vented containments.
It is hoped that risk information can be developed eventually
to resolve the question. The subcommittee does not believe |
that this matter requires additional action at this time by the ]
Committee. ,

)

2. Regulatory Guides
1

The Committee approved the following Regulatory Guides: |

e Regulatory Guide 1.29 (Rev. 3), Seismic Design Classifica-
tion, and .

* Regulatory Guide 1.68 (Rev. 2), Initial Test Program for
Water-Cooled Nuclear Power Plants. j

s
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,

During the discussion of Regulatory Guide 1.68 (Rev. 2)
-Mr. Bender recommended that the NRC Staff allot some technical
assistance funds to establish how this Regulatory Guide is

,. 'being applied throughout the nuclear industry with the antici-''

pation that the Guide will ultimately be modified to define j

effective preoperational test practices for nuclear power
plants. The current Guide does not, in his opinion, provide
adequate information for the purposes of regulation.

3. Regulatory Activities Subcommittee Agenda for its May Meeting

Mr. Siess noted that the following items are scheduled to
|

be considered at the May 3, 1978 meeting of the Regulatory
'

Activities Subcommittee:

e Regulatory Guide on Lightning Protection, |

e Regulatory Guide 1.9 (Rev. 1), Selection, Design, and ;

Qualification of Diesel Generation Units Used as On-Site J
Electric Power Systems at Nuclear Power Plants, i

e Regulatory Guide 1.63, Electrical Penetration Assemblies,

, Regulatory Guide 1.130, Service Limits and Ioading Combin-
ations for Class I Plate and Shell Type Component Supoorts
:nd |

1

e Proposed Amendment to 10 CFR 55 Appendix A, Codes and |

Standards.

B. ACRS Ouarterly Report to Commissioners

The Chairman noted that Members have received a draft copy of I

proposed quarterly report to the Commissioners for the period,
December, 1977 through March, 1978. He requested that Members pro-

,

vide the ACRS Office with their comments on this report within the
next week.

C. Testimony to Senate Subcommittee on Nuclear Regulation

The Chairman and the Executive Director stated that they
would prepare a final statement to be used as testimony before the
Senato Committee on Environment and Public Works, Subcommittee on
Nuclear Regulation, Senator llart, Chairman. He noted that a draft

-copy of the testimony had been provided the Members, and requested,

,

'

that their connents be subnitted to the ACRS Office as soon as
possible. The Chairman noted that he would be accompanied to the

33
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hearing by the Executive Secretary, the Vice Chairman, and Messrs.
Bender and Siess. He welcomed the presence of any other Members

-who could participate.
.,

D. Activities of'the Members

1. Mr. Shewmon

It was the consensus of the Committee that Mr. Shewmon
should not act as a consultant-without-pay to the Westinghouse
Material Research Laboratory.*

2. Mr. Moeller

The Committee offered no objection to Mr. Moeller's pre-
paring a paper for the British Nuclear Energy Society's
November 1978 meeting. The paper will be on radiation pro-
tection in the ' fuel cycle, and will consist primarily of an
abridgment of chapter 7 of the Committee's Annual Report to
Congress (1977) (NUREG-0392) and new material developed for
the 1978 report.

The Committee offered no objection to Mr. Moeller 's
lecturing at an MIT safety course. j

E. Proposed Independent Nuclear Accident Review Board

The Chairman designated a working group to develop a position
on a proposed independent nuclear accident review board. Messrs.
Bender and Shewann volunteered to serve on this working group.

F. Proposed Meeting with Groupe Permanent

.The Committee agreed to defer until the 217th ACRS meetino |
the setting of dates for a meeting with the French Groupe Perma-
nont, to give more Members a chance to check their personal
appointment calendars.

1

G. Reorganization of ACRS Subcommittees ]
i

The Committee agreed to defer until the 217th ACRS meeting
a discussion of the reorganization of,ACRS Subcommittees.

H. ACRS Reports and Ictters

1. Letter to Dr. E. J. Sternglass

The Committee prepared a letter to Dr. E. J. Sternglass, '

1in response to his request for ACRS review of changes in
-

- cancer mortality in the vicinity of several nuclear plants. i

!
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(For background material on the request, see Appendix XXXIII;
....for. Committee reply, see Appendix XXXIV.)

.

VII. Executive Sessions (Closed to Public) s

s
;

[ Note: James M. Jacobs was the Designated Federal Employee for thic
portion of the meeting.]

A. New Members

The Committee agreed ' to nominate [ J J

} .:' jfor appointment to the Committee.
*
,'

B. ACRS Reports and Ietters
|

1. Arkansas Nuclear 1, Unit 2 Nuclear Power Plant
!

A report was prepared advising the Commissioners that the
Committee believes that, subject to certain conditions, there |
is reasonable assurance that the Arkansas Nuclear One, Unit 2 i

|

Nuclear Power Plant can be operated at core power levels up to
2815 MWt without undue risk to the health and safety of the
public (see Appendix XXXVI). r

2. McGuire Nuclear Station, Units 1 and 2

A report was prepared advising the Commissioners that the .

Committee believes that, subject to certain conditions, there
is reasonable assurance that the McGuire Nuclear Station, Units
1 and 2, can be operated at power levels up to 3411 MWt without
undue risk to the health and cafety of the public (see Appendix

|XXXVI).

3. Liquid Pathway Generic Study

Although the Committee completed its review of the NRC
Staff's draf t report, NUREG-0440, Liquid Pathway Generic Study,
time did not permit completion of a report. The Committee
agreed to table completion of this report until the 217th ACRS
meeting.

,

The 216th ACRS meeting was adjourned at 8:00 p.m., Friday, April 7,1978.
!
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Div. of Systems Safety _ Div. of Systems Evaluation

J. P. Joyce L. Belfracchi R. Codell
M. W. Hodges R.Schemel G. Chipman -

,

R. L. Tedes:o L. Phillips H. Berkson |

G. Lainas T. A. Ippolito D. R. Muller !

D. Pickett S. Israel R. A. Vollmer j
|B. Turovlin D. F. Bunch

A. J. Szukiewicz L. G. Hulman
P. W. Baranowsky
H. E. Polk

'

H. Conrad |

RESEARCH I

Div. of Project Management R. DiSalvo
F. Manning

!

R. E. Martin M. A. Taylor
D. B. Vassallo J. A. Murphy
F. R. Haventi
L. P. Crocker
J. F. Stolz

O~ f.P.
Ip s NRC Consultants

, ;, g

A. R. Markese J. B. Bullock * ,

!

K. Kniel
|

ACRS Consultants Attending
|l. C. Lioin ni
E. P. Epier
R. Foster
I Catton
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ATTENDEES - APPLICANT
)
l

216TH ACRS MEETING

April 6,1978 |
ARKANSAS POWER & LIGHT _ I

C0!CUSTI0:1 ENGIflEERIrlG' J. R. Perdue I

R. R. Mills G. H. Miller
.

W. J. Gill M. Cajanaugh
T. A. Jones O. R. SikesA. B. Spinell, Jr. G. G. Young
H. E. Heuschaefer D. G. Wardis
E. H. Kennedy fleal A. Moore

. R. Hamphries J. R. Marshall'

E. M. Brown D. Rueter
T. M. Starr D. H. Williams
J. F. Church B. A. Terwilliger
F. C. Sernatinger
T. G. Shultz

OFFSHORE POWER SYSTEMS
BECHTEL ~J.A. Nutant 1

E. H. Smith H. J. Stumpfeb J. C. Bradford K. C. Perry
M. S. Iyer V. W. Campbell

i
i P. B. Haga

! B. Z. Cowan
C. A. Pelletier'

SAI D. C. Aabye
i
i

R. L. Ritzman H. A. Capo
A. S.Caerdrin

1

D. Howaeesee
G. R. Collin
D. llalker
J. E. Tabugen, Consultant to OPS
T. Pudlin, consultant to OPS
E. M. Buchak, consultant to OPS
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PUBLIC ATTEl!0EES

216TH ACRS MEETING

Thursday, April 6,1978
*

P. E. Grossman, Jr., Ebasco Services, In., NY
R. W. Prados, Louisiana Power & Light Co. 2425 Ramsey Drive,

New Orleans, LA
R. Borsum, B&W, Derwood, MD

P. S.Damerell - MPR Associates
~

W. W. Little, Westinghouse Hanford Co. ,

S. J. Weems, MPR Associates ,

^
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(_)s URC ATTENDEES

216TH ACRS MTG.

i
April 7, 1978

Div. of Project Management Div. of Operating Reactors
C. Garland *

L. Engle R. E. Johnson
L. P. Crocker G. F. Lauih
C. W. Moon E. L. Conner
D. B.Vassallo G. S. Vissing
A. W. Drumerick H. A. Levin
J. F. Stolz F. D. Coffman

I
K. Kniel E. Moler '

C. Van Niel
1

Div. of Systems Safety
J. Stepp

Inspection & Enforcement C. F. Miller
K. Seyfrit H. C. LI
H. A. Wilber M. Hartzman
D. Suy G. N. Lauben

W. Milsted
S. Israel

() RSLB R. G. Fitzpatrick
S. Berggren N. H. Wagner'

R. J. Bosnak
i

MIPC C. H. Hofmayer )
R. Denning D. F. Ross

!J. P. Knight
Div. of Systems Eval. M. D. Houston
F. Hebdon M. R. Hum
G. Chysman F. C. Cherny
G. B. Staley G. Mazetes
W. P. Gammill |

J. Grieves
Stds. Development
A. Huite

RSR

J. Kelbher
Nuclear Reactor Regulation

DA B. Grimer
R7 K. Grahm R. B. McMullen

EEB

ORB 4 S. Block
R. M. Reid
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''-) Applicant Attendees

i

216TH ACRS Mocting

April 7, 1978
ie

|

|WestinghouseDuke Power
N. J. KiparaloD. B. Blackmon
E. V. Somers

G. A. Copp C. R. Srerrett |R. F. Wardell W. J. Johnson
L. Lewis

J. O. Cermak
i' . P . Harrall

,

R. S. Howard
R. A. Pace R. S. Borgraber
T. C. McMeckin

F. Landerman
K. S. Seidle

A. Ball, Jr. |K. S. Canady R. E. TomeW. J. McCabe

W. F. Beaver
R. B. Priory

Toledo Edison() D. L. Camup R. E. SundW. Parker, Jr.
W* LOWGfD. G. Owen

C. J. Wylie
R. A. Pearce
L. Dail Law Engr.
P. M. Abraham

C. E. SamsG. Cage
D. C. Holt
B. Rice
J. Foley,J r.

,
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PUBLIC ATTEllDEES
,-3

(_ ) 216TH ACRS MEETIllG

.

Friday, April 7,1978 - A.M.

June Allen - NAEC - Charlottesville, VA
R. Borsum - B&W - Derwood, MD
R. S. Bhatnagar - Duke Power Co. - Charlotte, NC
Paul Grossman - Ebasco Services, Inc. - flew York, NY
Richard M. Kac.ich - Northeast Utilities - Hartford, CT
James B. McIlvaine - Bechtel Power Corp. - Frederick, MD
R. R. Mills - Combustion Engineering - Windsor, CT
R. M. fleil - VEPC0 - Richmond, VA
R. C. L. Olson - Baltimore Gas & Electric Co. - Lutherville, MD
Thomas R. Robbins - Pickard Lowe & Garrick (Toledo Edison Co.) - Crofton, M: |Scott Sunde - Greenville flews - Greenville, SC
R. E. Schaffstall - GE - Reston, VA
David Sokolsky - Self - San Francisco, CA |

P. B. Haga, OPS, Jacksonville, FL
.

B. A. McIntyre, Westinghouse Electric Corp. , Irwin, PA
S. E. Jacobs, Westinghouse, Pittsburgh, PA
M. Young, Westinghouse, Pittsburgh, PA

,7,
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APPENDIX II -

O- ACRS FUTURE AGENDA 4/3/78

ACRS MEETING TYPE OF REACTOR SER ISSUE

PROJECT REVIEW VENDOR DATE

.

YE

MAINE YANKEE. POWER INCREASE CE 4/3/78

INDIAN POINT 3 -FULL POWER W 4/3/78
9

ME
NEW ENGLAND 1&2 CP W 5/1/78

DIABLO CANYON 1&2 OL W 5/1/78

DAVIS BESSE 283 CP B&W 5/1/78

n1
RESAR-414 STD NSSS W 6/1/78

'

ALLENS CREEK 1 CP GE 6/1/78

S8G SP 6/1/78-

AUGUST -

ERIE 182 CP B&W 7/3/78

FFTF SP 7/3/78-

SUNDESERT 182 CP 4 7/3/78

7/3/78NORTH C0AST ESR- -

O

g- r
._ . .
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O
ACRS FUTURE AGENDA qf3f73

|

ACRS MEETING TYPE OF REACTOR SER ISSUE

PROJECT REVIEW VENDOR DATE

SEPTEMBER

SEQUOYAH 182 OL W 8/1/78

.

O

1

1

.

,

M
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APPEllDIX III..

Letter, Rep. T. Bavill to Chr.:n. IMndrie _-
on ACRS Fellowship Procram
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Honorable Joseph H. Hendria *
-

Chairman .

U.S. Nuclear Regulatory Cou=iission
U.tshington, DC 20555 -

. .

.

'" " ' ' * " ""'''"""O
~ '

~
--

The Committee has received and considered your , February 28, 1978,
request to reprogran $300,000 in FY 1978 appropriations for a fcilowship
program which would assist the Advisory Co=nittee un Reactor Safeguards.

During hearings on the FY 1979 budget request, the Co- 4ssion
identified several important areas where the regulatory progran needs
improvenen t, in order to reduca nucica: licensing times and to increase
confidenca in reactor safety. These include the inprovc=ent of internal
processing schedules, additional on-site inspections, additional ad=inis-
trative support and others.

.
. .

"

In view of these higher priority prograti needs, the coi=nittee does
not approva che reprogramming of funds ce f"#*te a fellowship program.,

.

Sincerely,. .

. . .

.

I,

.

.
.

,

TOM BEVILL
Chairman -

'

Public Work.s Subcoc=tittee.

.

O '
. - - -

.
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APPEi! DIX IV
AfC-2: Project Status Report '

,

O
PICIECT STATUS REPORP

ARKANSAS NUCLEAR CNE, UNIT 2

BACKGROUND:
,

he NRC Staff issued the original Safety Evaluation Report for Arkansas
Nuclear One, Unit 2 (ANO-2) Operating License review on November 11, 1977
and a Supplement No. 1 in early March 1978. me ANO-2 project was reviewed
at ACRS 93==ittee meetings in Russellville, Arkansas on June 24, 1977
and in Washington, D.C. on February 2, 1978 and March 20, 1978. %e Cm-
bustion Engineering Core Protection Calculator System (CPCS), which is
being reviewed as part of the ANO-2 docket, since ANO-2 will be the first 1

operating plant to use this new system, was reviewed by the CESSAR System
80 Subemmittee on February 28, 1975 in Windsor, Connecticut and by the
Electrical Systems,' Control and Instrumentation Subcommittee in Windsor

,

Connecticut on May 20, 1977 and in Washington, D.C. on June 30, 1977 and |
March 20, 1978 (Highlights attached). %e CPCS was not reviewed by the
NRC or ACRS at the ANO-2 construction permit stage since this is a newly
developed system subsequent to the construction permit review.

O The ACRS, during its 214th meeting, February 9-11, 1978 partially reviewed
the splication of Arkansas Power and Light Cmpany for a license to oper-
ate ANO-2. All areas pertinent to the oprating license review were covered
except for the CPCS/COLSS. At the conclusion of that meeting, it was pointed
out that it did not appear that any significant new items were opened up by
the Committee beyond those identified by the NRC Staff. %e ACRS decided
not to write an interim letter on ANO-2 at that meeting due to the large
number of outstanding issues and the inccuplete review of the CPCS/COLSS.

PLANT DESCRIPTION:

Many features of the design of ANO-2 are similar to Calvert Cliffs 1
and 2 except that the ANO-2 plant will use fuel assemblies with a
16 x 16 fuel rod array, while the Calvert Cliffs 1 and 2 use 14 x 14
fuel rod assemblies. %e initial power of ANO-2 core is 2815 MWt
(approximately 912 net MWe), ccupared to the initial power level of
2560 MWt (approximately 810 net MWe) for Calvert Cliffs 1 and 2. A
reactor design caparison between ANO-2 and Calvert Cliffs 1 and 2 is
included as Attachment 2.

The ANO-2 reactor will be the first to use Ccubustion Engineering
16 x 16 fuel rod assembly design. tis fuel will be longer than the
previous Ccabustion Engineering 14 x 14 design. Because of this and
the fact that there will be more fuel rods per fuel assembly, the fuel
rods will operate at lower linear heat generation rates. me cladding
also has a larger thickness-to-diameter ratio than the 14 x 14 design.

#- d
,y %- y, - - - , , , - - - ~ -
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The ANO-2 will be the first in the United States to use a digital com-
puterized Core Protection Calculator System (CPCS) as part of the reactor
protection system. Se remainder of the reactor protection system is
conventional analog hard-wired equipnent. n e CPCS, in conjunction-
with the overall reactor protection system, is designed to provide at
least the same level of protection to the core as a conventional, hard-
wired system. n e CPCS is designed to initiate a reactor trip for the
following events:

(1) Uncontrolled control element assembly (CEA) withdrawal
from a critical condition.

(2) CEA misoperation.

(3) Uncontrolled boron dilution.

(4) Total and partial loss of reactor coolant forced flow.

(5) Excess heat removal due to secondary system malfunction.
spi .

Steam generator tube rupture with and without a concurrentQ (6)
loss of offsite alternating current (AC) power.

Backup trips are available to limit the consequences of each of the above
events, even with failure of the CPCS, except for the CEA misoperation.
It is not clear how limited the consequences will be in the event of CPCS
system failure. n e NRC Staff has not done an independent evaluation of
these consequences.

The ANO-2 will also use a new reactor monitoring system, designated as
the Core Operating Limit Supervisory System (COISS), to continuously
monitor important reactor characteristics and establish margins to cper-
ating limits. Bis system will use the output of the incore detector
system to synthesize the core average axial power distribution. This
is not considered to be a safety system and as a result has not been
reviewed in detail by the NRC Staff.

OUTSTANDING ISSUES:

Attachment 3 provides a list of outstanding issues discussed at the
last Submmmittee meeting held on March 20, 1978.

O)L
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HIGHLIGHTS]v COMBINED ELECTRICAL SYSTEMS, CONTROL
AND INSTRG4ENTATION AND ' HIE |

ARKANSAS NUCLEAR 04E UNIT 2 NUCLEAR PLANT ,

'
SUBCOMMITTEE MEETING

WASHING' ION, D.C.
MARQi 20, 1978

9

1. Ten outstanding NRC Staff Positions on the Core Protection Calculator

System were outstanding. These include the'following:

Position 1 * Uncertainty values in CPC data base nust be
e.xperimentally qualified - requires measure- ,

ments at'startup |

Position 4 Separation Criteria between the optical isolator
cards in the CEAC - Contingent on Position 26

|
'Position 5 * Cable Separation - Susceptibility to noise -

requires check during startup |

Position 12 * Noise susceptability - Resolved pending confir-
O maeion mee uremeate durias eertue

i

Position 14 Adequacy of seismic loads - report of tests is i

under NRC Staff review

Position 15 Range limits - Resolved with the exception of
limit values on shape annealing matrix constants

Position 18 Software burn-in test - awaiting final NRC Staff
review of test data

Position 19 Qualification of Software Change Procedure - |

Requires fully qualified software change |

procedure

Position 20 Data links to plant computer - Applicant has just
recently agreed to disconnect data links - Re-
solvel

Position 26 Qualification of optical isolator as an isolation
device

* Positions 1, 5 and 12 require startup of the plant to obtain data; therefore,
O ener ce##oe de re 1vea "#t11 erter ie eemce or the oeeretics 11ceese-

/9- i 3 ALL J |
- - . . . . . . - . . . - - . . . . . . . . . . . . ..
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ESCI/ANO-2 Highlights -2- March 20, 1978
;

i2. The NRC Staffs Supplemental Safety Evaluation Report provided for this
,

meeting reported 24 non CPCS related outstanding issues. Two of these |

items were resolved at the' time of this meeting and four additional items |

were identified leaving a total of 26 outstanding issues. Both, the

NRC Staff and Applicant agreed that all of these items could be re-

solved prior to the end of May 1978. Scheduled fuel load date is

May 15, 1978. ,

-

3. Topics discussed during this meeting which appeared to trouble the

Subcomittee included:

.a. Determination of periodic CPCS test interval
determination without a reliability analysis
of the CPCG.

O b. NRC Staff requirement to disconnect the CPCS
plant computer data links

c. Large number of Phase II test cases were out-
side the initial acceptance criteria

d. Lack of qualified software change procedure

e. Noise tests, similar to actual plant noises,
should have been used to determine the affect
on CPCS operation.

f. Total number of outst,anding issues may be
excessive to get a favorable ACRS report
in April 1978.

4. The Submittees recomended that the CPCS and ANO-2 be brought to the

ACRS for consideration at the April 6-8 ACRS meeting. The Applicant was

informed that due to the large number of outstanding issues (10 CPCS and 26

non CPCS) the ACRS might not be able to write a favorable report at the
O April ACRS meeting.

h-/ Y
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,

O esc 1/^ao-2 aeetime sarch 20, 1,2e

Documents Provided to the Subcomittee for this Meeting

1. Presentation Schedule (Attachment B) ,

2. Copies of viewgrap.:s (Attachments 1-33) . A couplete set of handouts
is availab1e in the ACRS official copy of these minutes.

3. Supplement No. I to the Safety Evaluation Report for the Arkansas
Nuclear One Unit 2 plant, dated March 1973.

.
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REACTOR DE5!CN COMPARISON

|
|

'

THERMAL AND HYORAULIC OESIGN
PARAMETERS (NCMINAL) ANC-2 Calvert Cliffs 1 & 2

Performance Characteristics
Reactor Core Heat Outout, thermal megawatts 2815 2560
Reactor Core Heat Outout, millions of British 9608 8737

thermal units per hour .)Systee Pressure, pounds per square inch ansclute 2250 2250 :
Minimum DN8A at Nominal Conditions 2.26 2.18 l

*

(full power) )
*

1

Coolant Flow-
,

Total Flow Rats, millions of pounds per hour 120.4 128.8
Average Velocity Along Fuel Rods, feet per second 16.4 14.2
Avertge Mass Velocity, millions of pounds per hour 2.60 2.33

per square foot
,

Coolant Temperature, degrees Fahrenheit
Nominal Inlet 553.5 543.4

* Vessel Outlet 612.0 595.0
Average in Vessel 582.75 569.2.

Nominal Outlet of Hot Channel 652 642.9-

(full power) -

Heat Transfet at 100 percent Power
Active Heat Transfer, Surface Area, scuare feet 51,000 48,400
Average Heat Flux, British thermal units per hour 182,200 178,000

per square foot

O Maximue Heat Flux, British thermal units per hour 425,800 527,900
per square foot

Average linear heat rate of fuel rod 5.34 5.94
only, kilowatts per foot

Maximum Clad Temperature degrees Fahrenheit -

Clad Surface at Nominal Pressure '57 657

Fuel Tempereture, degrees Fahrenheit *

Maxiouur at 100 percens 'cwor 3420 4170,.

CORE MECHANICAL DESIGN 5ARAMETERS
|

Fuel Rod Array 16x16 14x14
Number of Fuel Assemblies 177 217
Fuel Rods per Assemoly 224-236 164-176

Fuel Assemblies Overall 7.980 x 7.980 7.980 n.980
Ofaensions, inches

Number of Spacer Grics per Asseenly 12 8

Fuel R.ods
Number 40,716 36,896
Outsic.e Of aseter, inches 0.382 0.440
Clad Thickness, inches . 0.025 0.026

,

Clad Material 11rcaloy 4 Zircaloy 4 |

Fuel Pellets
,* Material Sintered Pellets $1ntered Pellets '

Length, inches 0.390 0.650

.

;

'

/7-- / 6. .
-
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'

I STATUS OF PRnJECT REVIEW

(2). SAFETY EVALUATION REPORT
'

j ISSUED NOVEMBER 11, 1977-

, ,

f!RST ACRS MEETING FEBRUARY 9, 1978' '
--

.
.

'

SUPPLEMENT No. 1 TO SAFETY EVALUATION -

.

REPORT ISSUED MARCH 6, 1978-

~

.

_
SCHEDULED PROSPECTIVE DECISION DATE

FOR ISSUANCE OF THE OPERATING LICENSE - JUNE 1, 1978-

'

. . .

II ITEMS Resolven SINCE PREPARATION OF SSER No. 1

FUEL ASSEMBLY BURNABLE POISON DESIGN VERIFICATION (4,0)
.

'CEA SURVEILLANCE' PLAN FOR A103 - BqC (4.0)
'

2.
,

O
.

.

...

111 FACH MFW ITCM SINCF PogpARATION OF SSER 40, 1

CONTAINMENT PURGE VALVE CLOSURE (SECTION 6.0).

REGULATORY GUIDE 1.44 (SECTION 5.0)

[NVIRONMENTALQUALIFICATIONS. .

-OR ?OLYETHEYLENE CABLES (SECTION 3.11)
,

ECCS PUMP ROOM LEAKAGE (SECTION 3 5.4 4)
. , ,

|s .

|

.

O

e

O
AHaL. -| 3
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~

O
IV- EACH OUTSTANDING ISSUE IDENTIFIFD IN SSFR %.1 (21 iTcMS)

SEISMIC QUALIFICATION (SECTION 3,10)

ENVIRONMENTAL QUALIFICATIONS (SECTION 3.11)'*

CEA Gu!DE TUBE WEAR (SECTION 4.0)
' -

CONTAINMEllT PRESSURE DUE TO MAIN STEAM LINE BREAK MASS

AND ENERGY RELEASES (SECTION 6.2)
.

CONTAINMENT LEAKAGE TESTING PROGRAM (SECTION 6.2.6)

' ENVIRONMENTAL QUALIFICATIONS OF SAFETY RELATED INSTRU--

MENT TION FOR MAIN STEAM LINE BREAK INSIDE CONTAINMENT
(SECTION 6.2.1)

EVALUATION OF EMERGENCY CORE COOLING SYSTEM (SECTION 6.T

CONTAINMENT SUMP TESTS (SECTION 6.'3.4)

VERIFICATION OF IMPLEMENTATION OF INSTRUMENTATION &

CONTROL S',' STEMS DESIGN (SECTION 7.1)'

, .

.

INPUT FAULT AND SURGE TESTING OF POWER SUPPLIES
'~ "

(SECTION 7.2.2)
~

e

EVALUATION OF ADEQUACY OF PARAMETERS ESSENTIAL FOR

ACCIDENT AND POST-ACCIDENT MONITORING (SECTION 7.5.1)
,

REDUNDANT VALVE POSITION IllDICATION (SECTION 7.6.3)
.

SEPARATION CRITERIA FOR C0tjDUITS (SECTION 7.9.4)

FIRE PROTECTION (SECTION 9.7)

O. eEEDWATER N^MMER iN STEAM GENERATORS (SECTION 10.6)
PREOPERATIOf1AL TESTS (SECTION 14.0)

.

EMERGENCY' PLAN (SECTION 13.3)

. -- 8-[
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.

-
- .

.

'

O

' RCP SEIZURE AtlALYSIS US NG CESEC CODE (SECTION 15.4.2)

.. .

REVIEW OF MAIN STEAM LINE BREAK ANALYSIS (SECTION 15.4.L-

.

FINANCIAL QUALIFICATIONS (SECTION 20.0)
.

.. . . ...

*

.
.

* . .
..

* -

. .

,

. .

. . . . . . . . - . . . . . . . . . . . . . . . . . . . . . .. . .

GENERIC ISSUES - SPECIFIC N.'O-2 ACTIONS
.

'

O. o> REACTOR vESSec Suge0RTS (SECT 10N S:e.S)

(2) OVERPRESSURE PROTECTION [ LONG TEV1 (SECTION 5.7)
.

~

(4) 0FFSITE GRID STABILITY (SECTICN 8.2) .

..
.

. .9 # g

*
*

.

,

./,

e

O .

.

.. .

.

.
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Y CONCLUSIONS

FOR OPERATIffG LICENSF ISSUANCE ,

(A) TOTAL NUMBER OF ITEMS - NON-CPCS (28)*

(B) .TWO ITEMS RESOLVED AND ARE CURRENTLY AWAITING
PUBLICATION IN AN SSER OR APPLICANT DOCUMENTATION

(C), THROUGH LATE f1AY, 19/8MAJOR ISSUES (0) PROJECTED TO BE UNDER REVIEW

'

'

CEA GUIDE TUBE WEAR *

CONTAINMENT LEAKAGE TESTING PROGRAM-

ENVIRONMENTAL QUALIFICATIONS OF SAFETY RELATED
INSTRUMENTATION FOR MSLB INSIDE CONTAINMENT

CONTAINMENT SUMP TESTS, .

INPUT FAULT AND SURGE TESTING OF POWER SUPPLIES() '

FIRE PROTECTION

RCP SEIZURE ANALYSIS USING CESEC CODE
:

OFFSITE GRID STABILITY j,

(D) CORE PROTECTIO y ggQULATOR SYSTEM REVIEW STATUEf

IN THE MARCB_p, IM/o SSER..

22 POSITIONS

12 POS'ITIONS RESOLVED.

3 POSITIONS RESOLVED FOR FUEL LOAD (REQUIRE STARTUP
DATA)

7REMAINOUTSTANDING(THESEINCLUDEShISMIC ,

QUALIFICATIONS AND POSITION 20)

/

o

o . .

.
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APPEi? DIX y. . .

THE CORE PROTECTION CALCULAT01 hore Protection Calculator-ystem (CFCS) !
'

t

/3 1. What is it? A system for on-line calculation of core power
--g

distribution and DNDR, and for providing a reactor trip signal

when either linear power density or DNER reach selected levels.

The system also calculates CEA position, and primary coolant

flow rate, and provides a trip signal when flow declines to a

selected value.

2. How does the protection system M a,"CPC reactor" differ from

that in,the reactor without CPC? The CPC system produces 2 trips

out of a total of 14 trip functions which can be distinguished

in the protection system. The other 12 trip functions are un-

changed. The non CPC reactor uses a measurement of VP in the

steam generator to indicate primary coolant flow rate. The

DNBR trip replaces (in some sense) the thermal margin trip in

O the non CPC systems. It should be noted that each of the tripsi

V~
provided by the CPC has an identified backup so that if the ex-

pected trip does not provide the necessary shutdown, a backup

trip is available.

3 How does I_t, work? The CPC system makes use of six minicomputers,

one in each of four separate channels, to calculate DNBR; and two
,

to calculate CEA position. Using as input CEA position, the

readings from 12 (4 sets of threc) ex-core neutron detectors, primary

flow rate as calculated from primary pump speed, pressurizer pressure

core VT as determined by the difference between measured values of

hot leg and cold leg temperatures. The CPC makes virtually real time

calculations of core powcr distribution and of DNBR.

4. What are the problems? Since this is the first U.S. reactor in

which on-line digital computers are to be used as part of the

/f' M /
*
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reactor protection system the NRC staff has been concerned

about. (a) hardware re1iablIity (b) system independence (both

independence'of individual channels one-from-the-other, and ,

independence of the protection systems and components, from

non protection systems and components, (c) and about software

validity and reliability. Acceptable methods for testing and

maintaining both hardware and software have had to be developed

by the vendor, and checked and accepted by the NRC staff.

5 h the new system safer than the old? It may be a standoff.

With the new system one should know more about what the core

power distribution is than one knew with the old. However,
|

O the new system is more complicated than the old one. In my
'

view, the additional information available makes the change

worthwhile.

4
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InDr=wmdEwF AHC-2: ACRS Consultants' Report
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Advisory Committee on Reactor Safeguards
U. S. Nuclear Regulatory Commission-,

Washington, DC 20555

Attention': Mr. G. R. Quittschreiber

Subject: Core Protection Calculator System (CPCS) for Arkansas j
Nuclear One - Unit 2 .

Reference: Letter, W. C. Lipinski to G. R. Quittschreiber, subject:
Revico of CESSAR System BO, dated May 5,1975. ;

.

The above referenced letter discussed CPCS issues which were of
concern at the time of writing and was based on the review of non-proprietary
'nformation. Subsequently proprietary information was reviewed and several
rcas of concern were resolved. In addition, the NRC staff and its consul-

tants have conducted an in-depth review of the CPCS. The documentation
resulting from the NRC review has been transmitted to me and reviewed by me.

It is to be noted that the reactor trip system is based on thirteen
(13) trip functions. Each trip function is comprised of four redundant and
independent protection channels. Only two (2) of the thirteen (13) trip fune- |
tions arc derived from the CPCS. These are: (1) High local power density
and (2) Low departure from nucleate boiling ratio (DNBR) . The remaining
cleven (11) trip functions are derived from hard wired analog systems.

If the CPCS were to fail, backup trips will function. In order to
assess the degree of protection provided by the backup trips, the NRC staff
conducted a review beyond that normally performed for reactor protection
systems. The results of this review are documented on pages D-1 through D-3
in Supplement No. 1 to NUREG-0308. The NRC staff concluded that the backup

to the CPCS is acceptable. I concur with this finding.

During the course of the CPCS review, the NRC staff developed twenty- .

Jseven (27) positions. Of these, seventeen (17) positions are resolved and
closed, and ten (10) positions are still outstanding. This is not unexpected
because for several issues operating data is required.

The outstanding positions are:

1. Uncertainty Associated with the Algorithms. Resolution:
^b- Experimentally qualify adequacy of uncertaintics by

/V-23
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'

-
.

performing confirmatory measurements during startup to
demonstrate the adequacy of the axial power systhesis.

4. CEAC Separation Criteria at the Output of the Optical
Isolator Cards. Resolution: Contingent on position
No. 26,

5. Cable Separation. Resolution: Applicant will reevaluate
design where safety-related control rod drive position
sensor cables are run together with nonsafety cable and
will advise NRC staff as to its resolution. Concern is
that nonsafety cables will induce noise in safety cables.

12. Electrical Noise and Iso.lation Qualification. Resolution:
Noise and DHI readings to be made in plant to verify that
the noise spectrum is within the susceptibility envelope
used during system test.

14. Seismic Qualification. Resolution: NRC provided applicant
with current criteria for multi-frequency input and sine
beat tests. Submittal date for a satisfactory seismic quali-
fication plan and a review completion date to be determined.g-

\-
15. Addressable Constants. Resolution: Software has been rede-

signed to reject entry of unreasonable constants by operator
and was tested by NRC staff during Phase II test audit.
Resolved for all addressable constants with the exception of
limit values on the nine (9) shape annealing matrix constants. |

|

l

10. Burn-In Test. Resolution: Software burn-in test on fully |

configured system completed at ANO-2 during February 1978.
A preliminary review indicates no major problems. Final

review required for resolution

19. Qualification of Softwarc Change Procedures. Resolution: |
'

Qualify software change by either:

A. Final test on plant system

(1) Defino a test cor. figuration acceptable to
NRC staff.

(2) Define an acceptabic test program for cach change
or for a pre-defined category-of software changes.

or .

B. Final test on a single'channci system,()
(1) Qualify the single channel system
(2) Defino an acceptable test program for each change

or for a pre-defined category of software changes.
$~ LY
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Changcc to ANO-2 software will be prohibited until a
change procedure has been fully qualified in accordance
with position No. 19.

-

20. Data Link to Plant Computer. Resolution: NRC staff will
only allow links to plant computer to be connected during
initial startup and refueling startups. The applicant
must submit procedures and test criteria and methods for
NRC review. If this is not acceptable, the NRC will require
the applicant to remove the data links.

26. Optical Isolator. Resolution: Optical isolator must be
qualified as an isolation device by applying 125 volts
alternating current or 125 volts direct current at the
input and output of the device. These optical isolators
are installed between the two (2) CEAC computers and the
four (4) CPC computers.

Of the above outstanding positions, three (Nos. 1, 5, and 12) require
y reup data / analysis and seven (Nos. 4, 14, 15, 18, 19, 20, and 26) require

;olution prior to plant startup. In addition, the NRC staff requires that
No. 26 he resolved prior to the issuance of an operating license.

I disagree with the NRC staff resolution of position on No. 20
Data Link to Plant Computer. The NRC staff bases its position on GDC 24 and
IEEE 279-1971, Section 4.7.

CDC 24 - " Separation of protection and control systems. The protection system j

shall be separated from control systems to the extent that failure of any single lcontrol system component or channel, or failure or removal from service of any '

single protection system component or channel which is common to the control i
'

and protection systems leaves intact a system satisfying all reliability,
redundancy, and independence requirements of the protection system. Inter-
connection of the protection and control systems shall be limited so as to
assure that safety is not significantly impaired."

IEEE 279-1971 - "Section 4.7 Control and Protection System Interaction.
4.7.1 Classification of Equipment. Any equipment that is used for both
protective and control functions shall be classified as part of the pro-
tection system and shall meet all the requirements of this document.
4.7.2 Isolation Devices. The transmission of signals from protection
system equipment for control system use shall be through isolation devices
which shall be classified as part of the protection system and shall meet

O
(O all the requirements of this document. No credibic failure at the output

of an isolation device shall prevent the associated protection system

| channel from meeting the minimum performance requirements specified in
I the design oases.

~k
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|
Examples of credible failures include short circuits, open circuits,

grounds, and the application of the maximum credible ac or de potential.
A failure in an isolation device is evaluated in the same manner as a
failure of other equipment in the protective system.

4.7.3 Singic Random Failure. Where a single random failure can cause a
control system action that results in a generating station condition
requiring protective action and can also prevent proper action of a protec-
tion system channel designed to protect against the condition, the remaining
redundant protection channels shall be capable of providing the protective
action even when degraded by a second random failure.

,

Provisions shall be included so that this requirement can still be met
if a enannel is bypassed or removed from service for test or maintenance
purposes. Acceptable provisions include reuucing the required coincidence,
defeating the control signals taken from the redundant channels, or initi-
ating a protective action from the bypassed channel.

4.7.4 Multiple Failures Resulting from a Credible Single Event. Where a
credible single event can cause a control system action that results in a
condition requiring protective action and can concurrently prevent the pro-
tective action from those protection system channels designated to provide
principal protection against the condition, one of the following must be
met.

4.7.4.1 Alternate channels, not subject to failure resulting from
the same single event, shall be provided to limit the consequences of this
event to a value specified by the design bases. In the selection of alter-
nate channels, consideration should be given to (1) channels that sense a
set of variables different from the principal channels, (2) channels that
use equipment different from that of the principal channels to sense the
same variabic, and (3) channels that sense a set of variables different
from those of the principal protection channels using equipment different
from that of the principal protection channels. Both the principal and
alternate protection channels shall meet all the requirements of this
document.

4.7.4.2 Equipment, not subject to failure caused by the same credible
single event, shall be provided to detect the event and limit the conse-
qucnces to a value specified by the design bases. Such equipment shall
meet all the requirements of this document."

CDC 24 and IEEE 279 do not forbid the connection of protection and
control equipment. (In this case, the term control is used in the broad sense
where the operator is used to close the loop between the information he receives
from the plant computer and the actions he may take in operating the plant.)

/7 A description of the Core Operating Limit Supervisory System (COLSS),
c Core Monitoring Computer, and the Plant Computer appears on pages 9, 10,

and 11 in the above reterenced letter.

/Y-RG
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Page Five !
1
1
4

During the NRC staff presentation on March 23, 1978, the following
verc offered as reasons to support the NRC staff isolat|on position:

1. The plant computer is not safety grade, therefore it should not
perfo:m safety functions.

2. The CPCS has to have additional programs to generate the output data
to be transmitted to the plant computer.

3. The plant computer will send interrupt signals to the CPCS to start
data transmission from the CPCS to the plant computer.

I would like to comment on each of the above points:

1. If the CPCS were not digitally implemented, the plant computer would
still be used to perform the same calculations. Plant computers are
used in all other nuclear power plants to supply the operator with 1

'

information on plant status. This information, coupled with operator
judgement, is used to operate the plant. The plant computers in all

(~) cases supplement and do not replace plant protection equipment. If
4

\/ the NRC staf f has developed a new position on the use of plant com- |
puters in general, this position should be better stated and added to !
the General Design Criteria if the position has merit.

'

2. It is true that the CPCS digital program has been expanded to provide i

for the data transmission to the plant computer. As to whether this |
added feature has compromised the CPCS can only be determined by exam-
ining overall CPCS reliability. More discussion of reliability is
presented later under discussion of Position No. 8.

3. The feature by which the plant computer sends an interrupt signal to
the CPCS to start data transmission does place the CPCS as a slave to
the plant computer rather than the reverse. There is a solution to
this problem in which the CPCS would seed an interrupt signal to the
plant computer to tell it that data is to be transmitted. The appli-
cant should be given the opportunity to discuss whether slaving the
plant computer to the CPCS is acceptable. |

The NRC staff, in taking its final position in allowing the CPCS to be
connected to the plant computer during initial startup and refueling starteps,
is inconsistent for the following reasons:

1. The CPCS softwarc will not be changed. The same softwarc that is used
during startups will be used during power operation. Any concern the

g'') . staff may have with respect to a reduction in system reliability
\_/ because of sof tware complexity reemins unchanged.

847
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,

2. The plant computer will continue to execute algorithms and display
information to the operator. The operator will use this information
to run the plant. The plant computer will not receive data from the
CPCS and the algorithms based on this data will not be operational.

It is my recommendation that the applicant be allowed to connect the
CPCS to the plant computer with properly qualified isolation devices and that
the plant computer be sloved to the CPCS for data transmission.

The NRC staff in Position No. 8. Time Interval of Periodic Testing,
has required that the test interval should be significantly more frequent chara
the. proposed 30 days during the first six months of operation and that the
applicant develop an acceptable analysis of the CPCS reliability in accordance
with applicabic IEEE standards. Based on the test data acquired during the
first six months and the reliability analysis, the test interval can then be s

modified.

The NRC staff has not provided the applicant with guidance on a relia-
bility goal. If the test interval is to be modified, it must be done on the
basis of meeting a specified requirement. It is rec.ommended that the NRC staff

O >elop a reliability requ1rement for the CPCS and provide this information to
dev

PP11c =t-
.

The Phase II Test and Test Report are covered under staff position
No. 24. Of the 36 static test cases, 16 were outside of expected DNBR range
and 6 were outside of expected LPD range, but based on addi,tional analysis and
testing were found to be acceptable by the NRC staff. Ten of the 26 dynamic
test cases did not meet acceptance criteria for " time to trip" but explanations
are acceptable to NRC staff.

Satisfactory final performance of the CPCS is determined by testing. |
It is imperative that the system pass all static and dynamic tests without

'

explanations as to why a particular test was not passed. A proper simulation !
of the reactor should be used such that the test results are not dependent on ;

a poor simulation, and explanations therefore have to be used to qualify a cost )
'as acceptabic. Furthermore, the dynamic tests have been based on variation of

a single input parameter witn time and with all other inputs held constant.
From previous static and dynamic test cases, coding errors of a fixed point
multiplication overflow and a floating point multiplication underflow were
detected. It must be clearly demonstrated that similar coding crrors still do
not exist for the case of variation of multipic input parameters with time.
Alternately, it must.be shown that if the system is still not properly scaled,
that trips will occur sooner because of improper coding or scaling.

Sincerely,

O L%k W
Walter C. Lipincki

WCL/at Senior Electrical Engineer

/fM Icc: ~Dr William Kerr.
]
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nFFEiiDIX VII
Al .0- 2 : Core Protection Calculater

s
( ) Sy:; ten

.

CORE PROTECTION CALCULATOR SYSTEM

4

1. DESIGN AND OVERVIEW

2. FUNCTIONAL DESIGN

3. POWER DISTRIBUTIOWDNB METHODOLOGY / UNCERTAINTIES

,

4. HARDWARE / SOFTWARE DESIGN

e

4

|
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'

j THE ANO-2 PLANT PROTECTION SYSTEM (PPS) IS COMPOSED OF TWO

! SUB-SYSTEMS:

1. AN ENGINEERED SAFETY FEATURES ACTUATION SYSTEM (ESFAS), AND-

'

2. A REACTOR PROTECTION SYSTEM (RPS) -

.

-

THE CORE PROTECTION CALCULATOR INITIATES TWO 0F THE TEN TRIPS
~

IN THE REACTOR PROTECTION SYSTEM, THE LOW DNBR TRIP AND THE HIGH

t LOCAL POWER DENSITY TRIP. -

-

.

~

PLANT PROTECTION SYSTEM

h RPS

CPC ANALOG TRIPS ESFAS
-

I i i
'

2 DIGITAL 8 ANALOG TRIP 7 ANALOG SAFETY
'

TRIP FUNCTIONS FUNCTIONS .

FUNCTIONS .

:

. _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ .
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i
;

1

!
'

DESIGN CRITERIA AND OVERVIEW
,

l. DESIGN CRITERIA

2. DESIGN APPROACH

3. CONVERSION TO DIGITAL SYSTEM

|

O 4. DESIGN FEATURES

x

.

'

V

'

.. _ _. . . - - - - . _ .
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<

CRITERION NUMBER 10

(10CFR:50, APPENDIX A) l
'

:

"THE REACTOR CORE.AND ASSOCIATED COOLANT, CONTROL, AND |
'

PROTECTION SYSTEMS SHALL BE DESIGNED WITH APPROPRIATE

O MARGIN TO ASSURE THAT SPECIFIED ACCEPTABLE FUEL DESIGN

LIMITS ARE NOT EXCEEDED DURING ANY CONDITION OF NORMAL

OPERATION, INCLUDING THE EFFECTS OF ANTICIPATED OPERA-

T10NAL OCCURRENCES."

.

.

O

g- V2-
.- . _ _ - _. __ -
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O

.

DEFINITTON OF ANTICIPATED OPERATIONAL OCCURRENCES

" ANTICIPATED OPERATIONAL OCCURRENCES MEAN THOSE CON-

DITIONS OF NORMAL OPERATION WHICH ARE EXPECTED TO OCCUR

Q ONE OR MORE TIMES DURING THE LIFE OF THE NUCLEAR POWER

UNIT..."

\

QUOTE FROM 10CFR:50, APPENDIX A

'
. .

4

I

|

O:
.

#

. . . -- .. .- - - . _ . . .
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|

SPECIFIED ACCEPTABLE FUEL DESIGN LIMITS

1. LHR

CORRESPONDING TO CENTERLINE MELT

~ ' , DNBR2
.

~

EQUAL TO 1.3 (W-3 CORRELATION)

x
X

- - _ - - - - - - - - - - - - - - - - _ - - - - - - _ - - - - _ - - - - - - .
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CRITERION NUMBER 20
T10CFR50, APPENDI'X.A): ,

'

.

_

"THE PROTECTION SYSTEM SH ALL' BE DESIGNED '1) TO

INITI ATE AUTOM ATIC ALLY THE OPER ATION OF APPROPRI ATE
|

SYSTEMS INCLUDING THE REACTIVITY CONTROL SYSTEMS,

% TO ASSURE THAT SPECIFIED ACCEPTABLE FUEL DESIGN .

,

LIMITS ARE NOT EXCEEDED AS A RESULT OF ANTICIP ATED
~

i
|

OPER ATION AL OCCURRENCES AND 2) TO SENSE ACCIDENT

CONDITIONS AND TO INITIATE THE OPERATION OF SYSTEMS
,

AND COMPONENTS IMPORTANT TO S AFETY." -

.
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.

.
.

.
-

.

'

|~ ~ ~

CRITERION NUMBER 25*
,

' '

Il0CFR50,. AP PEN DIX A) '-

,

-

.

' '
~

"THE PROTECTION SYSTEM SH ALL BE DESIGNED T0.: --

.
.

' kSSURE THAT SPECIFIED ACCEPTABLE FUEL DESIGN
~

'% '
LIMITS ARE NOT EXCEEDED FOR SINGLE MALFUNCTION

-

.

'
-

\.
D ..

OF THE REACTIVITY CONTROL SYSTEMS,, SUCH . AS
.

'

- ACCIDENTI AL WITHDR AWAL (NOT EJECTION OR DROP-

OUT) 0F CONTROL R'0 DS ."
.

.
,

- - .
. .

*.
,

_ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -_ . _ _ . - _ . _ _ _ _ _ -_
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OVERALL REQUIREMENT

I

| THE NSSS DESIGN AND TECHNICAL SPECIFICATIONS WHICH GOVERN ITS OPERATION

ARE SUCH THAT:

1. THE SPECIFIED ACCEPTABLE FUEL DESIGN LIMITS (e.e., DNBR = 1.3)

AND OTHER SAFETY LIMITS ARE NOT VIDIATED AS A CONSEQUENCE OF
,

ANY ANTICIPATED OPERATIONAL OCCURRENCE (e.c., A R0D DROP), AND

2. THE CONSEQUENCES OF ANY OTHER POSTULATED ACCIDENT (E.G., STEAM
~

GENERATOR TUBE RUPTURE) WILL BE ACCEPTABLE,

k
k PROVIDED THAT

N 1. ACTUAL PLANT CONDITIONS ARE WITHIN THE LIMITING CONDITIONS FOR

,
OPERATION, AND

2. ACTUAL SAFETY SYSTEM SETPOIflTS ARE EQUAL TO OR CONSERVATIVE

RELATIVE TO LIMITIrlG SAFETY SYSTEM SETTINGS, AND

3. EQUIPMENT OTHER THAN THAT CAUSING OR DEGRADED BY THE OCCURRENCE OR
~

ACCIDENT OPERATES AS DESIGNED, INCLUDING ALLOWANCE FOR DESIGN MALFUNCTIONS

SUCH AS A STUCK R0D OR OTHER SINGLE FAILURE.

_ _ _ - _ - _ - _ _ _ _ _ - _ - _ _ _ __ - __-- .
.

_ _ _ _ _ _ _ _ _ - - _ _ _ - _ _ - - _ _ --- _---_ __- - _ _ _ _ _ _ _- - -_---_- ______
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i

THE MARGIN REQUIRED BY CRITERION 10 IS DESIGNED INTO

THE NSSS; HOWEVER THE' REACTOR OPERATOR MUST OPERATE

THE PLANT SUCH THAT THIS MARGIN IS MAINTAINED.

1

ALLOWED OPERATION IS DEFINED BY TECHNICAL SPECIFICATION(])
LIMITING CONDITIONS FOR OPERATIONS (LCO),

COLSS,dDIGITALMONITORINGSYSTEM,AIDESTHEOPERATOR I

IN MAINTAINING SOME OF THESE LCO's.

\

1

. |

;

.

j7- YY
,

.. . . - _ _ .
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,

'
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|
-

'

LOFA (ANTICIPATED OPERATIONAL OCCURRENCE)
.

|
-

.

'

.

LSSS: LOW DNBR TRIP (CPC)

|

*

LCO : CORE OPERATING LIMIT ON THERMAL MARGIN

WITHDRAWN ROD WORTH.

.
.

_

SCRAM DELAY TIMES l

O R0D DROP TIME

.

* MAINTAINED WITH HELP OF COLSS-

,

\

.

S

f

O .

S~ f.

. _ . -
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CORE PROTECTION CALCULATORS'

; (CPC)

.

THE CORE PROTECTION CALCULATORS ARE DESIGNED TO PROVIDE

THE FOLLOWING PROTECTIVE FUNCTIONS:

"

A. INITIATE AUTOMATIC PROTECTIVE ACTION SUCH

. (f THAT THE SPECIFIED FUEL DESIGN LIMITS ON

c DNBR AND LOCAL POWER DENSITY ARE NOT-

EXCEEDED DURING SELECTED ANTICIPATED

OPERATIONAL OCCURRENCES, AND

B. INITIATE AUTOMATIC PROTECTIVE ACTIOF DURING

CERTAIN ACCIDENT CONDITIONS TO AID THE
~

ENGINEERED SAFETY FEATURES SYSTEM IN LIMITING

THE CONSEQUENCES OF SELECTED ACCIDENTS. 1
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O

EVOLUTION OF LICENSING CRITERIA

l

NRC INTERPRETATION OF CRITERIA At1D INDUSTRY KNOWLEDGE AND

VIEWS IN REACTOR PROTECTION DEVELOPED AND CHANGED IN THE

EARLY 1970's.

1. IN GENERAL SINGLE FAILURES OF AN ACTIVE COMPONENT

SHOULD BE C0tlSIDERED AS A POSSIBLE INITIATING

O MECHAtllSM FOR AN A00.

R0D MISOPERATION EVENTS

,- SINGLE R0D WITHDRAWAL
'

- OUT OF SEQUENCE INSERTION AND WITHDRAWAL

2. IN MOST CASES, OPERATOR ACTION SHOULD NOT BE RELIED

UPON TO PREVENT THE SPECIFIED ACCEPTABLE FUEL DE-

SIGN LIMITS FROM BEING EXCEEDED.

- AXIAL FLUX PERTURBATIONS !

O ,

jf- s/

.. . .



- - _ . - - .- . . -.

.

.

.

BASED ON THESE CONSIDERATIONS AND THE POTENTIAL IMPACT OF

THE RESTRICTIONS IN TERMS OF OPERATION, IT WAS CONCLUDED

THAT THE PROTECTIVE SYSTEM MUSTi !

i
1. SENSE THE POWER DISTRIBUTION WITH INCREASED l

ACCURACY.
)

O 2. INCLUDE MEASURED CONTROL R0D POSITION AS INPUT.

3. PROVIDE INCREASED ACCURACY IN DNBR THERMAL MARGIN

BY 0N-LINE INTERPRETATION OF RELEVANT COOLANT
, ,

SYSTEM PARAMETERS.

:

TO EFFECTIVELY IMPLEMENT THE ABOVE REQUIREMENTS, DIGITAL

PROCESSING TECHNOLOGY WAS INCORPORATED INTO THE PPS.
'

4

4

O

g-sa
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CPC ADVANTAGES RELATIVE TO ANALOG COUNTERPART
!

1. IMPROVES PLANT SAFETY

MORE DIRECT MEASURE DE FUEL DESIGN LIMITS<

REDUCES RELIANCE ON OPERATOR ACTION
'

'

x 2. IMPROVES PLANT PERFORMANCE

M PROVIDES MORE ACCURATE MEASURE OF FUEL DESIGN LIMITS

U( PERMITS PLANT PARAMETERS TO BE TRADED OFF AGAINST ONE ANOTHER
'

A SUCH THAT MARGIN TO FUEL DESIGN LIMITS IS UNCHANGED

3. IMPROVES PLANT FLEXIBILITY

SIMPLIFIES TASK OF ACCOMMODATING CHANGING CONDITIONS DURING

PLANT LIFE;

.

. -
. _ _ - _ _ _ _ _ - _ . _ _ - - _ . _ - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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O

.

[PC DESIGN FEATURES

AN.0N-LINE PROTECTT00 SYSTEM USING 3 LEVELS OF EX-CORE
-

DETECTOR INFORMATION

A COMPLETE SYSTEM 0F DEDICATED DIGITAL CALCULATORS TO
'

-

PROVIDE FOUR CHANNEL REDUNDANCY

USES AN AXIAL / RADIAL SYNTHESIS TO CONSTRUCT POWER DIS-
-

TRIBUTI0tlS

USES MEASURED CEA POSITION INPUT-

FLOW DETERMINATION BASED ON RCP SPEED MEASUREMENTS
-

LINEAR HEAT RATE AND DNBR CALCULATED ON-LINE-

,

,

-

OPERATOR'S CONSOLE PROVIDES COMPREHENSIVE DATA DISPLAY

.,

O
|

/h 3 .

. . . .
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AFPEiiDIX VIII
F.. .v- 2 : Core Frctection Calculater,

Systan Functional Desicn

.

OBJECTIVE

TO PROVIDE A FUNCTIONAL DESCRIPTION OF THE CPC/CEAC .

SYSTEM

.

O
|
|

|

I

,

O

g. sr
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(2)
.,

.

DUTLINE

PART 2 FUNCTIONAL DESCRIPTION
.

1. RELATIONSHIP OF CPC.IO REMAINDER OF RPS-

2. CPC DESIGN BASES EVENTS

3. SYSTEM INPUTS AND OUTPUTS

4. FUNCTIONAL BLOCK DIAGRAM

() 5. ALGORITHMS

PART 3 METHODS AND UNCERTIANTIES -

1. POWER DISTRIBUTION METHODS

2. DNB METHODS

3. TREATMENT OF UNCERTAINTIES-

,

l

O

g-sc
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REACTOR PROTECTION SYSTEM
i

.

THE ANO-2 REACTOR PROTECTION SYSTEM IS COMPOSED OF

TEN TRIP FUNCTIONS. THESE INCLUDE:

A. EIGHT ANALOG TRIP FUNCTIONS CONSITING OF SINGLE
VARIABLES (E.G. PRESSURE) WHICH ARE COMPARED TO

O TRIP SETPOINTS, AND

B. TWO DIGITAL TRIP FUNCTIONS CONSISTING OF MULTI

VARIABLES WHICH ARE PROCESSED BY DIGITAL COMPUTERS

AND COMPARED TO TRIP SETPOINTS.
1

i

REACTOR PROTECTION SYSTEM

DIGITAL ANALOG

TRIP TRIP ,

FUNCTIONS FUNCTIONS

2 DIGITAL J8 At[dLOG TRIP
TRIP FUNCTIONS FUNCTIONS

O

| R-s7
_ _ _ . _ _ _ _
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ANO-2 REACTOR PROTECTION SYSTEM TRIPS

._ ....

- INPUTS: ' TRIPS: i

2

FROM SENSOR AND
SIGNAL PROCESSING .

BISTABLE
> HIGH LINEAR POWERNUCLEAR FLUX- <

COMPARATOR LEVEL TRIP
' '

POWER FROM
EX-CORE
DETECTORS

BISTABl.E HIGH LOGARITHMIC#,
COMPARATOR POWER LEVEL TRIP

~+
CEA POSITIONS > Dh I TRI

COLD LEG DIGITAL
'

TEMPERATURE
- - -

GALCULATIONS
HOT LEG >

TEMPERATURE
~~ ~ ~ ~ ~

> LOW DNBR TRIP
-

REACT'OR C00MNT )
~ '

PUMP SPEED + l

.

BISTABLE ,"HIGH PRESSURI7.ER+ COMPARATOR ' PRESSURE TRIP

REACTOR COOLANT
PRESSURE FROM . BISTABLE ,_ LOW PRESSURIZER

>
PRESSURIZER COMPARATOR ' PRESSURE TRIP

^hf!hhffR0p BISTABLE > LOW STEAM GENERATORm
PRESSURE TRIP

STEAM GENERATORS COMPARATOR'

FEEDWATER LEVEL BISTABLE ,,, LOW STEAM GENERATOR I
IN STEAM GENERATORS _, COMPARATOR WATER LEVEL TRIP

i

61 STABLE ,_ HIGH STEAM GENERATOR
+ COMPARATOR ' WATER LEVEL TRIP !

O REH W COM M MENr c0RienfTia >MSui1TtP
fya 5'P -

'

,

_ _ _ _ _ - _ - _ . - . _ _ - -
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1

CEC

.

THE CORE PROTECTION CALCULATORS'ARE DESIGNED TO PROVIDE

THE FOLLOWING PROTECTIVE FUNCTIONS:

A. ' INITIATE AUTOMATIC PROTECTIVE ACTION SUCH THAT THE SPECIFIED
FUEL DESIGN LIMITS ON DNBR AND LOCAL POWER DENSITY ARE NOT
EXCEEDED .DURING ANTICIPATED OPERATIONAL OCCURRENCES, AND

,

B. INITIATE AUTOMATIC PROTECTIVE ACTION DURING CERTAIN

ACCIDENT C0flDITIONS TO AID THE ENGIEERED SAFETY FEATURES

SYSTEM Iii LIMITING THE CONSEQUEiiCES OF THE ACCIDENTS.

O
'

. _ _ _ . . R-cr
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O

CPC DESIGN BASES EVENTS'

.

MAJOR ANTICIPATED OPERATIONAL OCCURRENCES

1. UNCONTROLLED AXIAL XENON OSCILLATIONS

2. CEA RELATED EVENTS, INCLUDING SINGLE R0D WITHDRAWAL,
SINGLE DROPPED ROD, SUB-GROUP DEVIATION AND OUT-0F-

SEQUENQEWITHDRAWALANDINSERTION

3.. EXCESS LOAD

Lt . LOSS OF LOAD4

5. L SS,0F FORCED REACTOR COOLANT FLOWO
6. UNCONTROLLED BORON DILUTION

;

POSTULATED ACCIDENTS

1. STEAM GENERATOR TUBE RUPTURE

2. REACTOR COOLANT PUMP SHAFT SEIZURE
|
i
l

-

1

' O

R-4o
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BACK-UP TRIP FUNCTIONS FOR

CPC ANTICIPATED OPERATIONAL OCCURRENCES

FAILURE OF CPC WITH CONCURRENT A00 IS NOT A DESIGN BASES
EVENT FOR THE ANO-2 PLANT.

AN EVALUATION BASED ON THE CENPD-158 ATWS REPORT, WAS PER-

FORMED TO DETERMINE BACK-UP TRIP FUNCTIONS.

RESULT: 1

EVENT BACK-UP TRIP

UNCONTROLLED CEA WITHDRAWAL |

FROM A CRITICAL CONDITION llIGH PRESSURIZER PRCSSURC

UNCONTROLLED BORON DILUTION HIGH PRESSURIZER PRESSURE

TOTAL AND PARTIAL LOSS OF REACTOR

COOLANT FORCED FLOW HIGH PRESSURIZER PRESSURE

EXCESS HEAT REMOVAL DUE TO SECONDARY

SYSTEM MALFUNCTION LOW STEAM GENERATOR

WATER LEVEL

STEAM GENERATOR TUBE RUPTURE LOW PRESSURIZER PRESSURE

CEA MISOPERATION MANUAL TRIP

O'

|

|-7- G /
. .
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CPC MONITORED PLANT VARIABLES

MONITORED VARIABLE NUMBER OF SENSORS.PER CHANNEL

RCP ROTATIONAL SPEED A (1,PER PUMP)

COLD LEG TEMPERATURE 2

HOT LEG TEMPERATURE 2

PRIMARY PRESSURE 1
'

EX-CORE DETECTOR FLUX 3 DETECTORS, IN AXIAL

STACK

CEA POSITION 20 (1 PER CEASUBGROUP:)

O
CEAC MONITORED PLANT VARIABLES

MONITORED VARIABLE NUMBER OF SENSORS PER CHANNEL.

CEA POSITION 81 (1 PER CEA)
.

O

g- c x
- . . -
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CORE PROTECTION CALCULATOR SYSTEM

J

CEA CEA
~

CALCUl.ATOR CALCULATOR
NO.) NO.2,

..

. I I
DEV1ATION

~

~ DEV1 ATION
4 ISOLATED 4 ISOLATED

N . DATA LINKS- DATA LINKSM
-

u. -

p I-

bu . Vk Ik kV kY
CORE CORE

'

CORE CORE
PROTECTION PROTECTION PROTECTION PROTECTION

'

CALCULATOR
~

CALCULATOR CALCULATOR CALCULATOR.

A B
C D-

a
.

- f. --

a
---

- a .

V V 97 'P

OPERATORS OPERATORS OPERATORS OPERATORSMODULE MODULE MODULE ,', MODULE
-

_
.,

-. _ . _ _ _ - .-

__
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CPC FUNCTIONAL BLOCK DfABRAM
|

;
.

.. .

.

CORE POWER
,

'

CALCULATION
' '

'

. .

,
.

DNBR -

^ #N > CALCULATION - .

LOW DNBR, .,

- FLOW ~
TRIP SIGN'ALo

K .
- .-

CALCULATION
.

> HIGH LOCAL ',.'
'

' ' ~

-

,

,

t -
~'

: '

POWER DENSITY g-. <

' '
,

, . CALCULATION HIGH LPD
-

*
-

,

. POWER ? - TRIP SIGNAL ,,

' DISTRIBUTION . --

-

. . .

CALCULATION
1.

. .-,

. .

1
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.

CPC FLOW C.ALCULATION ,

,

%

*

PUMP SPEED s TO TRIP' . .

RPM 1 > ' LOGIC
.

TRIP AND ,

RPM 2 >
~

PUMP
-

-

.
-

RPM 3 > -

DEPENDENT PART LOOP ,s

RPM 4 > ' CONSTANTS
-

LOGIC
,

.

- ,

- FLbWCALIBR.ATION
--

-
'

00NSTANT .

ORMLIED ES . (T PRIMARY COOLANT s TO DNBs ,

C I'' SPECIFIC VOLUMES FLOW RATE > CALCULATIONi VT AND LOOP s'D H '
RESISTANCE

'

& is n v ix ,

- -

.

RPH1 RPM 2 RPM 3 RPM 4 -

. .

.

m

3

O -

I
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CPC POWER: CAL,CULATION
-

.
-

.

,

.

-

FLUX POWER
- FLUX POWER --

'

CALCULATION ,

:ALIBRATION CONSTANT
,

. .

- . .

SHAPE ANNEALING.
01 AND R00 SHADOWING

,

TEMPEPATURE'
.s-

SHA00 MING (
OO CORRECTION TC s/T

D2 ) CORRECTIONS s -y' .

'

03 ) .
,

fs .
'

'Q
i,

I CEA POSITIONS
.

*

D
'

TO DNB
Y Y CALCULATI0t

O . HIGH
-> SELECT -TO LOCAL PC

-> DENSITY
.

CALCULATIO!
S|0RE THERMAL P '

THERMAL POWER
20WER CALCULATION ~

CALIBRATION CONSTANT" sf ,

"
CORE ENTHALPY THEPML '

.sT '

C - RISE -AH POWER- DYNAMIC ',
: ss '

CALCULATION V ADJUSTMENT-'
,.

,

T > CALCULATION
H

T. . .

H

. _ _ _ _ _ - _ _ - _ _-. _. _ _ _ - _ _ _ .__ _ _-____ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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CORE PROTECTION CALCULATOR SYSTEMS
.

ANO-2 DESIGN

5 C-E 3410 MWT CLASS PLANTS

18 C-E SYSTEM 80 CLASS PLANTS ,

THE CPC DESIGNS FOR THESE PLINTS ARE IDENTICAL TO THE ANO-2 1

DESIGN EXCEPT FOR DIFFERENCES DUE TO !

1. NUMBER OF CONTROL RODS 1

2. PLANT SPECIFIC DATA BASE CONSTAilTS-

PLANT SPECIFIC HARDWARE QUALIFICATION CRITERIA iO .

4. ADVANCEMENTS IN METHODOLOGY TO IMPROVE PLANT PERFORMANCE

>
.

s

O
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CPC ALGORITHMS

AND UNCERTAINTIES -

-

,

_ m. s

TOPICS-

!

POWER DISTRIBUTION !-

LOCAL POWER DENSITY
'*

,

k DNBR
-

>
' F.

D UNCERTAINTY ASSESSMENT ['

, .

t

0 ;
>

DETAILS 3%'-

3.3
CPC UNCERTAINTY TOPICAL REPORT $5 -

! -

gR ,

(CENPD - 170 AND SUPPLEMENT l~-P) |
. 3-

d

3- !
,

?

. . - .



CPC CALCULATION OF CORE POWER DISTRIBUTION

O
CEA POSITION NORMALIZED EX-CORE
INFORMATION DETECTOR RESPONSE

'I
.

SHAPE ANNEALING
CORRECTION -

PERIPHERAL POWER INTEGRALS

if.

R0D SHADOWING
y CORRECTION

IN-CORE POWER INTEGRALS

if 1f
-

-

RADIAL PEAKING FACTOR AXIAL SHAPE
TABLE LOOKUP SYNTHESIS

F(Z) F (Z)R Z

1r ,r

HOT PIN POWER DISTRIBUTION SYNTHESIS
HP(Z) = F (Z) * F (Z)R Z

V if

HOT PIN POWER 3-D
DISTRIBUTION PEAK

,

R'll
1

_ .

. . ,
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O O O

LOCAL POWER DENSITY CALCULATION

.

VARIABLE INPUT FIXED INPUT

CORE POWER ALGORITHM CONSTANTS

3-D PEAK , TILT MAGNITUDE !
!

' UNCERTAINTY FACTOR

.

u o

D LOCAL POWER DENSITY

,
- CALCULATION

O
|
s

MAXIMUM LOCAL ,

POWER DENSITY !

!.

.

_ _ _ . - - - _ - - - - _ _ - - _ _ _ _ - - - - - - _ - _ . _ . _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ - - _ _ - - - - - _ _ _ _ _ _ _ _ - - - - - - - _ - - _ _ _ _ _ _ - - - _ _ _
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,

'

__

DNBR CALCULATIO.1

| VARIABLE INPUT FIXED INPUT

SYSTEM PRESSURE CHANNEL GEOMETRY
.

| CORE INLET TEMPERATURE

CORE POWER ENGINEERING FACTORS
POWER DISTRIBUTION

|[; COOLANT FLOW RATE ALGORITHM CONSTANTS
+ , t

x CPCTH%

1. EQUIVALENT POWER & MASS VELOCITY
N

2. SUBCHANNEL MIXING FACTORS
i

3. ENTHALPY AND QUALITY
,

4.DNBR

!.
|

~

< r

'

MINIMUM DNBR -

i,

|

|

|



____-_

O O O
CPC UNCERTAINTY ASSESSMENT

REACTOR SIMULATION

CORE CONDITIONS

EX-CORE SIGNALS

CEA POSITION,7

&
-

4

DESIGN . CPC

Q CALCULATIONS ALGORITHMS
\

" ACTUAL" "SYNTHESIZEliN
F AND DNBR F AND DNBRg g

4 4

COMPARIS0N TO

DETERMINE ACCURACY

\/ -

CPC UNCERTAINTY FACTOR
'

ON F ANo DNBRg

_ _ - _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _
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~~~~iCDPC FQ COMPARISON (MOC) .VM '
'

'- ' 4 . ,; .~ ~ ;.1 ,

4.000
' "
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APPEl;CIX X
'

AI.U- 2 : CPCS Hardware and Software |Design

.StrLIFIED PIACTOR PROTECTION CHANNEL
BLOCK DIAGRAM CHANNEL A

.

PROCESS INPUT SIGNALS CEA CALCULATOR 1
PENALTY FACTOR

- HOT LEG TEMP's
CEA CALCULATOR 2- COLD LEG TEMP,s
PENALTY FACTOR'

- EX-CORE POWERS

- PRESSURIZER PRESSURE

- REACTOR CGOLANT PUMP SPEEDS

- CEA POSITION y y y

CORE
PROTECTION TYPICAL FOR FOUR
CALCOLATOR CHANNELS

'A' J

LOW DN3R HIGH LPD

oG
a:A = L A

SINGLE VARIABLE
REACTOR TRI,P SIGNALS

,,

<! il 1

I

CHANNELS CRUNEL A
B,C & D REACTOR PROTECTION
IDENTICAL TO SYSTEM

A

.

! U
t j

O TRiPSiamLS
TO REACTOR TRIP

CIRCUIT BREAXERS

/ ~~)
,



- - . . . . - .

- - . . _. . u. . . _ _ . _ . . . _ . ..

.n. me. . s .,e
_. w. ~-

.

O
$1MPLIFIED CEA CALCULATOR

BLOCK DIAGRAM

CEA POSITION | CEA POSITION
INPUT SIGNALS INPUT SIGNALS

A A
r 3 r 3

<>1 ir y ir <r trr 1, q,

. .

|CEA CEA- -
~ ~

CALCULATOR CALCULATORg
1

_ 1 -. ... __ __

, ,

L _" _ _ _._ _.] DISPLAY_

GENERATOR

I
O o'

BAR CHART
CRT DISPLAY.

. .

CEAC 1 CEAC 2.. ..

PENALTY . * PENALTY
FACTOR T T FACTOR

CPC

(TYPICAL)
.

NOTE: * = OPTICAL ISOLATORS
TYPICAL 6 PLACES

,

TRIP SIGNALS
TO REACTOR

,

PROTECTION '

'

LOGIC.

g&G.
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.

O
'

CORE PROTECTI0tl CALCULATOR SYSTEM

DISPLAY AIG INDICATION-

OPERATORS MODULE ,

SYSTEM STATUS INDICATION

OPERATOR DISPLAY OF SETPOINT AND CALCULATED VARIABLES

OPEPATING BYPASS CONTROL AND lt0ICATION

KEYLOCK ADMINSTRATIVE CONTROL.FOR CALCULATOR SECURITY

ADDRESSABLE CONSTANT ENTRY FOR CALIBRATION

CPC ANALOG INDICATORS,

DEDICATED ANALOG METERS FOR

O DNBR MARGIN TO TRIP SETPOINT

LPD MARGIH TO TRIP SETP0ldT

CAllBRATED HEUTRON FLUX POWER

ALARM ANNUNCLATORS

STATION ANNUNCIATORS ARE PROVIDED T0 INDICATE TRIP STATUS AND
OPERABILITY OF THE CPC SYSTEM

ANAtOG PROCESS INDICATION

DEDICATED ANALOG METERS DISPLAY EACH CPC SENSOR INPUT VALUES EXCEPT
CEA POSITION AND REACTOR COOLANT PUMP SPEED

CEA30SITION DISPLAY

A CRTDISPLAYS THE POSITION OF ALL 81 CONTROL ELEMENT ASSEMBLIES

THE DISPLAY IS SWITCH SELECTABLE TO EITHER OF TWO REDUNDANT SIGNAL

CHANNELS,
.

'
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I L .I 3 0 I
. .

POINT ID VALUE D- .
.

,

. . .

'

CEAC CPC OFF ON ON OFF OFT ' ON -
-

OO OO O O. OO. .:

,

.
.

,

b-

7 8- 9 -
-

@p - 3 3.g. -

j
.

p g g .

,

_

-

CALCULATOR TRIP ktEMORY FUNCTCN
-

,

.. -
*

,
SELECT BYPASS PROTECT KEYS

- '

: I 2 3 xto" -
.

' -

NJ .

'

7 . .
~~ '

DISPLAY Et4TER '
*+

- .O -.
- .

.
,

i !4

CHANGE CAi4CEL EXECUTE i
!

,

VALUE
'

-
. . ,

,
'

CEAC ,
j

*'

( ^ ( ( CEAC CPC DISP CEACs CEA CPC'

SENS SENS [FAIL Fall, TEST INOP DEV TEST '

*

TEST e
..

FAIL FAIL : '

_. .

?
v
;.

,

Operator's Hodule . - g
-

. . .

'
.___________________ _ _______ _________ _ _
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CORE PROTECTION CALCULATOR SYSTEM TESTING
'

AUTOMTIC ON LINE TESTING

EACH CALCULATOR IN THE CPC SYSTEM PROVIDES A RAPID SELF DIAGNOSTIC

CAPABILITY TO ASSURE A FAIL SAFE RESPONSE TO DETECTED HARDWARE.

FAILURES. .

POWER Fall AUTOMATIC CHANNEL TRIP 011 LOSS OF INPUT POWER

MACHINE AUTOMATIC CHANNEL TRIP ON INTERNAL CALCULATOR MAL-

MALFUNCTION FUNCTION

PUT/0UTPUT AUTOMATIC CHAN|lEL TRIP ON DEFECTED MALFUNCTION

. BSYSTF11 LOSS OF POWER -
I

NO RESPONSE

CAllBRATION VOLTAGE CHECK

MEMORY AUTOMATIC CHANNEL TRIP ON

PARITY INDICATES HARDilARE FAILURE l

CHECKSUM INDICATES FAILURE OR CHA' IGE OF MEMORY CONTENTS

SENSOR RANGE AUTOMATIC AtlNUNCIATION ON SENSOR FAILING HIGH OR LOW

WATCHD0G TIMER AUTOMATIC CHANNEL TRIP AND LATCH IF THE COMPUTER FAILS

REQUIRES MANUAL RESET

CALCULATION AUTOMATIC CHANNEL TRIP IF THE RANGE OF A CALCULATION

REAS0!! ABILITY IS EXCEEDED

O
.

/9- po
... . - _ _ _ __ _ _ _ _ - - _
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PERIODIC TESTING

'

SURVEILLAf1CE -

ALARMS, INDICATORS AND OPERATORS MODULES PROVIDE TIMELY INDICATION

OF THE STATUS AND OPERABILITY OF THE CPC SYSTEM

OFF LINE TEST .

A COMPREHENSIVE TEST CAPABILITY IS PROVIDEDTO ALLOW THE OPERATOR
TO CHECK THE HARDWARE AND SOFTWARE OPERABILITY OF THE CPC SYSTEM,

THE TEST IS MANUALLY INITIATED WITH AUTOMATIC TEST ROUTINES AHD A
HARDCOPY PRINTOUT OF TEST RESULTS

O SIGNAL INJECTION TEST

THE CAPABILITY FOR I!1 JECT 10N OF " LIVE" PROCESS SIGNALS IS PROVIDED

TO ALLOW PERIODIC VERIFICATION OF THE COMPLETE SIGNAL PATH WITHIN

THE CPC SYSTEM

ISOLATION TEST

PERIODIC VERIFICATION OF THE OPTICAL ISOLATORS AND CEA POSITION

ANALOG ISOLATORS CAPABILITY FOR ISOLATION IS PROVIDED

.

|

"

-

. .
.
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QUALIFICATION PROGRNi -

THE QUALIFICATION PROGRAM IS DESIGNED TO DEMONSTRATE THAT THE

CPC SYSTEM WILL PERFORM ITS REQUIRED FUNCTION CONSISTENT WITH THE

DESIGN BASES OF THE NUCLEAR POWER GENERATING STATION.
.

HARDWARE

A COMPREHENSIVE PROGRAM 0F TEST AND ANALYSES H.AS BEEN PERFORMED
TO DEMONSTRATE THAT THE HARDWARE IS CAPABL.E OF PERFORMING ITS

REQUIRED FUNCTloriS.

O siniRoanEnT

SEISMIC TESTING AND ANALYSIS

TEMPERATURE / HUMIDITY TEST
,

ELECTRO-l%GNETIC NOISE TESTS

DESIGN FEATURES

IS01.AT10N VERIFICATION TESTING

ACCURACY / DRIFT TESTING l

DESIGN SPECIFICATION TESTS

RELIABILITY

5 MONTH FACTORY BURN IN TEST / ANALYSIS.

SITE BURN IN TEST
,

'

O
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SOFTWARE ':
-

SIMILAR TO THE HARDWARE, THE SOFTWARE FOR THE CPC SYSTEM HAS

UNDERGONE EXTENSIVE TEST AND ANALYSIS TO DEMONSTRATE ITS ADEQUACY.

PHASE I

Q EACH MODULAR ELEMENT.OF THE SOFTWARE WAS TESTED TO ASSURE THAT

IT CORRECTLY REFLECTED THE DESIGN REQUIREMENTS

INPUT SWEEP

THE INTEGRATED SYSTEM WAS THOUROUGHLY TESTED OVER THE ENTIRE PARAMETER

RANGE OF REQUIRED SYSTEM OPEPATION TO ASSURE CORRECTNESS OF IMPLEMEN-
TATION AND TO DETERMINE THE UNCERTAINTY COMPONENT DUE TO THE DIGITAL
COMPUTER CALCULATIONS.

|

'

.

O
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'

ANO-2 INTEGRATED SYSTEM QUALIFICATI0tUFIELD TEST
__

'

PHASE 11 TESTS

THE ANO-2 CPC SYSTEM WAS THOROUGHLY EXERCISED UTILIZING " LIVE"

SIGNALS DRIVEN FROM A SPECIAL PURPOSE SIMULATOR. RESULTS WERE

COMPARED TO 0FF LINE PREDICTIONS OF CPC PERFORMANCE.

O
PRE-0PERATIONAL TESTING

THE CPC SYSTEM WAS INSTALLED IN THE FIELD AND THE OPERABILITY
OF THE SYSTEM WAS DEMONSTRATED.

I

SITE BURN-IN TEST

THE ANO-2 CPC SYSTEM WAS TESTED IN THE FIELD WITH A STATIC
SIMULATOR TO VERIFY THE SYSTEMS PERFORMANCE AND OPERABILITY UNDER
FIELD CONDITIONS.

,

O
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ACRS MEETING .

AGENDA '

CORE PROTECTION CALCULATOR SYSTEM
ARKANSAS NUCLEAR ONE UNIT 2

'

DOCKET 50-368g
'

~

APRIL 6,1978
g.

o. &

SAFETY OVERVIEW ;'

.

n

REVIEW CRITERIA [g
REVIEW METHODOLOGY IS

en

iREVIEW STATUS
~

5

,

. - _-_ ____._ _ - _-_ _ _ _ -____ _ - _ _ ___ _ ----__.___-_ _ _ __ _ __- ---- _ _-_ - __.- -_--_- -



u a. mm .n -,a- - , . . - m a _z,,.. a a - - pes,s e--- - . a--

%

O

>
!

.

4

9

0
2

,

SART/ OET/IS/ ,

:
,

O
.

|
J

i

f

i

I
!

l

O

-R- 6 "'M'- - - ---.3 ,,_



'' O O 6 '

PROTECTION CHANNEL
FUNCTIONAL COMPONENTS

SENSORS ,

- . _ . _ _ _ _ _ _ _ _ _ _ .

INITIATION
DEVICES CPCS

BISTABLES -

-
'

| LOGIC
MATRICES

, r
i

ACTUATION
DEVICES

-

v

ACTUATED
DEVICE

------- ----_ _ --- - - _ - - _ -
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POSillON FOSITION

TRANSMITTER TRANSMITTERO OPitCAL ISO 4 AIOft

QOlllEftSENSORS ( T

[>lSOL AllON AMPilflEll

h CATilODEll AY IUBE

'r 'r

POSIT ON 20 CE AS 20CEAS PO T ON 20 CE AS20 CE AS

INDICATOR INDICATOR
(" POSI (" POSI

41CEAS 41CEAS

' ' CRT 'r

CEA P CEA
CALCULATOR CALCULATOR q q g( p 1tBl =q QC P 2tC) N

- . -

' " yy" yyy"
,A B C D A B C D 1r

,

PC CPC CPC CPC
C.. A~ *B" *"C" ~~ D "

>- + <- <-

O O O O
.. .. . .. .. .. ..

. . - . . .. .. ..

~~ ~~ ~~ ~ TTT TTT TTT
CftWP
ALARMS .

DN!!R TillP

LPD Title

CPS HARDWARE CONFIGURATION BLOCK DIAGRAM
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O O O
CHARACTERISTICS

TRIPS

2 Digital Lo DNBR
Hi LPD

'

12 Analog Hi Flux
Hi Press

'

Etc.
.

DIGITALs
N

Sensor Signals*

,

;Q A/D Conversion of Continuous Signals
Discrete Logic Execution

Protection Algorithms
Real Time !

Computer Output - Logic Matrix -

,

Communication - Information Readout
Periodic Test & Surveillance

i
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.

,

!

<

IS IT FUNCTIONALLY ADEQUATE?

) WILL IT OPERATE WHEN NEEDED?
> -

CAN IT BE RELI ABLY MAINTAINED?
,

.

5
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REVIEW CRITERIA
1
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REVIEW METHODOLOGY
1

!

STAFF l
1

CPB Physics |

AB T-H <

,

Design Basis

% ICSB EE
\

N CONSULTANTS |

R
S-Ware Eng

EXECUTION

Review Plan |
Task Force Meetings

~

Audits Working Meetings |
1
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t

w

FIRST BACK-UP TRIP FOR EACH EVENT
.

.

e CEA Withdrawal - High Pressurizer Pressure (CPC Not 1st Trip)
e Boron Dilution - High Pressurizer Pressure -

^g o LOF - High Pressurizer Pressure :

!No e Excess Heat Removal - Low Steam Generator Water Level
gs (CPC Not 1st Trip)

e Steam Generator Tube Rupture - Low Pressurizer Pressure
(1600 PSI A)

e CEA Misoperation - Manual (COLSS Alarms and Control Board
Indication)

.

.
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O O O
MULTIPURPOSE INPUT / CENTRALCEA ACQUISITION > OUTPUT > PROCESSPilOCESS CONTHOL CONTHOL j k UN'TSYSTEM

!
SOFTWARE
INTERFACE PLANT

' ~

COMPUTER

>

CEAC
3

CPC
ll

OPERATORS '

MODULE '

l

SOFTWARE
\ INTERFACE

T EMPEll ATUHE CENTRAL
PROCESS ) f PROCESS PLANT

PRO-MULTIPURPOSE INPUT / 2r
TRONACQUISITION OUTPUT'

bb"

CONTROL CONTROL
,HEACTOft

'

?-COOLANT =
PUMP
SPEED

CHANNEL B CEAC/CPC
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FUNCTIONS AND DOCUMENTS ASSOCIATED WITH
REDESIGN AND REQUALIFICATION OF

STORED COMPUTER PROGRAMS

Functional
a opment = Test* '

Hettuitements I'

CEN 44( Al-P CEN S3(Al-P CEN 67( A).P CEN 6S( Al-P
CPC Functional Description CPC/CEAC Data Base CPC/CEAC Program Assembly Phase i Test Audit

N and Supplement 1(P) and Supplement 1(P) Listing CEN68(Al-P
Supplement 2(P) Supplement 2(P) Phase il Test Audit

I Supplement 3(P) CEN S7( Al-P CEN72(Al-P
% CEN-4b( A) P CPC Sof tware Specification ihase i Test Heport

CEAC Functional Desciiption and Supplement 1(P)
CEN73( A) P

CEN SU( Al-P Pliase il Test Heport
CE AC Soltware Specification

CEN SS A Core Protection Calculator
1%ase il Test Procedure Integrated System Burn-in

and Supplement 1(P) Test Proceduse
CEN 69(A).P
CPC/CE AC Executive System
Sof tware Specification

.
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TYPICAL HIGHLIGHTS

QUALITY ASSURANCE PLAN (16)

QUALIFICATION OF SOFTWARE CHANGE PROCEDURE (19)

PHASE || TEST AND TEST REPORT (24)

M
L BURN IN TEST OF SYSTEM (18)

DATA LINK TO PLANT COMPUTER (20)

OPTICAL ISOLATOR QUALIFICATION (26)

- - -- --- -- - - - - - - - _ - - - - - -- - - - _ - - - - - - - - - - - . _ _ - _ -



O O O

,

:

TEST AUDITS
.

HARDWARE BURN-IN TEST

PHASEITEST
,

!

PH ASE || TEST -

!%
'

PROCESS PROTECTIVE CABINET.s

2 THER VIAL TEST

OPTICAL ISOLATOR QUALIFICATION
TEST

EMI NOISE IMMUNITY TEST
.
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REVIEW STATUS

Positions Defined - 27
|%

:$ Positions Reviewed 21

y and Closed

i Positions Outstancing 6

- - - - - - - - - -- .-- _. _ .- _
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SUMMARY

; Positions Outstanding 6 .

Start-Up Data / Analysis 3 (1,5,12)
Resolution Required Prior to 1 (26)
License .

'

f License Condition 2 (14,19?
P
W Plus

Detailed Start-Up Procedures

Start-Up Test Audit

Start-Up Test Report

Technical Specifications

- - - - - - _ - - _ - - - - - - - ._
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DATA LINKS TO PLANT COMPUTER' ,
.

) BASES

G DC - 24

o ADDED DESIGN COMPLEXITY

% 0 ADVERSE FUNCTIONAL FEEDBACK

D o DATA COLLECTION FOR DESIGN BASES g
,h ANALYSES EVALUATION h

ee
RESOLUTION in

E E5
o FOUR CHANNELS CONNECTED DURING [5

INITI AL STARTUP AND REFUELING STARTUPS E
-

,

o DISCONNECTED DURING OPERATION E
"

;

1

. _ _ - - _ _ _ _ _ - _ - - - _ - _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ - - . --
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GDC 24,

FACTORS IMPACTING SAFETY
'

* ADDED DESIGN COMPLEXITY

o INCREASE PROBABILITY OF DESIGN ERROR

e COMMON MODE FAILURE
,

'

4 o ELECTRICAL FAILURE PROPAGATION FROM
NON-lE INTO IE

.

$ o ADVERSE FUNCTIONAL FEEDBACK

o ANALOG SYSTEMS.

- SIMPLE PARAMETERS SUBJECT
TO OPERATOR JUDGEMENT

,

oCPCS

- - COMPLEX MULTIVARI ABLE PARAMETERS NOT
F ASil.Y FVAl llATFD BY OPFR ATOR,

- - _ - - - - - - _ - - - - - - - _ _ - - - - -
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GDC 24.

R EQUI R EM ENTS

* ELECTRICAL ISOLATION

O INDEPENDENCE
~

* REDUNDANCYx
7 .

o SINGLE FAILURE;

D * SAFETY IS NOT SIGNIFICANTLY IMPAIRED

o RELIABILITY AND COMMON MODE FAILURE

o ADVERSE FUNCTIONAL FEEDBACK,

e ADVANTAGES

~

- _ _ _ - _ - - - - - - _ - - - - - - - - - _ _ - - - - - - _ - - - - - - - _ - _ - - _ - _ _ _ _- - - _ _ _ - - - _ - _ _ - - - - .
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PROTECTION AMD'

2 CONTRO L INTERACTION

1. Hardwirec Between Protection and Automatic
Control System .

$ 11. Set Point / Calibration o" Protection System
Using Operating System

Ill. Incorporating Additional \ on-Safety Design
,

Features into t7e Protection System.
.
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APPEl! DIX XIII ,

Af;0-2: Status of Project Review |
i

'

n |
V I.

,

1. STATUS OF PROJECT REVIEW )
'

-FSARDOCKETEDlilAPRIL1974

- SAFETY EVALUATION REPCRT (SER) ISSUED ON NOVEfGER 11,1977

-SUPPLEIGitTONETOSERISSUED0;!f%RCH6,1973
,

- ACRS ELECT:tICAL SYSTEl'.3, CO:4 TROL AND INSTRUf',ENTATIO:1 St&-
CO:Til EE "EETli:GS ON T!? CPCS WERE HELD CN l'AY 20,1977,
JUNE ]3v,15/7 N|D 1%RCH 20, l378

- ACRS ANO-2 SUBC0|441TTEE fiEETIIF3S WERE HELD ON JUNE 24,197/ ;

A!!D FEBRUARY 2,1970 )
l

- ACRS f2ETING II;CLUDI:!G THE CORE PROTECTION CALCULATOR SYSTEI4 l

WAS HELD ON FEBRUARY 9, 137C

- ESTifMTED DATE OF CCMPLETION OF ALL f TATTERS It! PARTS II
THROUGH VI Ill SU? PORT OF ISLUANCE OF Rl GPERATIN3 LICENSE -
JUNE 1973

O

;
l

,

;

|

|

/9-/d ?
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1I. 1TEl"3 RESOLVED SIf|CE FEBRUARY 9,1978 ACRS MEETIf!G

|
A Sb?PLElEllT TO THE SER HAS fl0T YET BEEi! PREPARED FOR THE
FOLLO'.!!NG ITEt'3. HChiEVER THE CO:?iUNICATIONS BETr:EEN THE STAFF |
AND THE APPLICNiT IN RECENT WEEKS INDICATE THAT THESE ISSUES 1

HAVE BEEll RESOLVED N!D A SUPPLEi2NT TO THE SER REPORTING OlJ3 |

EVALUATION WILL BE PREPARED If! THE I: EAR FUTU.iE. |
l

FUEL ASSE|'BLY EUP.RADLE POISON DESIGil VERIFICATION (4.0) 1

CEA SLOVEILL/d4CE PLAN FCR A1 0 - c4 (4'0)C23
CONTAll: MENT PRES $URE DUE TO f%IN STEAMLINE BREAK IMSS AND ,

ENERGY RELEASES (0.2) .

EVALUATION OF EMERGENCY CORE CCOLING SYSTEM PERFORfMNCE (6.3)

EVALUATICN OF ADECU/CY OF PARN2TERS ESSEiff!AL FOR ACCIDENT
NIDPOSTACCIDENTIONITORiiiG(7.5.1)

FINANCIAL CUALIFICATidNS (20.0)

O c0NTain:EuT Sur's res>S (s.s.4)

i

I

.

R- /o f
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'

.

@
liI. [1Eh' ITES3_.S.IILCE FEBRUARY UZO ACRS 11EETIfJG

c0:rrAlfRErf PURGE VALVE CLOSURE (6.0) |

|
REGULATORY GUIDE 1.!!!! (5.0)

ECCS PUPP ROOM LEAKAGE (15.11.6)
-

\

!
1

.

|O

.

4

O R-uo

- _ - - _ _ - _ _ _ _ _ - _
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IV, M2LETE. LISTING OF NiO-?JsEVIEW ISSjlES (28 ISSUES 1 |

*
SEVEN Of_T1DE ARE RE3QLYER

** THREE OF WESE NAYLfEEN IDEi!TIEJED SINCE FEBRUARY 1.197[3

.

SEISMIC CUALIFICATION (3.10)

ENVIRONi'EitTAL QuiLIFICATIONS (3.11) I
1

FUEL ASSEMBLY BURt!ABLE POISON DESIGtt '5RICATION (4,0) j*

CEA SURVEILUiNCE PLAN FOR A1 0 -ngC (4,C) |*

23
CEA GUIDE TU3E WEAR (4,0)

l

" REGULATORY GUIDE 1.44 (5,0)

CONTAINi'ENT PURGE VALVE CLOSURE (6,0) !**

*
CONTAINMENT PURESSURE DUC TO M'ilil STEN 1 LINE EREAK t%SS
ANDENERGYRELEASES!.$27g

V
CONTAINMENT LEAL %CE TEST!!!G PROGRN1 (6.2.6) )
ENVIRON:Et!TALQUALIFICATIONSOFSAFETYRELATED,1(ISI6U:'.ENTATION
FOR l%IN STEN 4 LINE EREAK lilSIDE CCNTAll' ENT (o.m,1)F

EVALUATION OF EtERGENCY CORE COOLING SYSTE'M FERFORiuNCE (6.3)
*

CONTAlllMENT SUMP TESTS (6.3,4)*

VERIFICAT10:10F IMPLETENTAT10:10F II 5TRUMENTAT10N 8 1

CONTROL SYSTEMS DESIGN (7.1)

INPlK FAULT NID SURGE TESTING OF POWER SUPPLIES (7.2.2)

*
EVALUATIO 10F ADEQU.\CY OF PARNETERS ESSENTIAL FOR ACCIDENT.

AND POST-ACCIDE .T IDNITORING (7,5,1)

REDUNDNIT VALVE POSITICM INDICATION (7.3,3)

SEPARAT10:1 CRITERI A FOR CONDUlTS ('i .S.4)

FIRE PROTECTION (9.7)

FEED;.'ATER IV.'IR lil STER. GENERATORS (19.C)

PRE 0?EPATici!AL TESTS (14,0)
.

EiiERSENCY PLN! (13,5)\

R-H/
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'

-2-

O
RCP SEIZURE At!ALYSIS USli1G CESEC CODE (15.4.2)

REVIEW OF l%Ifl STEAM Lil!E BREAK ATMLYSIS (15.4.2)
*

ECCS PUI'P ROOM LEAKAGE (15.4.6)
**

Fli1NICIAL QUALIFICATIONS (20.0)
*

0FFSITE GRID STABILITY (3.2)

EEfERIC IS.SWS - SPECIFIC NO-2 ACTICM
4

REACTOR VESSEL SUPPORTS (3.9.3) |

OVERPRESSUREPROTECTION, LONGTERM (5.7) j
i
<

O l

i

.
<

l

|

l

i O
hz

. . .
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O
V. S''HEDULE FOR RESO' VJ.LO:.10F IIFE13

A, THE FOLLOW!i.'G TEll ITEMS ARE EXPECTED TO BE RESOLVED FOR-
THE ISSUANCE OF Tile OL N!D REPORTED IN A SUPPLEE!!T TO
THE SER BY JL(!E 1,1978

EINIRON!'EllTAL CUALIFICATIcNS (3.11)
'

REGULATCRY GUIDE 1.44 (5.0) j

CONTAINf ENT sui? TESTS (G.3.4) doc /vec/

VERIFICATION OF If ?LEMENTATION OF INSTRIJ '.Et1 TAT 10N AND
CONTROL SYSTEMS DESIGN (7,1)

SEPARATION CRITERIA FOR CONDUlTS (7.9,4)
|

FEEDWATER HArF,ER IN STEAM GENERATORS (10.3) |
EMERGE: ICY PLN1 (13,3)

REVIE'd 0F thlN STEN'.LINE BREAK ANALYSIS (13.4,2) I
i

REACTUR \'ESSEL GUFPCRTS (3,9.3)

OVERPRESSURE PROTECTICL LON3 TEidi

B. THE SCHEDJLE FCR RESOLUTION OF THE FOLLO'c.'IfiG TWELVE ITEF.S
IS D2'ENCENT PRIt'/,RILY ON THE STAFF'S FINDINGS RESULTING I
FROM THE REVIEW CF PRE 3Ei!TLY SL21ITTED INFOR.'ATIC:! OR ON
THE DATE OF SU2MITTAL CF CURHENTLY OUfSTAIDING INICRiMTICN,

SEISMIC CUALIFICATICN (3,10)

CEA GUIDE TU3E WEnt (4,0)

CONTAll!M?l!T PURGE VALVE CLOSURE (6.0)

CONTAINMENT LEAKAGE TESTING PR03RN1 (G.2.6)

E!! VIP.CFENTAL CUALIFICATICN3 CF SPETV RELATED INSTRU"ElfiATION
FCR THC l'all INSIDE CCNTAIN:ENT W,2.1)

INPUT FAULT n!D SURCE TESTING OF POWER SUPPLIES (7.2,2)

REDE1 DANT VALVE POSITION lid! CATION (7.6.3)

FIRE PROTECTICN (2,7)

|-J'-i / 3
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2

O eaEcariOm TESTS uun
-

(LOSS OF OFFSITE POWER TESTS) |

'

RCP SEIZURE NIALYSIS USIt!G CESEC CODE (15 A,2)
(CESEC VERIFICATI0;l TESTING PROGP&O

ECCS PUB'P RCCM LEAKAGE (15 A.6)

0FFSITE GRID STABILIT/ (0,2)
(OFFSITE POWER SYSTEM DEGPADATIO:0

'

'

|
,

O
.

O R-/ W

_



VI. ITEMS h*.iOSE RESOLUTION FOR THE OL f%Y INCLUDE COT DITIONS TO

O THE OL

ENVIR0!CT!!TAL QUTLIFICATIO:!S (3.11)
'

CONTAINMEHT PURGE VALVE CLOSURE (5.0)

CONTA!NMEllT PRESSURE DUE TO ilSLB IMSS A!S ENERGY RELEASES (6.2)

REDU'O.ilT VALVE POSITICN INDICATI0tl (7.6.3) .

FIRE PROTECTION (9.7)

REOPERATIOi!AL TESTS (l!4.C)

RCP SEIZURE ANALYSIS USING CESEC CODE (15.II.2)

REACTOR VESSEL SUPPORTS (3 9.3)

OVERPRESSURE PROTECTION, LONG TERM (5.7)

CPCS POSITIONS:

1. U! CERTAINTY ASSOCIATED WITli ALGORITHMS

3. C/C,LE SEPAraT!C:!

.12. ELECTRICAL !!31SE AIID ISOLATION CUALIFICATION

I

1

l

|

l
1

/7-us-
.
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VII. GECIMLC31
.

FOR OPERATitlG LICEf!SE ISSUAt!CE

1. I!ON-CPCS TOTAL flu:CER OF ITEi!S (20)
'

A. SIX OF THESE 20 ITS13 ARE I:~7.1 RESOLVED

B. TEll VCP.E OF THESE 28 ITEMS AT.E EXPECTED TO EE RESOLVED '
AND 'REFORTED IN AN SSER BY JU:'E 1,19/C

C. THE DATE OF RESCLUTION OF THE REI'AINIf|G L'ELVE IS
DEPEITCEi;T PRIFARILY ON THE RESULTS OF ONG0 LNG STAFF

REVID.'S (4) OR THE.DATE OF SLZHITTAL OF CURRENTLY
ClifSTANDING INFOR:MTIC?! (U)

2. CORE PROTECTIOil CALCULATOR SYSTEM STATUS CN SEVEN OUTSTANDING
POSITIC::S li! SSER i:0,1

4. CEAC SEPARATION CRITERIA - SEE POSIT C:t 26

14. SEIS: llc CUALIFICATIC:!S - OW^TANCU:G

O
15. ADDRESSABLE CONSTANTS - H!iS'JLV! D

10. BUR: If1 TEST - RESOLVED

19. QUALIFICATION OF SOFTWARE CR^s :SE PROCEEURE - OLTISTANDli:3

20. DATA LillKS TO PLANT CO PUTER - RESOLVED

25. OPTICAL ISOLATCRS - OUTSTANDING

.

/7-// 6
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Liquid Pathways Generic Stuides::

,.* Project Status Report
_

,_

.

. *

, ,

-
.
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.

HIGILIGHTS-

PIDATING NUCLCAR PIANT SUBCOttiITIT.E MEEIT.NG
*

'
LIQUID PATHWAY GCIERIC STUDY.

Washington D.C.
March 22, 1978

'

'

.

l. The FNP radioactivity release to the hydrosphere consists of the
pronpt release and a long term leach release. The NRC Staff has

.

assumed that the prompt release would come from the stap water l
discharging into the ocean upon hull mit-through and would censist
of from 10% to 80% of the iodine and cesium inventory which is about
100 million curies. The leach release for the FNP results frcm the
core debris sitting on the ocean floor and leaching of the cesium
and strontium. The NRC Staff has asstrred that ahout 50% of the total |cesium and strentium in the debris would leach the first week which
is about 10 million curies.

|

2. Sandia laboratory tests using 7 gram molten corium samples being
dropped into seawater had cesium leach rates of 0.075% minimium to .

- 0.80% maxi:nrn and strentitra leach rates frem nen-detectable to 2.5%
' O for the first 3 days and about the same amount for an additienal

29 days. This indicates that the NRC Staff assumption of 50% leaching
within the first week may be conservative. -.,

3 The NRC Staff warns against j6st looking at the numlers to make a
a

decision regarding the LSP and FNP conparision. They suggest 1 coking ,

!at the qualitative conclusions of NUREG-0440. '

!4. The assumption used in the LPGS is that the prcbability of a core melt '

accident is the same.for a LEP and FNP and that in case of a core mel"
the airborne release is the same. No additional censideration was I
given to the FNP airborne release.

|S. The ACES Consultants present at the end 6f the.Subec=:ittee neeting
all indicated that they had no major disagreements with the existing
study. Several suggestions were made for additional censideration but
it was felt these would have a minor effect on the overall conclusions.

. -

\6. A suggestien by Dr. Fester which appeared to deserve further considera-
tion was that since the prompt sump water release is assumed to release
100 millien curies while the leach release is considerably smaller
(10 million curies the first week) that consideration should be given
to ensure that the sump water which contains the in-rushing seawater
after molt-through( remains in the hull.,

/-7- // 7
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7. It was noted that no NRC Staff mmber has expressed disagreement
with the results and conclusions of the LPGS report;_however, it was ;
also noted that som NEC Staff views indicate that changes in the |
FNP design or siting configuration my be needed to conclude that !

the FNP design does not pose an undue risk as a result of a Class 9 )
event. -

'8. The Subcomittee recommended that the NRC Staff and OPS come to the
ACRS at the April 6-8, 1978 Meeting and diseass LPGS. It was noted
that a letter from the ACES commnting on the LPGS Report would be ,

appropriate.
,
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NRC STAFF CONCLUSIONS IN NUREG-0440

._

Based on the results and analyses of this study the following conclusions were
reached:

The risks associated with uninturdicted releases to the liquid pathway at an*

FNP are generally less than for an LBP for the spectrum of design basisf
events. -

The liquid pathway risks do not involve acute loss of life, although as dis--

cussed above, some long-term effects could be manifested and economic impacts
' could be large. The significance of the differences in the liquid

pathway related risks between FNPs and LBPs depends, in part, on the risks of
the 1tguld pathway as opposed to the air pathway. Based on the information ~
reviewed and the staf f's independe'nt analyses, for most sites the risks to the
public of any of the various categories of accidents (Class 1-9) are likely to
be dominated by the air pathway. However, in the case of the FNP, the release
of large quantities of fission products to the water resulting from a ceremelt
accident is expected to result in economic and other impacts greater than for
an L8P (although the impacts may be different in kind) and approaching those
associated with the air pathway.

O The expected liquid pathway impacts resulting from a core-melt accident at an

FNP are different ,from and greater than the expected impacts from an LBP.
This results primarily from the fact that measures to isolate releases to the
immediate vicinity of the site are not feasible for an FNP for the first few
days following a core-melt accident. During this time, significant quantities
of radioactivity would be released to the open water body with resulting
impacts that are greater than those associated with an LEP where isolation
(interdiction) at the source would essentially eliminate off-site impacts.

This study has as its objective an examination of the comparaollity of the risks
associated with accidental releases via liquid pathway at an FNP to those at a
similarly designed L8P. Based on the present design of the FNP and its site
structure design envelopes, the overall conclusion is that, while the liquid
pathway risks are small for both types of plants, the core-melt impacts are not
comparable with the FNP Impacts being greater. The staff results indicate that the
consequences associated with core-melt releases to the liquid pathway at an FNP are
higher than those associated with an LBP and that prompt interdiction measures to
keep the initial releases (within about I week) from entering the open waterbody
(liquid pathway) are not feasible for an FNP. The staff considers this comeination
of differences in release magnitude and interdiction potential to be significant.
The impacts from releases to the liquid pathway from FNPs could be reduced to the

b level of impacts from LBPs if the ability te prevent the rapid release of large
%./
- quantities of activity to the open water body is provided.

An evaluation of the environmental, economic, and social significance of the above g
findings will be performed as part of the overall assessment of the FNP concept.
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Mr. G. R. Quittschreiber
'

Senior Staff Engineer
.

Advisory Committee on Reactor Safeguards1

United States Regulatory Commission
.

Washington, D.C. 20555
.

; Dear Mr. Quittschreiber: ,

4

Since I found it necessary to leave the meeting of the ACRS
Subcommittee on the Floating Nuclear Plant at 5:00 p.m. (thei
scheduled time for conclusion of the meeting), I am not sure the''

consultants were requested to submit a written statement. However,
since this is our usual practice, I am enclosing a few brief

comments.
,

lO Sincere fy,,

/a

Z..I5fgahlKar
Nec y Professor -

:,
,

K2M:rs

i

i Enclosure
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Report of Karl Z. Morgan on the Meeting of the 1

Subcommittee on the Floating Nuclear Plant
(FNP) Held in Washington, D.C. March 22, 1978 i

i

I think it is important to emphasize that for conditions up t:o
Class 9 core melt accidents the FNP has a better radiation safety
score than the LBP. I interpret NUREG-0440 to indicate that the '

'

risk for airborn radioactive contamination is greater than that for 1

the contamination released to the water and that }the risks from air-
born contamination are about equal for the FNP and the LBP. I consider
that NUREG - 0440 is over conservative fur the FNP and that on the
average the ocean cited FNP would be more than twice as safe as the

LBP from risks associated with airborn contamination and much safer
from the standpoint of radioactive water pollution.

I do not agree with NUREG-0440 that in case of a Class 9 core
melt

the LBP would be safer than the FNP.
4

The difference in the two
cases in general is that the radioactive contamination of the water

.

would take place almost immediately in the case of the FNP while with
the LEP it might

take years, decades, or centuries for the peak of the
water radioactive pollution to reach the human environment.

NUREG - 0440
considers this time factor a plus for the LBP while I am convinced it
vould be a negative safety factor.
I have observed that

From my own experience with accidents,
the population dose (man. rem) is less when the riskla

veil defined and comes early and disappears soon rather than in th* m s.here it e

comes at some indefinite time in the future and lingersover a long period of time.
With the FNP Class 9 accident immediate,

effective, and heroic measures (such as I summarized in my report f ll
Ann our September o ow-

29, 1977 meeting) would be taken to minimi ze theman. rem dose.
After this, full advantage would be taken of dilution

and dispersion in the large body of water and a large fraction of th
Cs and Sr would settle and be buried in the mud at

e

the bottom of thebody of water.
With the LBP,'however, the risk probably would show up

as radioactive contamination in the water supply of a future un
suspecting,

>

. . .
/-7- / 1 /
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Report of Karl Z. Morgan
Meeting March 22, 1978

Page 2

public. If there is a serious radiation risk, it is better to face it

and dispose of it as soon as possible rather than wait to face it in
the indefinite future. Ground water contamination from a Class 9 LBP

6for 100 years at an average dose of only 10 mrem por year to 5x10
5x10 x3xio-4 = 1500 radiation induced66persons is 5x10 man. rem or about

malignancies while 5 rem average to 1000 persons during the year follow-
ing a Class 9 FNP accident is only 5,000 man. rem or only 1 to 2 mali-
gnancies. I think it would be difficult to find an offshore FNP site

that would present a cancer risk from radiological pollution of the

water that would be as great as that from some of our presently sited
land based plants.

Since radioisotopes of iodine present one of the major risks in a

Class 9 Core melt accident of a LBP or a FUP, it is easy to show that'

dilution with stable lodine at the source could almost climinate the
risk of radiation induced thyroid carcinoma. One gram of stable iodine

in the proper chemical form would reduce the radiation risk of 100,000 Ci
of radiciodine during a major reactor accident, by more than a factor of 2.

Isotopic dilution would not be as simple in the case of 89,90Sr and
134,137Cs, but it still could be effective. The stable isotopes could

be introduced into the sump water at the time of the accident and the

basement floor of the barge could be covered with several feet of

silicon sand impregnated with KI. The Si would tend to reduce tho-

solubility of the reactor core mix while the KI would reduce the

radiation hazard from radioiodine radionuclides in proportion to the
reduction in spec 1fic activity (Ci/g).

|

;

'
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Mr. G. R. Quittschreiber
Senior Staff Engineer
Advisory Committee on Reactor Safeguards s

Nuclear Regulatory Commission
Washington, D.C. 20555 ,

1

Dear Mr. Quittschreiber.

This letter documents my impressions of the potential consequences of the
liquid pathway following a major accident at a floating nuclear plant on
the basis of the ACRS Subcommittee meeting in Washington, D.C. on
March 22, 1978, the material presented in NUREG-0440, and other previous
reports and presentations by the staff and the app.licant.

It is my understanding that a major purpose for undertaking the Liquid
Pathway Generic Study (LPGS) was to detennine whether the consequences
of a major accident at a floating. nuclear plant (FMP) would be substantially |

greater than for a land based plant (LBP) because of the liquid pathway.
Implicit in the urpose would seem to be the objective of reaching a
decision as to whether the consequences of the liquid pathway for a FNP
are sufficiently adverse that some design change is necessary in order to '

make such plants acceptable from a health and safety aspect.

Since the LPGs was begun several years ago, a great deal of attention
by the ACRS Subcommittee, the staff and the applicant has been given to
the parameters, choice of assumptions, modeling methodology and compara-
bility of treatment of the FNPs vs. LBPs. In my view, the major flaws,

that were identified in earlier reports have been eliminated and, although
there are still many uncertainties involved, the radiation doses as
calculated and presented in NUREG-0440 represent a reasonable basis for
comparing the consequences of accidents at FNPs and LBPs via the liouid
pathway. I would have preferred to see the summary tables and figures
of NUREG-0440 focus on the dose to individuals rather than " man-rem."
It is the dose to individuals that would detennine the nature, extent and

duration of interdiction and thus the socioeconomic costs. Although |
man-rem provides a simplistic common unit for comparison, it is so
muddled with a range of dose rates (promptly lethal to fractions of natural

O co"kground), population groups -(users of the . contaminated beach to
bac

somers or the coete imetee risn) ead or modes or expos #re (exteroe' -

.
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' gnoring beta, to long retained internal emitters) that it tends toi
obscure the underlying factors needed for rational decisions. However,
if man-rem is to be the basis for judgment then, as a minimum, the .

decision makers should be provided with a clear picture of the portions of
the total dose that are associated with:

0 the sump water vs. the molten core
o Cs, Sr and possibly a few other nuclides -

e fish consumption, beach exposure, and swimming.

Most (if not all) of this infonnation is contained in NUREG 5440 or in the
Applicant's Report T.R.22A60. However, it. is not presented in NUREG-0440
in a way that make the relationships stand out. Such relationships are
fundamental to considerations of what needs to be contained at the source
and which pathways may require the most effective interdiction.

Another feature of NUREG-0440 that clouds the basis for decisions about the
liquid pathway is the absence of perspective in relation to the atmospheric
pathway. Apparently the rationale is that the population dose consequences

O sf the atmospheric pathways for LBPs and FNPs are about the same; therefore,
. hey can be eliminated from further comparison and attention can be focused
just on the liquid pathway. Such a rationale would be alright if the
atmospheric pathway consequences were about the same or substantially less
than the liquid pathway consequences. On the other hand, .if the atmospheric
pathway consequences far outweigh those of the liquid pathway, then the
worthiness of directing attention just to the liquid pathway is
questionable.

The applicant has provided population dose estimates for the air pathway
that are on the order of ten fold higher than liquid pathway. The NRC
staff also seemed to believe that consequences from the air pathway would
be more severe than for the liquid pathway, but apparently have used the
values in WASH-1400, which they point out were not derived in the same
manner as 'the dose for the liquid pathway.

At this point it is not at all clear to me whether the worst case air
pathway doses and worst case liquid pathway doses each assume virtually
all of the available volatile fission products to be released via that

.one pathway. Obviously this can not be the case. My perception is that
there can be releases to the atmosphere without a core melt-through
which would initiate the liquid pathway; but, that there will not be a
core melt-through to the basin without prior rupture of the containment
(an initiation of. the air pathway). We need a better perspective of
the relative contributions of the liquid vs. the air pathway for the same

, h " worst case"_ scenario (s). In order to accomplish the most good (in
.V 2duced dose to people in the neighborhood) is it better to:

A. minimize the release to the atmosphere?,

/h
,

_ -
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B. minimize the loss of sump water?

or C. minimize the loss of radionuclides from the molten core into the
sea water?

Another consideration that warrants some attention under liquid pathways is
the potential for small. " hot particles" being transported away from the
accident site by ocean currents and deposited on the beaches. The nature
of this potential source makes it difficult to incorporate into generic
dose models, but.it would be of interest to have some order of magnitude
estimates of the dose rate from a particle that is small enough to be
transported by the water and deposited on the shore.

Sincerely yours,

,-.
,

R. F. Foster
3enior Staff Advisor

:

.

4
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|

Mr. G. R. Quittschreiber ;

U.S. 'lluclear Regulatory Commission *
.

*
Advisory Committee on Reactor Safeguards

,

Washington, OC 20555

Dear Hr. Quittschreiber:

'I want to thank you for the opportunity of participating in the ACRS
,

subcommittee meeting on the Floating fluclear Plant Liquid Pathway Generic 1

Study in t!ashington, DC on March 22, 1978. The presentations made by the
NRC staff were exec 11ent and the report, NUREG-0440, clearly documents
the findings of the study in a comprehensive manner. I have little doubt
that the dose to the public via the liquid pathway .would be greater for a
floating nuclear plant in the event of a core meltdown than for the same
event in a land based nuclear plant. However, I believe the flRC staff
has taken an overly conservative stance on the issue of leaching of
radioactivity from the core melt debris. Additio'nal tests, such as the

/-* aching tests conducted by Sandia, would be helpful in resolving the
Que but I doubt that complete resolution would be possible without.

costly large scale tests and further confirmation of the core meltdown
scenarios. In view of the very low probability of a core melt event, the
expense of a large scale testing program does. not appear warranted at the
present time.

I find it difficult to accept the staffs' view that the leaching
characteristics of the core melt debris would more closely resemble cal-
cines or poorly formed concretes than crystalline or glassy material.
Calcines and concretes are typically very porous which accounts in a
large measure for the relatively high leachability of these materials.
Calcines are formed with little or no molting of the final product and i

concretes involve no melting at all. Mclting is important with respect
to leach rate since it tends to produce a dense material with a low
porosity. Although concrete may be involved in the meltdown, it is
lighly unlikely that the core molt debris would resemble concrete upon
contact with water. The formation of concrete requires very finely
divided particles (coment) to form the crystalline hydrates which " glue"
the particles, sand. and aggregate together. Meltdown debris would not
be expected to exhibit the degree of fincncss needed to form concrete. A
crystalline or glassy material, such as formed in the small scale pro-
liminary Sandia tests, would, in my opinion, he the more likely result of
core melt entering or contacting water. The core melt debris may bc

, ... .
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porous and fracturci 6)ut will have a porosity much less than either
calcines or concrete. The 5% leach fraction in one week used by the
applicant in conputing doses appear more realistic than the staffs'
50% leach fraction in one week.

I believe the Sandia leach test results, although preliminary, are
the best data available for estimating leach rates from core melt debris.
Tests where the melt is poured into water may produce different results
than quenching in a crucible as in the initial Sandia tests. However, I
believe a substantial portion, perhaps most, of the core melt will not be
dropping into water but will be covered by water rushing into the breach
made by the initial melt-through. Quenching the melt in a crucible would
more closely simulate this case than pouring the melt in water.

Very truly yours, '

M 'kW/
# asil W. Mercer, ManagerB .

Water and Waste Management

Blet:mae
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***** April 6, 1978
1

'IO: 'G. R. Quittschreiber |

FIOM: Ivan Catton .

SUBJECI: FNP SUBC0t011TIEE MEETING ON THE LIQUID PATHWAY GENERIC STUDY,
>

MARCH 22, 1978

Quest ions raised'at the September 22, 1977 FNP Subcommittee meeting on
steam explosions have not yet been fully answered. The Staff position
on debris leach rates and that of the Applicant are as far apart as ever.
In the following paragraphs, I will reiterate the remaining concerns
about steam explosions and my view of the leaching rate.

The steam explosion was assumed to take place under the barge. A very
conservative e M.imate of the energy release was made and calculations of
the shock impact on the adjacent barge was made. Two questions were raised.
First, the pressure wave will reflect off the water surface as a rarefaction
wave and, as pointed out by Dr. Plesset, may cause note damage than the pres-
sure wave. Second, the large steam bubble will collapse and cause a water

O hammer that may result in damage. The collapsing steam bubble will drive
a great deal of water into the barge. This may increase the prompt release.

A mechanistic view of the neltdown process leads one to conclude that the |
steam explosion could take place in the lower bulkhead. In my opinion, the '

process is as follows:

(1) The molten core melts through the four foot thick concrete
pad below the vessel.

(2) After the concrete pad is penetrated, the concrete-fuel-
steel mixture falls twelve feet to the lower bulkhead.

(3) The impact of the fuel debris on the lower bulkhead will
cause the heat transfer to be high and the penetration
rapid.

(4) The water pressure outside the hull will be equivalent
to 30 feet of water (depth below the surface) above the
pressure inside. Geysering will follow penetration.

(5) . . Intimate mixing of the fuel debris and water will result
because of the water driving pressure.

O
j9'- /2 Y

|
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(6) The mixing process - water up and fuel debris dwn -
will te highly susceptible to a steam explosion in
the lower bulkhead.

(7) A steam explosion in the lower bulkhead could result
in enhanced radioactivity being driven out the hull '

annulus or up through the hole in the pad.

It is my understanding, from conversations with Dr. Speis and Mr. Marchese,
that all of the above aspects of the steam explosion are being resolved. I

have not seen the resolutions.

The question of what leach rate is proper is still open. The Staff and the
Applicant differ by about a factor'of twenty. The Applicants arguments are
based on their view of hw the Canadian leach data should be used and their
interpretation of the recent SANDIA leach data. Details of the SANDIA test
are not available as yet. The Applicant visited SANDIA to obtain information
for his position.

In many respects the SANDIA leach data are non-prototypic. A small (7gm)
sample of cor rete-fuel in a platinum crucible was rapidly quenched by

n immersion in water. The s'ug of material was then put in water and leach
V rates were determined. The sample was glass-like with only a moderate

enount of cracking. My experience has been that significant cracking and
fragmentation occurs when nolten glass is poured into water. Further, if
the pour results in a steam explosion, very fine fragmentation occurs. The
SANDIA experiments found a sample surface area of 100 cm'/gm and 2.5% loss
of Strontium in three days. A nederate interaction of the fuel-concrete
mixture will probably increase the surface area by a factor of ten. Tempera-
ture effects and buoyancy driven circulation could easily lead to another
factor of two so that one obtains the Staff result from suitably interpreting
the SANDIA data. My conclusion is that the Staff estimate of the leach rate
is a best estimate.

Measurements of leach rates are very difficult and the results are quite
variable. At the " meeting of experts on leaching", one of the experts in-
dicated that they usually throw away the first few weeks worth of data
because it is too unreliable. He also indicated that the same test repeated
in the sano laboratory can yield results that differ by a factor of 10. A

factor of 10 difference exists between the two sets of data from SANDIA and
the time period is that usually considered to be too unreliable to be of
interest.

As a final note, the second barge must nuintain its cooling and as a result
circulation in the basin should be a consideration in any methods of miti-
gation under study.

Oy.
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NUREG-0440: Major Conclusions
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SlM4ARY OF MAJOR RESULTS !

t

:
t

-

- IMPACTS VIA LIQUID PATHWAY FROM DBA'S SMALL AND SIMILAR FOR FNP AND LBP *

|

i

-- CONSEQUENCES OF CORE-MELT RELEASES, FROM CORE DEBRIS AND SUMP WATER, HIGHER
'

,

FOR FLOATING PLANTS
.

- PROMPT SOURCE INTERDICTION AT FNP NOT LIKELY

'

d - PATHWAY INTERDICTION EFFECTIVENESS PROP 0RTIONXL TO EFFORT APPLIED

W
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GENERIC LIQUID PATHWAYS STUDY
;

- STUDY INITIATED TO ADDRESS ACRS CONCERNS

- STUDY INTENDED TO PROVIDE BASIS FOR COMPARING FNP AND LBP
'

DOSE CONSEQUENCES VIA LIQUID PATilWAYS

- OPS AND NRC STUDIES CONSIDER RANGE OF RATIONAL SOURCE TERMS
g BASED ON ENGINEERING JUDGHENT AND USED TO CALCULATE DOSE

N CONSEQUENCES

- DOSE CONSEQUENCE CALCULATIONS GENERIC RATilER THAN FOR(j SPECIFIC SITES

'
- OPS PERFORMED CALCULATIONS FOR FNP'S, NRC FOR LBP'S

- LIQUID PATilHAYS COMPARISON APPEARS IN NRC REPORT, E
NUREG 0440

- COMPARISON Of LIQUID At;D AIR PATilWAYS RISK IN OPS REPORT ED
BUT NOT IN HRC REPORT S

%*
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DOSE PATI! WAYS CONSIDERED,f0R LIQUID PATilWAYS STUDY '

- SEAFOOD CONSUMPTION DOSE PATHWAY -

.

- BEACil EXPOSURE PATiiWAY
,

- SWIN11NG EXPOSURE PATI!WAY
'

N - DRINKING WATER INGESTION DOSE PATilWAY -

N
\
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. t t

!
;

t

*
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JPS CONCLUSIONS - FNP LIOUID PATilWAY DOSE CONSEQUENCE CALCULATIONS

- FISil liiGESTION IS DOMINANT DOSE PATilHAY TO MAN FOR OCEAN, BEACH, AND ESTUARINE
SITES

- FOR ESTUARINE SITES, DOSE CONSEQUENCES ARE ABOUT FACTOR OF 3 GREATER TilAN OCEAN
SITES

- FOR RIVERINE SITES, DRINKING WATER IS PRINCIPAL DOSE PATilWAY; DOSE CONSEQUENCES
LESS TilAN OCEAN SITES

t

- POPULATION DOSES AND MAXIMUM INDIVIDUAL DOSES DO NOT INCREASE SIGNIFICANTLY AFTER
2 YEARS

.

. - INTERDICTION TO REDUCE LIQUID PATilWAYS DOSE CONSEQUENCE IS FEASIBLE, COULD BE
N

APPLIED IN SUFFICIENT TIME AND WOULD SUBSTANTIALLY REDUCE DOSE CONSEQUENCESN
1

- RISK VIA LIQUID PATilWAY SIGNIFICANTLY LESS THAN VIA AIR PATilWAY CONSIDERING '

REALISTIC INTERDICTION

PRINCIPAL CllANGE IN OPS PERSPECTIVE SINCE OPS REPORT

- INCREASED POSSIBILITY FOR CONTINUED PUl1 PING OF SUMP LIQUID AFTER POSTULATED
VESSEL MELT TilROUGil

|

.
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NRC CONCLUSIONS - NUREG 0440 >

{'

- RISKS FROM LIQUID PATilWAYS RELEASE 25 to 300 TIMES GREATER
FOR LBP FOR THE SPECTRUM OF DESIGN BASIS EVENTS.

;

- RISKS FROM LIQUID PATilWAYS RELEASE 6 TO 30 TIMES GREATER
FOR FNP FOR EVENTS BEYOND DESIGN BASIS. -

- UNLIKE RELEASE TO AIR PATilWAYS FOR SEVERE ACCIDENTS, LIQUID ,

PATHWAYS RELEASES DO NOT POSE-AN IMEDIATE RISK (ACUTE
-FATALITIES).

,

f
,

- UNDER REALISTIC (CONTINUED) USE CONDITIONS, SIGNIFICANT ;

DOSES TO INDIVIDUALS ARE NOT EXPECTED VIA LIQUID PATHWAYS.

- LARGE AND RELATIVELY PROMPT RELEASE OF RADI0 ACTIVITY IS

4 LIKELY FOR FNP BUT NOT FOR LBP.

bJ - FOR FNP, TIMELY AND EFFECTIVE INTERDICTION OF LIQUID !
*

@ PATHWAYS DOSE ROUTES IS FEASIBLE AND LIKELY (WITH ATTEN- ;

DANT COSTS). ;

- FOR FNP, ECOSYSTEM IMPACTS VIA LIQUID PATHWAYS ARE
IMMEDIATE, TRANSIENT & REVERSIBLE.

- FOR LBP,. ECOSYSTEM IMPACTS VIA LIQUID PATHWAYS ARE
DELAYED AND MAY BE PREVENTED. IF THEY OCCUR THEY ARE
LIKELY TO BE LONG LASTING. ~ '

-. -- _... -
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NRC LPGS STUDY

AREAS OF OPS DISAGREEMENT WITil NUREG 0440 PERSPECTIVE

1. HIGH LEACil RATES
2. DOSE PATilWAYS INTERDICTION CUT 0FF AT S REM i

3. LAKE AND SMALL RIVER LAND BASED SITES NOT INCLUDED
IN SU!HARY TABLES

4. NO COMPARISON TO AIR PATHWAY
.

x AREAS OF OPS AGREEMENT, NUREG 0440

N
Q{N.

l. DESIGN BASIS ACCIDENT EVALUATION
2. MODELS FOR LIQUID PATilWAYS DISPERSION & DOSE
3. STEAM EXPLOSION EVALUATION

P

.

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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RECENT SANDIA LEACH TESTS

~
'

TEST SET #1,

CORIUM: CONCRETE CATION AMOUNT LEACHED IN 3 DAYS (%)
0(WT RATIO) 250C 90 C

9:1 Cs 0.075 0.17
Sr 1.2 2.5

7:3 Cs 0.099 0.25

Q Sr 0.68 1.0

5:5 Cs 0.020 0.80 !
Sr 1.1--

TEST SET #2

.1) THREE DAY LEACH VALUES SIMILAR TO THOSE FOR TEST SET #1

2) INCREMENTAL LEACH FOR ADDITIONAL 29 DAYS OF LEACH
SIMILAR TO THOSE FOR INITIAL 3 DAY LEACH PERIOD |

21 3) MEASURED SURFACE TO MASS RATIO (BET), 100 cm /gm

i

O.

-____ _ _ - . B-es7
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CALCULATED DOSE CONSEQUENCES, CLASS 9 ACCIDENTS
,

.

ESTIMATED LIQUID EST3 MATED LIQUID
PATiiWAYS C0llSEQNOINTERDICTIONgCES, PATn AYS CONSEQUENCES,

INTERDICTION
SITE PLANT TYPE (MAN-REM) (MAN-REM)

OCEAN FNP 106 103

LBP 105 210

7
ESTUARY FNP 10 104

10 -1076 10 -1043LBP
.

6
RIVER FNP 10 103

N LBP 105 jg2N
10 -1076- LAKE LBP (j)

6'SMALL LBP 10 -107 (1)
RIVER

(DOSE CONSEQUENCE BASED ON CASES DESIGNATED AS "EXPECTE0" ON EARLIER TABLES)

(1) NO CALCULATED VALUE IN NUREG 0440
(2) BASED ON TABLES IN NUREG 0440

.

- --___.______-__ -______ _____ _ _______ _ ______m--- -_ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ . _ _ _ - _ _ _ . _ - _ _ _
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COMPARISON SUMMARY INCLUDING AIR PATilWAY

EFFECTIVE EllVIR0ff- TIME BEFORE PATilWAYg

w SOURCE EXPECTED BIOTA MENTAL ACTIVITY INTER- CALCULATED
(V MAN REM INTERDICTION SOCIAL KILL CONTAM- REAOlES DICTION ACUTE
g PER CORE MELT ABILITY COSTS ZONES INATION PATilWAY ABILITY FATALITIES ())

_

STAFF CASE (2} LIQUID PATilWAY
;

Flip N0 llIGli YES MAJOR Sil0RT YES NO

LBP YES LOW N0 MINOR LONG YES NO

APPLICANT CASE (3) LIQUID PATilWAY
fitP PARTIAL MODERATE NO MODERATE S110RT YES NO

LBP YES LOW NO MIfl0R LONG VES NO

I)AIR PATilWAY

I4)FNP N0 ilIGli PROBABLE MAJOR Sil0RT NO YES

I4ILBP N0 llIGil PROBABLE MAJOR SHORT NO YES

.

(1) ASSUMES NO SOURCE INTERDICTION
(2) ASSUMES llIGil LEACil RATE FOR FNP
(3) ASSUMES 15% TOTAL LEACil, 15% PROMPT RELEASE *

(4) NO INTERDICTION FOR DIRECT EXPOSURE OR DIRECT INGESTI0ft; FOOD PATilWAYS INTERDICTION FEASIBLE

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ . __
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AIR PATHWAY DOSE CONSEQUENCES, SEVERE

ACCIDENTS (ATLANTIC C0AST SITE-0NSHORE)

10-4

N
N .

+444e ++++.5,

,+;?,+ 9~4
---- -~ ~~

N' 'qh
10-5 k

.

* N
M \
+ \
k \

+ \

r \

$ 1:-6 & g\% \w

p.e * k \)Oh k \
e

. d*

k
U k \
b '

10 7 1.m
5

- ;
Y g

$ WASH-14C0 *
1,

ACCIDENT DISTRIB JTION, ++gLAND BASED PWR

4 '
NRC RESEARCH +- - - -

g

ACCIDENT DISTRIB JTION Y -

10-8 LAND BASED ICE CONDEN$ER YI
,

Y, $++++ NRC RESEARCH SMO )THED
ACCIDENT DISTRIB JTION, 1

OPS RESULTS FOR NP' Y
,1
t l
+1

I

10-9 +I
O 101 102 103 104 105 106 107 108 109O

TOTAL MAN-REM (X)

|-7 i n
|
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CALCULATED ACCIDENT RISK FOR AIR PATilWAY

SITE CASE MAN REM / YEAR

ATLANTIC COAST SITE, DNSil0RE OPS-FNP- 70

t NRC RESEARCll, LBICP 180 '

N
WASil-1400 PWR 270 -

;

EASTERN RIVER SITE WASit-1400 PWR b4b\

NRC RESEARCll, LBICP 610
,

t

ATLANTIC C0AST SITE, OFFSHORE- OPS-FNP 70
>

NRC RESEARCil, LBICP 180

t

.

.

.

_.__ _.-___.__ - ..-_._ - _.- -_ - _ - _ - - - . - . _
- r - - + - - . , ~ . , ~ ..a w r- - - ---- . .- -- - ,_.
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LIQUID PATilWAYS - AIR PATilWAYS RISK COMPARISON

* *

MAN-PEM/ YEAR
,

INTERDICTION NO INTERDICTION

,

FNP 75 - 150 100 --200

N LBP 75 - 600 100 - 800
N

FNP 10-I'to 10-2 50 - 100
LIQUID PATHWAY -2 -3 5- 70

LDP 10 to 10

'

.

>

- I

_ - _ - _ _ _ - _ _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _ - _ _ - . _ _ _ _ _ - - _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ - _ _ _-
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DOSE COMPARISON FOR MOST LIKELY SENARIO

FNP LBP INTERDICTION

6 3-410 -7 M-R 10 M-R SOURCE PLUS LOW PATHWAY EFFORT

5 310 M-R 10 M-R SOURCE PLUS HIGH PATHWAY EFFORT

.

1

N

9 -

e
:2
"8
3 ..
2 aw
c. 8 4
3*T

a==
*
. :::

. O +-e

-

2,

EL
'

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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COMPARIS0N SUMMARY: EXPECTED CASE

LIQUID AIR

FNP LBP FNP & LBICP*** PWR

TIMELY SOURCE INTERDICTION
ABILITY NO YES NO NO

PATilWAY INTERDICTION ABILITY YES YES YES YES

RELEASES TO OPEN ENVIRONMENT LARGE SMALL LARGE SMALL

TIME BEFORE ACTIVITY REACliES
PATilWAY S110RT LONG StiORT StiORT

6-7* 3-4* 6 3

MAN REM PER CORE MELT 10 10 2 x 10 4 x 10
** **

10 10N

N' EXPECTED SOCIAL COSTS LARGE SMALL LARGE SMALL

N
BIOTA KILL ZONES YES NO

__ _

PATilWAY FATALITIES NO NO NO N0

t

|

SOURCE PLUS MIN. PATilWAY INTERDICTION*

** SOURCE PLUS MAX. PATilWAY INTERDICTION

SIMILAR RESULTS WILL BE EXPECTED FOR BWRs***

!

l
' '

.

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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PATHWAY INTERDICTION

I

. POPULATION DOSE = f(INTERDICTION LEVEL)

. ESTUARY SITE

|

LEVEL POPULATION DOSE
'

|
(REM) JEDUCTION FACTOR

~

,5 20
1 100
0.5 200

. OCEAN SITE

LEVEL POPULATION DOSE

_,( R EM )_, R_ EDUCTION FACTOR
i

5 10
1 20
0.5 30

|

|

1
.

i

O

# /r4
_ _ _ .-
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AIR PATHWAY COMPARISON

COMPARISONS OF MOST LIKELY SCENARIO WASH-1400 ICE CONDENSER *
PWR

RELEASE CATEGORY MOST LIKELY TO RESULT PWR 7 PWR 5

CORE INVENTORY RELEASED 0.6% Xe-kr 90% Xe-kr
-32 x 10 %I 0.2% I

6
MAN-REM 4 x 10 2 x 10

_

ACUTE FATALITIES <1 <1

i COMPARISON MEAN CONSEQUENCES
-N (ALL CATEGORIES)

6 6N MAN-REM 2 x 10 8 x 10

ACUTE FATALITIES <1 <1

.

* SIMILAR RESULTS WILL BE EXPECTED FOR BWRs

,
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IMPORTANCE OF DEBRIS LEACH RATES

!

SCENARIO RESULTANT SCENARIO AIR PATHWAYO) LIQUID PATHWAY (2) MAN-REM !
RELEASES PROBABILITY EXPECTED CASE SLOW LEACHING RAPID LEACHING

'

6 6 61. 5 0-y AIR + 36% 2 x 10 2 x 10 3 x 102
DEBRIS +TML-y
SUMP

7 5 62. 5H-y AIR + 22% 1 x 10 10 102
DEBRIS.

3]g_Y

3. 5 HF-y ,6 AIR +
2 7 -

10 10
5 6DEBRIS 17% 3 x 10

i
N'

N 4. STEAM AIR + 10%I4) 10 - 10 10 2 x 10
7 8 (3) 6 6

og EXPLOSION DEBRIS +
IN OR BELOW SUMP
BULKHEAD

CONCLUSION: DIFFERENCE BETWEEN APPLICANT AND STAFF LEACH ASSUMPTIONS HAVE LITTLE EffECT ON RISK.

1. Average of several east coast sites, variation less than 50%.
.. 2. Assumes effective source interdiction after one week for FNP and pathway interdiction to 5 rem' integrated max individual dose.
'

3. Estimate.
4. Conservative estimate of likelihood of SE given core melt.

-

,

,

~a _ . _ _ - - . . - _ - _ - _ - _ _ _ . _ _ _ _ _ - - - _ - _ - _ - _ _ . _ - - . - . - - - - _ _ _ _ . - - _ - _ _ _ _ - _ w , c -w,,- a ~
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PRINCIPAL FNP CORE MELT SCENARIOS AND RELEASES TO THE ENVIRONMENT .;

SCENARIO RESULTANT SCENARIO AIR PATHWAY LIQUID PATHWAY COMPONENT
RELEASES PROBABILITY COMPONENT DEBRIS SUMP

,

1. 5 0-y AIR + 36% % 100% Xe-kr s 0% Xe-kr s 0% Xe-kr :2
DEBRIS + 1% I 3% I 96% I ,

'TML-y SUMP 1% Cs 5% Cs- 94% Cs
s 0% Sr 89% Sr 11% Sr'

s 0% Ru 92% Ru 8% Ru

2. S H-y AIR +
2

DEBRIS 22% s 100% Xe-kr s 0% Xe-kr -0-;. S H-yj 1% I 3% I -0-
4% Cs 5% Cs -0-

0.3% Sr 89% Sr -0-
0.9% Ru 92% Ru -0- .

3. S HF-y 6 AIR + 17% s 100% Xe-kr - S 0% Xe-kr -0-
2 j

DEBRIS 6% I 3% I -0-
N, 14% Cs 5% Cs -0-
N'l 2% Sr 89% Sr -0-

1% Ru 92% Ru -0-

' S( 4. S.E. IN AIR + 10% s 100% Xe-kr s 0% Xe-kr s 0% Xe-kr '

\
43 OR BELOW DEBRIS + 6% I 1% I I 93% I

BULKHEAD * SUMP 8% Cs 20% Cs 72% Cs '

1% Sr 89% Sr 10% Sr
11% Ru 9% Ru 80% Ru

*- ASSUMES S.E. P = 10%, WATER DF = 10, RELEASES AVERAGE OF SCENARIOS 1-3 INCLUDES 3% VAPORIZATION OF_ SUMP

,

a

6

0

m m - , -~r
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COMPARISOff 0F STEAM EXPLOSION RELEASES
TO MORE PROBABLE RELEASES

Xe-Kr I Cs Te Sr Ru

Average Release
from 90% of
Core Melts 1.0 .02 .05 .07 .005 .006

Release from SE
below RC 1.0 .06 .08 .15 , .01 .11

s
N

I

N
V

I
O

Release from
SE in RV 1.0 .27 .67 .40 .08 .43

.

&

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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00SE CONSEQUENCE FOR PARTICLE RELEASE2

I

.PARTICLESIZE-idMICRONS
'

. CORE MASS. INVOLVED - 1%

. BIOTA UPTAKE MODEL
~

-

- GI-TRACT TRANSFER (ICRP-2),

-RETENTION'PER NUREG-0440
|

'

' '

. CONSEQUENCE TO MAN

' ESTUARY 7Cs & Sr - 1. x 10
6Particies 5. x.10

TOTALev/2.x17
'

_

-.
,

OCEAN
6' Cs'& Sr - 3. x 10-

Particles 1. x 10f-

TOTAL 4. x 10"

. CONSEQUENCE TO BIOTA

- GI-TRACT EXPOSURE LIMITING

- INCREASED ADULT MORTALITY

,

4

OL
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-
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RIVER-ESTUARY-0CEAN C00PLING

-
.

ESTUARY-0CEAN'

EFFECTSNOTADDITIVE

lARGE RIVER-0CEAN>

EFFECTSADDITIVE
_

LARGE RIVER-ESRIARY
' ~

-

EFFECTSADDITIVE

CGPARABILI1Y OF FNP-LBP NOT CMr3ED'

-

,

i

\

|
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APPEi1 DIX XIX(^' hUREG-0440: Core fielt-Through Penetra-
L tion liode and Steam Explosions

.

STAFF ASSESSMENT

ON

CORE MELT-THROUGH PENETRATION MODE AND STEAM EXPLOSIONS
_

-

.

O |

!

:

PRESENTED AT ACRS MEETING

APRIL 6, 1978
l
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CORE fiELT-THROUGH PEilETRATION MODE THROUGH REACTOR VESSEL

WASH-1400 CORE MELTDOWN SCENARIO ESTIMATES:-

CASE 1: MOLTEN CORE MATERIAL IS TRANSFERRED (POURED)--

FROM THE CORE REGION TO THE LOWER HEAD IN A SLOW
'

CONTINUOUS FASHION - THIS TRANSFER (OR POUR) WILL

MORE LIKELY LEAD TO THE DEVELOPMEIIT OF A LOCAL HOLE -

-

IN THE REACTOR VESSEL.

O
CASE 2: ON THE OfHER HAND (LESS LIKELY SCEilAR10)-

IF THE MATERIAL IS RAPIDLY COLLECTED IN A LOUER

REACTOR VESSEL REGION IN A POOL AND A SLOW MELTING

OF THE VESSEL OCCURS, WIDESPREAD FAILURE OF THE

LOWER REACTOR VESSEL HEAD IS POSSIBLE. I
i

|

- STAFF UTILIZED THESE TWO SCENARIOS TO ASSESS THE

SUBSEQUENT EVOLUTION OF THE MELTDOWN SCENARIO AtlD ITS

|OUTCOME,

O I

,9-/s~C 1

_-_ __ _ .__
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.

CORE MELT-THROUGH PENETRATION MODE THROUGH CONCRETE

CONTAlflMENT BASEMAT

'

.

DEPENDS ON INITIAL CONDITIONS:
'

-

.

-
- CASE 1: INITIAL HEMISPHERICAL MELT GE0 METRY (CAUSED

^~

BY MELT BURROWING A HOLE IN CONCRETE FLODR)

WILL CREATE A NEAR HEMISPHERICAL GROWTH

PATTERN IN CC" CRETE RESULTING IN A GRADUAL

O POUR-TilROUGH PENETRATION MODE.

CASE 2: INITIAL CYLINDRICAL MELT GE0 METRY (CAUSED-

BY MELT SPREADIllG OVER CONCRETE FLOOR) WILL

CREATE A NEAR CYLli!DRICAL GROWTH PATTERN l

IN COIlCRETE RESULTING IN A UNIFORM

MELT-THROUGH PENETRATION MODE.

!

l

O
$- /S~ ?
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.
,

C0RE. MELT-THROUGH PENETRATION MDDE THROUGH THE FNP STEEL0

HULL PLATE

.

CASE 1 (POUR-THROUGH PENETRATION MODE OF CONCRETE-

BASEMAT):
'

_ WILL MOST LIKELY RESULT IN A POUR-THROUGH PENETRATION 1

~

MODE OF STEEL HULL PLATE
-

O CASE 2 (UNIFORM PEliETRATI0i! MODE OF C0i' CRETE BASEMAT):-

WILL MOST LIKELY RESULT IN A UNIFORM PENETRATION MODE j

OF STEEL HULL PLATE
-

.

I

:

i

C)
,7 S V"

. _ _ _ _ ._
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STEAM EXPLOSION (SE) BUBBLE DYNAMICS

ASSUMPTIONS USED IN THE ANALYSIS- -

NO HEAT LOSSES DURING BUBBLE EXPANSION PHASE l-

NO BUBBLE LEAKAGE INTO BARGE AB0VE SE BUBBLE-

BARGE BEHAVES AS A RIGID BODY; NO PRESSURE RELIEF-

_

BUBBLE EXPANSION IS NON-SPHERICAL (BY VIRTUE OF-

IMPOSED GE0 METRY)

O _ OBSERVATIONS

|SMALLASBUBBLERADIUSINCREASES
RATIO 0F'

LARGE ENERGY CONTENT IN BUBBLE (BY VIRTUE OF-

THE CHOSEN INITIAL CONDITIONS)

BUBBLE / WATER BOUNDARY VERY HOT-

O
.

'

|-7 -/S'?
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102

25% Core Mass
{y[ [ 18% Efficient (Overall)
-

- g 25% Efficient (Theoretical)

@ 20% Core Mass
w
y,

3 - G.7% Efficient (Overall)
10% Efficient (Theoreticall

'

20% Core Mass
1 3.1% Ef ficient (Overall)

,

\ 5% Efficient (Theoretical)
D 10'D - N

_

,

i
_

~
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STEAM EXPLOSION BUBBLE EVOLUTION

.

TIME = 0.0 SEC TIME = 0.2 SEC TIME = 2.0 SEC
PRESSURE = 120. ATMOS PRESSURE = 13. ATMOS PRESSURE = 0.5 ATMOS
RADIUS = 9 FT RADIUS = 3t, 1 T' RADIUS = 140 FT
VELOCITY = 0.0 VELOCITY = 120 iT/SEC VELOCITY = 0.0

|'

I

FNP #1 FNP #2

y 137' > < 120' >

WATER LINE
, , .

32'
,

Y Y.

15'
,

////////////////////
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SUMMARY OF ANALYSIS TO DETERMINE MAGNITUDE OF FOLLOWING PRESSURE PULSES

AFTER INITIAL STEAM EXPLOSION PRESSURE PULSE
!

(CALCULATIONS ASSUME 10% OF CORE DEBRIS PARTICIPATES IN INTERACTION) -

:

PRESSURE INITIAL
RISE RADIAL EXTENT LOCATION OF' INTERACTION PRESSURE SECOND PRESSURE
TIME OF BUBBLE GROWTil BELOW PLATFORM PULSE PULSE

(MSEC) (FT) (FT) (PSIG) (PSIG)

k
d 4.18 25 0 1019 135
"

:v
4.18 200 0 1019 40

h
3.20 200 44 3370 95 "G

,

e2 !

28
.

>>
i Es ?'

EGm
,

5*-0
**

| . a
- m ,, t

hag
?"
Ea
8
&
= :

4

_ - - - . . _ . _ . - . _ - _ _ . _ _ _ - - - - _ . - _ _ _ - _ - - . _ - - _ - - - - - + , -- - +
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O O O

.

!

.

INITIAL PEAK PRESSURE = 1019 PSIG

5 /i
= n-
Pn

~

$
a.

g ~

10% OF CORE DEBRIS
'

FRESSURE RISE IIr1E = 4.18 ftSECs

g SUBi1ERGENCE = 0

N DAMPING = 0
~

RADIAL EXTENT OF BUBBLE GROWTH = 200 FT.

.

. SECOND PEAK PRESSURE = 40 PSIG

,

)( A A A A A A
0 O.f5 O.'50 O.'75

' ' ' ' ' '

Tli1E (SECONDS)

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ ____
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FLOODED COMPARTMENTS AFTER
!

I CORE MELT-THROUGH ,

i
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O

TIME TO DILUTE CONTAMINANTS IN SUMP WATER
IN FLOODED TANKS AFTER HYPOTHETICAL CORE MELT-THROUGH |

FRACTION OF SUMP WATER
CONTAMINANT RELEASED DILUTION TIME (HOURS)
TO BASIN C(l) = 0.1 C = 0.05

0.2 900 260

1
-

i

0.5 2900 820

0.8 7500 2200 |

O
8 SECONDS AREA 0F HOLE = 20 FT2WAVE PERIOD =

,
,

1

3
'

WAVE HEIGHT 0.7 FEET INFLOW / CYCLE = 7 FT=

.

(1) C = CONCENit'710N OF CONTAMINANTS IN SEA WATER OUTSIDE

OF H0LE AS A FRACTION OF CONCENTRATION IN HOLED ;

-
i

TANK.

O
gn.[

:

., . . - _ - .-. . _ _ _ _ _ _ _ _ - - _ - _ _ _ - .
-
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.CA_CULATIONS FOR HYPOTHETIC AL CORE
'O MELT ACCIDENT

l

!

CASE A j

R j

A |
C tttt i

%gma$
"

.

'

<, j
&\\\\\\\\\\\\'sTetLNNNNN\\\\\\\\\\\\\N 19 -

O ' "

CASE B -

ER 4
~

-

n

! DEBRIS D

y y

f///H/HH/####/sWul##HHHH/HH/HJ 1%
O # ' 1 7t F M i '

| xW lc
R-/l C |

:

. _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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RESULTS OF HEAT TRANSFER CALCULATIONS
,

FOLLOWING HYP0THETICAL CORE MELTDOWN ACCIDENT

CASE A CASE B

TI ( C) T1 (*C) TM ( C)D (IN) Tg =

1 240 153 167
2 510 157 212
3 960 160 284
4 1590 164 384
6 172 665
8 179 1056

10 186 1557
13 197 2514

fs

O
CASE A (REACTOR CAVITY FLOOR):

KO " KUO2 = .005 CAL /SEC-CM- C

0 = 8.24 GM/CM3A

3
Q6''=.17 CAL /SEC-CM

CASE B (HULL PLATE):

KD = .005 CAL /SEC-CM-C*
3p0 = 6.57 GM/CM

3
Qf''=.085 CAL /SEC-CM

(SUBSCRIPT D DENOTES DEBRIS)

.

B-d 7
- - - - --__- . ._ .
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TOTAL ESTIMATED LIQUID PATifWAY RESULTS (MAN-REM PER CORE-MELT)

7FNP 2.4 X 10
ESTUARY > OCEAN

6LBP 5.2 X 10

'

6
I FNP - 6 X 10 |

LARGE RIVER :0CEAN\ 5
h LBP 3 X 10'

i

6 __

SMALL RIVER > ESTUARY : OCEAN LBP 7 X 10 g
E
R
8

C O m?
24M
4 28
TE Ce

,
. .% -

E

of
2 .'

,

E ,

; o
:| 8

,m - t.

I
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O

.

PLANT-SITE RANKINGS BASED ON
,

LIQUID PATHWAY MAN-REM CONSEQUENCES '

WITHOUT INTERDICTION

.

1. LBP - OCEAN

2. LBP - LARGE RIVER

3. FNP - OCEAN
INCREASING
MAN-REM 4. LBP - LAKE

O CONSEQUENCES
5. LBP - ESTUARY

'' 6. FNP - LARGE RIVER

7. LBP - SMALL RIVER

8. FNP - ESTUARY

O

W-/ C 2
. . . -. _ _ _ _
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AIRBORNE RELEASE ESTIMATES FOR STEAM EXPLOSION INSIDE HULL

| ASSUMPTIONS

- 3% AND 10% OF DEBRIS MASS PARTICIPATES IN INTERACTION AND IS FINELY
FRAGMENTED

- ALL OF STEAM GENERATED IS ASSLHED TO REPRESSURIZE CONTAINMENT

- ACTIVITY IN DEBRIS UNDERGOING INTERACTION ASSUMED TO BE ENTRAINED

- ENTRAINED ACTIVITY REDUCED BY FACTOR OF 10 TO ACCOUNT FOR PLATE 0UT
(AVAILABLE ACTIVITY)

\
- FRACTION OF AVAILABLE ACTIVITY RELEASED TO ENVIRONMENT SSUMED PROPOR-.N TIONAL TO FRACTIONAL. OVERPRESSURE

I
.

N
NJ DOSE CONSEQUENCE

O

DEBRIS AVAILABLE AC- ESTIMATED DOSE
MASS PARTICIPATING REPRESSURIZATION TIVITY VENTED CONSEQUENCES

A P(PSI) (MAN-REM) -
'
,

43% 0.8 6% 10

510% 2.6 18% 10
,

.

________o________ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-- - *
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o |
'

DOSE CONSEQUENCES FROM PARTICLE TRANSPORT

1

METHODOLOGY

1) ASSUMED 10% OF CORE DEBRIS IS FRAGMENTED WITH A TOTAL OF
108 CURIES. -

2) ANALYZED PARTICLE SIZES OF 10, 40 AND 100 p WITH A DENSITY
OF 4 G/CM3.AND UNIFORM ACTIVITY.

RESULTS
,

1) FNP - 0FFSHORE SITE: BEACH POPULATION AND MAXIMUM INDIVIDUAL
DOSES ARE EQUAL TO OR LESS THAN WATER SOLUBLE CASE. SEAF0OD
INGESTION POPULATION DOSE MAY BE THE SAME ORDER OF MAGNITUDE :

AND MAXIMUM INDIVIDUAL DOSE MAY BE AN ORDER OF MAGNITUDE HIGHER |

THAN WATER SOLUBLE CASE. |

2) FNP - ONSHORE SITE: MAXIMUM INDIVIDUAL BEACH DOES MAY BE AN
ORDER OF MAGNITUDE HIGHER THAN WATER SOLUBLE CASE. OTHER

O doses AS roa Tae orrSs0aE StTE.

1

!

l

O
M- n a,

|

, , .- , , , _ . - _ , . . _ , _ . , .-- . _ . , _
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APPEllDIX XXII
|!cGuire 1 and 2: Project Status Report'

STATUS REIORT FOR THE MCGUIRE NUCLEAR STATION

Introduction .

l

The McGuire Nuclear Station is located on the shores of $ake Norman, I

in Mecklenburg County, North Carolina. The site is approximately

11 miles northwest of the city limits of Charlotte, North Carolina,

and is located in a rural area, 'having no unusual characteristics.

The plant is designed for an SSE of .15g and a OBE of .08g.The NSSS

l and the initial fuel loading will be supplied by the Westinghouse

Electric Corporation. The containments will be of ice condensor

O type and the fuel will be the 17x17 R grid design. McGuire will

be the lead plant with UHI. The ice condensor contain ment is similar
'

t,o that used on Cook Units 1&,2 (Cook Unit 1 utilizes the 15x15 grid <

fuel design. Cook Unit 2 utilizes the 17x17 R grid fuel design).

The core design is very similar to that used in the Cook Unit 2 and

Trojan. Westinghouse will provide the steam turbines. Tables com-

paring the design features of McGuire to similar plants and some

figures illustrating sone features of the design are attached as

Attactment 1. The Applicant will act as the architect engineer and

construction contractor as per the Applicant's usual practice.

Construction was initiated on June 23, 1971. Unit 1 is now approxi-

mately 93% conplete, and Unit 2 is approximately 58% complete. Fuel
_

loading for Unit 1 is scheduled for' December 1978, with the fuel

loading for Unit 2 scheduled for October 1980.

/b /
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.

The Staff issued their Safety Evaluation Report ont he McGuire Nuclear

Station on March 3,1978. -The outstanding issues which the staff has.

identified will be discussed in this report. A number of the outstand-

ing issues identified in the Staff's safety Nvaluation Report have since

been resolved. The Staff has in addition issued a Safety Evaluation

( Report on the UHI analytical models and appears to have reached an agree-

ment with the Applicant on the ECCS analyses for McGuire.

Outstanding Issues in the Staff's Safety Evaluation Report

The March Safety Evaluation Report contained a total of 21 outstanding

O issues, 7 oc which ere oueseendine beceuse the Seeff eve 1ueeton ce these

f areas has not yet been completed. Six of these outstanding issues have
l
j since been reso1ved and it is likely that others may be resolved in the
l

near future. The current status of the outstanding issues are as

follows:
,

(1) A Staff requiremant that the Applicant to submit justifiction for

the use of augmented inservice inspection in lieu of complete pipe

break protection - The Applicant is seeking exceptions to the

Staff criteria (Reg Guide 1.49) for protection against pipe whip

and wishes to substitute augmented inservice inspection for the

installation of certain pipe restrains. The Applicant has not

'

l

(4
,

/f- /W -
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formally either identified the pipe locations for which excep-

tions will be sought or submitted a justification. This informa-

tion will be submitted by July 1, 1978.

(2) A Staff requirement for the submittal of a summary of the dynamic

analysis applicable to Seismic Category I piping which would in-
~

clude the location of all postulated breaks and stress comparison

under design load combinations - This is a documentation require-

ment which the Staff is requiring prior to the completion of their

review. The Applicant will submit this information by October 1,

O 1978-

(3) A Staff requirement for additional information regarding low pressure

over pressurization protection - This issue is now resolved.

(4) A Staff requirement for the installation of leak detection capability

for leakage from the reactor coolant system into the research heat '

j'
.

removal and safety injection pump systems - The Staff is requiring

that the Applicant commit to the installation of suitable leak

detection equipmant. The Applicant will submit a response by

April 7, 1978.

g-/74' -
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,

|
;

(5) The Staff is requiring that the Applicant commit to a submit pro- )
|

cedures for the leak testing of eight dual bellows penetrations, |

1
llocated outside of the secondary containment, which could cdn-

stitute potential bypass leakage path - This item is now resolved.

(6), A Staff requirement for a residual heat removal system interlock ,

1

to prevent pump runout duri,ng switch over to the residual spray -

In the event that only one containment spray train is operable,

ECCS water will be pumped to the auxiliary spray headers. This

will'be a.ccomplished by isolating the direct injection of the !,

;

residual heat removal pumps into the cold legs, and diverting

O this discharge to the safety injection train and the auxiliary

spray headers. To preclude potential pump runout at least one

of the valves in the cross between the discharges of the residual
l

heat renoval pumps must be closed before the residual heat removal I

sprayline valve can be open. The Staff is requiring that these

valves to interlocked. The Applicant will submit a response by

April 7, 1978. .

(7) A Staff requirement for the evaluation of water hammer potential -

The Staff is concerned over potential water hammer in the ECCS (due

to void collaspe in the lines) and the steam generator (due to void

collaspe in the feedwater preheaters). The Staff is requiring that

the Applicant provide additional infornation which will denonstrate

g that damaging water hamner would not occur.(

'

g-/7c
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1

;

(8) .A Staff requirement for a means of detecting of post-loss of

coolant accident leakage - The Staff wi11 require that the

Applicant provide information identifying all possible sou'cesr
r

of significant . leakage and the m2ans of monitoring this leakage.

The Applicant wil1 provide a response by Apri1 7, 1978.
1

(9) A Staff requirement for the evaluation of ECCS during off design

conditions - The Applicant's procedures ca11 for-the blocking ;

of the safety injection signal during p1 ant cooldown and c1osing

-and locking out power to the cold leg accumulator valves during-

shutdown operations. The Staff is requiring an analysis of the

O the zCCS verformance for ehese coaditione, end wi11 review the

effect of implemanting these procedures. The Applicant will

provide a response by April 7, 1978 .

1
i

(10) A Staff requirement for additional information on the qualification
i

of Nuclear Steam Supply System Equipment and the balance of planned

Class IE equipmant - The Applicant has stated that the seismic and

environmental qualification of equipment will be in accordance with

the WCAP-7744 - 1971 and WCAP-7817 - 1971. The Staff has reviewed

these topical reports and has found that some procedures which are

specified are not acceptable. The Staff will require that all I

clements of the Applicant's qualification program be acceptable, f
Resolution of this issue is expected in the near future.

i

4
(11) A Staff requirmant for additional information on the offsite poser

i

system design - This issue is now resolved..

77
|

*
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I a

(12) The Staff is requiring that an alarm be installed on the non-

isolation of the unborated water supply during startup or

; shutdown - The Applicant now uses information from the neutron
| *

| detectors to indicate the unintentional injecticn of unborated
e

water into the primary coolant during startup or shutdown. The

! Staff is requiring a more direct indication of the satisfactory
I

isolation of the unborated water supply. The Applicant will'

submit a resonse by April 7, 1978.

(13) 'A Staff'requirment for the evaluation of accident trips for new

trip items - The Applicant has changed som of the technical
O specifications on the trip delay times. This issue is now

resolved.

(14) The Staff is requiring additional information on the steamline

break accident - The Staff is requiring additional documentation

which is intended to clarify the Applicant's previous responses

on questions on this item. Revision 28 to the FSAR has recently

been submitted and should resolve this issue.
|

The following issues are currently outstanding pending Staff evaluation:

(1). The evaluation of Unit 2 reactor-vessel fracture toughness data -

The Staff's review of this item is not yet completed. There appear

to be no unique problems in this review. f

'
(2) The evaluation of conformance with Appendix K to 10 CPR Part 50 -

These are ECCS/UllI items. The Staff has issued an Safety Evaluation
4

jy-/ 7 Y
_
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Report on the ECCS analysis for plants with UHI. It appears

that this ECCS analysis for McGuire will show conpliance with

the Appendix K.

(3) The evaluation of the documentation of the test program results

of the electrical penetration qualification - This issue is now

resolved.,

(4) The evaluation of the Applicants justification for shared elec-
'

trical paher supply system - This item is now resolved.

O (s) rne eve 1ueeton or ene rire erotectioa ^aetrete - zue stert rire

protection review has not yet been completed.

|

(6) The evaluation of the Industrial Security Plan - The Staff's review

of the Industrial Security Plan is not yet completed. It is expected

that this issue will be rsolved by mid-July.

(7) The eveluation of financial requirements of the Applicant - It is |

|

the Staff's practice to not complete this evaluation until time near

the end of the review to assure that the nest current information

has been used in the evaluation. It appears that the Staff's con-
| clusions will be favorable. Completion of this' review is expected

by mid-May, 1978. |
1

|

p-Q
,
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Action on ACPS Generic Matters

The status of the Applicant and the NRC Staff action on the ACRS generic,

items is as follows: (The items which are marked with a asterisk are

recommended for inclusions in the generic paragraph.

Grcup II:

(1) Turbine Missiles - This items is resolved in that the

facility has a peninsular turbine arrangement.
.

(2) Effective Operation of Containment Sorays in a Ioss of

Coolant Accident - The McGuire Plant utilizes a ice
* *

condensor containment. Sodium Tetraborate has been
Iadded to the ice makeup solution to enhance the iodine '

O l

absolution characteristic of the ice. The technical

specifications will require a minimum ice ph of 9.0 |

whenever the reactor is critical. The containment

sprays will use borated water.
.

.

* (3) Possible Fracture of the Pressure Vessel Post Loss of

Coolant Accident by Thermal S.. - This item is not

resolved for McGuire and is under generic review by

the Staff.

* (4) Instruments to Detect Severe Fuel Failures - The McGuire !

Station utilizes gamma monitors on a hot leg sampling
.

line. The adequacy of this type of instrumentation

to detect failures associated with very rapid events has,

I not yet been established.

//-/ P0 l
'

.
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* (Sa) Monitoring for Icose Parts Inside the Reactor Vessel - The

Applicant has conmitted to a installation of a loose parts

monitoring system. ,

* (5b) Monitoring for Excessive Vibration Inside the Reactor

Pressure Vessel - The Applicant has not comitted to
.

either the installation of equipment for neutron

noise analysis or the installation of vibration

detection equipment on other reactor pressure vessel

components, in the event that the usefulness of such
,

devices is established.

O * (6) Non Random Multiole Failures - This item is unresolved

for this facility. ;

1

1
'

* (7) Behavior of Reactor.Puel Under Abnormal Conditions -

This item is unresolved for this facility.

(8) Boiling Water Reactor Recirculation Pumo Over Soeed

During a Loss of Coolant Accident - This item is not

applicable to the McGuire Nuclear Station.

* (9) The Advisability of Seismic Scram - The Applicant has

not proposed the use of seismic scram for the McGuire

Nuclear Station. The Staff has indica':ed that they

do not intend to require such a scram on McGui're.

.

.- p#-
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.

'(10), . Emergency Core Cooling' System capability for Feature
.

Plants - The Staff has indicated that this item is .

under generic review and is considered to be unresolved'

for the McGuire Plant. The McGuire design does however

utilize ti e 17x17 R grid fuel and ' upper head injection.

Group IIA:

* (l) Ice Condensor-Containments - The McGuire Plant is.the

second ice conden'ser containment station to come before

the Comittee for a operating license review. (D.C.
.

Cook, Units 1&2 was the first). The Staff has developed
, , ,

'

some capability for performing a independent analysis ,

h of the ice condensor performance but have not used

these analysis tools on McGuire. Results to date

indicate a favorable comparison with the Westinghouse

calculations for D.C. Cook.
'

.

* (2) Pressurized Water Pumo Oversoeed During a Loss of

Coolant Accident - The Staff has indicated that this

matter is unresolved and is under generic review.

* (3) Steam Generator Tube Leakage - The Staff has indicated

that this items is considered to be resolved in part by

the requirements for inservice inspection. The steam

.

g_ / P 2,.
,
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generators used in McGuire were manufactured prior to

the implementation of the latest Westinghouse steam

generator design fixes.

*(4) ACRS NRC Periodic Ten Year Review of All Power Reactors -

This item is unresolved and is under generic review.

Group IIB:

(1) Computer Reactor Protection System - This item is not

applicable to the McGuire Station. Devices of this type

. are not used at the McGurie Station.-

* (2) Qualification of New Fuel Geometries - The Westinghouse

17x17 fuel assembly is to be used in the McGuire

reactors. A number of tests and surveillance programs

are ongoing at this time. The Trojan Reactor a full

17x17 core loading fuel. Corrmerical operation of
,

Trojan was begun on 5/20/76. j

(3) Behavior of Boiling Water Remtor Mark III Containments -

This item is not applicable to the McGuire Nuclear Station. |

(4) Stress Corrosion Cracking in Boilino Reactor Piping - This |
1

item is not applicable to the McGuire Nuclear Power Station.

Group IIC:

* (l) Incking Out of Emergency Core Cooling System Power Ooerated

Valves - The NRC Staff has accepted valve lockout and the |
|

/Y-/ 0'
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\ '
, 3

|
1

administrative controls 9stablished by the Applicant*

for the McGuire Station and considers this item to be'

resolved on this basis. This does not seem to be con- ;

sistant with the Comnittee's position on a acceptable
i
;resolution for this item.

.

i

* (2) Design Features to Control Sabotage - The NRC Staff has

not yet completed,their evaluation of the applicant's

Security Plan. The methods planned for the McGuire

' Station appear to be consistant with the current state-
~

of the art.
}

|

Q * (3a) Decontamination of Reactors - This item is unresolved and i

is under generic review by the Staff.
-

.

,

4~

* (3b) . Decommissioning of Reactors - This items is unresolved and 1
i

under generic review by the Staff. |

(4) Vessel Succorts Structures - The load analysis has been per-

formed for this facility using the approved Westinghouse

nodels and the structures have been found to be adequate.

The Staff has concurred in this analysis. This items is ,

1

considered to be resolved for the McGuire Nuclear Station.

* (5) Waterhammer - This item is unresolved and is addressed in

item 7 of the Staff's outstanding issues.

-

.

/fW
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*(6) Maintenance and Insoection of Plants - The NRC Staff con-.

siders this item to be resolved for the McGuire Nuclear

Station and that the Applicant is in compliance with ;

current NRC requirements. This does not appear to con-

sistant with the Coranittee position on ' acceptable reso-

lution for this item.

(7) Behavior of Boiling Water Reactor Mark I Containment -

This item is not applicable to the McGuire Nuclear j

|

Station.

.

Group IID:

O (1) seretv ne1atea 1nterreces setweea the neector t=1ead

and the Balance of Plant - The Staff has indicated that

thisitemisnotapplicabletotheMcduireNuclear

Station since the McGuire Station is a custom design. '
.

Duke Power Conpany acts its own architect engineer and

construction contractor and has this advantage in handl-

ing interfaces between the NSSS, vendor supplied systems

and the balance of plant.

* (2) Assuance of Continuous Lono Term Capability of Hermetic

Seals on Instrumentation and Electric Eauipment - The

NRC Staff has indicated that they have not address this

item in the Safety Evaluation Report, except as general

requiremnt for environmntal qualification of equipment.
,

. -

|~f
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The Subcomittee may wish to discuss this further with

the NPC Staff.

Group IIE:

* (l) Soil Structural Interactions - The NRC Staff has in-
dicated that this item is currently being evaluated

as part of the Task Action Plan A40 " Seismic Design

Criteria". This evaluation is scheduled to be com-

pleted by September 1978 and could lead to the

nodification of current criteria for seismic input
' ' 'and soil structural interaction. The foundations

for nost of the mjor structures at McGuire are on

O sound rock.
1

Intervenors/Sigriificant Differences of Ooinion Among the NRC Staff

The Carolina Environmental Study Group has raised a concern regarding

the probability of a major earthquake in the eastern part of North

Carolina, and-has cited anomlous changes in land elevation and ground-

water behavior as possible predictors of such a carthquake. David Stewart,

David Dunn, and S. Duncan Heron has raised this issue on the Dunswick

Docket and has reported that such anomlous conditions exist in the vicinity

of Southport, North Carolina The Carolina Power and Light Conpany has
:
!

been operating a micto seismic network in the Southport area for approximately

1-1/2 years and have identified no local carthquakes. The historical record

.

.
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for this area indicates a very low level of seismicity. The McGuire

site is approximately 200 miles from the area of the postulated-

anomalities and is in a different tectonic province. ;

*

The Carolina and Environmental Study Group had submitted a written

statem nt to the ACRS on March 6,1977, (J. Riley to ACRS, see

Attachment 2) during the Comittee's review of the Perkins/ Cherokee

application. This material as distribued to the Comittee during its

review of the Cherokee /Perkins application. The Comittee appeared

to be satisfied that these issues had been properly addressed by the

Applicant and the NRC Staff. Mr. Riley raised these same issues at

the McGuire Subcomittee meeting.

O ~

The NRC Project Manager has informd me that there are no significant

dissent ing technical views remaining within the NRC Staff on McGuire.

The questions as to the testing of the large circuit breakers are

believed to have been re solved. Robert Pollard was formally the

NRC Project Engineer on the McGuire Plant. The NRC Project Manager

does not know of any specific dissenting technical views which were

expressed by Mr. Pollard on the McGuire Plant.

/V-/9 7
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:

DESIGil PARAMETER COMPARIS0fl
1

W. B. McGu1Re .

.

DESIGil PARAllETERS "1 Af1D"2- D. C', C001c 2 TROJAff ^'

|
1

l!SSS POWE'R LEVEL, E,WT 3fi25 3403 3423
|

.

REACTOR COOLANT PRESSURE, PSIA 2250 2250 2250
.

REACTOR COOLANT Flow RATE, 140','3 134''6 132 E

106 ggfgg

REACTOR COOLANT IEMPERATURE, Op

O
VESSEL }llLET 558''1 541','3 552'.i

VESSEL AVERAGE 588.2 573.8 584.7

VESSEL OUTLET 618.2 606.4 616.:

STEAM GENERATOR
,

STEAM IEMPERATURE, 0F 544','6 521''1 533.: |

STEAM PRESSURE PSIA 1000 820 910 |
t

6 La/HR 15.14 14.74 15.C7STEAM FLOW, 10

.

4

[
U
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. . .
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PAGE 2
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DESIGli PARNIETER COMPARISON |
l
l

i

W. B, MCOUI RE

DESIGil PARAtiETERS "1"AND"2' D.'C.' COOK 2 TROJAN ~
|

-

|

MINIMun Di!DR AT Il0MIf4AL CONDITIONS
1.

TYPICAL FLOW CHANilEL 2,08 3,03 2','04 |
~~

.

THIMBLE (COLD WALL) FLori CHANNEL 1,74 2',70 l',71 !
~

I

MituMuM DI|BR FOR DESIGN IRANSIEtlTS 1 1,30 2. l',77 > l','30
_

|

Dl!B CORRELATION "R" (W-3 WITH WRB-1 " R" (W-

O MODIFIED SPACE WITH M:
FACTOR) FIED S

FACTOPS

'

AVERAGE THERMAL OUTPUT, KW/FT 5','44 5,41 5.44

MAXIMUM LICENSED THERMAL OUTPUT 12,6 11,8 12,6
FOR I!ORMAL OPERAT10tl, KW/FT |

LIMITING F VAtuE 2','32 ~ 2 ','18 2,32
~

a

1
.

: .

f~/ }|J' .. .
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DESIGN COMPARISON' ':e |

. .

.

O
W,' B. McGUIRE |

Basic COMPol!ENT ' ' l AN D 2 ' D,. C, C00K'2 TROJAN 1 l

|'

REACTOR VESSEL, ID, IN 173 173 173 |

|

C6RE -

NUMBER OF ASSEMBLIES 193 193 193 i.

Ron ARRAY 17 X 17 17 X 17 17 X 17
ROD OD, IN O',374 0','374 0','374
NUMBER OF grins 8 R TYPE 8 R TYPE 8 R TYPE
ACTIVE Fust LEl4GTH,, IN 144 144 144

i

NUMBER OF CONTROL RODS !
|

'

FULL LENGTH 53 53 53 i

PART LEl4GTH 8 8 8 -

.

OTEAM GENERATOR
|
,

TYPE PREHEAT FE EDRil4G FEE D'RI NG :,

|
1

SHELL DESIGN PRESSURE, 1200 1100 1100
PSIA

.
.

REACTOR COOLANT PUMP

TYPE 93A 93A 93A

MOTOR ll0RSE POWER 7000 6000 6000

.

6

O-
1

I.
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SYSTEM AND COMPO IT DESIGN COMPARISON .
OGE1 :

- SYSTEM / COMPONENT SIMILAR DESIGNS PRINCIPLE DIFF$RENCES

Fu2L TROJAN, COOK 2 AND SEQUDYAH 'NONE
'

1

REACTOR YESSEL INTERNALS SEQUOYAH AND IROJAN MCGUIRE AND SEQUOYAH WILL HA'VE' '

UPPER HEAD INJECTION SYSTEMSJ

MCGUIRE AND TROJAN WILL HAVE -

NEUTR0f; PADS; MC6UIRE.ATID

SEQUOYAH HILL' BE MCDIFIED FOR

INCREASED INLET FLOW BYPASSN
N - TO THE UPPER HEAD. ,

l- !

w REACTIVITY CONTROL COOK 2, TROJAN AND SEQUOYAH NONE
'

N
~

N0flE-
'

NUCLEAR DESIGN COOK 2, TROJAN AND. SEQUOYAH :
,

THERMAL-HYDRAULIC EESIGN COOK 2, TROJ AN AND SEQUOYAH COOK 2 HAS USED THE WESTINGHOUSE!
' IMPROVED THERMAL DESIGN i

PROCEDURE

7.

_ ','NONE
REACTOR COOLANT SYSTEM COOK 2, TROJAN AND SEQUOYAH

,

.

REACTOR VESSEL COOK 2, TROJAN AND SEQUOYAH MCGUIRE AND SEQUOYAH VESSEL

HEADS INCORPORATE UPPER HEAD
9 PENETRATIONS;

!

/4
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Q SYSTEM AND COMPQNT DESIGN COMPARISON PAC $

i SYSTEM / COMPONENT SIMILAR' DESIGNS PRINCIPLE' DIFFERENCES

REACTOR COOLANT PUMP COOK, TROJ AN AND SEQUOYAH MCGUIRE HAS HIGHER COOLANT
~

FLOW DUE TO CHANGES TO

,

IMPELLER, DIFFUSER AND INCREASED'
' '

MOTOR HORSEPOMER

STEAM GENERATORS COOK, TROJAN AND SEQUOYAH MCGuIRE WILL HAVE PREHEAT ,

STEAM GENERATORS

RESIDUAL HEAT REMOVAL COOK, IROJAN AND SEQUOYAH NONE

N SYSTEM
'

N <

L( PRESSURIZER COOK, IROJAN AND SEQUOYAH .UONE :
y -

!.

f CONTAINMENT SYSTEMS COOK AND SEQUOYAH ECGu1RE, COOK AND SEQUOYAH

HAVE ICE CONDENSER SYSTEMS

'

EMERGENCY CORE COOLING COOK, TR0JAN AND SEQUOYAH MCGUIRE AND SEQUOYAH HAVE

.fSYSTEM UPPER HEAD INJECTION SYSTEMS .;.

REACTOR PROTECTION SYSTEM FUNCTIONS ARE SIMILAR TO . NONE

COOK ', TROJAN AND SEQUOYAH
~

g
,

Il

9
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SYSTEM AND COMP 0 T DESIGN COMPARISON PAGE

<

SysTEv/ Cone 0NENT SIMILAR' DESIGNS PRINCIPLE ~ DIFFERENCES ,

. . y

;- . ENsINEEaED SAFETY FEATURE FUNCTIONS ARE SIMILAR TO RONE

ACTUATION SYSTEMS COOK 2,-TROJAN AND SEQUOYAH

ELECTRICAL SYSTEMS REQUIRED FUNCTIONS ARE SIMILAR TO N0bE ,

.

FOR SAFE SHuTD0ict COOK 2, TROJAN AND SEQUOYAH

SAFETY RELATED DISPLAY FUNCTIONS SIMILAR TO COOK 2, ACTUAL CONFIGURATION MAY

}NSTRUMENTATION TROJAN AND SEQUOYAH DIFFER
i -

N CHEMICAL AND VOLUME CONTROL COOK 2, T"JJAN AND SEQUOYAH MCGUIRE WILL HAVE BORON

y SYSTEM THERMAL REGENERATION
;

,
- - .

N.
N

-

.

*e

'

, . . .

.
I

,

.
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MAJOR PESICl| CllANGES SINCE PStR . .
,

o
CHANGt IN TESIGN REASON t

,

i

FUEL ASSEMBLY DESIGN CHANGED FROM IMPROVED CORE THERMAL MARGift
15 x 15 TO 17 x 17 ARRAY

UPPER INTERNALS MODIFICATION ACCOMMODATE 17 X 37 Allb UPPER
liEAD INJECTION

THERMAL SHIELD HAS BEEN REPLACED SIMPLIFIED CORE SUPPORT DESIGN
BY NEUTRON PADS AND REDUCED PRESSURE DROP t.MD

VELOCITY !- .

ICE BASKETS, SUPPORTS AND LATTICE ACC0l'.M0!'AT E DES IGN LOADING
FRAMES FOR THE ICE CONDENSER CONDITIONS BEYOND THOSE
HAVE BEEN REDESIGNED COMMITTED IN THE PSAR

g]UPPERllEADINJECTIONSYSTEM IMPROVED PERFORF.ANCE OF THE
liAS BEEli ADDED EMERGEllCY CORE COOLING SYSTEM

STEAM GENERATOR CHEMISTRY CHANGED PROBLEMS ASSOCIATED WITH PHOSPHATE
FROM PHOSPHATE TO VOLATILE AMiffE CHEMISTRY
TRE ATMENT -

, ..'n..,r. '

. . . <,

.n..

G . . ,.

,

.
.

SEMI-AUTOMATI C SWITCil0VER TO MEET !!RC REQUIREMEllT TO REDUCE
ECCS RECIRCULATION HAS BEEN RELI ANCE ON OPERATOR ACTION
PROVIDED AS BACKUP TO OPERATOR
ACTION

O
'

R- / 9Y y
. ._ _ w



1

.

fSGE1
..

'Ov
17 x 17 FUEL SURVEILLANCE PROGRAM

i

i
|

SURRY" DEMONSTRATION PROGRAM

'

|
(2) 7-cRID 17 x 17 ASSEIGLIES 1RRADI ATED IN EACH OF THE l0

TWO SURRY UNITS
,

!

l

FIRST AND SECOMD CYCLE EXAMINATIONS COMPLETED FOR BOTH0
UNITS lilCLUDES TELEVISION, ROD BOW MEASUREMENTS, P ROF I LO'1ET RY, j

GAMMA SCAll, EDDY CURREllT, ETC.

o SURRY UNIT 1 DEMO ASSElGLIES DISCHARGED

SURRY U;i1T 2 DeM0 ASSEMDLIES n0u uriDEao01iie TslRD CYCtE OF
O' 1RRADI AT 100 (EXPECTED DISCHARGE DATE:

MARCH, 1979)

17 x 17 FULL CORE EXAMINATIONS .

VISUAL EXAMINATION OF FIRST TWO 17 X 17 FULL CORE REACTORS
I

O

1.E., IROJ AN AllD BEAVER VALLEY UNIT 1TO RELOAD FUEL)

EXAMINATIONS TO INCLUDE DESERVATIONS FOR CLADDING DEFECTS,0
ROD DOUING, CORROSIOM, CRUD DEPOSITION, AND GEOMETRIC

-

DISTORTION
1

!
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POPULATION CENTER DISTANCES.

WITHIN

A 100 MILE RADIUS
A
V

100 MILES
'y

VA- g, -

7 5 M TI E 3 ~ ' - ~ ~ ~
. _ _ . ._

JOHNSON CITY
(35,770) / (r=

#

WINSTON-SALE!.1
nt.

50 MIL ES (1323 ) GREENS 00RO

h 044, ors )

g ,/ d.RLINGTOtJ
(35,338)

HIGH PO(NT
2 5 MILES (83'' 4 '

ASHEVILLE
E

KANN POLIS
SdE 4'*CONC o_f %,

GASTOfilA
~

~p
-

CHARLD TE
SPARTA NBURG ''

O* g(44,540)

Q ROCK HILL'p (33#4c) 1_N.C.. __ . . _ ,GREENVIL LE
_

(6l,4 36) \.

s
.

N

COLUMDtA
(113,542)

D.

.

SOURCE: 1970 CENSUS OF
DOPUL ATION

POPL'LATIO't CE!!TC,7 Ul STAT:US

Willlitt A 100 f t|LE RADill5
i(
troisih McGUlHE NUCLEAR STATIONO OGY''~

r i ue re z . .i . .i- i

/4 - / 9 9 /
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i.:Grch 0, 1977 .

O -

Advicory Comittee on Eco ctor Sufc cuards [
.

. . ''.

U.S. I!uclear iteculu tory Comiu;1on
flachingto n, ii . C . 20050

.

Gentlemen:j
.

The encloned twenty copica of questions vifth respect to
the nufcty of the 1:cGuire, On ta ci bu , Perhina, Chcrohte and
Oconce nuclear stations ..cre picpure d fo r cu bmit.cion at the
scheduled nectinc of the ACiG in Cl.crlotte on JLa. 10.
The ncetint, tiac canceled. Ac I have not letraed of a
subccquent cchedulinc of the noctinc I an tchinc the
opportu;.ity to f ory:ard thcuo questions to you. I note
with interect that none, of th en vicre raised i n 2.~JJEC--0136
or h"diCG-0153. Ishallf56me: hat lena concern if the
procedurec for p2D J ccting life perfornnnce of .hc nost
houvily fcticued components in the prinnry coolcat systen
are ncdc at a hicher level of cophic tication th;n in
Ir ovided by the AS:!E codes now in effect.

Yours very pa-v,

jfft '9 /cL/ m
Q

.,

Jesse L. Rile.
Prssident, C25 '

,

.
.

,

.

.

1C.L,0U: '~'?9 uCpy - it,OtR1Il
p n e e. p m . . .

,

for tIl0 [_:d3 C2 ti.3 CommittGO
.

,.4.- - -em - n .wn-r,- mr.re -u

ATTACllMENT 2.
,

.

1
-

O / - aes
-

~

u 5LCONi IKritCY NhCC Cil4L'lOTTC
liORTil CAROllith 98007 - (704) 375 43d. ._Jf '

', r-
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CAltoLINA ENVlitONMC'NTAL GTUDY GROUP
January l'/,19T/

.. n 4 ..r n , , ,, m
-

Cfl Atel asf 8 0 #de seel ps s' A sse nt ap4 A an/sef P' il sta 6a letanet
'Fil4 4 # $ 4.14 J Wip4m i spH R A 0 P M Ne itt l et s' A ttitt IN A 3,:

9 49 'til11 Lin fin

Advinot $' 00mittoo on Ronctor Safoguarda
!!cotir., !a Charlotto, N. C.

In the teatter of Porkins and Chorchco nuclear stations and with referencoto Catauba, licGuiro mr.1 Oconco nuclear ctations
-

WAS'i-1270 van concerned uith reducing the rick of a common modo failurc
,involving control rod incortion. At both the Mcnford and Kahl reactorc

thoro had bocn incidenta in uhich the pritt.ary control rod incertion
system had fdled to perform. 'dAO!-1270 rcported octimatos of as high
7000 pai in the princry cooling :g.cton during an.~rbicipatt;d trancient
without ceram. The Atoaic Encrr,7 Co :miccien in that report required that,
cftor a specified date, all reactorn in order to noot licensing requirementu,-
vould have to be omtipped uith tuo coparato cordrol red incertion ny:fcems
uhich vould be entirely differord with rocpcet to modos of failt.ro co that
the rick of complete insertion failuro during a 'trancient uculd be cignif,icant37 reduced.

UASH-1270 did not en11 for retrofit of units licensed before the et teff date.Vas the primry roccon for not requiring rebrofit economic or concern forp
d concrating capacity? The procent rocerve is :;uch as to per:dt shutdownand retrofit.

-

The WASb1270 requirement ap.c are not to be in offect hor Catauba, Perkinsor Chorokco. Phat are the r'ounds for removing from force the reqc'rementsinitial]y promulgated S WAm-1270?

The ASTM codo for roactor . acccis proceribes the requirenants for bolting
materials used in clocure studo. Sinclo tencilo cpocincno cut frca cach
cud of a bolting st,och heat euct exceed 130 kips at ambient break. For
the 11cCuire and Catauba reactors tho varianco in accepted individual tencile
specinenc van cuch that, using nor..a3 ctatictical inforence, the population
from which the cpeciv.cna uore drem contained 10'!, of individuals locc than130 kipo. Scroral questions should bo asked and ansverod.

Tho prediction of fniluro, a corious concorn in the NASA spaco progrann,
ronulted in tho developmort of probabliutic analysis. Why in thin novo
nophinticated, stato-of-tho-art technique not unnd in tho ovaluation of
phycical tout, data mvl the catting of cpecifications for reactor utudu?

The ASN! codo annrmon that emn31 tona11e specimons, area loco than 0.9 in",o

vill provado crJtically Jc. port.::nt ini'ornation an to the olovated temperaturo
tennQc propert. ion of bolt.n ujth a ntnimum crosa noctioin1 aren of abouth0 in",

ilan thn relationship betwor u tencilo upocimen proporti on obtnfnodnecording te tho codo cinel the( olovnted tamporaturn tenni]o characturintien
of boltu from tho camo nLock boon dotormined? If so, uhat woro tho riiviingn?

/f706 ~
.

r-
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-2-
,

'tha autnuspblon una mado in tho.citco of tho McGuiro and Catnuba r
that, in oporetion, no port. ion of tho studholt vould oxenedonctorsof L'00 F.

lartt acm:=ptionn nro mndo for the Porkina and Chorokon r
,_

]s a tenporaturaI

11au en actual dotorninntion boon mado of the mxiraa oporntinotte t ors?

of utud boltu telth particulttr reforonce to thoco portions ponotratig tottpornturo
trrrpor flanco t.nd threaded into tho louer flango? ng the

Doca not the departuro fron the initia)
rod incertionu prcposed, cetually pronu)cated, requirements for dual and different
rick accociated trith an un:hrtcetod, wonk ctud bolt?in WA5i!-1270 incroaco the I

Hao rm indoporrlant, uoll qualified orport or groun of oxperto
the lond contribution to uteda vicinal to a failed ctud of theecleultted
frco comproccion of tho flent|o region co=prosced by the nut of threc ovory j

stud for a varioty of cituations including normal operating proscuro ande failed

the ranCo of preneures Anticipated for the full rango of trcncican develop in tho aboonco of scrars? ents thichIf so, uhat uoro the findings?

,n.

(

Josco L. Ri of 1
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O
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APPEliDIX XXIV
.

F.cGui re: UHI Analyses Compared with
Measurement

SUMMARY OF UHI EVENTS

INITIATED REvlEW 0F UHI EVALUATION MODEL JAN. '75

.

NRC STATUS REPORTS SEPT. '75

AuG. '76

DRAFT SERS JULY '77

DEc '77

ACRS MEETINGS JUNE '75

SEPT. '75'

O Dec '75

MARCH '76

JUNE '76 |

SEPT. '76 )
JULY '77 |

DEc. '77

O !
.



_ - _ _ - - - . . .

9

O

ISSUES CONSIDERED SINCE 12-77 .

VERIFICATION OF SPLIT DOWNCOMER.

ACCUMULATOR DELIVERY .,

ROSA-Il ANALYSIS.

SEMISCALE MOD 3 UHI TESTS,

ERROR CORRECTIONS,

- UHI L0w FL0w QUENCH LIMIT

-GENERICZlRC-WkTERREACTION
.

HEAD COOLING JET MODIFICATION IO.

REDUCE UPPER HEAD IEMPERATURE

5

O
'

/g- a /



:

CONFIRMATORY COMPARISONS FOR SPLIT

DOWNCOMER liODEL )
!

L1-4 - LOWER PLENUM DELIVERY, LOWER PLENUM AND DOWNCOMER.

STORAGE, END-OF-BYPASS.
,

|

CREARE SWEEPOUT - LOWER PLENUM STORAGE.

CREARE TRANSIENT - END-0F-3YPASS AND LOWER PLENUM DELIVERY,

-

PLANT SENSITIVITIES - PCT'AND SYSTEM EFFECTS.

|
,

O
.

l

|

|

O!a

/f~ Of V



. -. - . . .. _. - .-. -

- . . . .

O
DOWNCOMER MODEL pct SENSITIVITY

:
PERFECT IMPERFECT

CASE MIXING MIXING

pct aPcT pct APcT

("F) ( F) (*F) ( F)

1800BASE 2020 --

,

'

HEAD FIx 2020 0 1997 197

LOWER PLENUM

SEPARATION 2130 110 2150 153

0

. BASED ON THIS STUDY AND CONSERVATIVE COMPARISONS TO DATA,

REVISED MODEL IS ACCEPTABLE.

9

0
.

77- p-/ L
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O Aeeeriotx xxv
ticGuire 1 & 2: UHI Ai!ALYSIS

.

PREDICTED ECCS PERFORMANCE

1

l
.

*

OVERVIEW

l

*
CURRENTLY SUBMITTED RESULTS

|
|

*

MODIFICATION TO METAL-WATER REACTION RATE
CALCULATION

O
'

*
APPROVED UHI EVALUATION MODEL

!

CALCULATED ECCS PERFORMANCE WITH APPROVED MODEL |
*

:

1

O
g, z i

!
__



__ ._ _

O O - O-

'

.

INSIDE OUTSIDE
CONTAlfoENT gCOMTAINENT SURGE

y LANK Jc-55 FT [ 12*3
,

! 3- NEMBRAME I800 FT'

| [D [ '

I
I LIQUID GAS
I
' p\ VI2"

*A > UNI , ACCU!4ULATOR YESSELS
-.

- 5" D' 1~ ,r .
-

/ .

ISOLATION VALVES
\ 12' YALVES CLOSE ON8' --

h 0 LOW LEVEL IN *

CHECX YALVES ACCUMULA TO R
*

p j% W S' MP
/ % 9 Z_3,-r-

8
- FOUR INJECTION

5 / ORTS (5" 03) #'

.

'

t

'

< 2 -

REACTOR YESSEL HEAD -
~

,

,

, . -- - -- w

figure 2.1 Upper Head Injection System Schematic -

- _ - _ _ ._ _ ._
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.

O

ANALYSIS CONDITIONS
!

!
,

NSSS POWER 3564
(HYDRAULIC ANALYSIS, MWT,102% OF)

i

'

'

CORE POWER
(ROD HEATUP ANALYSIS, MWT, 102% OF) 3411

PEAK LINEAR POWER (KW/FT) 12.63

O

PEAKING FACTOR (AT LICENSE RATING) 2.32

ACCUMULATOR WATER VOLtDIE
3(COLD LEG, NOMINAL, FT ) 950

,

1000 F} IMPERFECT MIXING
PERFECT MIXINGACCIDIULATOR WATER VOLUME

E50 FT(UHI, NOMINAL DELIVERED, FT )

bu
1

-a23
_-. .
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O

COMPLIANCE WITH APPENDIX K 10CFP.50.46

|

~
0.6 DECLG D

~
D =

RESULT
MI GPERFECT MIXING

PEAK CLAD TDIP. ( F) 2164. 2163.

PEAK CLAD TDIP. 9.0 9.0 I
LOCATION (FT) !

LOCAL ZR/H2O 7.02 6.05
REACTION (MAX. %)

O
LOCATION OF MAX. 9.0 9.0
LOCAL ZR/H2O (FT) )

TOTAL ZR/H2O <0.3 <0.3
REACTION (%)

HOT ROD BURST 64.0 60.2
TDIE (SEC)

1
i

HOT ROD BURST 6.0 6.75 |
LOCATION (FT) '

|

|
|

|
[

A

,cf - 2 9- Y
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|

l

I

'l MODIFICATIONS TO ECCS MODELS
|

.

|
l

I
|

*
MODIFIED METAL-WATER REACTION RATE

.

l

I
'*

COLD LEO ACCUMULATOR GAS EXPANSION

*

( DOWNC0FER CROSSFLOW MODIFICATION

*

LOWER PLENUM SEPARATION MODEL

|

|
|

ACCOUNT IS MADE OF INCREASED SPRAY N0ZZLE FLOW AREA.
i

i
i

r)%.

ff - 2 ;L S~
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O

.

LOCTA ZIRC-WATER PROBLEM DESCRIPTIO|1

!
.

ZIRC-WATER REACTION, HEAT SOURCE IS ASSOCIATED WITH SURFACE fl0DE-

DEFIllITI0il 0F VOLUMETRIC HE,AT GEf1ERATI0il BASED Off RADIAL f4ESH SIZE-

RESULTS Ill TOTAL HEAT GEtlERATI0il DUE TO ZIRC-WATER REACT 10il DEIflG

REDUCED BY FACTOR OF TWO

PROBLEll HAS BEEH VERIFIED BY EXAMIflATIO;l 0F HEAT BALAtlCE AT TIME-

O or ect w"er' "c^T Ifl EauALS HEAT OuT

i

CORRECTI0il HAS BEEi! IMPLEMEllTED FOR ALL FUTURE A:lALYSES-
.

a

O

# aa L
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i

PEAK CLAD TEMPERATURE RESULTS USING
.

-
t

APPROVED UHI EVALUATION MODEL

,

DOUBLE ENDED COLD LEG GUILLOTINE BREAK, Cd=0.6

.

& E

I
.

s

PERFECT MIXING IMPERFECT MIXING

A OR IN UPPER HEAD IN UPPER HEAD -

.

SETPOINTS
,

PRESSURE 1200 PSI 1300 PSI
,

h VOLUME ~ 1080 FT3 ~ 960 FT3

'
'

.

~

x1 :

; PEAK CLAD TEMPERATURE 2190 DEGREES F 1990 DEGREES F

R

e

Y

*
e

I

'

t

,

_ _ _ - - - . _ - _ _ _ _ _ - . . _ _ - - . _ - _ _. _ - - _ - _ -- - -- _- - --- --- ----.__---_ _ ---- -._.__-__-_-
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February 24, 1978 i

(,(' |
APPEilDIX XXVI I

'

Davis Besse 1: . Status Report |
l

STATUS REFORT DAVIS-BESSE 1 ]
|

The Committee reviewed the OL application for DB-1 on January 6,
1977 and issued its report on January 14, 1977.

The plant is now in power ascension, operating up to 75% full
power.

STATUS OF ITEMS IN ACPS OL LETTER, January 14, 1977
(item nu:rmers are snown in margin of attacned copy of
letter) * items are suggested for discussion.

* 1. Not resolved. OL license conditioned to require analysis
prior to startup af ter 1st refueling. NRC Staff has not
is' sued guidelines to licensee for the analysis.

2. Resolved. Mditional data on reactor coolant flow and
pressure drops is to be provided after the reactor reaches
90% full power. *.

O .

* 3. Not resolved. Little has been done on this item. %e
NRC Staff wrote to the State of Ohio (in 1973) suggesting
they participate in the program and explaining what asrist-
ance is available. No. response has been received and n. ;

ifollow-up action has been taken. *.

* 4. Not resolved. %is is generic item IID-2. We NRC Staff
will elaborate.

* 5. Not resolved. Little has been done on this item for
2-1 or other operating plants. The NRC Staff has not
required backfitting of RG 1.97.

6. Not resolved. AEG is generic to all plants..

7. Not resolved. OL license conditioned to require modifi-
cation prior to startup following 1st refueling. NRC Staff
has suggested a modification to resolve this item.

* 8. Not resolved. Much progress has been made on fire protec-
tion. OL conditioned to require licensee to meet Appendix A
to BIP 9.5.1 within three years of issuance of OL. NRC

Staff will elaborate.

O
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9. Pesolved. NRC Staff wil elaborate.

STATUS OF ACRS GENERIC ITEMS. (Report No. 4, Acril 16,1976)

II-l Turbine missiles
No change.

II-2 Containment sprays following a IfCA *

No change; LCCA doses re-evaluated. t.

II-3 RPV Failure Post-ICCA by 'Ihermal Shock
No change.

II-4. Instruments to detect severe fuel failures
No change; resolved for limited failures.

.

II-6 dommon mode failures
. W change.

,

II-7 Behavior of fuel under abnormal conditions,,
I tb change.

Oi II-9 Seismic scram
No change.

. II-11 Instrumentation to follow course of an accident
Resolved generically but CB-1 does not meet BG 1.97
See Above Discussion.

IIA-1 Pressure in containment followine a LOCA
Resolved.- Peactor cavity pressure for DB-1 resolved.

IIA-4 Rupture of high pressure lines outside containment
Resolved.

IIA-5 PWR pumo overspeed during a IfCA
No change.

IIA-7 Steam generator tube leakage
! No change; partially resolved by RG 1.83.
t-

! IIA-8 10-year review
No change for.DB-1

aO'
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IIC-1 Locking out of oower ocerated ECCS Valves
Isolation of RHR trom primary system resolved,
single failure criterion for ECCS satisfied.
tb other changes.

IIC-2 Fire Protection
Progress being made by CB 1.

IIC-3 Features to control sabotage .

NRC Staff maintains this is resolved fo DB-1.

IIC-4 Decontamination and Decommissioning
No change.

IIC-5 Reactor vessel suctorts
tb change for DB-1.

IIC-6 Water Hammer
Steam generator water hammer not a problem in B&W plants.

o CONDITIONS PIMAINING CN OL LICENSE
f

/
# A * Seismic re-analysis of certain plant systems for a 0.2g safe

V shutdown earthquake and use of Regulatory Guide 1.60 design re-
sponse spectra.

Evaluation of fuel rod bowing effects,..

Inadvertent closure of decay heat removal system isolation valves.

during decay heat removal operation.

Plant operating restrictions with less than t'.ree reactor coolant.

pumps in operation.

Evaluation of facility fire pectection capability in accordance.

with Appendix A to Branch Technical Position APCSB 9.5.1.

CONDITICNS RESOLVED 'IO SATISPACTICN OF NRC STAFF, BUT ABCDEES PI-
MOVING THE LICENSE CONDITICNS NOT ISSUED.

Install flow measuring devices to monitor adequacy of boron dilu-.

tion modes of plant operation.

Analysis of the reactor coolant system response to pressure tran-.

sient that can potentially occur during startup and shutdown.

ALL CUTSTANDI1X3 ITEMS IN SER HAVE EITHER BEEN RESOLVED OR A CONDITION
O IMPOSED CN 'IHE OL.O jfp30

.
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DATE NtM ER * y
!

Decemoer 28, 1977, O J,..

29 2 <

'
30 1
31 ' 28

'

January 1,1978 16 -

.
,

i 2 38.'
3 162 |..

'

4 109 L
.

'

5 94 [ l
'

6 209 I-
7 179 I 8'

'-

8 40 --

9 V
-

9
,f .

!-

.

( 10 55 1
'

,
'

11 37 l
. -

12. 12
j 13 13 |,

i 14 4 !
'

- *
-

,, . .

1

* Note: ':.e number of events for the period (December 28 - January 2). i~ <

|
are those recorced at the Jocassee net, wnile from January '

3,1978, events ce:orded in the .eowe net wre used.v e
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APPENDIX XXVIII
CE Reactors: Control Element Guide Tube.- CEA GULDE TUB Wear

G CHRO.NOLOGY.OF ACTIONS 1

i

12/lt/77 Cracks observed in Control Element Assembling (CEA) li

guide tube during fuel inspection program at t'. ills tone 2. f
i
i

12/15/77 !!ortheast fluclear Energy Company (liflECO) and Combustion I
Engineering (CE) met with IIRC engineers presenting pre- |lininary finoings. We request general meting to . evaluate jthe guide tube problem.

,

12/19/77 F.2presentatives fron Caltinore Gas and Electric (CG&E), |
Flcrida Power and Licht (FP&L), l'. sine Yankee Atomic Power !
Company (ilYAPCO), flNECO, Omaha Public Pcwer District (0PPP), I

and CE met with f;RC to present liillstone 2 data on CEA
guide tube wear.

112/20/77 All effected CE licensees with operating facsilit'iec were j
notified to: (1) insert 1/7 of all CEA's, not fully inserad, ;
at least 10 steps each day, and (2) provid2 rcquest for i
cm:ndr2nt to allow CEA insertico ie/ond the prescat ' full ]out" position.

12/21/77 Engineering Cranch (EB) contracts with Id..ho Lat N .;l
Engineering Laboratory to provide car,fi er,t v i ur s'; s- !

p or ihe wif" tube problem. '

d
11/23/77 CE provides proprietary version of slides used at 12/1E'7'

nzc ting wi ch in; staf f.

12/27/77 Received recuest for Technical Specification (TS) charmes
from all operating CE licensees.

01/04/70 BGLE provides inforration on necessary inhibits to alinw
CEA insertion of three inches. Also excepts prcpered T'2:

telecopied by sta f f.

0!/00/70 Arendments for Calvert Cliffs 1 and 2, Ft. L:alhoun, Imine
Yankee, and St. Lucie were issued authoriziny CEA inser,ien
thrce inches.

01/12/73 Second r2eting with facilities and CE was held. CE pro-
sented iore ECT inspecticn data and Ascribed the pcc:ible
tearrary fix; sleeving of selected CEA quin tel s.

01/lC/7C DDR reques t ISE to ensure the the intent of 1/0/73 am0*cn
letter is irpier' anted at each f:cility.

01/17/7? CE pro'.id- non-m eprieta ry versic n c f si:dr . sed ct
12/19/77 cre c in ' '.;i tn the s ta f f.

k]
d;L3

_ _ _ _ _ _ _ - _ .
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CEA Guide Tube Pear I

Chronology of Actions - 2- j
m

b
,

|
01/18/78 Twenty-day-lttters sent to BG?.E, FPAL, MYAPC0 and OPPD

requiring, pursuant to 10CFR53.54(f), that " justification
that excessive guide tube wear does not exist in your
facility, or, if unable to assure that such wear does
not exist, justification that continued operation of the
facility would not create undue risk. .." f!"EC0 was sent
a similar letter requiring " additional justification for
return to operation. . . . " -

01/ 27/78 Encincering 3rcn:h (EB) contracts with Battelle !!ortinlost
Engineering Lcbaratory to : t uvide confirmatory analyses of
the guide tube problem.

02/03/70 DDR provides operating experience Ibmarandum I;o.11 on
guide tube wear to DSS.

02/06/78 The staff prenoticed the " resolution of the operational
problems related to CEA guido tube wear prior to return
to peuer operation: for Calvert Cliffs 1 and Millstone 2.

02/14/78 All responses to 20-day letters received. (fioto: Scre
respenses late due to adverre Leether condition.) BGSE
and FP!.L subr:ited CEi;-79-P for the operating reactors,
Calvert Cliffs 2 and St. Lucie. fit;ECO references CET:-

0 02-P for return to operation of Millstone 2. (CEi;-32-P
refen acos Cal f ar: Cli f f r.1, but it w:s n:t suh ,.t;d by

E.G!m . ) C73 rt ~' ', "rbt there ic no significant ouide
tuM 'v ar in Fw' C,;heun Staticn L' nit i fuel M u miies.'v'

MPC0 s: *..itt;l crates ;nat "the waun; o? r u i r; t e '. '2 war on
I:ai n: i:.nkes fuel that is similnr to th.: fuel curry .ly resia..<

in tlm reector is significantly less than the wcar experienced by 1

fuel in earlier cycles. |

02/15/78 CSLE ret with the staff to inforn us that they plan to
sleeva the CEA guide tubes in 110 fuel assembiies.

02/17/78 BG".E submitts CE -83(C)-P cn "Calvert Cliffs Unit f:0. 1
Reacter Operation with Ibdified CEA Guide Tubes."

02/17/78 CE recorrends that EST.E place a hold on the handline of
14 selected fuel assemblics in the Calvert Cliffs l' reactor. I

02/11/7D BGII and CE ret s ith staff to anTier our concerns on :ltnin7At ccaciusion, the sta f f in' arm BGBE Lhet onoration ui .h
sleeved CEA guice tuba involves an unrc. ie..ed sa fety a;enica.

1
02/24/70 imECO and CE et uith tha sie ff to pn wot their pu n to I

sl eeve appr <.i 'tely 3E guide tt 'as. Thu st; f f noti'is
tht" ';I C: ? r.i t i 7'1 U i ' h a F I C 9 VQ d C Els [Uide tuiX , i n V o I '.' ? s

p nn u .revien d 5a n ty qt .:I;i . .
V

|

l
1

l

-95 |
l
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I CEA Guide Tube Hear
Chronology of Actions -3-

02/27/78 FPSL and BGLE, respectively, notified the staff that
02/28/78 "prelininary results of the CE enalysis of the nore -

severely worn assenblies identified to date indicate
that the stress criteria established in so e guide tube
during the limiting seismic excitation (SSE)." They-
also state that test program "results continue to support
the conclusion that guide tube wear will not prevent CEA's
from inserting following an SEE.

03/08/78 Nf1ECO provides additional infornation on CEA guide tube
wear in:1uding Amendr.ent 1 to Cell-79-P, CEN-80(fi)-P,
CEN-82-P, and CEh-83(B)-P.

03/03/78 fa:ECO requires an anendment to authorize operation of
liisstone 2 with sleeves installed in the CEA guide tubes.
The letter also transmits CEN-30(N)-P, "l'illstone 2
Reactor Cperation with Ibdified CEA Guide Tubes."

03/15/70 Ic;ECO submits additional information en CEA guide tube
wear in:1uding Anandrent 2-P to CEN-79-P, C f -00(N)-P,

,O and CEf; 'D(C)-P and sleeving procedures used at CalvertV Cliffs 1 cad .'illst;ne 2.

03/lE/78 IN.ECO responds to staff questions and submits Anendment 1
to CEN-79-P, CEN-80(N)-P, CEN-82-P, and CEi:-83(C)-P.

03/16/78 BCSE response to staf f questions, including Amendment 1 to
CEN-79-P, CEN-C0(N)-P, CE"-82-P, ar.d CEN-83(B)-P.

03/17/70 E" E recinest fer c ondrant to o;'erate with sleend CEl,
'

guida tubos and to rem,ve all p: -t Itngth CE', plus res ;nse
to s ta f f qu:stions , in:ludes Ar .:ac. . n' 2-P to CE"-79-P,
CEN-83(N)-P, CEN-32-P, t.nd CEN-83(S)-P, " Additional Intora tion
on Guide Tube Wear."

03/20/7el DG5E subnits revised reload anslyses for Cyle 3 operation,

j 03/20/70 BUT,E reir,onds to staf f questions including resul tr of
visual e:acinations of sleeved cuiu tubes and worse case
Wear ohfer'~.d Ct CEI Nr* Cliffs I.

03/29/78 U.C p ro v i r.' : W 'h "t : sions on lo" ' cn* '
, ..o '' '::

6.ti d r O ! UW : 100 tuD| itaClure EeCh3niC5, C,'.r? dn . 40,
#

.,

and r27;:Cd HitniC a 'n l y '? 5 .

03/21.'" ' , ' C i s '* " ' ' |, r ' 4 "'~%t'' ' " !. w ' ~ r -| ? i n" "' n l . r N rJ; t i ? ','

U fc r Cal ' ci Clifts 1 ci
- 'E * 'h ;3 .-

|

#A P
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FUEL ASSEMBLY GUIDE TUBE INTEGRITY

I. PROBLEM

II. DESCRIPTION OF GUIDE TUBES
.

III. SAFETY AND DESIGN CONSIDERATIONS

A. LOADINGS
B. COOLABILITY
C. SCRAMABILITY

IV. WEAR OBSERVATIONS
.

A. NON-DESTRUCTIVE EXAMINATIONS
B. DESTRUCTIVE EXAMINATIONS

V. INTERIM FIXES

A. SLEEVING

1. DESCRIPTION OF SLEEVE

O 2. STRUCTURAL ANALYSES
3. SLEEVING PROCEDURE
4. SAFETY CONSIDERATIONS
S. TESTING

B. 3" INSERTION

VI. BASES FOR CONTINUED OPERATION

A. PLANTS WITH SLEEVED AND UNSLEEVED GUIDE TUBES

B. PLANTS WITH UNSLEEVED GUIDE TUBES

VII, SUSCEPTIBILITY OF OTHER NSSS DESIGNS TO GUIDE TUBE WEAR

l
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|

;
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FUEL ASSEMBLY GUIDE TUBE INTEGRITY

L. PROBLEM .

A. ON DECEMBER 13, 1977, CRACKS WERE FOUND IN

THE CONTROL ELEMENT ASSEMBLY GUIDE TUBES

OF THREE FUEL ASSEMBLIES AT MILLSTONE POINT

Q UNIT NO. 2.

II. DESCRIPTION OF GUIDE TUBES

l
1

1

O
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III, SAFETY AND DESIGN CONSIDERATIONS ,

A. ScaAMAart17y

B. C00LABLE GEOMETRY

.

O
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|
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IV. WEAR OBSERVATIONS -

A. NON-DESTRUCTIVE EXAMINATIONS

1. EDDY CURRENT TESTING

2. VISUAL INSPECTION WITH BORESCOPE AND/OR

PERISCOPE

1

B. DESTRUCTIVE EXAMINATIONS

1. METALOGRAPHIC EXAMINATION IN HOT CELL FACILITY

O

|

|

|

|

|

[. 2 3' -

,
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EDDY CURRENT TESTING AT OPERATING
_

COMBUSTION ENGINEERING REACTORS

.

NUMBER OF GUIDE TUBES TESTED

AVERAGE AZIMUTHAL

PLANT WEAR PROBE WEAR PROBE I

MILLSTONE POINT #2 474 120

MAINE YANKEE 659 93

CALVERT CLIFFS #1 623 291

FORT CALHOUN 140 0

l

O '

/7 W ^

i

|
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V. INTERIM SOLUTIONS

A. REPAIR OF WORN GUIDE IUBES BY SLEEVING .

1. DESCRIPTION OF SLEEVES

2. STRUCTURAL ANALYSES

3. SLEEVING PROCEDURE

4. SAFETY CONSIDERATIONS

5. TESTING OF SLEEVED ASSEMBLIES

B. 3 INCH INSERTION OF CONTROL R0oS

O
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QC CHECKS TO ENSURE PROPER SLEEVE INSTALLATION

1. Putt OuT TEST
.

2. VISUAL INSPECTION

|

3. I.D. GAUGING OPERATIONS

4. PERISCOPE INSPECTION FOR CRACKS

,

I
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VI. BASES FOR CONTINUED OPERATION
.

SLEEVING ACCEPTANCE

STRENCTHENS WORN'IUBES'

ELIMINATES FUR'Th'R WEAR'

NEW IUBE PROTECTION-

- STOPE WORN TUBE DAMAGE-

N0 HINDRANCE TO CEA OPERATION'
,

NO SIGNIFICANT IEMPERATURE OR FLOW CHANGES'

ACCEPTABLE INSTALLATION PROCESS'

OPERATIONAL EVALUATION JUDGED ACCEPTABLE'

FOR AT LEAST ONE CORE LIFE

IMPROVES RELOAD ASSEMBLY POSITIONING FLEXIBILITY l'

,

O-

p7- as-c
_ _ _ _ - _ _ _ . . -_
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VI, BASES FOR CONTINUED OPERATI0f1

CONTINUED UNSLEEVED OPERATION

CEA FULL-Our POSITION 3 INCHES LOWER'

- ASSURE SCRAM

- STOP WEAR AT Prev 10uS Futt-OuT LOCATION

- CONTROL ROD CONFERS STIFFNESS TO IUBE

POSITIVE RESULTS OF WORN IUBE SCRAM IESTS'

O
WORN IUBES CONTRIBUTE SUPPORT'

- WEAR IS LOCALIZED

NORMAL OPERATION LOADS ARE L0w !-

|

SAFETY REQUIREMENTS CAN BE MET'

I

SHORT CYCLE OR SMALL CORE CONSIDERATIONS'

- SPECIFIC CORES

|
'n

v

,7-as7
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March 7, 1978 U
.

PRELIMINARY fl0TIFICATION OF EVENT OR U|IUSUAL OCCURRENCE -- PNO-78-41

_T_his preliminary noti?ication 'censtitutes EARLY notice of an event
'

h0 oi ~ POSSIBLE s_a_fety or ouci1c interest sianificance. Tne information
presented is.as initial.ly receivec witnout verification or evaluation

. . and is basically all that is known by IE staff as of this date.

FACILITY _: Florida Power Corporation
APPENDIX XXIXCrystal River Unit 3 Cry';tal River 3: Curnable Poison Rod

Docket flo. 50-302 Assembly FailureCitrus County, Florida ,,
'

SUBJECT: FIXED BURNABLF POISON ROD COUPLIllG ASSEMBLY FAILURE'
' , , , ,

On March 6, while inspecting for possible loose parts in tha steam*

generator upper plenum, Florida Power Corporation (FPC) found a Burnable
Poison Rod Coupling Assembly. This coupling apparently broke loose from
one of the Burnable Poison Rod Assemblies and was carried in the reactor
coolant stream to the steam generator. Sixty-eight Burnable Poison Rod
Assemblies are normally locked in fuel assemblies to provide flux shaping
during early stages of the fuel cycle. The reactor is shut down and''

preparations are being made for reactor vessel head removal and inspec-
tion. The licensee has not identif'ied any fuel damage. The extent of,

-

the ::hutdown is not known; however, Region II estimates a shutdown in,

,
'

er. cess of 4 weeks.'

Media interest is anticipated due to a possible extended plant shutdown

Q- during the coal strike. A news release will be issued by the licensee.
The State of Florida has been informed. An NRC inspector is onsite.

'

Region II (Atlanta) received notification of this occurrence by telephone
from station management at 8:10 a.m. on March 7,1978. This information
is current as of 9:00 a.m. on March 7...

I
Contact: GKlingler, IE x28019 FNolan, IE x28019 JSniezek, IE x28019*

Distribution: Transmitted H St /,' L[ i' '

Chairman Hendrie Comm'issioner Bradford,

Commissioner Kennedy S. J. Chilk, SECY C. C. Kammerer, CA,

(For Distribution): Comissioner. Gilinsky

Transmitted: MNBB l'sL9 P Bldg /13 f E. Volgenau, IE'

L. V. Gossick, E00 E. G. Case, NRR Region ".IC Qd
S. H. Hanauer, EDO

l J. J. Fouchard, PA SS B1dg [.' M (MAIL)
:I R. Hartfield, MIPC C. V. Smith, NMSS T. J. McTiernan, 01A

|* R. G. Ryan, OSP R. Minogua, 50 ,

!,,
H. K. Shapar .ELO'

~
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eutron Exposure: Request for Officep- * ' . , NUCLEAR REGULATOI
.*

5. - .I

'O % } ,.Q|. . \ .* !.5.' q
WASHING TON. D. EOS.v

\ ,,, / April 3, 1978 j|.; y N

.

j .. v.- yt- -

f/C A .s- og q_.

S. Levine, Director, Of fice of Nuclear}\ Qegulatory ReseaI[MEMORANDUM FOR:

, .-?
'

E. G. Case, Acting Director, Office of Nuc,teageac. tor'~
;

FROM:

Regulation N :..iE' '

SUBJE.CT: STUDIES TO DETERMINE CAPABILITY OF. EXISTING PERSONNEL
i

HEUTRON DOSIMETRY SYSTEMS AT OPERATING NUCLEAR POWER j
REACTORS TO MONITOR REACTOR NEUTRON ENVIRONMENTS l

(RR-NRR-78-8) j
.

HRR requests RES to fund a program. for the purpose of collecting data on the
i

effectiveness of personnel neutron dosimetry programs at operating nuclear I

power plants. To achieve this objective there is a need to identify plant
areas in which significant neutron levels occur, and to characterize the nu-
tron spectral distribution in order to determine the dose eouivalent rates at
these locations (e.g., containment areas of PWR's), so that occuoational dose
estimates, provided' by the personnel neutron dosimeter, can be comoared with
the "true" theoretical dose as determined by the neutron spectrum and respec-
tive dose rate per unit flux for each enercy interval at these locations.
Neutr.on exposures have seldom been observed (reaorted) using current measure-.

ment techniques at operating reactors. We need to evaluate the adequacy of
present neutron monitoring techniques at reactor sites. Obtaining the data
in this manner would appear more efficient than requesting all licensees to
perfom these surveys independently. -

Status of Problem

Regulatory Guide 8.14 " Personnel Neutron Dosimeters" requires that licensees
supply personnel monitoring equipment to those employees whose exoosure to
neutrons is likely to exceed 300 mren in a cuarter. The Guide provides cri-
teria for acceptable devices and techninues for neutron personnel monitorinp.
NTA film, a neutron dosimeter used throughout the nuclear industry, is not
sensitive to neutrons below about 0.7 MEV. Therefore, deoending upon the
spectrum, the dose equivalent can be grossly underestinated. On the other
hand, albedo dosimeters, which are not ouite as widely used as HTA among
power reactor licensees, are cuite sensitive to low energy neutrons and can
overestimate the dose equivalfent by factors of 20 to 50 (again depending on
the neutron spectrum and calibration technique). Since nost licensees do not
routinely measure the neutron spectral distribution at their facilities, the
devices worn by the workers, althouch acceptable by R.G. 8.14, may be provid-
ing inaccurate dose estinates.

O Contact: S. Block, EED/00R
28066
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Accurate measurement of the neutron spectrum requires specialized nuclear
instruhientation and methods generally not available to the licensee, ex-
cept through consultants. Therefore, few attempts have been made by li-
censees to determine spectral distribution. Several PWR reactors (e.g.,
Calvert Cliffs, St. Lucie, Millstone 2 and Trojan) have neutron streaming
problems inside containment and are installing additional neutron shield-
ing. This problem is generic, and considerable staff time has been de-
voted to its resolution. This ignorance of specific neutron spectral
distribution in occupied areas of containment is therefore of concern to
the staff, because incorrect dose assessments may result.

.

Information Heeds
.

A study is therefore needed which can provide the following data:

1) The neutron spectral distribution at selected locations inside and
outside containment of operating nuclear power plants. The measure-
roent technique should. be of suf ficient sophistication to show any
structure that may exist in the spectral distribution curve, par-
ticularly in the intermediate energy region (i.e., from 10 ev to
100 kev) which may contribute an appreciable fraction of the dose
equivalent. . The neutron spectrum should also be characterized with
respect to geometry and any shielding pertur'bation that could effect
the measurement.

2) The theoretical ("true") dose equivalent rate, at each location, de-
termined from the spectral distribution data of (1) and the Neutron
Flux Dose Equivalent parameters of 10 CFR 20.4(4).

3) The neutron dose equivalent rates made at the locations selected in
(1) above, using rem counter devices such as the Andersson-Braun
neutron survey meter. Other devices that can measure neutron dose
or dose equivalent rates with at least the same accuracy as the rem
counter, over the neutron energy region of interest, may also be
used in parallel.

4) The survey meter measurements, compared with the theoretical values,
to show the ef fectiveness of nortable survey meters to read out
"true" dose equivalent rates of reactor neutron spectrum.

5) tteasurements made using personnel monitoring methods described in
Regulatory Guide 8.14 at the selected locations in (1), intercom-
pared with the "true" dose equivalent to determine the accuracy of
each method. (Personnel nonitoring exposure techniques should be
at the discretion of the contractor). Commercial personnel neutron
dosimeter systems should be used, as available, fo'r each cersonnel
monitoring performance check (e.g., albedo personnel dosimeters
and NTA film).

;

O
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.

] 6) -Conclusions with respect to the accuracy of the various techniques,
grouped according to physical geometry and neutron shielding.

Cost and Possible Contractor

Battelle Northwest has submitted a draft 189 working paper to perfom a
study of this type. Although their scope does not directly address sev-
eral issues of interest to HRR, it does contain the essence of these in-
terests. Other laboratories that could perform this study include
Lawrence Livermore Laboratory, which has developed a portable neutron
spectrometer used to study the neutron energy spectral distribution at
one nuclear power reactor; Savannah River Laboratory which has done
considerable work in albedo personnel dosimetry; Brookhaven National
Laboratory with experience in LET dosimetry; and the University of Wis-
consin which has TLD expertise to perform these studies. We anticipate .
that the required information can be obtained at a cost of about $100,000
for a one year study at 6 to 12 reactors. Selection of reactors would be

'made in conjunction with NRC.

Value Impact

We feel that this study is important in confirming that adequate personnel
neutron dosimetry is being performed by nuclear power reactor licensees,
consistent with Regulatory Guide 8.14. If it is determined that the scec--
tral distribution -is heavily weighted with neutrons of energies less than

0 pe.7 mev, those licensees using HTA film may be grossly underestimating
0

rsonnel exposures. Appropriate actions could then be taken to change
deficient personnel monitoring practices. Conversely, those licensees us-
ing albedo dosimetry might have to re-evaluate their calibration procedures
if they are grossly overestimating their personnel neutron exposures. The

requested study will provide HRR the technical basis for developing any
needed additional guidelines or revising existing guidelines. I

Sources of Information on Neutron Radiation at Power Plants

Several nuclear power plants have made neutron measurements in containment
in conjunction with shield reviews because of their neutron streaming erob-
lems. These include Millstone II, Rancho Seco, Calvert Cliffs, Farley,
Trojan and St. Lucie. These data can be made available by licensees.
Other data have been reported at AHS meetings or have been developed by
A&E fims (e.g., Bechtel, Ebasco, and Sargent and Lundy) for utilities in
conjunction with shield reviews.

( -

Edson G. Case, ncting Director
Office of Nuclear Reactor Regulation

cc: See page 4

O
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KORTH ANNA ENVRONMENTAL COALT{OP'-
,

P.O. BOX 3951
.

CilARLOTTESVILLE, VIICIllIA 2290

f!r. Roger S. lloyd, Director (717J533-7694 or (804)293 60;
Division of Project Management March 29, 1978
Of fice of Nuclear Itcactor Regulation

U. S. NUCLEAll REGUI.ATORY COMMISSION
Washington, D. C, 20555

Dear Mr. Hoyd:

I am writing in regard to the January 25, 1978 memo-
randum to you f rom Mr. Glenn W. himmer in the Occupational
Health Standards 13 ranch entitled

NEUTRON EXPOSUllS AT COMMMitCIAL POWER REACTORS.

This memorandum was given to the Advisory Committee on Reactor
Sa fe guards ( ACItS ) on March 10, 1978 during an NAEC presenta--
tion regarding risks that are not currently understood.

. . . . .

The Coalition believes that Mr. Aimmer's new information
raises serious questions regarding worker protection from neu-
tron exposure, and thus asks you to msver the following ques-
tions at your earliest convenience: ,

1. What are the names of those reactors where
nauuD personnel are " receiving some neutron exposure

~.!cu C0$HN % which heretofore has been unknown"? or is this
. a 3;f tcws:s U.S.1 ^' a newly-known problem at all reactors (PWR's)?

2. Since your receipt of this January 25 memo,Ag ggV what new measurement techniques have been insti-
.[$ tuted at the reactors in question to remedy the

ggDgd:,1.!]d.lDib " inadequacy" described in the inemo7
w
*: 3 If. new measurement techniques have not yet been

instituted, what measures are being taken to
protect workers from previously unknown neutron
exposure?

4. What assessment is being made of potentially
inadequato reactor shielding?

5, !! ave the woricers at risk from neutron exposure
been so notified and allowed a voice in their
assignments? If wc;rkers have not been informed
of potential neutron exposure, the Coalition
herchy requests that such notification be made.

Given the almost daily news stories about the rapidly
growing knowledge of long-term.cffects from low-level radi-
ation exposure, we are sure you have directed your staff
to move swif tly on the problem of neutron exposure and will
answer the foregoing questions promptly.

Thanic you for your professional interest.

Sincerely,

O June Allen Oles. P. M.)
Prenident, NAMC

Enclosurc

/ 1
.- . . . . ._ ._
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MEMORANDUM FOR: Robert E. Alexander, Chief
Occupational Health Standards Branch, SD

FROM: Glenn W. Zimmer, Senior Health Physicist
Occupational Health Standards Branch, SD.

.

SUBJECT: NEUTRON EXPOSURE AT COMMERCIAL POWER REACTORS

Following my submittal on the subject topic to Roger Boyd, Director,
Division of Project Management, Office of Nuclear Reactor Regulation, j

the following things have occurred: j

'January 30, 1978

I called Leo Higginbotham, IE, to discuss what effort IE should take to
investigate personnel neutron exposure at operating reactors. Mr.
Higginbotham was not in so I left a message for him to return my call.

'January 31, 1978

p I called Mr. Higginbotham again and discussed briefly with him the infor-
d mation which I had forwarded to Roger Boyd on January 25. He told me

that Tom Murphy, NRR, had discussed this with L. Cunningham and referred
me to Mr. Cunningham. I then called Mr. Cunningham and he indicated that
he was currently thinking of requesting information from the various IE
regional offices about personnel neutron exposures at operating reactors
to find out what information they presently have.

I received a call from Tom Murphy, NRR, who discussed with me the fact
that they had been in contact with IE and inquired as to whether or not I
knew the name of the reactor where the data were obtained and whether or
not the data were personnel monitoring data. I told him that I did not
know the name of the reactor and that I was told that the data are personnel
monitoring data. He also inquired as to where the data had come from and
I told him I had obtained it from Bill Endres and Leo Faust at Battelle,
and that it was a copy of a briefing sheet which they had used when they i

gave a briefing to Sy Block, NRR, and me the morning of December 15, 1977,
and again in the afternoon when they briefed Judy Foulke, RES, Charlie
Hinson, NRR,'me, and for a few minutes Frank Swanberg, RES, and that RES
had requested them to submit a 189.

1
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l
I received a call from Sy Block, fiRR, requesting' me to meet with him andO Tom Murphy, NRR, to discuss neutron exposure at commercial power reactors.

j
I

I checked with Mr. Alexander who requested me to postpone it for a day !
because of the urgency of preparing information for Mr. Minogue's testimony.
I notified Sy Block of this and will try to arrange a meeting for tomorrow
after completing preparation of the testimony. - -

.

February 1,1978

I called Sy Block, NRR, to inform him that because of urgent work here in
preparing background information for Mr. Minogue's testimony that I would
not be able to meet with him today. He stated that it was not urgent ant.

,

that if we could make it tomorrow it would be fine.
,

February 2,1978

I called Sy Block, NRR, this morning to set up a meeting. The meeting was
established and I met with Sy Block and Tom Murphy, NRR, in Mr. Murphy's
office. They were interested in the data that had gone forward with my
memo to Mr. Boyd and in how I came to write the memo. I explained the
circumstances which led up to the preparation of the memo for Mr. Boyd in
conformance with Mr.. Minogue's December 14 memo. We then discussed the
fact that the data are not conclusive and in fact only demonstrate that
personel neutron exposures at reactors should be investigated. The data
are noticonclusive because of the calibration and the fact that there were
no control badges nor were there any controls exercised by Endres and Faust

O over the utilization of the badges, hence they did not know exactly how they
were used except that they were for personnel exposures. Mr. Murphy stated
that he and Mr. Block had talked with Endres and Faust, BMWL, and that BMWL
had merely given the badges to the health physicist at the reactor who
distributed them and then returned them to Battelle for processing, and
that the reactor personnel were then informed by Battelle of the readout
of the badges. They felt that since they (Murphy and Block) were aware

i of neutrons at reactors inside containment, and it was their understanding
that these exposures were inside containment, that the problem was not serious
because of the fact that personnel were not usually inside containment,
although some entries might be made, and that there is a Regulatory Guide
(Reg. Guide 8.14) which reactor licensees have to comply with so that
personnel neutron exposures are being taken into account. I pointed out
that Reg. Guide 8.14 was only applied, to my knowledge, to those reactors
applying for license after Hovember 1,1977, and so I questioned them as
to whether or not they knew for sure that D0R had in fact backfitted the
Reg. Guide 8.14 into tech specs, or had in some other way made it mandatory

i

at reactors licensed prior to November 1,1977. Mr. Murphy indicated that '

he was not sure, but that this was an area that would be explored with 00R.
Sy Block stated that perhaps a closer look at personnel neutron dosimetry
at reactors was necessary and perhaps TLD should be used instead of NTA
film; however the energy dependence of TLD would make it.necessary to better l

'
|

O .
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O define the energy spectrum, !
fir. f'urphy also informed me, as had been

and that NRR planned to fonvard my crro to Boyd, MR, to IE and requestindicated to me by Mr. Cunningham, IE, that he had been in touch with IEthem to investigate.

by my management, namely Mr. Minogue, for Mr. Alexander and I to 1cokI told them that I had been given similar direction
.

!

into notifying IE and having IE do an investi i

of my earlier discussion with Mr. Cunningham,gation. I also informed then

to ascercain what they already knew about neutron exposures at reactorshis thinking of reouesting information from the various IE regional offices
IE, on January 31 regarding

Mr. Murphy felt that it would be unnecessary for me to fon<ard my memo toIE requesting any action since this was a job that URR would be ta'<ing care
,

i.

;of.
I told him that was fine and perhaps my request would be unnecessaryin view of their action i

however, I would ccmply with the direction Ireceived from my managem;ent. . '

j

We also discussed the possibility that a controlled study should be made of
!

the neutron energy spectrumi etc., at reactors following the initial |

investigation by IE 1

research program, an. It was suggested that perhaps this should be a j

infonntion IE would ccme uo with.d I agreed with this possibility dependent upon what
The discussion then turned to whomight be capable of doing this work, and I stated that the best people in

md' opinion would be the people at B:iWL or Dale Hankins at LLL.

perhaps there was someone else at LLL better cualified, although hewas dubious of whether or not BNWL had the necessary eouipmnt and that
Mr. Block

admitted that Dale Hankins certainly has the knowledge of TLD to do theOjob.
lie also suggestad that Hoy at Savannah River would be qualifiedwith which I agreed.

I then told then that Herb Attix (who is presently
at the Universtty of Nisconsin) would also be qualified, with which they

,

egreed.
Mr. Block stated that if BNWL did submit a 189 as had been suggestadby RES, that NRR would be interested in reviewing it.

Febenarv 3.1978

I drafted a memo from myself to Mr. Leo 'ligginbotham, IE, forwarding thememo with attachment::
which I provicusly sent to Mr. Boyd, NRR, for hisuse and information. ,

gathering of infonntion from the regional offices whether or not IE isI asked him to please advise us folicwing the initial
i

!

a research program to define the magnitude and sianificance of personnelplanning a follow-up study or technical investigation or if IE recent' ends
neutron exposures at cocriercial power reactors.

1-
LHi.gginbotham, IE LBarrett,-flRR
JCunningham, IE.,

RBoyd, NRR CHinson, NRR53
BGrimes, NRR Glenn W. Zimer, Senior Health Physicist:9 TMurphy, NRR ' JFoulke, RES Occupational Health Standards Branch}- {cgr. R
FSwanberg, RES Office of Standards DeYelopment

).s,,,,,,, SO:0HSB
, ,

SO:MSB Task #:tlA. -
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11Ei'ORANDUM FOR: L. Higginbotham, Acting Director
Div. of Fuel Facility a itaterials Safety Inspection, IE

FRCM: D. G. Eisenhut, Assistant Director for Operational
Technology, DOR

R. H. Vollmer, Assistant Director for Site Analysis,
DSE

'

.

SUBJECT: HEUTROH EXPOSURE AT CCMMERCIAL POWER REACTCRS

We have received the attached meno frcm Glenn W. Zimmer in eur Office
of Standards Development and have discussed the issue with him. It is

our understanding that the data on which he bases his concerns came frcm
a Battelle Pacific Northwest Laboratory evaluation of neutron albedo
dosimeters given to a healtn physicist of a PWR who used then, in some
unknown manner, on reactor personnel. The people frca PNL who were
responsible for' evaluating and reporting the data were Leo Faust and
G. W. Enders.

We discussed the data with Faust and Enders, and it was stressed by these
individuals that the data did not inply a lack of control by any licensee

pd wi th respect to neutron exposure. The data was gathered as an aside
to a research program on ganma skyshine dose measurenents and for
most of the dosimeters listed in the attached memo, the exposure was out-

side the control of Faust and Enders. In addition, it was stressed by
the PNL investigators that the energy spectral distribution of the
neutrons to which the dosimeters were exposed was not known. This neans
that the interpretation of the results frca the dosimeters is ques-
tionabl e. The albedo dosimeter may overestimate exposures by as much
as a factor of 20 to 50 depending on the calibration sources. The
purpose of PML subnitting the data was to provide a justification for a
research progran proposed by PHL to MRC Research to neasure spectral |
distribution of neutrons and the related calculated neutron dose
equivalent compared to TLD neutron dose equivalent measurements.

We have no reason to believe that a problem exists at LUR's uith
respect to personnel neutron dosinetry as long as their Radiation
Protection Programs are acpropriately implemented. Regul a to ry
Guide S.14 " Personnel Meutron Dosineters" gives acceotable nethods
of neasuring neutron doses and dose ecuivalent exposures. This
regulatory guide specifically reccmends against use of !!T.T filn
for eneraies less than about 0.7 !!EV. The guide prcvides alternate
acceptable netMds for detarmining neu*.ron dese to personnel.

'
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!.'a recuest that If,E deter-ine, durina notN11y sc' edul >d insmctions,, s
- setber or not reactor'lleensus are perfaming apercreiate neu*.ron

neasurecents. By so doing, we can sati s fy ourselves tha t recrer antied
prxtic ;s are tcing carried ctat.

This review was perfomed by T. Furphy, RAB/CSE, and S. Bicck, EER/DCR.
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Darrell G. Eisenh'ut, Assistant Director Richard H. Yoll:ser, Assistan't Director
: for Operational Technolcgy for Sitze Analysis

Division of Operating Reactors Division of Site Safety and-

Envircrriental Analysis
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HEHORANDUM FOR: Roger S. Boyd, Director

Division of Project Management
Office of fluclear Reactor Regulation

FROM: Glenn W. Zimmer
Occupational Health Standards Branch
Office of Standards Development

THRU: y obert 8. Hinogue, Director
Office of Standards Development .

SUBJECT: NEUTR0tl EXPOSURE AT ComERCIAL POWER REACTORS

|

Recently it has come to my personal attention that personnel at some
corrmercial power reactors are receiving some neutron exposure which
heretofore has been unknown. Apparently these exposures have gone un-
noticed because of the inadequacy of the neutron measurement techniques. _ . . . ,
employed, and insufficient knowledge of this_fleid. I understand thata

' " ' " ' " neutron exposures of up to a few hundred millirems in a relatively short
"'' ''''''u period of time (a few hours or days) are possible (see attached Table 1

and -Table 2 ) . Additionally, I understand from another source that
neutron fields of 25 kev neutrons superimposed on the 1/e neutron spectrum

q exist at a PWR which is known about. tieutrons of this energy cannot be
U measured by the flTA film which I understand is in use at that reactor.

I do not know if the time-controlled personnel neutron exposures at that
facility are being reported to flRC or not. !

1

The significance of this, in my view, may be concern about the adequacy
of reactor shielding and the control of exposures to reactor operating

;

personnel. The previously unevaluated neutron contribution to the total "

dose equivalent may be significant, particularly if the current consider- !

ation of the neutron quality factor results in the assignment of higher ;

quality factors thereby causing higher rem values. i

|
'

w. -
Glenn W. Zirrire: 4

'Occupational Health Standards Branch
Office of Standards Development

Enclosures: Tables 1 and 2 !
.
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SPECIAL STUDY '

'

;
.

-

'

-SPECIAL PURPOSE BADGES AT A PWR SITE9

-
.

I Table 1
| Dosimeter ID No. Penetrating Skin Thermal Neutrons Fast Neutrons Dose - cre.s

.

i 505 1.65E+2 1.65E+2 s4.76E-1 0 165.4
507 1.42E+2 1.42E+2 4.45E+1 1.43E+3 1616.5
516 1.39E+2 1.39E+2 1.50E+0 5.37E+1 194.2
517 1.33E+2 1.33E+2 5.60E+1 4.67E+2 656ss 518 1.33E+2 1.33E+2 5.53E+1 ~ 4.93E+2 681.3

s

t 519 2.42E+2
,

h)
_ 2.42E+2 1.76E+2 7.71E+2 1139.0

520

e
, 4.51E+2 4.51E+2 4.72E+1 1.06E+2 604.2 -

609s) .l.36E+2 1.36Et2 4.12E-1 0 136.4
s

-

643 1.31E+2 1.31E+2 4.92E-1 0 131.5~

645 1.43E+2 1.43E+2 6.27E-2 0 143.06
~

(tfote:
E+2, etc., type designation is the exponent for the factor of 10.)

The above data is information that was passed on to me in a personal coasunication .

the data as st.ot.-:n above for fast neutrons has not been corrected with a calibration factorIt is understcod that
.

therrolumincscent dosimeters uere calibrated against Cf-252 instead of for the spectrum thatSccause the.

to pertain at the site, it is expected that the fast neutron data may be high by a factorr:as theught

tini cxpcsure, thercal neutron exposure, and fast neutron exposure after it had been corI have personally applied a factor of 10 reduction to the fast neutron column of figures added tha p
of 10. Therefore,

enetra-'

a factor of 10 to obtain a total mrem dose. This is shown in Table 2. rected Cc. r.uard by
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ m __ _ _ _ _
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< Table 2 ^

.

Dosimeter 10 No. Corrected Fast Neutron ' Total Neutron Dose - mrems
.

- 505 0- .4 165.4

507 143 187.5 329.5
'

516 5.3 \ 6.8 145.8
.

517 46.7 102.7 235.7
N 518 49.3 104.6 237.6N -

I 519 77.1 253.1 495.1

| 520 10.6
~

57.8 508.8
%

-

0 .4 136.4609

- 643 0 .5 131.5.

,

,

645 0 .06 143.06
l

The corrected fast neutron was obtained by cecreasing the fast neutron listed in Table 1 by a factor of 10. |
.

\ |
l

~

The total neutron was obtained by adding the thermal neutrons listed in Table 1 to the corrected fast neutrensj

The dose in mrems v:as obtained by adding the penetrating and thermal neutrons from Table 1 to the corrected
fast neutrons from Table 2.

.

N
G

.
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APPEilDIX XXXIIO lieuton Exposure: Dosir:etry f:ethodology -

' x

PERSONNEL NEUTRON DOSIMETRY METHODOLOGY

'

(FROM REGULATORY GUIDE 8,14)

.

A1. NEUTRON FILM BADGE -
,

2. ALBEDO NEUTRON DOSIMETERS

3. CALCULATED NEUTRON DOSE EQUIVALENT BASED ON

O MEAMSAEMENTOFNEUTRONDOSEEQUIVALENTRATEAND
'0

STAY-TIME

4. CALCULATED NEUTRON DOSE EQUIVALENT BASED ON

MEASURED GAMMA / NEUTRON RATIOS
.

r

4

6

/

O
/-7 3 D .

"
.
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1

~

Table A-1. Mean quality factors, F*, and values of
fl neutron flux density which, in a period of 40 hours,v

results in a maxir.um dose enuivalent of 100 nrem, fA5]!
tieutron

fleut. on Energy 7 Flux Density
1

. MeV - cm's*- -

2.5 X 10 * (thermal) 2 680
,

1 X 10 7 2 680
1 X 10 5 2 560
1 X 10 5 2 560
1 X 10 " 2 580

'

1 X 10 8 2 600

1 X 10 2 2.5 700

1 X 10 2 7.5 115

5 X 10 2 11 27

O 1 1' 19

2.5 9 20 ;

5 8 16

7 7 17

10 E.5 17

14 7.5 12

20 8 11

-

*
Maximum value of 7 i a 3C-cm phr.r.ta ..

urbers in brackets refer to corresponding nur' ers in Sectien A-4, Ee'e encesathn Text of the Ac;endix.

n
N..,]

g-390
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STUDIES TO DETERMINE CAPABILITY OF
,

NEUTRON DOSIMETRY TECHNIQUES

! T0 t10NITOR NUCLEAR POWER REACTOR ENVIRONMENTS -

1. MEASURE NEUTRON SPECTRAL DISTRIBUTION AT SELECTED

LOCATIONS INSIDE AND OUTSIDE REACTOR CONTAINMENT.

2. CALCULATE THE " THEORETICAL" DOSE EQUIVALENT RATE

BASED ON THE SPECTRAL DISTRIBUTION AND THE FLUX

TO DOSE EQUIVALENT CONVERSION FACTORS.

3. MEASURE THE NEUTRON DOSE EQUIVALEflT RATES AT THE
O

SAME LOCATIONS AS (1) WITH PORTABLE SURVEY METERS

SUCH AS THE ANDERSON-BRAufl REMETER, AND A TISSUE

PROPORTIONAL COUNTER.

4. COMPARE THE THEORETICAL AND MEASURED DOSE EQUIVALENT

RATES TO SHOW EFFECTIVENESS OF SURVEY METERS.

5. USIllG NEUTRON PERSONNEL DOSIMETRIC TECHNIQUES

PREVIOUSLY DESCRIBED, MAKE NEUTRON MEASUREMENTS AT

THE SAME LOCATIONS AS (1) ABOVE AND COMPARE THESE

MEASUREMENTS WITH THE THEORETICAL AND SURVEY METER

VALUES TO DETERMINE THE DEGREE OF ACCURACY OF EACH

PERSONNEL DOSIMETRY METHOD.

O s eR0 vide C0riCLuSIONS WITH RESeECT TO EACH MEASUREMENT

. TECHNIQUE.

/y-99[
__-
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SUMMARY !'

[lEUTR0tLR0SES - Wil0LE BODY
.

POWER REACTORS

NUMBER OF !
;

YEAR PERIOD OF EXPOSURE NUMBER OF INDIVIDUALS f1Ati-REi1S

1971 < 6 MOS. 5 0.72
1/2 - 1 YR. 1 0.02 '

t

1972 < 6 t10S. 3 0.11

1973 < 6 r10S . 5 0.065
'

1/2 - 1 YR. 5 0.380
m
P

197/1 < 6 MOS. 68 (4 DOSES > .5) 6.789 ;

_

1/2 - 1 YR. 26 1.345

1 - 2 YRS. 8 0.232'

2 - 3 YRS. 4 0.130

3 - 4 YRS . 3 0.33

11 - 5 YRS. 1 (1 DOSE > .5) 0.96
6 - 7 YRS . 2 (1 DOSE > .5) 1.745
9 - 10 YRS. 1 (1 DOSE > .5) 1.115 .

'

i
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SlHiARY - (CONTINUED)

NUMBER OF
.

YEAR PERIOD OF EXPOSURE NUMBER OF INDIVIDUALS MAN-REMS

1975 < 6 M0S. 34 1.288

1/2 -.1 YR. 8 0.664

1 - 2 YRS. 8 (1 DOSE >.5) 2.169.

2 - 3 YRS. 11 (2 DOSES >.5) 2.242
'

3 - 4 YRS. 3 O.239

k 4 - 5 YRS. 1 0.04
i

5 - 6 YRS. 1 (1 DOSE > .5) 0.645g,

* 8 - 9 YRS. 1 0.01
'

N
| 9 - 10 YRS. 1 (DOSE > .5) 0.55

.

m

_______ ___ ___ _ _______- _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ .- .- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _
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v "%,'o, APPENDIX XXXIIIf
UNITED STA1 Request by E. J. Sternglass for ACRS+

. [ 'f , '... '[ ,g NUCLEAR REGULATOR Review of Changes in Cancer l'ortality.

' '-

,.3 .j ADVISORY COMMITTEE ON Rein the Vicinity of Several Nuclear Plants
'g. WASHINGTON. D. <

,.

+...+
March 23, 1978

MEMORANDUM FOR: Chairman Hendrie
Ccmmissioner Gilinsky .

Commissioner Kennedy
Commissioner Bradford

/
FROM: Raymond F. Fraley

Executive Director, ACRS

SUBJECI: REQUEST BY CR. ERNEST J. STERNGIASS FOR ACRS-

REVIEW OF CHANGES IN CANCER BDETALITY IN THE
VICINITY OF THE HADCAM NECK (CONNECTICUT
YANKEE) AND MILLS'IONE NUCLEAR PIANTS

'Ihe attached may be of interest in view of the current activity
to review the effects of low-level ioni::ing radiation.

The Committee plans further discussion of this matter during
its 216th meeting (April 6-7, 1978) co consider an appropriate

) course of action.

Attachments:
1. Ltr. , Sternglass to Moeller dtd. 3/3/78

w/encls
a. Ppt. by Sternglass, " Cancer Mortality Changes

Around Nuclear Facilities in Connecticut"
b. Ppt, by Sternglass, " Strontium-90 Levels in the

Milk & Diet Near Conn. Nuclear Power Plants"
2. Ltr. Fraley to Sternglass dtd. 3/22/78
3. Memo, Fraley to Members dtd. 3/17/78, w/o atts.
4. Ltr. , Fraley to Hilberg dtd. 3/22/78, w/o atts.
5. Ltr. Morgan to Sternglass dtd. 2/14/78

cc w/atts.:
L. V. Gossick, EDO
E. G. Case, NRR
C. V. Smith, NMSS

'

R. B. Minogue, SD
J. Hard, CCM
S. Chilk, SECY

O
CCNTACI: 2%R. F. Fraley, ACBS

.634-1371
._, . . __
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O @Universityof Pittsburgh
~

'
-

3CHOOL oF MEolCINE
Department of Radiology
Radiologicalimaging civision

March 3, 1978
*

:

I

l

Dr. Dade W. Moeller
27 Wildwood Drive
Bedford, MD 01730 |

.

Dear Dr. Moeller:

At the request of Dr. Karl Z. Morgan, I am sending you copies of
two reports dealing with strontium-90 levels and cancer mortality |
changes around the. Haddam Neck and Millstone Reactors for review
by the ACRS.

Sincerely yours,

O u%h
ErnestJ.t

c
Sternglass, Ph.D.

Professor of Radiological Physics

Enciosure

ES:ss

|

O.
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CANCER MORTALITY CilANGES AROUfl0
.

NUCLEAR FACILITIES Ifl CONilECTICUT

.

i

Dr. Ernest J. Sternglass
Professor of Radiological Physics

Department of Radiology
University of Pittsburgh

School of Medicine

|

1

|

|

^()'_/ Testimony presented at a Congressional
Seminar on Low-level Radiation, Feb.10,

36O 1978, Washington ,0. C.

__
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A detailed study of cancer statistics in Connecticut and nearby flew
~h(V England indicates that cancer mortality increased sharply around two large

nuclear reactors in south-eastern Connecticut in direct relation to the

measured pattern of accumulated levels of strontium-90 in the local milk.

Cancer rates increased most strongly closest to the Millstone Nuclear Power

Station located in llaterford where the measured strontium-90 levels ' reached
1

their highest values, with lesser rises being observed for areas with lower
-.

values of strontium-90 in the milk located at increasingly greater distances

in every direction away from the liillstone Plant, known to have released the

largest amount of radioactive gases 'ever officially reported for any nuclear

plant in the United States.

The Haddam fleck plant started to operate in 1968 and the liillstone

plant followed in 1970. Between this time and 1975, the most recent year

]\ for which detailed data are available, the cancer mortality rate rose 58% ,

l
in IIaterford where the most heavily emitting Millstone plant is located,

44% in !!ew London five miles to the north-east, 27% in flew Haven, 30 miles

to the west, and 12% for the State of Connecticut as a whole. Rhode Island,

whose border is only 20 to 30 miles east of these two plants rose 8%, Massa-

chusetts some 70 miles to the north-east rose 7%, flew Hampshire some 120
I

miles north-east rose only 1%, while for the State of Maine more than 200
'

miles in the same direction, the cancer death rate actually declined by 6%

during the same period. ( )
,

Likewise, again following the pattern of decreasing strontium-90 in

the milk, cancer mortality declined 1% for Vermont more than 200 miles to

the north. Even for heavily polluted f!cw York City located some 120 miles

to the south-west, cancer mortality did not rise as one might have expected,,_
,

V but actually decreased by 2% between 1970 and 1975, despite the high levels

|7- 3 b /
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of sulphur, carbon monoxide, automobile exhaust, heavy metals, cigarettes,

organic chemicals, food-additives, pesticides and other types of pollutants,
1

An exaniination of the radiation doses received by the population

drinking the milk in Waterford and nearby New London usi,ng the accepted
,

methods recommended by the International Committee on Radiation Protection

indicates that the accumulated doses t,o the bones of children over the per-

iod 1970 to 1975 reached values of about 640 millirads from the milk and

other food produced in the area, and about 320 millirads to the bone-marrow.(3)
,

This must be compared with a dose of some 2 millirads to the bone-marrow

from a typical chest x-ray, so that the very radiation sensitive bone-marrow
i

of children in the New London area received the equivalent of some 160 chest

x-rays in the course of 6 years of their most sensit.ive period of growth

and development.

O The dose to the eone-merrow produced by stront4um-90 from the m41k end

food of 320 millirems must also be compared with the dose of 1,200 millirems (4)

found by Dr. Alice Stewart of Oxford University to have doubled the normal

risk of leukemia and cancer for children who had received diagnostic x-ray

exposures during their development in their mother's womb, and some 80 milli-
i

rems for those irradiated in their first three months of intra-uterine develop-

ment. Comparable doses have also recently been found to double the normal

risk of cancer and leukemia among older atomic workers in a study by Drs. -

Thomas Mancuso, Alice Stewart and George Kneale as reported at recent Con-

grossional Hearings and published in. the November 1977 issue of the journal,

(5)" Heal th Physics".

Since bone-marrow type of leukemia is well known from studies of the

Hiroshima and Nagasaki A-Bomb survivors to be induced by radiation, and since
'

measurements of the bones of both chiidren and adults have shown a high

/g- 3 0 2-
- . .. . .
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correlation with-levels of strontium-90 in the milk, one is led to conclude

O the probebie ex4stence of e direct causei re,etion between ene ebnormelix

high levels of strontium-90 in the milk near the two Connecticut Nuclear

plants and the pattern of cancer changes in Connecticut and nearby flew England.

This conclusion is further supported by the fact that the types of

cancers that rose most strongly in the Connecticut area are exactly those;
;;

.

''

types that have been found to be most sensitive to radiation in earlier
'

studies as classified by the International Committee on Radiation Protection. '

Thus, the types of cancers that increased the most in the time available so
|

far were cancers of the respiratory' system , which rose 25%, breast cancers,

which increased 12%, and cancers of the pancreas, which rose 32%. Since the

peak of cancer mortality for respiratory cancers did not occur among the
,

i

uranium miners until some 7 to 12 years after the onset of irradiation, it is !.

to be expected that further rises in lung cancer will take place in the next
five years.(6)(7)

, Additional' evidence that the pattern of sharply rising cancers in south-

eastern Connecticut and nearby flew England is .likely to be due to the strontium-

90 and'other fission products that escaped from the Millstone and Haddam ileck

fluclear reactors comes from the fact that cancer. deaths show a much greater

rise for women than for men, consistent with the findings of flancuso, Stewart

and Kneale for atomic workers exposed to similarly low levels of radiation

over a period of years. Thus, whereas cancer mortality rates in Connecticut-

increased by only 11% for white males between 1970 and 1975, the increase for

white females was 17%.

Still another observation supports the conclusion that the sharp local

rises in cancer in Connecticut are connected with the localized releases of,

airborne radioactivity from defects in the nuclear fuel, comes from the

8-W.
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evidence that the increases were largest for those who were simultaneously

O exposed to the highest concentrations of other known cancer promoting pollu-
,

tants, such as industrial chemicals, dust , pesticides, sulfates, nitrous
i

oxide and other air-pollutants, both in the area where ghey live and in the

working place.

Such synergistic effects are well-known for the case of uranium miners,
1 i

'

where the mortality due to lung cancer is some 5 to 10 times greater for-

miners who only inhaled the radioactive gases but did not smoke while the

rate was 50 to 100 times greater for those who did.
I.

Thus, the combined action of airborne radioactivity and ordinary pollu- |

tion would be greatest' for those who live and work in the most polluted envi-

roments, who have the lowest socio-economic status and therefore also the poor-

est medical care, so that they do not receive the beneff t of early diagnosis

Q and treatment. It follows that such synergistic effects involving radioactive
<

and other forms of pollution would be expected to affect most heavily the

poorest portion of the population, and this is indeed found to be the case in

Connecticut.

Thus, while the total number of cancer deaths increased 15% for the

white population of the state as a whole, between 1970 and 1975, this number

rose 51% for the non-white or predominantly black population.

Furthermore, in accordance with the greater airborne dust and pollution

in chemical factories and other heavy manufacturing, mining and construction

activities employing men, the greatest increase in the number of cancer cases

during the time the radioactive gases were added to the existing pollutants

took place for non-white males, namely by the very large amount of 77%. Thus,

n the observed pattern of, cancer mortality changes in Connecticut and nearby
g

New York and New England 'since the onset of airborne releases by the two large

/f',

,
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nuclear plants all fit the expected behavior for radiation - related cancers

O observed 'in numerous earlier animal experiments and large-scale epidemiologi-
'

cal studies carried out over the' last thirty years by many scientists all

over the world.
.

Especially significant is the fact that the cancer increases in Connecti-

cut following the rise of local strontium-90 levels occurred most strongly in

those age ' groups which the recent studies of Milhaf10)s well as Mancuso, Stewart

and Kneale ad shown t- have. the greatest increases among the carefully moni-

tored workers at .._ thington. These were particularly the oldest work-

ers, for whom the immune sy.,cem is known not to be as effective in protecting

against the proliferation of cancer cells as in the middle aged adult, just

as in the case of the developing fetus and the young infant.

As shown in the accompanyin,g table, whereas there was an overall increase,

in the cancer mortality rate per 100,000 population of 12%, after correcting

for the change in age distribution, the cancer mortality rate for the 25 to

49 year old individuals actually declined 15%, oresumably due to their much

greater resistance to the effects of chronic irradiction on their immune de-

fenses and the general improvement in environmental factors and medical care. ;

On the other hand, there was an increase in cancer mortality rates for )
all older age groups, namely +45 for those 50 to 54 years old, '95 for those

55 to 64 years old, and +14% for those over 65 years at death, a pattern that

fits the trend of the data for the atomic workers at Hanford found by the

Milham and Mancuso studies.
,

These findings help to explain why earlier observations on workers,

|x-ray technicians, and radiologists exposed to radiation indicated a much

smaller hazard than is now emerging from studies of entire populations under

O~ normal peace-time conditions that include the unborn, the young and the veryf

30
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old, fl0t only were most workers and radiologists in the least sensitive age |

group when they were exposed, but they were also receiving relatively brief
j-

,

exposures at considerably higher instantaneous dose-rates than individuals i

in the general population whose principal dose comes from very low dose, con-

tinuous exposure from inhaled or ingested radio-isotopes in their bones and

other organs such as strontium-90. *

Thus, the range of sensitivity can easily vary by a factor of 100 to

1000, depending on the age and the intensity of the radiatio bhe effect per

unit absorb'ed dose being most serious for very low-level, protracted environ-

mental exposures to the developing fetus and the individual with reduced ]
immune resistance over 65 years of age h agreement with the observations

of Bross. (l4)

This means that the most serious of all radiation exposures are not
|

.D) brief medical x-raysidiagnostic isotope tests for the adult, but prolonged 1

V
environmental exposures to fallout accumulating in the body from nuclear bomb-

testing and releases from nuclear facilities acting slowly on the infant in

utero, the young child and the oldest individuals in our society.

As a final test of this conclusion, it follows that the greatest effects

on cancer rates in the general population during recent years should not be

associated with medical x-rays or other environmental factors but with the

releases from large nuclear facilities, especially since world-wide strontium-90

concentrations in the diet from bomb-tests have now declined to levels below

those measured around these installations. This is supported not only by the

findings around the Connecticut Reactors, but also by the pattern of strontium-90

levels and cancer changes around the nuclear fuel reprocessing facility at West-

Valley,fl. Y. 0 5)
'^ Thus, one would expect that in general, the most recent unexplained up-

,

!

| swino in U.S. cancer mortality rates should have taken place most strongly in '

g- 2o G~

!
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the states that have large nuclear reactors and fuel reprocessing facilities
O
V within or close to their borders. At the same time, states that do not have

'such large nuclear facilities operating for more than five to six years
'

should now show either much smaller increases in cancer rates, or manifest

declines if strontium-90 and cesium-137 from fission processes play a key syn-

ergistic role with other carcinogens in the environment.
'

'

As can be seen from an inspection of Table 5 , this is indeed found to

be the case. If one examines the rate of change of cancer mortality in the

United States for every state during the most recent 3 year period for which,
'

detailed data is available (1972-75), one, finds that the greatest upward

changes have taken place for the states that have the largest nuclear facili-

ties such as Hanford (Washington), Oak Ridge (Tennessee), Savannah River

(South Carolina), or that have nuclear reactors with known large releases in

p very densely populated areas such as near the Millstone boiling water reactor
v

(Connecticut and Rhode Island) and the Oyster Creek Reactor in flew Jersey,

which is a.lso of the boiling water (BWR; type.

In fact, according to the figures published annually in the U.S. monthly

Vital Statistics 4eports, above average rates of cancer increase in the U.S.
A

occurred exactly in these states: Washington, +5.0%; Connecticut, +8.6%;

Tennessee, +8.1%; Rhode Island, +8.0%; New Jersey, +5.7%; South Carolina, +5.4%

compared with a U.S. average of +3.4% for thie period.

On the other hand, cancer mortality rates actually declined during this

same period most strongly in the four states having no nuclear facilities at

all: Alaska, -10.6%; Itontana, -4.4%; New Hampshire, -2.0%; and Hawaii, -1.5%.

For Maine, which has only a single pressurized water reactor (PWR) operating

since 1972, cancer rates declined 1.3". Following the seme pattern, Virginiag

with two recently completed PWR's declined somewhat less or by 1.1%.

/'[- l 67
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O sut perhens most sisnificaat is the fact thet riew York city, with

two pressurized water reactors that emit fewer radioactive gases than the

boiling water type located 30 miles north of the city showed a decline of

1.1% in cancer rates despite its enormous air-pollution;and socio-economic

problems, clearly supporting the conclusion that when large amounts,of rad-

ioactive gas releases are missing fror,o the mix of pollutants, the resulting

effect on cancer and other chronic diseases is much less than when radioactive

gases act synergistically with dust, chemicals, cigarettes and other air-

pollutants in the environment. r.

Clearly, it is difficult to understand this striking pattern of cancer
.

changes in any other way. When states that are as environmentally clean of

ordinary air-pollutants as the State of Washington and Montana are changing

in opposite directions, one increasing by 6.0% while the other is decreasing by
O 4,4%, ordinary air and water pollution by itself can hardly be the crucial

factor.

And when a heavily urbanized, densely populated and polluted area such

a flew York City declines in cancer rates compared to such rural, clean areas

as the State of Washington, the State of Tennessee, or the State of South

Carolina, one cannot continue to put the principal blame on sulphur emissions

from fossil fuel power-plants, automobile exhaust, drugs, food additives,

hair-dyes, costetics, particulates, and medical x-rays for the present rise

in the U.S. cancer rate without considering the role of radioactive releases.

The facts clearly show that the ordinary types of widely distributed,

cancer causing agents cannot be the sole factors involved: they could not

explain the highly localized cancer rises around tiillstone, West-Valley,
r
C llanford, Oak Ridge, and Savannah River, or the sharp declines in areas far

from such sources of man-made radioactive wastes.

&- 30 @
_ _ . . .. .__.



. . - _ . . _ __ .. -__ _. _

-9-
.|,

!

As difficult as it is-for us to face the new facts that have novi comeO to light as to the unexpectedly high sensitivity to prolonged low-level

radiation exposure of some segments of our population, we cannot continue

to risk the very survival 'of our nation on the hope that all these new

findings will somehow be explained another way. Each year that we persist

in closing our eyes to the new data, yte will increase the total amount of Sr-90
i accumulated in the soil and thus the biological damage to our newborn and

| the cancer risk for our older population. But if we should be able to accept

..

these disturbing findings, then the evidence fo'r the declining cancer rates

in the' least polluted areas of our country clearly points the way to the

possibility of greatly reducing the risk of cancer and chronic disease in the

years to come as we learn how to prevent the subtle damage from what we once

believed were harmless levels of man-made and natural background radiation.

O

: O
I
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'Ihble of Cancer Mortality Rates in Conncchicut and
New England Before and Af ter Start-Up of the 11111-
Stone Nuclear Plant in Wate.rford, Connceticut

O'
Cancer D2ath

Rate per 100,000 Pooulation

Approx.
Dist. From Percent

'

til.llstone 1970 1975 Change-

- *
, .

Van ont 200m. NW 176.1 173.9 -lt

Connecticut 35m. IM* 168.1 188.4 +12%

::e'.i Haven, Conn. 30m. W 200.9 255.5 +27%

Waterford, Conn. 0 152.6 241.8 +58%

1:ew Iondon, Conn. Sm. E 177.4 255.0 +44%

Ph:>de Island 50m. NE 200.1 216.0 +8%

Passachusetts 70m. NE 185.0 198.4 +7%

! Ha:npshire 120m. NE 180.4 182.6 +1%

Naine 200m. NE 197.7 185.0 -6%.

U. S . 162.0 171.7 '+6%. -

:2.T YORK CITI 120m. SW 220.9 216.4 -2%

* Population center of State of Connecticut (Hartford-Waterbury area)

Sourcas:

Connecticut Health Departt.ent, Registration Reports;

U.S.1bnthly Vital Statistic Reports.

-
.

O -

.

TABLE 1
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CAtlCER INCREASE IN CONilECTICUT 1970-75

BY SITE AND KNOWil RADIATI0ft SEtlSITIVITY
,

Increase Increase Fraction of ICRP Radiation
in % in No. Incr. No.___ Sensitivity

.

All Sites
Combined +12% 793 100% ---

(]) System
Resoiratory

+25% 292 37% HIGH

1Breast
Cancer +12% 127 16% Not Class.

Digestive
System +6% 155 20% HIGH

|

Pancreas +32% 84 11% HIGH l

L-Intest. +11% 71 9% HIGH

;

i Source: Connecticut Annual
Registration Reports

|

() |
' TABLE 2 i |

l
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TA11LE XVII-DEATIIS' AND DEAT111tAES PEtt 100,000 pol'UI.ATION rit031 MALIGS ANT NEOt*LASMd.
ACCOltU1NG TO SITE: CONNECTICUT. 1966-1975,

Site of Disease . |-

(Int:mational List, Eighth Revisien 1967) 1975 1974 1973 1972 1971 1970 1969 1963 1967 19G5 |
*

-
|

To t a l ( 14 0-2 09 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5909 5691 5474 53SS 5135 5116 5102 5017 4313 4573 )
Digestive organs and peri:oncum (150-159). . . . . . . . . . . . . . . . . . . . . . . . 1777 1736 1000 16S7 1562 1622 1516 157S 1556 1535
Respirstnry system (160-163).................................... 1284' 1155 1173 1102 1024 992 953 920 823 314 )
B r ea s t ( 1 7 1 ) . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . 395 552 532 52S 534 4c3 530 431 449 435 i

Lyrn pha tie tmd Herna torcietic sys:cm (200-209). . . . . . . . . . . . . . . . . . . 541 535 529 504 503 513 530 452 435 395 i

Fer ne t: g enit l o r;;a ns ( l 30-I S 4 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320 324 319 296 325 353 320 332 353 201 |

Malc genital nrcans (183-137). 236 234 296 240 266 246 245 223 217 231 |.................................

Urinary sptem (185-139)............................ .......... 274 269 263 267 230 231 223 254 240 2S |

E.cest cavity and pharynx (140-149)............................. 149 150 176 139 150 131 147 ISS 122 129 '

E rnin spinai cord, rnenmges, and cyc (190-192) . . . . . . . . . . . . . . . . . . . . 149 141 120 124 136 127 139 95 98 EO

Skin (17 2-173 ) . . . . . . . . . . . 73 75 64 60 60 53 67 71 61 61.. .. ...............................

Sci t tis su e ( 1 71 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 36 29 37 23 27 31 46 38 2S
Eone, including fatvbone (170). . 19 32 29 22 26 27 29 23 33 20

i.. ..... .......................
Endocrine glan<ls (193-194)...................................... 23 25 18 23 24 26 21 15 14 22 i
Other a nd unspeci5cd sites (195-199) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381 379 376 359 314 300 351 359 379 343 I

Rate per 100.000 populatios
Tot.nl (140-209). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 S8.4 152. 3 176.1 174. 4 169. 3 163.1 169.1 169. 2 164. 5 162. 7

1%:ccive nn t.m und peritoneum (150-159).. 56.6 55.4 51.5 54.6 51.0 53.3 50.2 33.2 33.1 53.4 l... ..... ..........

L.pirnturv spicm (160 103)... . 40.0 33.0 37.7 35.7 33.4 ,32.6 3f.6 31.0 23.1 25.3 I
. .... ..... ...............

'ibust, (17h. . . . . 19.0 17.7 17.1 17.1 17.4 IS.4 17.6 16.2 ' 15.3. 15.S.... ... ...................................

I %pktk and hen.atopictic sptem (200-200). . . . . . . . . . . . . . . . . . . 17.2 17.1 17.0 1G.3 16.6 16.0 17.6 15.2 14.9 .13.7 |

b 10.2 10.4 10.3 9.6 10.7 11.6 10.6 11.2 12.0 10 1 1\$T6ic!c genitcl onnns (180-131)..... ..........................

ge n i tal or;'.a n r. ( 15 3- I S 7 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.1 S.1 9.5 7.5 8.7 S.1 S.1 7.5 7.4 S.O i

Urinary sutem (183 IM). . . . . . . 3.7 3.6 S.5 S.6 7.5 7.6 7.4 8.6 S.2 9.2... ........... .... . .......

l'utent eniity nnd hnry nt (140-149).................. ... ...... 4.7 4.3 .t .1 4.3 4.9 4.3 4.0 5.3 4.2 4.5i
D nin sninal cord, memn;:cs, and eye (19M92). . . . . . . . . . . . . . . . . . . 4.7 4.6 3.9 4.0 4.4 4.2 4.6 3.2 3.3 2.3
Skin (172-173). . . 2.3 2.4 2.1 1.9 2.3 1.7 2.2 2.4 2.1 2.1. . . .... ... ........... .................

SM t t issu e ( 171 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 1.2 0.9 1.2 0.3 0.9 1.0 1.6 1.3 1,0. ..... ..

Nne, including 4n bone (170). . 0.6 1.0 0.9 0.7 0.3 0.9 1.0 0.3 1.1 , ,0 . 7...... ... .. . .. .. ... ..

Endocrine glands (193-194)............. ........ ...... ...... 0.7 0.3 0.6 0.7 0.8 0.0 .7 0.5 0.5 0.3
C@er and unspecided sites (195-199). . . . . . . . . . . . . . . 12.1 12.1 12.1 11.6 10.3 9,S 11.6 12.5 12.9 12.1. . ..

i

|

I
1

| |

Q TABLE 2(a) {

-

3#



I
.

D:
i

.

-/
.

INCREASE IN NUMBER OF
,

*

CANCER DEATHS IN CONNECTICUT - 1970-75

AFTER START OF HILLSTONE POIllT tlUCLEAR PLANT IH 1970

Total No. No. White Nd. Non-Wh. Pooulation(flillion)
1970 5197 5005 192 3.044

1975 6001 5711- 290 3.137

PERCEilT
It! CREASE +16% +14% +51 % +3%

O
Source: Table 10, State of

Connecticut, Department of

Health Annual Register Reports

.

t

'

TABLE 3 ,
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RELATIVE EFFECT OF RADI0 ACTIVE

RELEASES ON CAtlCER DEATHS Ill !

!

DIFFERENT AGE GROUPS IN C0ttNECTICUT
'

,

1970 - 1975 I
*

All
AGE 20-24 yrs 25-49 vrs 50-54 vrs 55-64 yrs 65 + yrs AGES ;

llumber
in 1970 20 540 ' 412 l?.07 2929 5197

Number
in 1975 23 486 4c2 1439 3559 6001

% Change
in cancer
deaths +15% -10% +2% +19% +22% +15%

Change
in Pop. +15% +5% -2% +10% +8% +3%

Net
Chr...ge in
cancer rate 0% -15% +4% +9% +14% +12%

% of all
Cancer Deaths
in 1975 0.4% 8% 7% 24% 59% ----

(Source: Connecticut Annual
Registration Reports)

- ._ TABLE 4 ;,

!O
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RECEtlT CHAtlGES Ill U. S.p
!U

CAtlCER liORTALITY RATES 1972-75

Ill STATES WITH AtID WITHOUT

LARGE ilVCLEAR RELEASES

AREA _ % CHANGE- t NUCLEAR FACILITY .

liill' tone and Haddam Neck |Connecticut +8.6% s
,

Tennessee +8.1 % Oak Ridge

Rhode Island +8.0% tiillstone and Haddam Neck

New Jersey +5.7% OysterCreek(BWR)

S. Carolina +5.7% Savannah River
|

Wash. State +5.0% Hanford >

U. S. Average +3.4% I----

fl. Y. City -1.1 % 2 PWR (1962;73)

l

Virginia -1.1 % 2 PWR (1972;73) |
l

11aine -1.3% 1 PWR (1972)
'

Hawaii -1.5% flo Nuclear Reactor

llew Hampshire -2.0% flo fluclear Reactor

Montana -4.4% No fluclear Reactor

Alas ka -10.6% tio Nuclear Reactor

Source: U.S. Monthly Vital Statistics
!
i

O T^c't 5 :

! /7- 3/I



PERCENT CHANGEU,-

IN CANCER MORTALITY
+ 5 8.5 % WITH .* DISTANCE
[ FROM MIL L STON E
$' NUCLEAR PLANT,

'6 #

BETWEEN START-UP
$W IN 1970 AND 1975
$' + 43.7 %
' i, 7's- //,

' u. f./
'

o ,, ,n-
- u) ,
/$', '2

-

'
+27.2% e

,

/- $$[ d'',
'

O 4' 's- ;g-'o '5-e o/
,' uj [z-

'
CONN. '

,.
+ 12.1% ,$,' >@, 'O' R. I.,
// ,y va 'z MASS.// , *< '. , u. ' o, +7.9% + 7. 2 %// /, ik', '', '',/ // + 6 % U. S.

' ,

/ /3 '3

v1;, /x 'al :+8)$ z /' W,' u ^ i" e
/ N.H.

_,
us si

< S \N NE >

SOURCE: U.S. MONTHLY VIT A L - 6.5 %
STATISTICS REPORTS AND
STATE OF CONN. VITAL STATISTICS

O t
'

r1aune ,
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. -TOTAL CANCER )
~

MORTALITY' R ATES IN' |G d

CONNECTICUT AND
,

-

NEW LONDON-
(1965 -1975) - _ .i ClTY. OF~

<

NEW LONDON>-
,

_3 p
''

X
I ^

i250 -

o' /
O' 1959-60 X X / ---

Q- Sr-90
PEAKo

O X + 43 %
O,, _

O '

O_ _
g

N
STATE OF$ 200 -

< X CONN.

// / \ i~

15 0 ,-. ^

1963 4
_ PEAK OF I, ,

' '
.

_ Sr-90
9 ( 6 YEAR DELAY)ELAY ,,

'
NTART OF SOURCE:~

.

STATE. OF CONN.REACTORS
ANN. REGISTR.~

REPORTS
, , , , ; , , , , |

>

1965 '70 5

YEAR

'

O
FIGURE 2
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- 19 0 - CONNECTICUT ~
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;
CANCER MORTALITY );

:

o' . RATEO --
-

9
-

SOURCE:1956 -1975.o STATE OF CONN. '

O ANN. REGISTR..

O, REPORTS

O 18 0 -

k N -TESTS , A
-

I H
2 til IN PACIFIC

.
' '

' d 1953-54 ^. * . .i o-
_ 6 Yr. DEL AY '- '

:- u ,

,
..

p . .

-- ] LAST U.S.g

4 U.S.S.R. TESTS .

i

$ 170_r
f ), o
W s .

#

-{ b / \N !
- o _ ,A j AZ //

3 j/
., ,: : / ,N\/N ,

' N' ' '/////// //. ' )-

:
LAST NEVADA TESTS START OF REACTOR RELEASES '

16 0 ' ' ' ' ' ' ' ' - ' ' ' '' '' '' '''''''' I
..

1956 '60 '65 '70 . '75
YEAR
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CANCER MORTALITY R ATE IN
'

o
U RHODE ISLAND SINCE START

,

'

OF HADDAM NECK NUCLE AR
~

REACTOR IN 1967
1.-

220 - .1 l
O 218.47 3 m

o'
o l

- ~

CL

o 6.6 %
o 210 IN 1 YEAR-

o .

-

O 15.9 %
-

IN 8 YEARS-
v c 204.8 |

w 1

f--

$$ 2000 'M i

>-
f-
-

- I
1

<
p :__

Cr
o 19 0 -

< 188.4 "

2 .

CC
"

SOURCE: R. I VITA L,

W STA R T OF START OF STATISTICS 1975O HADDAM NECK MILLSTONE
Z A A

<
O 18 0 -

19 7 5 U.S. Av. 174.4> >

i t i i t I i t i i

196G '67 '68 '69 '70 '71 '72 '73 '74 '75 '76g
V YEAR

dd FIGURE 4
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NUCl. EAR POWER REACTORS IN THE UNITED STATES
,"

-.
.

,

\-
"-

.
.. .... -

..
. : c ,

.
.-.. _

. . : ...; .
< v. . ...

..

c.. . , .
...s . .-
..\ ..M-
...

|
- ..p .

. . ,,
..

.. .. ,,,,
.. e. e.v-;> ,- n. . ,, . . . ,m-- .n , , , *

..
.' '''' **|__

|co && - S
=> -... .. **. is

]
- .~- .

l
- 4.

.
.. .

,

. ..
-

.. ... .."..% .ss-, .. -,, ,_ >$ ..- .. ssns . , . .
" .. .

_
.. e- ,

7 " * ,i'" >>. ..

W t ... w's c
-

, ..

NUCLEAR GENERATING UNIT CAPACITY C -

A
. Lacensed To Op.vate kilowatts &&

65 facensed by HRC se opesage 46.006.000 ,g

2 others authoetred to operate (ERDA owned) St0.000 ,
.. A&

& Eeer.g Cuats
,-

7 7 constri c teen peemho 82.3'#1.500
12 sate e=esa authos.ned 12.954.000 .,

's. Plaaned
54 reactors oedered 61.254.000 &&

}22 reactues not ordered * 26.GGO.000 ,

h pueavo seco.232 230.822.b00
* 5.,se s:w.e e.e. maa

e.n
e. e,ar,ee e ins o. se s c _ e.

me e-o me ae.ee e, .ese.. cn i. e esec a.au. T=ene ese me
s me.'s s.. . veneed t,.e .e. is Eneryf Roseseth & Deeseopment

o e.eed

Ad",M EE- 8 '*8'aBets se of w4e sei. tat.ons. symbats &a aos sofiscs peecise necetrona. See
An 3g igyy=== *= *= so. .afe.ma .

%_.o.-

_ _ _ _ . - _ - _ _ - _ . - _ _ _ - - - _ - - - - - - _ _ - _ _ - - _ _ _ _ _ _ . - --- - - _ - - - _ _ - - - - -



Ngi 1111131U 7 filii!!!iH i !! !? Hili!!! ;ii!H !ilif fi!!!n i iii;i! i!! S !H ii;i!11 ]
s3

I Ue }]~Ill! I...-~.

i ~N J

21 1 .h..,.n! h { D i b n t u i u ' j,
* * *J

d 4 "m' * n" u" na ;t a s

* "

ea,la.,,,ut 2 .a -
; n""'!! j jjpm. mI II;p*ug HIIHho! ulji..i Hai,l u 5 J U ! JJJH..J jfM..J.;n !!l yJ.! j

l

-s J3,p,4 * | C ;5'{ lt""''} %**j
. ... . tip u t ; .y : !jj!!!8ffff $hm. . ut .

.

C,
-}}}Nbb ..jN. j g* b., 'e su M3s

u In ilt

L 1h.3'"!. I ~ 2 2.wa: i n:!!!:s . m?rv-
I H

n M H D5B . m,sjlli.'i ~u.n,llte.l.l i f y.l 'I+ ! j 4i1 d . .- r *J
Hl in!i}al'Dhl 1uh*HH:j.HHHHH hd

~- . i- ., .i

n
[{ fImttm ummitu R2 Imatms am'mm mim I nm3 3mr:51 Inmt 3
. In..m...m..e aum. m..m.. n. ummtd unmmn umn 1 ums u..m...n. smm. 5.,, . . .

.

..

11

illiu- jj il-l 1 i
JJ --l..IU.

-

ti

I hijH ...]"} ,j 13 liii}ii... n 3 -- H J ....
--..-

lli H ij Hil Hi
O$s N j!!!}}}}} NH )} ..- NNI) I 3fi ! ji $E ' I

HNH }ii lHn:- Oh N}h3. I~|IJ E Injj"hj}jj#' jjjj)'H ju ji } lili :d"llN }};DH}I!!!N' dj'"lH } E!H1 !UiGH U}h.h.! }p H ii W { H H U |.. ..H] ' JHHi 18tu2D 3 j
d

n jJ }p: ---

lhlHI H u Hid }
jil $$ b'

|| t s s -

HMi!"! U} d||! !H}bb|),!U!f!}}}!"!!!ii !! UU!NNI!. . 3~} IfI

11
a liiH iffiiWi!!ill Hi!iiii) if ill iliHi!H!I illiHi!! iii IHi II Hi IIgs

334 fu 5
Ul33 ')) 3 a.

|}1jjt,[nt |H {m '~ }!k gj ... tr$35 s .13 333 tsu

jjill"niiiIm#ij33]iihi'.$|. j $$M I ij d dj M

un us
jl ( ji" HHH un tu

HINNUNNhi}NliH&.JN(I]-}INI..Us.tr.,...,N};4dln;{jh|lj,N})p.jjj}}}}i#
i Ijt ~2..

hl "I
N ----tijb- } }.nI jj 3

:nJ}.~siinuHi..:111 u, u
~

!
! |-| Itm smumIt913 H32mn If In ImmHU Immu Itt rni 23 m 43y .s, $1111 %.1.mm.m...u. U.n u.m. 2.4 .M..t i.n..i.ni 23. rai.n.n M.. s n .E.R U. G. u.s .51
,

. . . . . .. .

*
.

]] ..jjp) E .
.-- 11

..

Ht -

d 1, jjgj 331 i..)g..}.11 sl..II. I};( .. ji

jj
jjj}}Ji}}ijij,}i.q.ljO.nh % '4nH:I lj..IlIj

31 II U H~

I J..
H y--~ --I 1 I

i Jij.. .[.piHil'13
n Hu~!j 4|}lAaJJJH 1 jj $3 }}0"0,"0jl, 3b'HHN N'l

t l- -

' jjju UHjj;n"}jj}' ' ..}Negju 2 I'j IjI' }n}}.J8 13 M ~d
unr T

i

nlDUliNjd}}!NU1H)h,i..N".p'!}dUH.N,rLNJ 31}}}b} son}iiNNj.!.P :h an H in
..un| 3s t .n. ,

d H :H}} ..

. t n .

3 ....u, .j...;.2.. ,N..1 - I m" fl,N j ...u.....,.1 i
_

!;

j! liif|}!H ii7 ii Hiiii!HH i Hii ?!!H iiii Hiiiii;i!!NH iii ;) i ii! ? EiH
m3

D3 =

f$i d }a J s
} }sijbl..iij unajinun h' ti }i, j ' j "nbJ ..L,| J}.; H .!ujjijp:u ; Jii3

yr r u u ao,

og 9 :i; }flH..
jj o n. ; l,j IL.",1!:,i:n i j m, n uju un .i.l.H..b.;..i.!!.M..!,i f iip .utu Hjj 'UliMil.liih.- p1.11",t i nji

n! u ug ... ., : . 1 .s ri~

fMjj.. , i PijL ..J u a,Jps[q, ;.-

u J Li at.i.ij2 ua .I LH..! .i.M..H.
. . . a

l.!.M. .I.M...'. u .G..i ~L j .h. ". . I .!.|
-- -

4 i . .i. . t .h U- t 8H-[. ". J" . . .M. .u... . .i4u. u

y!.. m.u.sm. . m.~ n Hi.r.mw a sm. ism f;n uni 2Is L?w!E m *: --7 m a IIfr
alimni s's 11 mim*m n ran n'2:1 W1 mmmmm m 113 m 2 tm

.: . - . - - . -- -- ------ -- - -

..

11
111 H!;I ..l:i

.-. ..

j).t"HU[PI,I,3ji-{,j % .. ;! iii
l u-- in

na ji:n. H '.;. 2.'4-;;d,:
.. n.II nn- p; 11

i ..

, n;H._n. m ;;; nyI J ;:n,n

H iii ; } !;; J !iH-l u o.!! . H t
i uj: .n3 o 23c i n d m o.-i o ". n a na 1j- iT: U75

"1' 4 4 1 ' . ; . U '. "' ' Jt W; . 'd : .M. D.1; ~ I tr , "itan j .i i- J .i Jes 1 'i. 8
o* *y'f!*ii.;is,;"l2;..t.1 ' -.

I : '8 M .? "' ! * * f '2u s . ;C u 89

u ,. );;; id"I t
[m .

. L .t.
- h P.! ' l . . i g

5

).NU,ui;H. .,1 n u
I

a. ....n, i..U. .: .)..;;..;. u G.u.E..M...;: . . l ;6 '4..j ; 2, n, > ~u n.'h' } J
' - J - I Jr s'

I j LJ .tis

WI (/ (p na L .m.:.;)' 4m .;2 . . ., . . -
'

-

$;1u.a wu . . . .. g-..; e . b...,. m u a:~.= u u ..u..-..u ~ ....-.. g.u..=..T...,...
. .. gj g

. ....

_ _ _ _ _ _ _



, - . - ,, , ,a , ._.. ,

1

*.k ,

l

I

WON 1H7A AliV1 S1V11S11DS 83d081 6

1 W * (* 027 R VSC 0271X dr23$ J31 WY'f013W925 oJ 0.Y1tl J04 uJ M113C $1Y125' 1YO) EMIC:t' 01A1510E WO 51Y tf 8130.W Y;'C fiY
J0E' lid lfE1120 $1Y335! 361(

4, ...,.o.m. ,.. ,.,.,9,.m ,,,nn..t ,....mm t m .. ...m, ,m.. mm o. t . ..t I m,.. ., .m..
,,, ,1 ,o c. .te m ,..nus un m m ,.tm m m* m . |

. . , m ... eC .mm1. . t. m ,.u m e .t. . m.ou mm . .mtm mu .3 w...m ,

1jIW7 G SEft,aF.m$ it.*.O,, ,.m ' .,u,u. .. ., ,.m. .- ema~.m, m mw. .nerneuer* .s m,.m.m.am m . m m ~ m ,n< m e*an< w.m.. mt.
mu m' .u m, mrm m nte nta-mtu

nerut ,

- *
,

m .. m. ~ .s u.. m .. un m .. m. m m. .

eim ms.----- wm me mm me mWS mr mw. nv uWS ne
m _, m,m ms m,m me n .P u ut nv am n .,tt s'm. . _ _ _ m.m yt itl.m 1D 8Amt. tti m ttr *$ .t(ti.tf.cufat

ter j tt e

m.m m.a m.m m'r m;m me.. _
, , ,

m, n,,em .m ms m.m mc n uc av afu ur W y:".m me m.m tur men mr nex uv t, no n .t
4='.

't.*~- u.m mr n.m ner nco ne acu. .

u cu. o..v .t.m,r urm. m me a .u mr nm or,.;;"'---"- "=tf- n:m mr n:m me n:m mr W ur
9W ur TW, ne

O -

no'd U!.l 4."L 0:: 4'u .!" m'n:; M:ni 0:; u':W,:5 n:1 |
_ .m. .____ ._
,,,.r._ _ _ __. ._ _ _ " m.
e ott * . * - . + . - - - . . . g.g p g* su i m.m tur m r uW'm,n ne uF

|n.m mr w,,m ,, v ,ec eW, ne6

3,.24 a.-fL
C***"3**m"*"***""*"*""*~~ tI'5 4L f 4 4'T 8tf N tif *t 18'391 8 t '9

t'Mt 3*332
MS uC t46 tt *tN'I'"***d*~~"~" " * " ~ * * " * * * * * * * " " * DWF ttt*t 5971 t ni't tfts T*1 v te r st*$IMI mc 7#C TMr m tTS *C ME H *0 59 ( stP!.N H *"""" *"" ffM m *t it6 tis *( ttE tt *4 859 tte ttt tiP

"*"
***S " * ~ * * " " * " " " * * " IBIH tMr TfMH3~8 8 8 I'l'#r"******** T9 ( t/M 84P 8'199 tf *0 tftC 'ts *3

!.tt"C
etYM 9C! *f T SEf*"*"" 959 et *t * tM tir tM#

tf'tM' @'kI #*S"
**#' sGfft tti 6 CiP ! f *(W"*""*""""*""" 1$(.f ** m P't

**""**** 8 st v t ce t te r taftt 9' 4<l
#

1t 'rIt gp ;t''t if
a e't AWSalWk ;Hp tc:w m "~ ~---" * ~ ttu mv n#s mr nen ue ,enn:m ,t e ,sM':m ae4=v e" "------ te me nm n*v eWr ne neu ne-----~~ m ar* trvu mv tt:ot mv nee tnv t'm tte en av,

-

3.. Z ,. JCP*~* "

nu :.- mm------ - :tpu me aru me nfu mv sc uC ,. c .vu uv3Tt f **"*"* *""" t I't t 3 tg g at ttfts tspv ttPte ttte s' tit ttv EWc
58 'P

"*"*
W nyt 6tiTP

,

ttf ttC
m r'l 9 / 53

m e't
9 f tt 1*t *t 8*fil jr * $ 1't*f tF

**" **
t nn- c-

n|!!f 1.rm iten tuc tvu nr :PM ut
- - * " - - - *

.t es h w"=*"** ***""*"* t ttir 19 6 ( tti P s etS tS*6 t f rO tte tffe it *I,eH 4rsrM t d f tS 45c r s'tM itt at t '' te s 1:A *t s tit t f *f t'tn t s *6
" " - + - *

g, t g= ikE J* tt3t***="*""* **=***"" stffE ttiv 3FWf tttr
3,C' tit t"*t e TC''tte

tt *C tM 6CP SWE 4C *4WWmU"****~~*===*"""= ttfif ttir s ' tit ttir CTU 8 ttF TWT "81Ptr^S * " " * = - - - -""" 1t ttf it$ tu t EWS ttF *$ 1 AtC f C*f ttE tI *3ga J.ft P 1 **""-*"""***"""" tt'tM ,tC L * f. ,. ,.s.l' t02-. 1JMT ) f *t49 nt 't

#

iat 8

*-"- ttt *t E #
#

s 'tif
sM *,

st P. TWP tt*6rtmn- tfrE tff *t gn *tsr T tit **t *4 tt r tM tc*01t. .rt mt t" IWP ttar tftI tagr't )
* -"=

tst 199 tit *t 41f ttt *4 tot MPs.usv r e -*---"= =* 9 !tf CHr s ' tit 3 f*t irtU $t t tt e 999 ttP/#
trem ****

tftt tst*t t/tt itt *t 4ftt itt *1 t * tit ll't 939 tt*2 "

s.Y.:E

|t* 8.* wiRW - !"f f M t*f *6 ttftt 15t*t* ***

tt 't M
1M t*4v it * t it ttU 1C'!tC f C *C

,!O et/6 ~-- = * - " = s tte tat *c eM
' tra 't t'3st st*( t * ti t t t *f sti tt*C

l

itt *f gt v tft t t *( ttE tf *1tt'tr E tneWWW*- " - ~ ~ * " * -

t'tiP
tM#

.C,* rut as e J :**FtM**"-""*
* t W' tit

8 it t ** t' I:t *t a *C ffO ttg ter ttE tt *Sitt ?t t-*****""*"**~~**" ( itt*t
r**s .s"t?s t S --- - t W's tI ,, t t 't t 'f *( *tiv

t * s s tig #:r ;ti tir IWe GF (t'CMD tfni ot *4 I tit *
t' tt*t ttC tt*24J F m M ***"**"** tt ' tit ttf *t tflE itt r g T,v t t *C t' set a t *1 3 #-E tS f

***

E* * F t 'JttT * * "*--"""-- iWF C *t* t tWf
*te r't
115 1 tM "tv tim li'l tWC CF "*$ [tm2; s **= *"=* !tfH #

t,tp 'P s ' ytI $ 'it t *ff r t tfc urte t C 'P

z n .t t r.ne ~* ="* " *"==**"**"=** ttWS, *t 'm n f't gg
2 t# tt*&g g *( s tge r t 'tt e tt *C s ' tte" lm' nm :.m*--"- nft me ttCmv n mv s'tn ura,e v I'

9:m
mu ---- nenWt mr ::v t:w mv t:m av--

t nv.e t a. tm ne
rf"*******"**"**""*"*"**"" !t 'l M tI' tit

,N* " " * " " " " " ttC Ht'd s s tet t*t r s'tgC stas t'trE tt *t
% 'f U 15tr t'n:5 t t 'c 1 * trO f f *fWt t e tut itf"*"""**"=** tt' H tts'*t tPTF

t ** t *f

**"r t ftt tfir twt 9r*6 4M tT *fs' tit
;

tti
?Mk J*t'' *% 08bM*"**

tt'MB tt'ts;CH *E tlc ttE * f 3C dtf 1*t C"*******""
TC'1;1

1M et r 9Wt ft *C *
.er"s t uw't =*-*

ft * - * " * " * * " * * " " " 8' fHP
t' J:3 s ' J&t

*&t *c t* * tet P 1' it *T 8M t& 'ttr't:9 tit r,e"* r t s ****** * * t .sti
" -

t'It* cev t *t ip S t *f tWS 20 *fteW( itte t 'W I . at*1t t* i'11 *t td% 11 '' 4F E$ (?p *"
M *tte t t6 *f ttf(f tt P tiWf at ' t tfcS t t *f tWc tI*t

*".et4s

:Lr.t*r****="*************"-" MW( tti't *C dlI tM C . t *M, u *t
%')tte

tt *c tf.tt #F r't
teM'y.w""=***m*==u"***""**"*=** s'tig t te 't

t ' g%t t't t e
l:F 15F 6$ *t

" "**
tt 3(P C *(ti e -- g f et itt e s gg *t tte tI" tv M*C uf lT*Igg.g.-- nm..o.mu -- 7 *. g g g.g p ,7g tgg r ;tg 9 %p m s s tu it;r ! nm ~~ ~ ~-~~~ $'t r !? 3 < 8'N6 v4 *1 t *ite tte 1fR t L'''6 f*. rgn % v. . -* - . = **a" t * *eg tgir 41( 'l

t W't at i' C v.t
t t;r *t gy tt *t ed tte tE tevttt tiW=***-**--*"* eWC ttg ** ( tf t v pt v t '** t a t '9 &&S tiwM***.-******="***************** g 'g* f g *r * t d* t H's lre 9 *c 9g

g, up tca tt*tg a st s.*-"=.""""*".ma"=** * *;n ;t g . tt; .tg *t us ggea

s te C *t S f8W
M f M M *". e v * *"m*"*" ** *..*=* **l;/;41M irU t t W( 1t g p

t S ' t r* tt f.tf
CM ff r w it *f ~ 4,tI't H* 4

*
. p *g s t; g; t f

t't *g ip g* * :t ae t* 14 *t f" ( is *f
u f't";* ,,t t y,W' n, o, . ,

;t *"~ * ~ ~ *

m,''m"...".....""......"._"".
tirv * t t 111*

, . . , 9' , ,. t r. .'.t
1#( tiv L*( t* Ptf 9 u

....t......_. , g ., nt.t , . , ,,t.,. u ', ,.
. t uP . , n- nea C. ;c t n ,t P u lev

..-- . . . - . . . . . . _ .
. ., P f.C . -, ne m n't

|
i,

nGIT S )V( l' bM !,.

,
,

,

. _ _ _ __ _ __



~~ - . . . . ~. . , . - . . . . .-- - ..

i

e

MONTHLY VITAL STATISTICS REPORT 13

.

b
.
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Ccws milk :masttrements near Millstone Plant, reproduced .
frcra Environ:mntal Statere.ert for 1976.
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TABLE 7.

.
*

0 AIRY MILK
f ACIlC.l *_z --- .. . _.

COLT.ECTION |
* *

LOCAT10N DATE SR-39 S R -40
;_---. T -131. .. - - ... . . .C. S - 137 |

(+/-) (+/-) (+/-) (+/~l
-

j20 2/23/76 0.0 0.7~ 14.5 0.5 0.01 0.06 g2.7 1.1
~~ ~2 0 ~~ ~~~4712 77&~~~~ ~176 ~~C 2 ~~~"T. 7 c.4 0.0 0.03 12.4 0.4

*Q 5/10/76 0.3 1.1 7.9 0.3 0 30 0.09 13.5 0.9
20 6/ 7 1.5 16 2 0.6 0.c 0.03 26.3 0.8- g.. .. . g ./76 . _ .0.2

6 .' 0 ~ ' 1'J~
'*"'@~~Q~Q ' ~ ~ ~ 0 . 0 5 0.05 32.0 2.0

20 5/ 2/76 0.0 2.0 .13.0 c.4 0 09 0.10 27.0 20 |20 9/13/76 1.1 0.7 15 2 0.5 0.0 0.03 24 2 11 I
a

' 0 * ~~'' * M r' 5'M~ ~ '''~ ~'''3 7 ."W ~ ~ * ' 'L* 6 ' ' '~ ~' '1'74 '''' 7 ~.' T '' ~M'."(6' 6 2 '~~~ O ~ ~f~f
|

21 2/23/76 0.0 0.7 10 2 0.4 0.05 0.03 23.0 2.0 |
*

a l' ' ~~~ ~471'2 /76 ~"'1'.~5" * 1 '.' 2. * * " ~ ~ 6 .'4 ' ~~~ 0',' 4~"~~~'0 2 "~ ~ O' T07"''' 17.3 0.3 I( 21 5/10/76 0.4 1.0 7.4 0.3 0.0 0.03 10.3 0.3 |.' 21 6/ 7/76 0.7 0 9.3 0.4 c.10 0.05 15.3 1.1.-
3..-. g.m g .- . 6g ,7- . g g,, ,

21 8/ 2/76 0.0 1.1 13 1 05 0 13 0.09 30.0 2.0
_ 21.... g/13/7o9 0.3 0.Y* 12.9 0.9 0.0 0.07~' ~~31.3 1.35/76 ~~~ ~ 4.'O ~ ' '.'0'~~ ~ 1l'.3~ '~ ' O . 6 6Th'.T6 f. 00 16.'8 ~' T. 4

22 2/23/76 0.0 0.5 5.6 0.3 0.07 0.09 16.7 1.0'2 2 ~ d/1277"6 - d !'O 0~5 "~~~~s.~$ 0.3 0.0 0.03 TSTJ 0.522 5/10/7e 1.6 1.3 77 0.4 0.0 0.03 16.0 1.022 6/ 7/76 0.3 0.9 11 4 0.5 0.0 0.06 21.3 1.2~~ ' ''~~~22 7/19 / 7 6 ~~ '~" ~'"C. 0 1 1 ~ ~ ~ U .9,.~7 3 - ~0. 6 ' ~ '. 0 ~~C70 5'~ ~ 23 .'3 f .~7O
72 6/ 2/76 0.0 2.0 41o.3,3 0.6 0.0 0.07 36.0 3.0

. 22.-
. 3. g ..j g .

1.7 .09..-7339/13/76 10 0.5 0.20 0.09 11.4 13
.- 0.6 217'.'c 0 5.C0 2i.~0' ~ 27 F ~~ ~~

23A 2/23/76 0.0 0.4 4.5 0.3
~"~23A~ ~ O f f/7 6 ~ ~ 1.'l ~ 0.4 ~ e .~0 ~ ~i.~ ~ ~

~0.05 0.08 11.3 1.1
3 0 .~0 'O . 0'5 83 0.4

23A L/10/76 0.5 0.y 5.2 0.3 0.0 0.07 13.6 10
23 A .. .. . y./ 7 / 7 6. .6

0 3 . . - g 6.. 3 - ~. g g g,.(y-. 0 . 0 5g- . - .$ . 35 9
.0

0 ..g
4.2 0.3 0.40 4 0.5- y

23A 8/ 2/79 1.0 2.0 6.5 1.1 0.04 0.07 10.0 0.3
23A 9/13/7o 0.4 U.a 7.0 0.4 0.0 0.23

'23A* I O r 5~/7 o ' ~ ' ' ** ~,~. 3 ' ~ 1. 3*' ' ~ 7 .'I C3 37*90~"~1.30 ~ ~13.7 1.3*

6'. T ~ ~0 .l ~ " ~
.

. . . .-- .- . . . . . . . - - . . . _ . . . . . . . . . . . .

.

.> . e >

!

t

b
\

.

_ _ _ _ - - _ - . _ _ - - _ _ _ _ _



.

O O O
.

w

-

DAIRY FARM # I h' STRONTIUM- 90 LEVELSLOC. 20 Smi NW .I

IN MILK AT VARIOUS
HIGif EST LEVEL IN CONN. >- ~ - -

DISTA N C ES FROM THEFOLLOWIN G 1961-62
NUCLEAR TESTS DAIRY MILLSTONE- NUCLE AR

20 d FARM #3 PLANT. JULY 19761 LOC.22
li mi. N E

S r- 90, p Ci/E [ SOURCE: N.E. UTILITIES )
ENvisoN. RepoaT,197s %

15 -

raste 7 ano spa agpoar g
k NO. 7,- JAN.1977 TA B LE 7.

.

-. -

% LOC.21
i

- MANCHESTERLOC. 2 3 A
BOSTON N.H.

hWILMINGTON HART. MASS.

h PORTLAND ~NYCDEL CONN 1 M E.
;

[ TRENTON T
Cli!Cl. 7 N . J. 5 -

hPROvio. -

Sh!O - h R.I.
_

' ' ' ' ' 'O
300 200 10 0 O 10 0 200 300 MILES

FROF 1LLSTONE

.

Fict er>r .9 / s )
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Ctmparlilon of Sr-9d Ccncentraticas in Nilk !!aar the Millstene 1:cclear f
'

P2 actor With Concentrations in Hartford ard the U.S. as a bhole - 1970 to 1976 }
7

. .

(b) (c)- -|. (a) . .
'' *'

,

Av. Inily Id1h Av. Daily Milk Av. Daily !! ilk Excess Sr-90 tt::

Year Sr-90 Concentr. Sr-90 concentr. Sr-90 Concentr. In Milk !!aar S r .* j..

Near Hillstone In July'(Uart- for Year In litilstene Nas - '..
'pCi/l ford) pCL/1 U.S. pCi/l over U.S. . Mill L

pCi/l pci ~*

1
.

''

l.81970) 9.8 ' 8 | 8 ' -

1971 8.8 9 7 1.8 20 ': I?
?!,

.

'

1972 9.6 7 6 3.6 35'.'

>
** .i.

, 10.0 67-1973 15.0 4 5

O
-

. ,

n

,'g1974 14.8 Not Avail. 4 10.8 73 ', i

1975 10.7 3.1 3 7.7 7"e '.

1976 13.0 5.7 4 9.0 60i,

y,
o..

.

3 Millstene Cperatica began in October 26, 19,70 .

Cenn. Yankee Utadin Meck, 20 miles M.W. , Startcd July 24, 1967.

(a) 'Ihree 10caticns edsin 10-15 miles; 10'= 10.2 pCi/1
AFrcm M.Lilstene environ:nental reports, annual averages-

i

(b) E.P.A. PeasurErents (Pad. Data and Pc;crts) in July. f
-

IC" 4 +~ 1 pC1/1 -

|~ ,1

(c) E;P.A. Nets.ork Average (Rad. Data and Deports)
,1 7 = + 0.2 pCi/l, . .

,

s

9

4

thg ,%
*

m,

O

r
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APPENDIX I ;
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. l
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1

TABLE 10'
.

-
'

L
t

D:ses' to the Done of Children Das to Sr-90 'in'the Milk and " !

-

Ibtal Diet Near the Millstone Nuclear Plant - 1970 to 1976 !- 1
'

'

f*
.

(a) (b)' (c)'Ibtal Diet Annual Sr-90 Annual Sr-90 CLnul. Sr-90 Innual Sr-Sr-90 Intake- Bone Cose For Bone Dose For ' Bone D:se For Ecne Ecs*Year Near Hillstone Child-All' Sources Child Cue to Child Cue To CGd CuapCi/ day mren/yr Millstone ' s > , . Millstone Millste..s
mre=/yr. r:ren % of Nar.z_

..

197Q 29.4 185 h--- - '-
+
b1971 26.4 166 33 33 47% d

'

. -

?1.972 28.8 181 69 102 9 911 {*" 1973 4 S. 0 283 190 292' 271%',

,

1974 44.4 279 TJ4 495 291% I4
. * 4

51975 32.1 202 145 640 207% I

'

* i
''1976 39.0 245' 169 809 241% *

{:

,

*
u

5 . Millstene Cperatiens Began Cetober 26, 1970' f, ,
'

[(a) Using dose factor of 0.0172 mrc=/pci annual intake frem Table A-5,
a..

tNUCC 1.109 (N.R.C., March 1976), equivulant to 6.28 mran/yr. per,

1 pCi ddly intake in total dict. s

,

(b) Using percent excess Sr-90 levels due to Millstene frem milk me.asure
ments'(Table 9) .. -

(c) Natural Padiatica background 70 mrciVyp. ((E.P.A. measurmts; E.P.A.
. resort on !!addam Neck

f'
.

E/P.A. - 520/1-74-007 ; sect. 7.7 page 109,
'

'

t,

. k.o

O V '

I
r

'
r
'

l
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MEASURED- CONCENTR ATION -

'

OF Cs-137 IN MILK
-FOR VARIOUS DISTANCES '

Cs - 137
FROM MILL STO N E pCi/1

~

NUCLEAR PLANT- 40 r

AUGUST 1976 [ FARM # 3
1 ( LOC. 2 2 )

FARM # 2 T - g

(LOC.21)(b.
_ g-

::

4
-\ FAR M # 1 ~. 2

[(LOC.20) -
-

M 20 - --

LO C. 23 A
'

(CONTROL
'N FARM) " R.I.

CLEVEL A ND, OHIO T
-

N.H. M E.
Ass. '

O i3 pCi/f NYC -'

- -
-_ _

N . J. / CONN i

/. 1 1DEL
' ' '4- ' O a

300 200 10 0 O 10 0 200 300 MILES 1-

->- S OUT H - W E ST NORTH- UST ~ P ^ '"
FROM hiL ONE iD |

FIGilRE 2(b)
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VA RI ATION OF Cs-137 IN MILK !

WITH TIME FOR VARIOUS DISTANCES
Ci d FROM THE MILLSTONE REACTOR

O d lR Y FA R M # 3 '

o/ ~D
.35 -

11 mi. N E OF,

4 -
4

NILLSTONE NUCLEAR,

;i' REACTOR ;
~

\

30 -

I CHINESE FALLOUT
M
$
2 025 -

Z
i

2
O MILLSTONEOp .

dPLANT 2 CHINESE20 -

<C D AIRY FARM FALLOUT'M +30 / A
2

S 15 / I
-

O. PROVIDENCE, jo ~g/ R. I . M I L X
(E.P.A.).

N

y 10 I
-

m
O

i

WILMINGTON -
U

DEL.
g W I LMIN G TON ,5 a a a< DEL. ulLx

-

PROVIDENCE " O
( E. P. A.)

R.I. ;

1

a i'' ' ' ' ' ' ' ' ' ' ' IOO- a. F uA ua aA S O N o is7s
.

.jy-332- FIGURE 4- I
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MEASURED CONCENTRATION
.0F-Cs-137 lN MILK
FOR VARIOUS DISTANCES

Cs - 137 .

FROM MILL STO N E pCi/1
NUCLEAR-PLANT- 40 r
AUGUST -1976 [ FARM # 3

I (LOC. 2 2 )
FARM # 2 T >
( LOC. 21) _ j.

k FAR M # I -

-

* (LOC.20) -
-

-

(.A)
-

W 20 -

g LOC. 23 A
-

-(CONTROL
FARM) " R.I.

CLEVEL A ND, OHIO T . M AS S.
'

'

O 3 pCi/f NYC y -

N.H. M E. -

_

N . J. j/ CONN
'

''ff.lDEL 1
' ' ' ' '

1' O
300 200 10 0 O 10 0 200 300 MILES 's

+- SOUTH -WEST NORTH-EAST ~ ^ '"FR0h littt. ONE viD )

FIGURE 2(b)
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APPEtlDIX IIO I'

PE AK Sr-90 IN MILK '

'' AROUND THE NUCLEAR
A FORD ' FUEL SERVICES V/ASTE

-

36 6 STORAGE AND FUEL
{ REPROCESSING FACILITY, |

SOURCE: ' * *
;

y",*CHl A S 1974 I!1974 ANN. REPORT '

N.Y. STATE DEPT.-

OF ENVIR. CONSERV. 30 7 |
AND EPA R AD.
DATA AND REPORTS _- / /. -

1963 Sr-90 IN MILK iVOL.15, NO.12 [
-

-

DEC.1974 FOR N.Y. STATE
FOLLOWING LAST :/ U.S.- U.S.S.R./

( N .Y. S. ) - ,/ / H- TESTS ( 28 pCi/J )
'

I9 2 '

o 7 / 9, , ;.

( N.Y. S.)
,

( N .Y. S. ) s s s s-
(EPA) (EPA)

l h[hId h$$
5 I

5 I (EPA)

CLEV.
E-CONC. CO.'lCORD ASHFORD t.IACHl.is ONANDAGAH A R TF. U.S.OHlO E R I E CO. ti.Y. S. N. Y. N. Y. CO. N.Y. CONN.

(IGO Mi W) (0 .ui. N) (4 f.li.NW) ( 8 ui. S) ( 7 t.ii.E )(15 0 t.ii. E )(3OOui.E )
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CANCER MORTA L ITY
~

FOLLOWING S7 ART OF> NUCLE AR
- '

FUEL REPROCESSING' PL' NT ' 'A
'

T W R U , N . Y.REDUCTION .

IN W-VALLEY
EMISSIONS

!
- .

: : 6 YEARS : :

400 -

y,

..

W
f--

$ 350 -

OLEA N X ( 59)
>-
b .

O d 300
^

-

..

m

h 6 YEARS .
X

FROM START Of" NUCLE AR
L SSING W/o% 250W

' o X i

X[2 l

<
U

UPSTATE N.Y.200 -

g_x(. /: j. 35)
4 - v__c, -

X
7 ' ' ' ' ' '15 0

1970 '71 '72 '73 '74 '75 '75
YEAR-
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S r- 90 pCi/f

'

20 -

1
SHILOH-

STR ONTIUM - 90 B A S I N , O,R E.

IN . MILK AT
'

(STATION # 7 OREGON ).

-VAR IOUS. DI. STANCES _

- ( 2 0. 4 p ci/.s ) I
6 Mi. S '

FROM THE. TROJAN i'

NUCLEAR PLANT
(JUNE-JULY 1976 ) 15 --

'

..

SOURCES OF DATA : .
i

,,

.ENVIR. MONIT REPORT ;

OF PORTL AND G.E. --

|TABLE 9 * STATE OF
OREGON , OlV. OF -- |

H E ALTH R AD. SURV. l
'

PR O G R A M AN D E.P. A . 10 --

__

i
__

| d

__ |

PORTLAND, ORE.
"~~

KELSO, WASH.-

\ ;

-[(STATION # 155 O-
"' ''

C O R VA LLIS, OR E. j, _
__

/- SE ATTLE , WASH (EPA)
EUGENE, ORE. \ /

~
--

M AX. PERMISSISLE"
,. ,

~
'

S AN FR AN. CAL FOR TROJAN PLANT

"\[ ,tS^cRf4 ENTO
""

--

v. F 9 . CAL.
r f I f ! I f f !. s4

S +- 400 200 ou 200 4 00 -> N
Q. DISTANCE FROM TROJAN RE ACTOR IN MILES

/7-336'

L .
- . .
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Sr-90
STRONTIUM - 90 pCi /f -

IN MILK AT VARIOUS
DISTANCES FROM THE '% PORTLAND LOC AL ' ARE A
TROJAN REACTOR 1 (SPECI AL 1.tlLK S AMPLING )

10 }
1

(i2 pcim
NEAR PORTLAND, ORE.
(JUNE-JULY 1977)

( N O B 0!.10 T E ST S F E D.- S E P T.) - - SOURCE:
.

1
I STATE OF OREGON,

-- -1 DIV. OF HE ALTil 3
f.11L K R A D. *

EUGENE
,_ __( , . SURV. P R O G R A F.1

o
-

) -- =t

TILL AMOOK
(g -- 5- - "

PORTLAND MILK
d CORVALLIS - - i-Of-i DISTRICT i

V B AKER - BOISE
.

M E DFOR D -- --
~ ~" "

\ )'- ;_;r,_t _. (A ( f.1 A X.' PERMISS. FOR' ' TROJAN PLANT
"

"
- - "

, PACIFIC REGION )
'__(0.6 pCi/f) i

( "^ ' I ' '300 200 100 o 10 0 200 300
< SOUTH AND WEST SOUTH - E AST >

DISTA NC E FROM TROJAN PL ANT IN MILES
"

.
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For m:ny years, both the general public ard the scientific cce.mity
I

have believed the assurances of the nuclear industry and goverrecent

agencies that under nor:ral operating conditions, the radiation doses,due-

to releases from corrmercial nuclear pwer plants are negligibly strall,

and that therefore nuclear power represents much less of a threat to

human health than the operation of oil'or coal . burning electric power |

stations. (1) j,

In particular, the nuclear industry , widle adritting the at:res-

pheric releases of iodine - 131,has repeatedly claimed that no significant

a:: cents of strontium - 90 and cesium - 137 are released into the air

frcm nuclear power stations, ard that tl'arefore the strontium - 90
~

and cesium - 137 ceasured in the local milk must be due to fal1out

from nuclear weapons tests. (2)

Howeve:: , a detailed examinaticns of the levels of radicactive

strentitra and cesitra in the air, the soil, the vegetation ard the

milk around two large nuclear pcwer statiens in Connecticut as

measured by the utility's own enviremtal censultants ever a pericd

of many years reveals that this claim was valid only for the first

few years of cperaticn , and that in the last few years, the 1e/els of

these known ccncer prcducing subsmes have reached or excceded the

levels cbserved in Ccnnecticut during the height of nuclear weapcns

testing in the early 1960's. (3)

For instance whereas the highest yearly average follcwing t'.e

Os

|*
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: larga nuclear tests of 1961 - 1962 was 23 pibcuries Sr-90 per liter
l

e of cow milk (pCi/1) dairies within a radius of eleven miles,

| around the Millstone Point Reactor near New London shoed milk con-

cent:atioris as high as 27 pC1/1 in July of 1976 At the same time,

the' levels measured by the U.S. Environmental Protect ';n Agency- (EPA)

in Hartford screa 40 miles northwest showed onlys 5.:7> pCi/1. of. Sr-90 _

in the milk.(6}See Fig.1 and Table 1)

That these high. levels of Sr-90 in the 1ccal milk could not

possibly be explained by fallout frcm nuclear weapons tests is further 1

supported by the fact that the levels measured in the rilk by the EPA .

for the same pericd decline in all directions avey from Connecticut, l

reaching values as low as 3 pCi/1 in Cincinnati, Ohio and 5 FCi/l in

Portland, MaineI7) A similar pattern was found for cesium - 137 in the

milk, with peak values near the Millstene plant of 36 pCi/1 cc= pared *

O wita ca1r s ct/11a a retoretS)<see rie 2 e=d Tes1e 2> ;e

That fallout frem nuclear testing cannot explain the very high

levelsnearthenuclearplantsinscuth-easternCcnnecti$: tis

further supported by the fact that both ccws milk and goat milk

in the nearby farms rese sharply frcm their values after April and Fay

when the plants w=.re shut dcwn for refueling to peak levels in July j

and August of 1976, with Sr-90 in goat m2.lk reaching 32 pCi/l near the

Ccnnecticut Yankee plant, and 61 pCi/l near the Millstene Nncle

Pcwer Staticn39)Yet, the fallout frcm the Chinese Eceb Test of

Septc er 26, 1976 was not detected in Connecticut until Cctober 5th, N
and when it arrived, the levels in geat milk, as measured by the

.. 1. Cnc Curie is the radicactivity of cne grcm of radium. Cne pCi
. ( -is cne millienth of cne millienth of this a:: cunt, or 10-12 Ci.'

3

. . .
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utility cccrpany rose by less than 3 pCi/1$19 hee Fig. 3 and Table 3)
!

!

.i
- - . The fact that the nonth-by-month changes. in cesium - 137 in the

. milk measured by the E.P.A. r the Providence, Rhcde Island milk showed

a similar but lower peak in July and August for the sampling stations

near the P411 stone, uclear Plant in 1976 before the Chinese fallout

arrived in October while the rest of the U.S. ,did not; clearly indicat,e

' that the contamination of the local milk can affect distant population~

'

centers as far as 50 or nere miles away, depending on where the milk

is shipped. (Fig. 4 and Table 4)

Since the cencentration of strentic. - 90 near the two plants
.

,

was 30 to 60 times the minim:n detectable leve3., there can be no- i

~ !

questien as to the statistical significance of these large rises
|

in the Sr-90 concentratiens around these plants. (See Tables 1 and 3) . |

That the source of these high levels of radioactivity in the rilk

is rainly due to the emissiens frcm the Mil 7stene Plant 1ccated scme ,

1

15 miles frcm _the Ccnnecticut - PJrde Island herder is further supported f

by a recant report sent by the Nuclear Pagulatory Ccnnission to

Congressman C. J. Ecdd of Ccnnecticut.(12in this report it is stated

that "During 1975, the liquid and gaseous effluents frem M4'1stene

Unit No.1 were high in radicactivity, in terms of Curie centent, as
|

ccmpared to other nuclear pcwer facilities", and that "this was due

privarily to defects in the nuclear fuel that was being uM " ~ed at
,

that tire".

Acccrding to the N.R.C. 's report en radioactive releases frcm
1977(131, the Millstone Plant nearNuclear Facilities issued in March of

Nea Lendca, Ccnnecticut discharged scme 2,970,000 Curies of radioactive'

gases into the air in 1975,the highest of any ccmmercial nuclear planc

- 3/2-

_--_ ____ ___ _. .
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ever. reported in the United States. That same year the envirorr. ental

( report for the plant also showed an all-time high of 36 pCi/l of cesium -

137 produced in nearby farms, as compared with only 5 pCi/l of C5-137

for milk measured by the EPA in Hartford scre 40 miles to the north.(11)

Although the N.R.C. recort to Congressman Dodd indicates that the

total gaseous arissions were reduced to 500,000 curies in 1976, strontium -

90 in goat milk continued to rise frca 37 pCi/l in 1975 to an all time

high of 61 pC1/1 in the third quarter of 1976, cccpared to a minimum

level of only 5 pCi/l measured in earlier years. Since the accuracy of
i

these measurements is il pCi/1, the;e can he no question as to reality

of these extremely high levels of the rest biologically serious of all

fission prcducts h the milk and feed, a chemical substance which is

known to have induced leukemia and cancer in numerous animal studies.
1

In order to appreciate the seriousness of these levels, it rxst

O ee rea1=ed ehet ee reers redieu- Councu a 1961 see ee .-

imum levels of strcatit:n - 90 for centinuous censumption in the. total diet ac

20 pCi/ attep 6f Pange I)$ and ru.a. ended that ccunte: measures shouldd

be taken such as placing ecws on stored, uncontaminated feed, re eving

the milk frcm the rearket, or recving the strentium - 90 frcm the
,

milk by ion - exchange processes when levels exceed 200 pCi/ ay.(151d ,, a

another indication of the seriousness of these levels, it must he

noted that the Envirenrental Protecticn Agency (EPA) in its newly

adopted standards for drinking water which came into effect in June

of 1977 requires that the levels of Sr-90 must be less than 8 pCi/1.(16)

Since the carcinegenic action of a given intake of Sr-90 is the same

whether it cccurs in water or milk, levels that are as high as 30 to

60 pC1/1 are clearly in violatien of presently accepted health st.r.dards.
O

# See Table 5. Note that since milk is cnly 1/3 of the daily dietary intake,
the maxi =, :m allcwable cencencracien in milk for ene 1/ day sould be 7 FCi/1.

h.Sf3'



r -- -- ' -

b ..,

.

For an intake of 200 pCi per day, the Federal Radiation Councild5 )
/ )

. and nore recently the M.R.C.1has calculated a maximum dose to the tone
,n

V of 1500 to 1800 mren for individuals in the general population, namely
.

the young infant. Tins dose may be ccmpared with an annual average

dose of about 80 mren frcm natural background radiatien in the U.S.

Using the latest figures on the dose per unit strontium 90 intake -.

in a year published by the Nuclear Pagtlatory Comnission in its Regulatory

Guide,1,109, March 1976,0.7it is possible to calculate the maximum dose to

any individual resulting from the measured levels of strontium - 90 in the

diet for individuals living near the Millstone plant.

For the measured average of 35.1 pCi/l at a goat farm two miles |

tl'9) |

from the plant to the east, and correcting for the background or local i

minimu:n due to world-wide fallout of 9.6 pCi/l Imasured at a nore

distant goat farm 15 miles away,(20)one obtains an excess due to the releases

A from the plant of 25 pCi/l for 1976. Since the total intake from all
|V

dictary sources as measured by the Ccanecticut Department of Health is

alcut three times that for cows milk and 2.0 times that ingested with

goat milk, cnc gets a daily intake of about 365 x 2.0 x 25 pCi/l or
~

Q.")l8,250 pCi per y, car. Frcm the N.R.C. Guide Table A-5, one obtains a

yearly dose to bene of children of 0,0172 mren per pCi, givine; a dose "

of 0.0172 x 18,250..or 314 mrem per year, and about half as much to bene marr w (2q
*

*
..,

This dose is 450't of the average background radiaticn of 70 mrem
"

in the area according to the epa's latest measurenen(ts, and scme 40 tires22)

i

larger than the r.uimum dose to any individual of 7.9 mren calculated by |

the utility in the st tury of its 1976 e.vironmental report, in which no |

account is taken cf the Sr-90 in mil % since ic is claimed "to be unrelated

(AN to plant cperaticns." (23)%

#9 WY
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These doses are scri 50 timas ., larger than bene marrew dp.seg freia a
' . . '(24)

pd typical chest - x-ray (2-4' meers) . Furthernere, these. Sr-901 doses are ]

cecparable with those known to double the risk of childhood cancers ,

I

and leukemia for infants following diagnostic x-rays during pregnancy.

as determined by the large-scale statistical studies of Dr. Alice
.

Stewart at Okford Universit/Ed Dr. Brian McMalrn at Harvard,24. .ich
I

range frcm about 1200 crems for exposure of the full-term infant to
'

i

as low as 80 mrem for a fetus exposed in the first three nenths of

development.(25)

Finally, these large Sr-90 doses from normal cperation of nucleztr

reactors as dr termine:1 from the detailed measure .ents of the utility's
'

own nenitoring organi::ation musti be ccnpared with the reccmtendation
l

of the National Academy of Sciences in its 1972 report, 'hT2 I
where it is

reco:= ended that the dose. frcm the generation ,of nuclear power should
'

p). ,

u not exceed a small fraction of the natural radiation background of

about 100 mre:r/ year. In fact, the Academy Report expressed the view that

" societal needs can be met with far lower average e.v;csures and lowv.r

genetic risk than permitted by the current Padiation Protection Guide."
. .

The dose from the strentitra - 90 in the local milk and diet must

also be cctcpared with the new (pppendix I) regdlations of the M.R.C., (*)
'o

which call for less than 15 mrca per year to any organ as a result of

icaine and particulates such as Sr-90 and CS-137 relcased to the air

as given en page 1.109-15 of the Pegulatory Guide 1.109. (Table 6)

Ov b-.
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The average level.of 35.1 pCi/1 in the goat milk near the'Haddam,

. Paactor at tw miles, and the level-of 17.3 pCi/l Sr-90 in ccws milk

(five miles' north-west, Station 20)k bidcates that although the releases

frcm the Boiling Water Psactor (BWR) at Millstone are larger by about

four tires, the releases 'of th- e most biologically hazardous of all

fission products is by no means negligible for cmrarcial Pressurized
.

Water Peactors (P9iR) . Ccmparison with the releases from the much * - *

.

smaller PWR at Pse, Massachusetts, irdicates that it is apparently

the effort to operate the new large reactors at higher temperatores

and with thinner fuel red claddings in order to increase their th= al

efficiency that has been primarily responsible for the great increase

in radiocctive releases to the envircrenent.9 hee Table 8)

These results also irdicate that er.isting environmental state-

cents for nuclear reactors do not reflect the true pcpulation doses

observed after a few years of actual operation. I31)

For the case of the Millstone plant, the average dose alene from

the Strentium - 90 in the milk and other fcod is scme 500 tires larger

than the value of 0.13 mrem /yr. average dose to the population clai. .ed

in the sumary of the enviren= ental ;ep:rt. (32)The average Ecne dose

to adults is found to be abcut 75 mrem from the ingestion of Sr-90

by adules censiraing the 1ccal ruk in 1976, ard scme five times greater

for the total arount of Sr-90 accumulated in the hones of residents in

the. area since the plant went into operation.

The detailed calculatien of the dose is surrarized in Tables

9,.10, 11. Table 9 shcws the araual average concentration cf Sr-90

in the milk around Millstene as measured at three sanpling stations
!

O i9- 1yC
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located within a radius of about 10 to 15 miles starting in 1970.1

0 ^1so secwn in this tes1e ere the Sr-90 c=eceet=ee1cns z== Her=fc=e, I

Ccnnecticut, located some 35-40 miles to the nortih-west, and the

U.S. average concentrations measured by the E.P. A. in its pasteurized

milk neberk (PMI) for scme 50 to 60 locations in the U.S. (33)

It is seen that in general, the Hartford milk concentration.

is very closely equal to'that for the U. S. average between 1970 &

1975, so that the U.S. average, representing'crld% tide falleut frer

nuclear tests, can be used as a control for the concentraticas founc
|near Millstene. |.

|

Also shem are the excess average concentrations in the three

locations ne'ar Millstone over the U.S. average, which are seen to in-

crease frcm 1.8 pCi' 1 in 1971 to a reaxinra of 10.8.pci/l in 1974./
.

It is seen that since 1973, the excess Sr-90 near Millstene has ex-
A
V ceeded that due to world-wide weapons testing by about ec times.

Thus, for the years 1973 to 1976, about two-thirds of the measured

Sr-90 near Millstend must be attributed to releases frcm the plant,

and caly abcut cr.e-third can be attributed to weapcns falleut.

Based cn these measured milk ccncentraticns, it is new possible

to obtain the average annual dose to hone as folicws. First, cne

can obtain the total daily intake of Sr-90 frem the total diet by

multiplying the ancunt in ene liter of milk censumed per day by three,

acccrding to the measurements of the Cennecticut Deptt.ent of Health.b4)

1. A fourth station (No. 23A) located in a directicn awcy L ua the
two prevailing directiens served as "centrol" after 1972.

O
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This daily intake, when multiplied by 365 then gives the yearly

ingestien of Sr-90.which accumuIates in bene.cne can then utilize the

dose factors listed in the M.R.C. Regulatory Guide NUPEG - 1.109 Tables

A3' to A-6.to obtain the annual dose for a specific organ and a specific
.

age group due to this annual intake of Sr-90.

This has been done in Tables 10-11 Ecr the years 'follcwing the 1

start-up of the Millstene Pcactor in October of 1970, for the case of .x ; . '

bone in children and adults.

Inspecticn of t.tese: table.s-re*.:c:.ls tie following impormt.-facts:

1. The yearly dose to the bene of children due to the ccrbined
.

amounts of Sr-90 frcm tcmb tests and Mills +wne releases in-

creased frem 166 rren in 1971 to a high of 233 n=nEm in 1973,

ccepared with a normal annual background fran cosmic rays

and other natural sources of only 70 mrem, or rane 400% of

natural bac': ground radiation...

"he c.:muhtive dose to the bene of children living in the

rea sbce 1970 frcm Sr-90 in the milk and feed produced j

aear Millstone reached 1,356 mren by 1976, cc pared to a ,]

dose frcm natural background of only 420 rren during the

rem pericd.

3. Censidering only the scrtion of the Sr-90 in excess of the

fallout levels, the annual tene dose for children reached a

peak of 204 mren in 1974, and was still at 169 mren in 1976.

After six years of cperatien, the cumulative dose or "dese-

ccmnitment" frem Millstene had reached 809 rre'n to tene.

4. For adults, the tone dese due to all scurc*s of Sr-90 in-

creased fren 73 cren per year in 1971 to 125 mren per yea: |

'h* 3[,
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in 1973, decreasing slightly to 108 mrcm by 1976.

5. The dose due to the " excess" Sr-90 over that due to scrld-

wide fallout Sr-90, increased frcm 15 mrem to hone in 1971

to 75 mrcm in 1976. This is 577 tims larger than the aver-

age dose of 0.13 mrem claimed by the utility for that year )
1

-
|

when Sr-90 is disregarded. i

6. The total population exposure in man-rers may he estimated

by multiplying the average bone dose by the number of people |
1

drinking the milk. Since inspectica of Fig. 4 shows that

the mLik as far away as Providence shows a peak of radio-

activity at the same time as the mtlk near Millstone in |
1

1976 with a peak height of about half that of the nearby |

milk, cne can estimate that the population of Phcde Islard

|O receives eome aete ee ==ca reasoectivier e2 the ee e1e im

New Iondon County where the reactor is located.

Th.s, the total pcpulation dose chn he cbtained by taking the
..

|

pcpulatien of New Iorden County (240,000) ard adding to it half the
i

population of Phede Islard (1/2 of cne millien, or 500,000) , ard

multiplying the total by the annual Sr-90 tcne dese.

The result is shewn for each year since 1970 in Table :C

The populatien ran-rers to tone due to Sr-90 alene are seen to have
.

increased frem 11,100 in 1971 to 55,500 in 1976, while t.he total

cumulative man-rers for the duratien of plant cperatica reached a

total of 264,920 nan-re:s by 1976.

At the valuation of $1000 per :=n-rcm assigncd fer purposes

cf cost-bcnefit studies by the imC in existing regulatiens(35), this
[)b means that the annual health ccsts of cperating the Mi11stene plant

43Y
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have reached a level of at least 55.5 million dollars by 1976, with

a et:nulative cost since start-up of 265 millien dollars, ignoring the

contributien of Cs-137 and I-131. These must be ccmpared with the

values one arrives at when the Sr-90 contribution is left out of con-

sideratica ,namely 0.13 X 10-3 re:n X 0.74 X 10 or 96 man-rems, with6

a cost of $96,000. The failure to consider Sr'-90 doses therefore under-

estimates the total ran-rems and health costs to society relative to

fossil fuel plants by nere than 500 times, considering that the actual

bone-dose factors for infants, children and adolescents in the total

population are signi.ficantly greater than for adults.(36)
|
|

Mot caly have the raxir.um individual and average population doses
.

been grossly underestirated by the failure to take the airborne re-

leases of strentium - 90 into account that enter the rilk and feed -OV chain, but also the dose to the wirle Ecdy or the soft tissue organs
i

has therel:y been greatly understated.
|This follcws frcm the fact that the N.R.C. Pcgulatory Guide

1.109 Table A-3 to A-6 gives a whole Ecdy dose frcm the ingestien

of Sr-90 which is about ene-fou*J1 of the dose to Ecne. Thus, for

the adult, the whole bedy dose facter in Table A-3 is D.00186 rre-/

PCi, cc: pared with 0.00761 mrem /pci for bene. (See appendix V)
,

For the infant, the situaticn is even nere serious since both

the tone and whole bedy deses per unit Sr-90 intake are three ti=es

larger than for the adult. "hus, Table A-6 cf the F.R.C. Guide gives

0.0251 mren/pci for infant bene, and 0.0064 mrcm/pci f;r sof t tissue

including the reproductive organs and the glands that centrol bcdy

d' grcwth and rictabolism./~

The result is that the maxi.= m annual whole Ecdy dose due to

/93 @
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Sr-90. ingestion alene is one-fourth of the maximum bene dose to a cne

year old infant of 314 nrem/ year for the case of an infant given gcat

milk, or 78.5 mrem / year. This may be canpared to tb.e maximum per-

missible whole body dose of 5 creWyear required by the F.R.C. 's

Appendix I. rules reproduced in Table 6 or the'15 mren/ year to any organ |

from Sr-90 or other particulates. j
.

Again, the whole body man-rems for the population drinking the
,

milk and eating the food produced in the area are ene-gaarter of the -

"

bone ran-rems of 55,000 or 13,750 man-rers in 1976, giving an accu:n21ated

wPole Ecdy dose of 66,230 associated with a health cost of 66.2 millicn

dollars since the Millstene Plant began operation. For a projected
, ,

30 year Life of the plant, even if the strentium - 90 levels rele'ased to the

/ environment were to drop sharply by greatly curtailing the c-issiens,

the already accumulated bene and therefore the wFole Ecdy concentra-

tiens of Sr-90 for adults muld diminish enly sicwly to that at a

minimarn as.a result of ev.cretien and radicactive decay ever the re-

maining 23 years, the annual bene and whole bcdy ran-re s muld still

be ene-half to one-third what they were in 1976. '

Likewise, the impact on local ani:nal, fish and bird reprcduc-

tien as well as disease prcduced by the Sr-90 already accumulated in

the soil and sediment will diminish only slowly due to the 28 year

half life of Sr-90, thus exacting its envirenrental toll for decades

to cane, no matter hcw successful the efforts might be to lcwer the

additicnal a.ounts of Sr-90 discharged annually into the air and rivers

cf the area.

Cenclusiens:

1. The evidence en the gradual build-up of Sr-90 in the lecal ccw

3r/-
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and goat milk around both the IIaddam Nech and Millstene Point. nuclear I

plants while elseshere Sr-90 levels were steadily decreasing indicates
ithat the high levels of Sr-90 in the nearby milk cannot be explained
1
1

by fallout. Furthencre, the evidence for many fold rises of Sr-90

in the milk within a matter of renths following shut-down during 1973-

1976 to levels not seen for the U.S. as a whole since the end of large -
,

scale nuclear testing in 1963 clearly rules out the possibility that

these levels of Sr-90 can be ecmpletely explained in terms of fallout i

.

frcm nuclear weapcas tests.

2. This conclusion is supported by the existence of a similar

pattern in the milk concentrations of Cs-137 which is known to acccmpany
i

Sr-90 in nearly constant prcportiens. |

3. The evidence of growing accumulations of Sr-90 in the.envirorment

around these plants and the need to include it in dose calculations is

further supported by the measured pattarn of airbcrne Sr-90 concentra-

tiens and soil concentratiens that are much larger to the north-east

than to the wst and rcrth of the Millstene plant as sPeon in Ippen-
dix VII.

4. The detailed envircr= ental measurrents carried cut by the :cn-

itoring organizatiens c. plcyed by the utility sbas that the Sr-90

concentratiens in the milk and diet cannot be left out in calcdating i
i

either the mreinra deses to individuals er the avenge deses to the

populaticn reasured in man-rems, as was dcne by the utility

in its repcrts to the N.R.C. and by the N.R.C. in its report to Ccngress-

ran C. J. tedd i . Septaber 1977, a cecy of which is enclcsed as ;ppendix

I. . The resen is that a single st catiun unit (;Ci) per liter of milx

SS~A-
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O !V every day, when the total dietary intake is considered, leads to an

annual dose to the tene of a child of 18.8 mrem. This is about 20%

of the annual dose frem natural background radiaticn, and exceeds all

other sources of radiation in importance. Yet the excess Sr-90 levels |
|

were as high as 10 pCi/l in the milk over. periods of a year. |
-

|

5.' By either failing to exa?nine the env:Lrcn= ental reports in detail, |

by failing to recogni:c the crucial importance of strontit:n - 90 or by

not guestioning the utility's practice of lea ring out the Sr-90 deses

in the milk and diet in calculating the doses, the Nuclear Pegulacory C:r=-

'ssion and the Envirenrental Protection Agency failed in their priraryi
i

l
duty to protect the public health and safety since the pcpulaticn doses )
and therefore the health effects were under estirated by anywhere frem

500 to 2000 thes.(33ne resulting health costs to the nation in ran-rers0 1

|

per plant, instead of being in the range of 10 to 100 man-rens per year,

must new be regarded as in the range of 10,000 to 100,000 Iran-rcrs, or

in hundreds of :rillicas of dollars for the 5 to 8 years of operatien of

the two Ccnnecticut plants at the presently accepted health cost of l

1,000 dollars per ran-rem.

6. Since there is evidence that other nuclear plants have eritted

ccmparable amunts of Sr-90 into the air as Faddam Nech arrl Millstene, (36)

an imediate investigatien by the legislitures of the states as well as

by Ccngress is required to end the sericus threat to h'ran health that

has resulted frcm the, failure of the regulatory agencies of the Federal

Covernment to protect the health and safety of the pocple living near

these plants.

C)o
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1. " Health Effects Attributable to Coal and Nuclear Fuel Cycle Alternatives", |
NUPEG-0332 (Septcher 1977 Draft) and references cited ther,in. '

2. See for example the scrary of the 1976 envirenrental report for the i

Millstone Ntclear Pcwer Station, page 1-1, (Northeast Nuclear Energy, |
'Ccrany, Dochets 50-245 ard 50-336, March 31,1977) (Peprcduced in

Apperdix III) .
;

1

3. See envircnmental reports for Haddam Neck and Millstone Nuclear i

Peactors for 1974-1976 for cows milk and gmt niilk (Northeast Nuclear
Energy Company)

4. The average daily levels of Sr-90 in pasteuriced fluid milk for
Connecticut were 8 pCi/1 in 1961,11 pCi/l in 1962, 23 pCi/l in 1963,
and 20 pCi/l in 1964. (Testineny of J. G. Terrill, Jr. , U.S. Cepart-
ment H.E.'4. page 371 ff, Hearings of the Subecem. on Pesearch, Ce/elep-
ment, ard Paiiatica, Joint Ccnn. cn Atccic Energy, 89th Ccngress, Ju .cc
29-30, 1965)

5. Peference 3,1976, Millstene, 'ihble 7. (Peprcduced as Table 1 in the
present report, a .d plotted in Figure 1) |

p
d 6. "Envirec. ental Padiatien Cata", U.S. E.P.A. , Office of Padiation Pro-

grams, dtnthly Peperts prior to January 1975, quarterly repcrts since
January 1975. Peport neber 7 for July - Septe-her 1976 milk levels
of Sr-90.

7. Pefere .ce 6, Table 12. (Peprcduced in Sble 2(a))

8. Feference 6, Feport nucher 7, Table 9. (Pepr duced as Table 2(b) in
present repert)

9. Feference 3,1976 Millstene Plant , Table 8 (Pepr duced as Table 3 in
present report)

10. "Padiclegical Envircnmental Peper: fer the Millstene Pcint Site",
1976 (Northeast Nuclear Energy Cenpany) (March 31,1977) page C-1 ff.

11. Peference 6, quarterly reports n=hers 5, 6, 7, and 8 for 1976
Cs-137 in milk. (Feprcduced in Figure 4 and Table 4 of the presenc
report) .

12. "Evaluatien cf ?adicaccive Effluents frcm Millstene LT.it No.1",
Gffice of Nuclear Practor Fagulatien. (Sepce-ter 1977) N.R.C.
(Ccpy inclosed in Appendix) .

13. "Padicacd/e Peleases frcm Nuclear Peacters", N.R.C. Pepcrt
\ _.,} NUFEG-0218 (Parch 1977)/
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14. Peference 6,1975, Paport Muser 3 for July - Septeder 1975.

15. Federal Padiation Council Pepcrts nuders 1 and 2, May 13,1960 !

and Septeder 1961 (U.S. Governmnt Printing Office, Washingten, D.C.) )
16. U.S. E.P. A. Drinking Water Standards adopted June 24, 1977. (See
E.P.A. - 902/4-77-009, Pagion II, 1975-76 EPJF.S Su=ary Data Peport,,
page 4) Note that the level of 8 pCi/l Sr-90 does not reflect any
decrease in allcwnble levels since the F.R.C. Peport Number 2 (1961),
representing an infant bone dose of 7.5 mrem frem water intake alene
or alrest 100% of the norral background radiation level, rather than
a few percent as reccmnended by the N.H. Academy of Sciences (Peference
27).

17. "Chiculaticn of Pnnual Doses to Man frcm Poutine Paleases of
Peacter Effluents for the Purpose of Evaluating Ccmpliance with
10CFR50, Pppendix I." Pegulatory Guide 1.109, N.R.C. , March 1976.

18. " Natural Padiation Exposure in the D1ited States", D. T. Oakley,
U.S. E.P.A. (OPP./SID 72-1) (June 1972) page 39 gives 84 trer/ year
average for de U.S. and 65 mren/ year for coastal plain areas such |
as Ccr.necticut.

c^3 19. Paference 31976, Table 8, Fann Nuder 24 (Paprcduced in Table 3) .
U

20. Peference 3,1976, Table 8, Farm Nuder 25A (Peprcduced in Table
3).

21. Althcugh de 1961 F.R.C. Papert Neder 2 esti ated that the bene
mrrew dese is about ene-third of de bene dese (see Fef. (15) and |Table (5)) , the 1969 U.N. Scientific C=mittee Peport en the Effects i

of Atcmic Padiatien, Cable )CEX, page 57 gives a revised estirate of
501 (64 mren vs.130 =en bene dose due to Sr-90 fer all Nuclear
tests prior to 1965) .

22. "Padiological Surveillance Study at the Haddam Neck P.W.R. Nuclear
Pcwer Statien", E.P. A. - 520/3-74-007 (Ceceder 1.974) Sec.icn 7.7,
page 109 gives an average of 3.1 p:/=. effsite lccati=s, er 70 =cm
per year in 1970-71. This is in sharp centrast with the claim of the
utility %any in Peference 2 that the neral backereund "4 *4- in
south-eastem Ccnnecticut was 129 mrem per year in 1976, and 4 >4-4 g
a sigiifiert rise in background frcm Cs-137 releases. (see Appendix VI)

23. Seference 2, Paragraph 3 reads as follcws: "The cbser/ed resuh.s
indicxte thac de predczninant radicactivity at offsite lccanicns are
fran na.pl=: related scurces such as falicut frcm nuclear weapcns
tests and frem raturally cccurring nuclides." The N.R.C. report to
C=grescran C. J. Cedd (Pef.12) gives an even icwer average dese cf
0.04 mren in 1976 fer Millstene cpera+.s.
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) 24. "A System for Estication of Pcan A~ive Ecne !@rr w Dose" P.. E .
t

Ellis et al. , U.S. Cepar=ent of H.E.W. (Septe-ber 1975) , Table 4,"

page 16. (CHEW - FCA - 76 - 8015) (Fepr:duced as Appendix IV).

25. A. Steert and G. W. Knaale, rencet 1, 1185 (1970) i
1
1

26. B. Pa:Pden, J. Naticral Cr.cer, volu:ne 28, 1173 (1962). i
1

,

27. "The Effects en Fcpulatiens of E:q:osure to Ir.e Invels of Icni:ing , |
Ridiaticn", National Acadeny of Sciences (Noverier 1972) Su:rary and .

_

Pecer endations, .cac.e 1-3.

28. Paference 17, page 1.109-15 (See Table 6 of present report) i

29. Feference 3,1976 F=>>=~t Neck enviren: . ental recort, Table 8 |
(Pepr:ducsd as Table 7(a) in the present report)

30. "Fep:rt en P21 eases of Fadicac '.vity in Effluents c.c.d Solid Waste
fran Nuclear Fewer Plants for 1972" Division of Pagulatcry Cperations,
U.S. AEC, Auvust 1973. '>ble 4A gives airterne halegens and particu-
lates fer de Yankee (Pcwe) F.eacter in 1972 as 0.00077 Ci vs. 0.0131CCi

,

for Ccnnecticue Yr.kee (Had>a.m) and 1.32000 Ci for Millstene. |.
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.

.
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-ep:ccassing plants under the re-Nucle _*.: reacters r.d Nuc'a=- #"a1
quirerents of de N.E.P. A. act have all been based en de assu ptien
that no si nifier.: a. cents cf 5:-90 escape via at:~ spheric releases,,

. and net en de accual envircrr. ental reasure ents fer large reacters
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es ti: a- ~ ' ' - a ' ' such state: .er. s.

32. See reference 2, and de N.P C. dese esti ates #~ '"''stene
(Pef. 12) which give equally icw average deses when Sr-90 in de ri'.k
a. > d_a.._. a_ _:_ _ u_ .. , . -

33. Faference 6 f:r yea s 197C-1976.
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instance in Seve-ter 1967, page 646-647 gives 33 pCi/ day cf Sr-90
in the tc:.21 diet in June 1967 whila 'a= #~' -ilk was 11 pC1/1 in
Julv. 1967

35. Acpendix : tc 1 CT?.50, issued in fi .a'. f:r= ;;:ril 30, 1975
, :.v_.y .e. , . .c. . )(:.u. c.,._4 .2_ ,

..-- . . a . .

30. t. c: ._.r- 1. _, ,.,. a (:e ,. _3 d , ,..,es _, . ,_.: ( ,- r. , , . . ; _ - -_."<---u--u..,.=-u.;- , ...

..,--n -. - - - - mye.-.

e - i. a.___a- ., , - . ~ , . . . ~ . . . , , . .- .....,, ;-ee -. :- - . . . - - . . ~ . -rw
, po_a _ .

..
. , , . .,

. o .: . 9) 2-4 _-e
' ' . ' . . . , . - s_. e . _,. ._.1 , _ a e g . .. .. e.,.. 4 .ua.. .. . . _ ._ - -~e _ _ . . . _. . . ;-

m
/ ts )v
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i)' ' Ccngress:ran C. J. Ebdd (Paf.12) which gives 0.04 mren per year,as

compared with the annual adult bene-dose due to Sr-90 alone for 1976
of 75 mrer/ year.

38. For the' year 1974, the annual report of Environmental Padiation
for New York State gives mxime:n Sr-90 concentrations in the milk
near a series of nuclear reactors that can be crped with the U.S.
average for 12 mxiths ending July 1974 of 5 pCi/1, typical for t'.e
eastern U.S. and at sites far frem operating nucle c facilities ,

such as East F.rpton, N.Y. (5=2 pCi/1).

1. Indian Point reactor - (Westchester Cbunty , Bedford: 18i3
pC1/1 raximn ard 14 pCi/l average) .

2 '. 9 - Mile Point Peactor - Oswego County Scriba: 17t2 cCi/l'

mxi. urn and 12 pCi/l average) .-

3. Brcokhaven Naticnal Laboratory (Cas Ccoled Tes9.g Reactor)
Suffolk County (Site M515101) . 20i4 pCi/l mxi.un and 1.'. pCi/l-

average).

k
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.
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STRONTIUM -'90 CONCENTR ATION
IN MILK NE AR MILLSTONE PT. |

NUCLEAR POWER STATION l

.S r-90 ( WAT E R FO R D , C O N N. ) . M O NT H LY'
,

pCi/E VARI ATION 'WITH TIME
30 -

|

I ' HIG H EST AV.
i

U DAILY LEVEL |.

IN CONN. A FTER
NUCLEAR

[ 1961-62
-

TESTS
2 3 pCi/f

-|
'.

;

(1963) |

13I CHINESE
20 - FALLOUT

O t ^
9

g .

I MIL L STONE
- f LOC.20

( S mi. N W )
.

10 -

MI LL s TO N E

LOC.23A
h ,b pg_.-[ C O NTR O L FA R M

~

-

(llmi. WNW )~
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( E. P. A . )

' ' ' ' ' ' ' ' ' ' 'O
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f R #l
U^ $o ^3 STRONTIUM- 90 LEVELSw

IN MILK AT VARIOUS
HIGHEST LEVEL IN C O N N. -*- - -- DISTA N C ES FROM THE
FOLLOWING 1961-62

MILLSTONE NUCLEARNUCLEAR TESTS DAIRY
20 4 FARM #3 PLANT. JULY 1976

L LOC.22
li mi. N E

N.E. UTILITIES )S r - 9 0, p Ci /.c lSOURCE:ENVIRON. REPORT,1976
15 ~

TABLE 7 AND EPA REPORT
k NO. 7, JAN.1977, TA B LE 7. -

'

.

LOC.21 .

LOC.23A
- MANCHESTER

. BOSTON N.H.

{WILMINGTON HART. MASS.
PORTLAND <NYC

DEL CONN 1 M E*N [ TRENTON
CINCI J N . J. 5 - hPROviD. -

OHIO - R.I.

' ' '' ' ' O
300 200 10 0 O 10 0 200 3 00 M IL.E S

FROF hiLLSTONE
'

.

FIGUIE 2(a) -
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ME ASURED CONCENTR ATION
'

OF Cs-137 IN MILK -

: FOR VARIOUS DISTANCES Cs - 137
'

FROM MILL STON E pCi/1'

NUCLEAR PLANT 40 r .
.

AUGUST 1976 [ FARM #3
1 ( LOC. 22 )

FARM #2 T
( LOC. 21) _

,

FAR M # 1g' ,

(LOC.2O)
i

\A

LOC. 23 A
#

(CONTROL
'

FARM) " R.I.
CLEVELAND,OHlO T 4 ASS.'

O 3 pCi/# NYC ]
-

1 N.H. M E.
,

~

-

N .J. / CONN

DELf/1 1 ;
,' ' '4-v ' ' OI300 200 10 0 O 10 0 200 - 300 MILES -

+- SOUTH -WEST NORW -EAST ~ ^ "
FROM ht L TONE / Ds '

~

FIQUE 2(b)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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VAR I ATION O F' C s - 137 IN MILKg-)
V WITH TIME FOR . VARIOUS DISTANCES
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TABIE 1
.

Cows milk measurements near Millstone Plant, reprcduced' t

frCm Envircnmental. Statetent for 1976.
.

,

!

.

TABLE 7
DAIAY MILK

OCVU__ ....... '
.

COLLECTION *

1.CC A T ION _ _ 0 A T E _ ___$A,-u9 $_A -9 0, ,,,,,,,,,_ , I-131,,, . CS-137
_=

*
.

(+/-) (+/-) (+/-). (+/-l
'

20 2/23/76 0.0 0.7 14.5 0.5
. 2 0 ~ ~ ' ~~ *~4712 77 6~ ~~~~~~~ '1.~6' *~~ C i~~ *~'"1. 7 0 .~e-^

0.01 0.06 22.7 1.1
0.0 0.0S 12.4 0.+

~

20 5/10/76 0.3 1.1 7.9^ 0.3 0.30' O.09 13.5 0.9
- 20. .. ..e/ 7/76ggy g - .0.2 -g ,4 g 5 3y06g,8 "'~~0.05~~ 0.CS 32.0 2.0

1 16 2g g .
0.0 0.03 26.3 0.8

20 8/ 2/7e 0.0 2.0 . 13 . 0 . '' O.6 0.09 0 10 27.0 2.020 9/13/76 1.1 0.7 15 2 0.5 0.4 0.03 24.2 11
~ 2.Q * ~~~' 'IC/~ 5 77Y ~ ~* ~~ 3 7 'O .* ''"'2 !F " ~ ~ '1V. 2 "~ '~d".' 7~ ~ ~Jl f.'0 0 e 20' ~~ ~1''C$ ~~f'3I

O _ .y.
21

.. . . . ..g .3 /7 62/ 2 , y-.-. 0 . 0. . ,0.7 . . .. .10. 2. 0. 4... . 0. 0 5 0.03. . . 23.0 2g03 (,.g .
. .. .

,321 5/10/76 0.4 10 7.4 03 0.0 0.08 10.3 0.321 6/ 7/76 0.7 0.6 9.s 0.4 0 10 0.05 15.8 11_. 21'~~~~~ '''" 7& o' '''' O' ~~~~ ~'&D ~ ~ a.0 0.- 0.0 m u.7 0.521 8/ 2/70 0.0 1.1 13 . 1 05 0 13 0.09 30.0 2.021 9/13/To. 0.3 0.9 12.9 0.9 0.0 0.07~"~ 11 ' ~ ' * f 0/ ' 5 / 7 o 7.4 .'0 ~~ ~~2 .'(~~ ~ 11. 3 * "' 'O . a 6Th'.~65-~T. 0 0~ '
~~31.3 1.3~ ~

16 . 8 -~ T." ~ ~ ~ ~ ' ' ,
22 2/23 /76 0.0 0.5 5.6 0.3 0.07 0.08 16.7 1.0' ~~ ~~'ll 4/12 7T6 ~"~~~ 'O ."0 ~~" 0~.'6 5 .~.1 0.3 0.c T.'E -~' *t173"~~~ ~6".322 $/10/7e 1.o 1.3 7.7 0.4 0.0 0.08 16.0 1.022 6/ 7/76 0.3 0.v 11.4 0.5 00. 0.04~

33.~3 f.'7~~
21.3 1.2~' 2 2 ' 7/19/7e'''~'~'"0.0 1 1 ' ~ ~ ~_ [,9 "'/9-~~0. 6 '~ 0 0

~ ~

'.~0 5 " ' '022 5/ 2/7h 00 2.4 ~1 o . 3,'s 0.5 0.0 0.07 36 0 3.022 9/1 1.7 .G.9 10.3 0.5 0 20 0.09 11.4 1.a3 ..... ,.gj.3/765'/ 7 5 ' ~ ~ ~~~I7'. 2' ~ ' l'. 5 ~ "''I3'.T d6~ ~T17'.*c 0 5 ."c 0 2s.~0' 2.0
~

23A 2/23 /76 00 0.4 4.5 0.3 0.05 0.00 11 8 t.1. . . 23 A ~ ' ~' W'/M * '~ ' L'1 " * M 9 ~ ~%'0''"- ~fd~ ~ ~ 6*o M'.0 $ =
- ~' ,

~ '. 3 O.4823A L/10/7s- 0.5 0.y 5.2 0.3 0.0 0 07 13.6 1.023 A 6 0.033g.. .. 6/ 7/.7.,$. z.g . c.
6...v~0 .g 42 0.3 0. 43 C.83 g ~ g;g 3,.40(g--.0 0673

t g ,.b - c,,

13A 8/ 2/7w 1.0 2.0 6.8 ' 1.1 0.06 0 07 10.0 0.823A */13/7o 0.4 v.e 7.0 . 0.6 0.0 0.02 13 .7 13' '23A' 10/'5774 ' ''4 *. 3 ''"1;3" ~7 J' ~~6~a' 3 7 . 9 0 '"~ 1 3 0' ' ' 6 . f ~ ~0 . 7 - ''""
' ' '

.. .. .. . . .. . . _ . .... ... . . ~ . . . . . .

~
. ..

e l

.

'

. - . - - . -
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TADIE 2(a)
,

e I

Pasteuri::ed Milk Sr-90 cencentrations in the U.S.. for
July 1976 reproduced frcm Envirenrantal Padiation Data
Report.7, U.S. -E.P.A. Table 12.

,

. . . . . . .
,, , _ _ ,

Strontium 90 and- Strontium--89 in Pasteuri zed. Milk . , .

'

Annual Report - July 1976
i

Location . s o Sr. (pCi/1) ''Sr (pCi/1)
,

AX: Palmer NS
AL: Montgomery 4.5 1.0 Ot5
AR:Little Rock 6.7 1.5 05

- AZ: Phoenix .5 .4 1 5-
_CA:Los Angeles 1.411.1 -it5

Sacramento .3i .3 -1 5
San' Francisco .06 .3 15

'

CO: Denver 2.8 1.6- -2 5
'

CT: Hartford 5.7 1.6 2t5
CZ:Cristobal 1.9 1.0 025
DC: Washington NS
DE:Wilmington 5.2tl.7 115

O. FL: Tampa 2.8 .9 15
GA: Atlanta 6.9t2.0 -4 5
HI:11onolulu 1.1 .8 Ot5

'

IA: Des Moines 3.8tl.1 O!5
ID: Idaho ralls 3.4 1.6 -15
IL: Chicago 4.4 1.4 Ots
IN: Indianapolis * 4.111.0- -1 5
KS: Wichita 3.8 1.1 15
KY: Louisville 3.1 .8 25
LA: Mew Orleans 4.1 .9 55 *

MA: Boston C6.5'2]l' -115'

MD: Baltimore 5.2 .1,.6 -25
HE: Portland AS,. 2 1. 2 ' 115,

MI: Detroit 3.8 1.2 015
Grand Rapids 6.2 1.2 lt5

Iti: Minneapolis 4.4'tl.3 15
MO: Kansas City 3.8!1.4 -lt5

'

St, Louis 3.7 1.3 05
- MS: Jackson 6.2 1.4 -ld5
MT :llelena 4.6kl.7 -315
NC: Charlotte 4.7t .9 125
MD:Minot NS
NE: Omaha 2.9 1.3 Ot3
Mil: Manchester Cl3_1 3'' -15

.
NJ: Trenton = 4.0:1.0 125'-

- !!M: Albuquerque 'NS I

h3 b24.

.

k

n- .n .- ,, -- ,, -, - , ..
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Strontium-90 and Strontium-89'in Pasteurinca Milk'

Annual Report - July 1976 ,. Continued ;

'

* *Sr (pCi/1)Location ''Sr (pCi/1)
'

NV:Las Vegas .7 .6 015
'

NY: Buffalo 2.3i .8 2i5' *

'

tiew York 6.9 2.0 -l 5
' Syracuse 3.111.1 05 -

~

>OH: Cincinnati 3.2 1.)> 15
Cleveland 4.511.4 Ot5

OK:Okalahoma City 3.6 .9 05
OR: Portland 5.0il.8 -215
PA: Philadelphia 4.7tl.0 Oi5

Pittsburgh 7.211.9 .-2 5

PR: San Juan 1.8tl.0 Ot5-

>RI: Providence (.0j_1.3 05
SC: Charleston 5.6tl.4 -15,

SD: Rapid City 4.7 1.4 -25

() TN: Chattanooga 5.5tl.3 . . 05
Knoxville 4.3 1.2 05
Memphis 5.1 1.3 -125

TX: Austin 1.1 .9 035
Dallas 4.7 1.4 -15

UT: Salt Lake City NS
VA: Norfolk 3.911.0 05

.

>VT:Durlington '4.1 1.4 -15
WA: Seattle 2.01 .9 15

Spokane 3.01 .8 15
WI: Milwaukee 2.6il.2 - 0 5
WV: Charleston 4.8 1.3 0 5

WY:Laramie 2.5 1.7 -15
'

US - No sample.

.,
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TABLE 2(b).-

. .

m

Pasteurized milk Cs-137 concentratiens in the U.S. for
(G/ July 1976, reproduced frcm Envirc. mental Padiatien Data ,

Pet: crc 7, U.S. E.P. A. , Table 9. |

,

!
.

Concentrations of Radionuclides in Pasteurized Milk

July 1976
1

K Radionuclide Concentration
Conc. (pCi/1 2 Sigma CountinyIError) 1

237 2 'Ba 13 ;Location (g/1) Cs

AK: Palmer NS
i

AL: Montgomery 1.56 .12 71 7 -5 9 -l 7 |
AR:Little Rock 1.53t .12 3i 7 -5 9 4 7 i

AZ: Phoenix 1.51 .12 4!_7 1 9 2 7 i
CA:Los Angeles 1.51t .1'2 4 7 2 9 3 7

'

Sacramento 1.56 .12 9 7 Oi10 -1 7 1
'

San Francisco 1.571 .12 6 7 -7 9 2 7
CO: Denver 1.41i .11 8 7 Ot 9 2 7
CT: Hartford 1.421 .11 5 7 3 9. -11 7
CZ:Cristobal 1.36 .11 28 7 -1 9 3 7
DC: Washington NS
DE:Wilmington 1.43 .11 6 7 -51 9 0 7
FL: Tampa 1.51 .12 32i 7 -61 9 5 7

O's GA: Atlanta 1.25 .11 10 7 2 9 -4 7

HI: Honolulu 1.42t .11 13 7 -Si 9 4 7

IA: Des Moines 1.422 .11 10 7 -2 9 -11 7
ID: Idaho Falls 1.47 .12 6 7 -Si 9 -11 7
IL: Chicago 1.38 .11 12 7 -13 S 2 7
IN: Indianapolis 1.466 .11 9 7 -12 9 1 7
KS: Wichita 1.40 .11 9 7 -2 9 -l 7
KY: Louisville 1.46i .12 6 7 01 9 1 7
LA:New Orleans 1.49 .12 10 7 O 9 0 7

*

MA:B,oston 1.47 .12 .Jf8'_23 -5! 9 1 7
MD: Baltimore 1,43 .11 .5.14 -2 9 le 7
ME: Portland 1.44 .11 d 61.2 - -4 9 0 7
MI: Detroit 1.40 .11 7 7 1 9 -4: 7

Grand Rapids 1.44t .11 71 7 -6 9 -3 7
MN: Minneapolis 1.42 .11 6 7 3 10 0 7
MO: Kansas City 1.59 .12 7 7 -2 9 -2! 7

St. Louis 1.47 .12 19 7 -2 9 -1: 7
MS: Jackson 1.361 .11 15 7 -6i 9 -l 7
MT:Holena 1.52 .12 12 7 -4 9 -1: 7
NC: Charlotte 1.41k .11 7i 7 -23 9 2 7
ND:Minot NS ,

NE: Omaha 1.50 .12 9: 7 ~
-10 9 1: 7
-l 9 Ot 7

MH: Manchester 1.51! .12 11 '7 '
NJ: Trenton 1.472 .12 ,12,d 7 -4A 9 1 7
NM: Albuquerque NS

18 ._ g (,,
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Con"entrations of Radionuclides in Pasteurized Milkc

July 1976-(Continued)-

X- Radionuclide Concentration
'

Conc. (pCi/1 i 2 Sigma Countiny. Error)
137Cs' 1 'Ba l'Location' (g/1) I

'
.

NV:Les Vegas 1.57i .12 4 7 -3i 9 1 7
NY: Buffalo .1.46 . 11 12+ 7 -12 9 01 7

New York 1.51t .12 <13k[3) -1 9 -li 7-
Syracuse 1.50 .12 7! 7 -6 9 Oi 7

OH:Cincinnat'i 1.47 .11 9 7 -11 9 -l 7

Cleveland 1.45 .11 '5 7 -31 9 1 7
OK:Okalahoma City 1.53i .12 71 7 -l 9 0 7
OR: Portland 1.39t .11 6 7 5t 9 lt 7

,PA: Philadelphia 1.44 .11 5 7 -9 9 -Oi.7
Pittsburgh 1.46i .12 4t 7 -71 9 -2 7

PR: San Juan -1.47i .12 6i 7 -36 9 11-7
RI: Providence 1.521 .12 d6ID -7 9 -3t 7

*

SC: Charleston 1.41 .11 JC3T21 2 10 -2 7

(]) SD: Rapid City 1.46t .11 4t 7 -3: 9 41 7
TN: Chattanooga 1.47 .12 11 7 -li 9 -3 .7

' Knoxville 1.43 .11 9 7 -2t 9 li 7
Nemphis 1.54 .12 20i_[) 7t10 -4 7s

.TX: Austin 1.49 .12 8t 7 -3 9 -4t 7
Dallas 1.58 .12 6i 7 -10'9 -21 7

'UT: Salt Lake City NS
VA:Morfolk 1.47i .11 4 7 -10 9 0 7
VT:Burlington 1.46t .12 91 7 -3 9 4 7
WA: Seattle 1.57 .12 18 7 -3 9 0 7

Spokane 1.44 .11 6i 7 -2 9 -2t 7
WI: Milwaukee 1.52 . 12 6t 7 -5! 9 -l 7
WV: Charleston 1,44 .11 St 7 -2 9 -2 7
WY:Laramie 1.45 .12 Si 7 -5 '9 4 7

'
- - ' ". ' ' .NS - No sample.

4

(:) .
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i TABIE 3

.

Goat Milk data from Mill. Plant Envircmental Peport,1976.
.

.

.

'

.

*
. TABLE 8

00AT MILK *-,* .

*

I nc 1/t.1.

.

CCLLE2TiCN'
1.00 A710N ' OA78' SR-89 S R -9 0_ ! -13J_ _, ,,C,3 -(3 7

_

'

(+/-) (+/-) (+/-) . 4/-)
26 4/12/76 16 1.4 34.4 0.6 0.0 0.y 51 1 'O.8

,

24 6/20/74 0.0 14 22.d 1.3 ,0.60 0.20 4e.0 2.0
24 6/10/76- 0.1 1.0 26.0 05 0.30 0.20 44 .0 2.0
24 5/25/76 0.0 12 33.1 0. 7 - .77 - c.14 80.0 2.0
24"' '67 ~t7fo 0X~ 2.0 5T;r ''' 5;I =} M " Y.YS 17Ts0 4.0

~ ~ ~

0
24 6/22/76 0.0 30 16 3 09 0.03 0.10 106.0 1.0
24 7/ 6/76 0.0 2.0 33.2 1.4 0.32 0.14

'~2i'~~~ * ~T/IV77e d.6~''~~1.Y' ~ f5'.T - ~~0'.) ~7.70 0 720~
70.3 15
5f~0 2 . 6~'~~

24 6/ 2/76 0.0 2.0 39.3 0.9 2.30, 0.20 127.0 4.0

24 .. S/24/76 . ... . 0 ., 0 2.0 5*.2 1.0 0.53 0.15 65.9g g gg - ,; - - .0 i'; ' ' ~ N ' 6'd ' ' ' 1 M M 'OM
~1.5~

1 A ' ''' 24 9/23/76 1.0 2.0 27.8 0.7. 3.40 0.20 35.0 2.0
26 10/ S/7s 7.0 2.0 30.1 0.9 424.00 11.00 64.0 2.0
gg Igtp7;,- - ---s ,y-- g :-- 11 9 0.6 e60.00 20.00 5MQ 2 !0; -

25A 4/12/76 0.0 1.1 23.5 0.6 0.0 0.20 2S.7 0.5
'25 i 4/ 2D 7 o~ CY ' ~ "G :i'~ ~~ h . 6 0.5 0.0 0.*0 15.4 1.1

~~

25a 5/10/7s 0.1 13 32 6 0.6 0.10 0 20 ' 21 9 11
2SA S/27/70 0.0 1.2 39.1 0.7 0.07 0 11 21.1 0.0
'f 31~ 6/~7/7e 0.0 ~~ T.6~ * al.0 O!9 '0". 2'0' ' 0'."6~~'~15.3 17 5-- '
25A 6/22/76 1.0 5.0 32.9 1.5 0.34 0.15 23.1 1.1
25A 7/ 6/7b 14 1.3 18.0 0.6 0.0 0 11 -17.0 0.7

'

25A 7/19/76 0.0 1.L 18.3 0 . '6" O . 2. 0 0 20 15.7 ' 1". 3
25A 8/ 2/76 0.0 1.2 16.5 0.5 0 10 0.20 23.7 1.1
ZSA 2/26/7s 1.7 10 13.7 0.5 0.0

' 25h ~ ~ 4/1*6/764' * * *~3 70 270 20.9'~"C.5 ~ 'O.18~
0 12 29.0 12 i

0.06 "' 2 5'. S ' ~ '. 3
'

1
25A -9/2b/76 0.0 1.9- 25.5 0.7 0.29 0.09 17.9 0.7
25A 10/ f/76 ' 0.0 11 9.6 0.6 <160 0.20 6.7 0.7
25A *~10'/10/76 ~0 0' ''1' S 22.'4 ~ ~0'.3~ "~1.50 0.40 20.3 1.~2 '

* ~~
.

* No goat silk or pasture grass sagles taken in Tehrusry sinca none vera available.

a 2-131 analysis done on 9/13 san 14.

- ..
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Pasteurized milk data frcm E.P.A. Environmental Padiation*
,

Data Feport 6 -(Oct.1976) Covering April-June 1976. (Cata
,

'

for Oct.-Dec. 1976, milk in report 8 containing the effect
of Chinese Nuclear tests is too bulky to be repr-Auced here
and is avail. frem the E.P. A. Office of Fadiation Progra.Ts.)

Concentrations of Radionuclides in Pasteurized Milk
'

April 1976
K Radionuclido Concentration

Conc. (pC1/1 2 Sigma CountinyIError)-

1337 1 3Location (g/1) Cs Ba

AK: Palmer NS
-

,

AL: Montgomery 1.55 .12 10 7 3 10 it 7

AR:Little Rock 1.43 .11 loi 7 t 9 8 7 .
~

AZ: Phoenix 1.54.t. 12 8i 7 5t 10 -5t 7 ^

CA:Los Angeles 1.38t .11 li 7 -8't 9 2t 7
-

Sacramento 1.476 .12 4i 7 -3t 9 Ot 7 -

San Francisco 1.51t .12 41 7 Oi 9 3 7

COiDenver 1.45 .11 6i 7 -l 9 1 7

'CT: Hartford 1.50 .12 4 7 4t 10 -it 7
~

CZ:Cristobal 1.55 .12 8 '7 2 10 4 7

1.50t .12 6L7 2 10 0 7DC: Washington
1.55t .12 5 7) 0 9 -l 7

DE:Wilmington
1.521 .12 3 D5 -6 9 -4 7

FL: Tampa
1.29i .11 76 7 -3 9 -5 7

GA: Atlanta
HI: Honolulu 1.53i .12 6t 7 -2i 9 -4 7

1.62 .12 11 7 3 10 3i 7IA: Des Moines
1.52t .12 10 7 1 10 2 7

-

ID: Idaho Falls 1.57 .12 11 7' -l 9 2 7O IL: Chicago
IN :Indianap'olis 1.481 .12 8 7 2 10 1 7

KS: Wichita 1.51 .12 - 12 7 2 10 3t 7

KY: Louisville 1.43t .11 10 7 0 9 2 7

LA: Mew Orleans 1.52 .12 9 7 1 9 5 7

1.57 .12 11 7 0 10 2 7
MA: Boston
MD: Baltimore 1.50 .12 7 7 2 10 1 7

ME: Portland 1.61d .12 , 17 7 3 10 -lk 7

MI: Detroit 1.45i .12' 9t 7 11 10 0 7

Grand Rapids 1.49 .12 14 7 4 10 -l 7

!CI: Minneapolis 1.54 .12 10 7 Ot 9 -2 7

MO: Kansas City 1.42t .12 8 7 0 9 -2 7

St. Louis 1.37t .11 10:-7 -2 9 5 7

MS: Jackson 1.55 .12 11 7 -5 9 2 7

MT:Helena NS

NC: Charlotte 1.57 .12 13i 7 7t 10 0 7

ND :Mino t 1.60t .12 6 7 0 9 0 7

NE: Omaha 1.34i .11 15 7 0 9 .-lt 7

NH: Manchester 1.64t .12 17 7 4 10 2 7
-

NJ : Trenton 1.46t .12 10: 7 3t 10 3t 7
'

.

NM: Albuquerque .NS

'

O
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concentrations of Radionuclides in Pasteurized Milk
April 1976 - (Continued) -

,

K Radionuclido Concentration ,

Conc. (pCi/l 2 Sigma Countin7 Error) i

I |Location (g/1) 137Cs 1 'Ba 13

NV:Las Vegas 1.55 .12 6 7 3 10 7i 7
NY:Duffalo 1.53 .12 8t 7 li 10 2 7

~ New York 1.52 .12 25 7 lt 10 3t 7
Syracuse 1 491 .12 12 7 1 9 -3 7

OH: Cincinnati 1.491 .12 17 7 0 10- 6t 7
Cleveland 1.49t .12 lli 7 -li 9 0 7 i.

OK:Okalahoma City 1.56 .12 3 7 1 9 2 7 ||
OR: Portland 1.52t .12 18 7 3 10 2 7 l

PA: Philadelphia 1.49 .12 13 7 3 10 Ot 7 j |
Pittsburgh 1.45 .12 7 7 2 10 2 7 j '

PR: San Juan 1.42 .11 8 7 7t 10 -l 7 )

RI: Providence 1.49 .12 a4 '7' -9i 9 -3 7-

SC: Charleston 1.52 .12 16 7 3 10 1 7

SD: Rapid City 1.53 .12 10 7 -6i 9 1 7 i
T:i: Chattanooga 1.47 .12 10 7 4 10 -lt 7 1

Kno:<ville 1.42 .11 9 7 5t 10 3 7 E,
Memphis 1.63t .12 6t 7 -3t 9 -l 7 |

'

() TX: Austin 1.48 .12 9 7 1 9 0 7
Dallas 1.37t .11 4 7 -6 9 -3t 7

UT: Salt Lake City 1.58 .12 11i 7 1 10 lt 7
VA: Norfolk 1.42 .11 10 7 Si 10 -2 7 I

VT:Burlington 1.43t .11 9t 7 5 10 1 7 |- ,

WA: Seattle 1.54 .12 19 7 2 10 0 7 |

Spokane 1.42i .11 7t 7 0 9 -4 7 |
WI: Milwaukee 1.55i .12 9 7 0 9 2t 7
WV: Charleston 1.44 .11 11 7 6t 10 2 7

UY:Laramie 1.43 .11 10 7 0 9 -l 7

|

NS - No sample.

:

L
<

.
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1() Table 13

Concentrations of Radionuclides in Pasteurized Milk
~

May'1976 '

K Radionuclide Concentration,

Conc. (pCi/1-t
2 Sigma CountinyIError) !Location (9/1) 7 1 'Ba 33Cs |

1
-

AK: Palmer NS |

AL: Montgomery 1.30t .11 41 7 -8 9 -5 7 .

AR:Little Rock -1.42i .11 3i 7 -7i 9 -3t 7
AZ: Phoenix 1.42 .11 171 7 ~6 9 7 7
CA:Los Angeles -1.441 .11 5 7 -4 9 -5 7

Sacramento 1.44i .11 6t 7 -7i 9 5 7
San Francisco 1.38 .11 6 7 -7t 9 -3k 7

CO: Denver 1.44 .11 5 7 -8 9 2 7
- CT :H artf ord 1.50 .12 8i 7 -10t 9 -2 7 |CZ:Cristobal 1.27 .11 12 7 -1 9 1 7

DC: Washington NS
DE:Wilmington 1.45i .11 4 7 -7 9 -2t 7 ;

FL: Tampa 1.47t .12 18t 7 -6i 9 2t.7 l

GA: Atlanta 1.43t .11 11 7 -7t 9 -4 7
HI: Honolulu 1.43t .12 4 7 -9 9 lt 7
IA: Des Moines 1.49 .12 7t 7 -6t 9 -3 7

.

_( ) ID: Idaho Falls 1.49 .12 9 7 -13t 9 2t 7
IL: Chicago 1.38 .11 6 7 -6 -9 -3 7
IN: Indianapolis 1.41i .11 2t 6 -6t'9 lt 7
KS:Hichita 1.50 .12 4 7 -10 9 2t 7
KY: Louisville 1.51 .12 2 6 -11 9 1 7
LA:Mey Orleans 1.49 .12 9 7 -9t 9 -l! 7
MA:Sosten __1.44 .11 7 7 -6 '9 1 7

-

MD: Baltimore 1.50 .12 0 6 -4 9 -3t 7
ME: Portland 1.52 .12 15t 7 -5 9 -2 7
MI: Detroit 1.30 .11 8 7 -2 9 0 7

Grand Rapids- 1.41 .11 4t 7 -8 9 -2 7
Ml: Minneapolis 1.42 .11 4 7 -1 9 -2 7MO: Kansas City 1.57t .12 5 7 -11 9 1 7

St. Louis 1.49t .12 9 7 2 10 -2 7MS: Jackson 1.44 .11 10t 7 -4i 9 -4 7MT:Helena NS
NC: Charlotte 1.39t .11 5 7 -9 9 -1 7ND:Minot 1.42 .11 8 7 -8 9 Ot 7
NE:Cmaha 1.61A .12 3t 7 -4 9 -l 7
NH: Manchester 1.55 .12 7 7 -6 9 -2 7NJ: Trenton 1.49 .12 5t 7 -7i 9 -l 7
NM: Albuquerque 1.39 .11 9t 7 -11A.9 -l 7

_ 37
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Concentrations of Radionuclides in . Pasteurized Milk
May ' 19 N ~~ '(' Continued)

K Radionuclido Concentration
(pCi/l i 2 Sigma Counting Error)Conc.

Location (g/1) 137Cs 1 'Ba 33
I

NV:Las Vegas 1.43t .11 18 7 -Si 9 Oi 7-

NY: Buffalo 1.48t'.12 9t 7 -4 9 ~3 7* .New' York 1.48 .12 Si 7 -3t 9 -4t 7
Syracuse 1.37 .11 5 7 -li 9 -3t 7.

OH: Cincinnati 1.48i .12 6 7 -7 9 2 7
Cleveland 1.42 .11 6 7 1 9 -3 7

OK:Okalahoma City 1.52 .12 6t 7 -6t 9 -4 7 i

OR: Portland 1.45 .11 li 6 -4 9 -1 7 :PA: Philadelphia 1.52 .12 - 71 7 -17 9 31 7 1

Pittsburgh 1.446 .11 3 7' -2 9 -6t 7 l

PR: San Juan 1.52t .12 9 7- -3 9 lt 7 iRI: Providence 1.51t .12 ...$ 7 -l 9 -li 7 |

SC: Charleston. 1.40 .11 9 7 -8t 9 -lt 7
SD: Rapid City 1.43t .11- 10 7 -4 9 Oi 7TN: Chattanooga 1.42 .11 9 7 -6 9 -2 7

Knoxville 1.53 .12 5 7 -5 9 -3t 7Memphis 1.54 .12 9 7 -12 9- -2 7
,

O TX: Austin 1.46 .11 4 7 -7 9 0 7
Dallas '1.56 .12 6 7 2 10 it 7' ,

UT: Salt Lake City 1.63 .12 4 7 -10i 9 Ok 7
VA: Norfolk 1.43i .11 3 7 -6 9 -2 7
VT:Durlington 1.44i .11 7 7 Ot 9 -6t 7
WA: Seattle 1.36t .11 9 7 2 9 -7i 7 . l1

Spokane 1.496 12 9t 7 -7 9 -2 7 jWI: Milwaukee 1.45t .11 3 7 -9 9 -3 7
WV: Charleston 1.43 .12 3 7 -10A 9 -4t 7
NY:Laramie 1.40i .11. 2 7 4 10 0 7

NS - No sample.

;
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Table 14

Concentrations of Radionuclides in Pasteurized Milk
June 1976-
K Radionuclide Concentration !

Conc. (pCi/l 2 Sigma Countiny Error)Location (g/1) 137 Cs' 1''Ba 13 I
'

AK: Palmer MS
AL: Montgomery 1.43t .11 11 7 -3 9 Oi 7 -

AR:Little RocP. 1.39 .11 8 7 -2 9 -6i 7 . .AZ: Phoenix 1.521 .12 4t 7 -9 9 -1 7
CA:Los Angeles 1.52 .12 6 7 -5 9 2 7

.

Sacramento 1.41i .11 6t 7 -6 9 -l 7
San Francisco 1.50 .12 Si 7 -10 '9 Ot 7

CO:-Denver 1.46 .12 7 7 1 9 Ot 7
- CT: Hartford 1.53 .12 6 7 -10 9 2 7CZ:Cristobal 1.52i .12 8t 7 0 9 -7 7

DC: Washington 1 53 .12 6 7 -10 9 0 7
DE:Wilmington NS

-

FL: Tampa 1.45 .11 201 7 -8i 9 -11 7~

GA: Atlanta 1.411 .11 10i 7 -8k 9 -2t 7
HI: Honolulu 1.43 .11 1 7 -6 9 -2 7

O IA: Des Moines 1.44 .11 5t 7 -3 9 -2 7ID: Idaho Falls 1.41 .11 3 7 7 10 0 7
IL: Chicago 1.45 .11 3t 7 -6i 9 1 7
IN: Indianapolis 1.48 .12 8 7 -10 L9 -3i 7KS: Wichita 1.41i .11 9 7 -5! 9 -2c 7
KY: Louisville 1.50t .12 9 7 -9 9 -it 7
LA:New Orleans 1.46i .11 8 7 -4t 9 -2i 7 3MA:30ston SI '~

MD: Baltimore 1.47 .12 51 7 -6 9 -5 7ME: Portland 1 44i .11 9 7 -31 9 ~5 7 i
-

MI: Detroit 1.35 .11 71 7 -Si 9 lt 7 |. Grand Rapids 1.46 .11 6 7 -5: 9 -2i 7 {MN: Minneapolis 1.57 .12 7i 7 -9 9 -2 7MO: Kansas City 1.43t .11 1 7 2 9 1 7
)
t

St. Louis 1.92 .73 Ot 4 -l 9 2t 8 |MS: Jackson 1.43 .11 7 7 1 9 Ok 7
)MT:Helena 1.43i .11 8 7 -1 9 -6i 7 i

NC: Charlotte 1.52i .12 7 7 -7 9 0 7 i

ND:Minot 1.48 .12 1 7 2 9 -4 7 '{NE:Cmaha 1.41 .11 2t 6 -2t 9 -li 7
NH: Manchester 1.74! .12 3 7 -2 9 -2t 7
NJ: Trenton 1.38t .11 5 7 -7 9 3t 7 {|

-

NM: Albuquerque NS !|
t'

\

f"i 1
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Concentrations of Radionuclides in Pasteurized Milk

June 1976 (Continued)
K Radionuclide Ccncentration

Conc. (pci/1 2 Sigma Counting Error)Location (g/1) 337 1 'Ba 33Cs I

NV:Las Vegas MS -

NY: Buffalo 1.44 .11 3 7 -61 9 -3 7
New York 1.54t .12 4 7 -11 9 3 7
Syracuse 1.46t .12 81 7 -3 9 di 7

- OH: Cincinnati 1.45t .11 8 6 -3t 9 0 7 .

Cleveland 1.48t .12 9 7 -7 9 lt 7
OK:Okalahoma City 1.50 .12 4t 7 -5 9 Si 7
OR: Portland 1.39 .11 6 7 -4t 9 0 7
PA: Philadelphia 1.46 .11 5t 7 -4 9 -6 7

Pittsburgh 1.41 .11 -l 7 -12 9 6i 7
PR: San Juan 1.48i .12 6t 7 -5 9 -4 7
RI: Providence 1.46t .12 c 12 . ;7'' -9t 9 -2 7
SC: Charleston 1.40 .11 11 7 -4 9 0 7
SD: Rapid City 1.43 .11 5 7 -6 9 -3 7
TN: Chattanooga 1.42 .11 4 7 -5 9 0 7

Knoxville 1.42t .11 7 7 -3 9 -1t 7
Memphia 1.44i .11 7 7 -12 9 0 7

f ~)st TX:Acctin 1.47 .12 5 7 -11 9 4 7
Dallas 1.44 .11 18 7 -7 9 0 7

UT:Galt Lake City 1.47 .12 11 7 1 9 -l 7
VA: Norfolk 1.51 .12 16 7 -7 9 -5A 7
VT:Durlington 1.31 .11 6 7 -6 9 21 7

-

WA:Sca,ttle 1.42 .12 12 7 -5 9 -5 7
Spokane 1.46 .12 li 6 -2 9 -2

WI: Milwaukee 1.48 .12 6 7 -5 9 1 7
WV:Charlesten 1.40 .11 7t 7 -St 9 -3 7
NY:Laramie .1.31 .11 5 7 -3 9 0 7

NS - No sample. !
SI - Sample inadvertantly lost in laboratory.

|l
I
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TABLE 5

.

Federal Fadiation Council Padiation Protection *

Mdes for daily' total diet inte;es (1961)

.

Table 1. Itadiation Protection Culdes-FRC recommendations and related information pertaining to
environmentallevels during normal peacetime operation

RPG for 1s- Cu|dasee for suitable samp!as of avoasd population groupa
dividulin the *

Radionuslide Critical organ 9tnersi
popuistion RPG Corrupeds: con. Rang e ! Recre !! Rang. III

(rad /a) (rad /a) knvous dady mta'ae GClitisy)6 (pCi/ car!' (pCi/carJ*
, .

OCsiday).

#", n tie 64.f .... . ... ...V 3 #~- S tre B en e.. .. . . . . .. . . . . *1.5.) 0.5 'd 2.C00 () M *0*)-2 ,000 2,h*0,000
''

% - flone marrow...... T3 .17
Jw F tren re d . . . ... . . . .. . . Done............... et.5 .5 4:00 0-20 20-200 000 2.0 0

e
.

* ,5 .17B one m srrow....... ,% ..f>f ne l .f l . ... . . . . ..... ... Th y roi' bed r. . .. . ...i............ 1.5 .5 i 100. 0.t 0 - 10. tM PA-1.000Canum t;?'. . . .. . . ...... . . Whole .& .17 3,C00 0-300 040 3.600 3.500-14.000

* Austab;e sample, wipe % reprma
eMJree I year of aca; ses.am.LJ7=t the limiting conditions for the guidance aret attestsum.D. strt:ntium.00-general popu|stion; iodia.-131-cf an ts.

e Bsw!J6 in averar*jat e .a of L lite * af SP g* A (cle on~Tra.t/s to Uis' Math.m.u-(dwt in a dwe of 0 5 rad /a to the b... marrow,to r
8 Ter strontwnew) sM rire.nthem-00, tra Councira stely in<heatwt that theri is curr.nti no acerwonal t

soew se.netez u the RN. Th.c f.ve. .hm intde valu o estresonnd ti dons to the eritical, r.sn rot gre v e,r. ire nent for as intake value u V4h sa onethan onetMee ca.r . tive M P': 1
* The twdse ewcaused here were not swan to ue FKC reporta, out were calcu!ated unns .ccropriate TI'.C recome.eTdaimia.

;

k ais'. TeT% QedT T 3 a Mic.X t'curek'v of- | LIMfL fett DA f
.l

!
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TABIE 6

f ]
Paxi:r.t :t pedssible doses under Appendix I to 10CR50a r-

V N.R.C. Fagulaticns from NUiEG - 1.109

.

TABLE 1

SUMMARY OF STAFF 905IT!ON -

METHODS OF EVALUATING CD'tPLIAf:CE WITH APPEN0lX i |

I |
.

APPEND 1% 1 POINT OF DOSE EQUATIONS |
.

TYPE OF DOSE DESIGN OBJECTIVE EVALUATION TO 3E USED

g

Liouid Ef fluents

; Oose to total 's mrem /yr per urtit Location of the highest 1, 2, 3, 4, & 5i

use offsite*
i body from all

(sce also Table A-1). i

i pathways 1

Dose to any_ organ 10 mrem /yr per unit Same as above. 1, 2. 3, 4, a 5 |t
|

from all pathways
'

i

Gaseous Ef fluents** |

Gamma dose in air 10 mead /yr per unit Location of the 6 or 7, as

highest dose offsite.'" appropriate
.

Beta dese in air 20 mead /yr per unit Same as above. 7

Dose to total body 5 meen/yr per unit Location of the 8 or 10, as

of an individual highest dose of fsite.* apprcpriate
e

N
; 4 Dose to skin of an 15 mrem /yr per unit same as above. 9 or 11 as

appropriate
' ". individual

Radiciodines and Particulates' Peleased to the atmoschere

! Ouse to any crgan 15 mrem /yr per unit Location of the 12, 13, & 14
highest dose offsite gfrom all pathways.

b

EvaluJted at a loCJtion that is anticipated to be occupied during plant lifetire or evaluated*

with respect to such ::otential land and water u. age and food pathways as ccuid actually exist
during the term of plant operation.;

!' " Calculated eniv Sr acbla m*t
*

i Evaluated at a location that cou'd be occupied during the term of plant operation. |.-

' I
5 ' Doses due to carto*i-14 and tritium intake from terrestrial food chains are included

|in this categcry.
Hew- |

(valuated at a location where an exposure pathway actually exists at time of licensing.
ever, if the applicant determines design objectives with respect to radioactive lodine on the |

|basis of existing conditions and if rotential changes in land and water usage ar.d food patNays
could resuit in exposures in excess of the guideline values given above, t*e applicant should |

provide reasonable assurance that a monitoring and curve 111ance pregram will te ;erfer-ed to
(1) the cuantities of radioac*ive iodine actually released *o the atmoschere anddetermine:

deposited relJtive to those estimated in the deteraination of d,; sign cDjectives; (2) wneta gr
changes in land and wate" usace and food pathways whten would result in incividual ex:osures
greater than originally est&ated have accurreo; ano (2) tne content of radioac* f ve todine and

|
f oocs involved in the changes, if and when they occur.

e.oe
3 taq

a sca
y.

1.109-15
- b

.
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TABII 7(a) i

!

!

,

M3asurements of radicactivity in
cows milk near Haddam Neck repro- ,

duced from the Environmental Pa;: ort, -

1976
.

;

.. . _ _ _ . . _ . . . . , . '

.

.

7A6LE 7
CAIRY w!LK"

(PCI/L),

CCLLECTION *

.LCCA7JON DATE SA-89 SR-90 I-131 C5-137
(+/-) (+/-) (+/-) (+/-)

'
69 2/23/76 0.0 'O.7 8.8 0.4 0.0 0.co 27.3 11~ ~ ' '6 f ~~ 4'/ID76 0.0 0.8 9.8 0.7 0.02 0.09 20.1 0.3.69 5/10/76 0.0 0.8 4.7 0.3 0.0 0.09 11.2 1.e

.

e9 6/ 7/7a 0.9 1.1,. 4.1 , 0. 3 0.13 0.07 9.0 1.0\ "~ ~~ii '"'~'~'D l9/76~~ '

6 O.0 0.6 6.9 0.3 ' ~ 0.0 C.07 13.9 1.!69 8/ 2/76' O .0* 1.4 6.4 03 0.0 0 07 27.6 0.369 9/13/76
.. .,.9. . . g g . .. . 0 3 C.9 5.* 03 0.09 0.cs 11.o 08.

.
3 4, , n 143.00 2.00 41 0.e

70 2/21/76 0.0 0.6 6.6 0.4 0 09 0.C3 7.0 0.5* ~~70'" ~~ ~'471'2/7i 0.0 0.6 6.4 0.4 0.0 0 11 6.3 0.570 5/10/76 1.3 0.9 61 03 0 04 0.09 63 1.0
,

.+70.- -.. 6/ 7./76....- -- 0.5 -1.0 5 5.. 0.3.( .. 0.13 ,9 2
-- . 0.07 1.0.

g,3
,70 S/ 2/76 0.9 0.3 5.9 0.5 C.05 0.10 6.5 0.370 9/13 /76 1.0 2.0 7.7 0.8 0.10 0.07 6.2 0.7~ '7 0 ' "''i 6/ 5 / 7 i' ~~ ~16.4 0.9' '9.1" C.4 201.60 0.70 5.4 0.3 '

71 2/23/7b 0.2 0.4 5.5 0.3
.

'71 '' 6/12/1b 0.0 0.7 4.3 0.3
~ C.0 0.06 8.6 0.9

'~
* ~

0.0 0.co 6.7 0.571 5/10/76 0.3 0.9 3.8 0.2 0.C7 0.*S 5.4 0.671 6/ 7/76 1.6 1.2 6.5 0.4 0.c4 0.07 15.7 0.7 L71
'

7/19/76 1.0 0.7 S.4 03 0.02 0.07 36.0 2.0 '71 G/ 2/76 0.0 1.0 11.2 07 0.0 0.10 52.0 3.071 9/13/76 1.4 0.8 10.5 0.6 0.03 0.09 30.9 1.1 ''

71 ~ 10/ 5/76 'O.0 0.4 .8 3 2" 243.00 7.00 16,0 1.2
*

'72A 2/24/76 0.0 0.6 7.3 0.3 0.C9 0.C6 13.3 0.6'72A A/12 / 76 0.0 0.e 6.6 03 0.0 0.03 9.5 0.5724 5/10/76 0.0 0.8 45 0.3 0.01 0.10 7.4 1.07*A 6/ 7/74 02 0.9 c.8 0.3 0.06 0.05 7.9 0.o72A* 7/19/76 0.0 0.5 6.8 0.3 0.0 0.06 15.3 1.5 i72A d/.2/76 0.0 0.. 3.1 02 0.0 0.C7 13 .3 C.972A 9/13/76 C.9 0.9 4.. ,8, 0.3 0.09 0.12 12.4 0.372A 10/ 5/76 $.0 2.0 ,5 . 3 0 5' 175.0C 91.60 12.6 1.4

T

,
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TTaIE 7(b)
*

\
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.

Measuremer.t of radioactivity in
cpat milk near F.addam Neck repro-
duced- frem the Enviren::nntal Report, .

|
1976. '

.

. .

.

I
1

l

I
TAPLh S |

CCAT MfLK I

(PCI/L1
|

COLLEC7!cN
)LOCATION DATE $R-99 S R -4 0 1-131 CS-137 '

. - ~ . . _.. .-- - - - - - -

73A 4/12/76 0.0 0.9 18 1 0.4 00 0.14 20.7 09 |
'

,73A 5/10/76 1.8 1.o 14.7 0.5 0.02 0.12 $o.0 2073A 6/ 7/7b 0.0 1.9 13.4 0.5 0.40 0.20 37 3 1373A 7/19/76 0.7 0.7 10.6 0.4 0 13 0.15 23.0 2.0~~73A'~~' '8/ 2/76 0.0 1.1 11.6 0.4 0.0 0.20 52.0 3.0
~~

73A 9/13/7e 04 0.9 8.8 0.4 0.09 0.08 11.9 0.8
. 7M 13/ .5/7 6 . .. . 8 9 1:6 .J0 3 . 0 . 5_. 196.00 2.00 , 2s.2 13

74 4/12/76 0.0 1.1 19.0 2.0 0.10 C.20 17 5 0.374 5/10/76 0.0 1.4 IS.6 0.4 0.05 0.14 37.2 15~" '~ '7 4' ' ' 'o/ 7/76 1. . 2.5 32.6 0.9 0.09 0 15 77.0 3.0
' ~ " ~ '

74 7/19/76 0.0 0.6 19.1 0.6 0.0 0.20 23.0 1.174 8/ 2/76 1.0 0.7 23.7 0.7 0.0 0.*0 37.0 2.0' *~ M ~ ' '' ' 9'/T3 / f o~ ~ ~ C.5 0.6 5.6 0.* 0.3* 0.07 19.7 1.2
*

'

74 , 10/ 5/76 5.9 1.6 12.3 0.5 57.00 0.60 22.7 1.1
- - - - - . _ _ = . . . . . . . . . . . _ . . . . . . .
_

,,,, Mo gest 31Qt, or ;,asture 3ra,ss samples ,taken, in.J,et tuary, sines, npce nre svailabit.

|

O
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TABIE 8
I3
Q,)

Canparisons of Therral Efficiency and
Padioactive Releases Fran the Yankee (Pwe),

the Haddam Nech (Connecticut Yankee) and Fillstone
Point Plants (Tables PEproduced frcm " Report on Peleases of Padioactive
Effluents,",1972, U.S. A.E.C. Directorate of Pagulations, (August 1973)*

Yankee Connect. Mi11stene
(Pcwe) Yankee, Point-1,

Mass. Haddam Conn.
(Ph?) (Ph7) (BWR)

Lic. Pwer M1 (Therm.) 600 M1 1825 M1 2011 M1

Elect. Pcwer M1 (el.) 1972 173 M1 568 M1 658 M1

Therral Efficiency (1972 Data) 28.8% 31.1% 32.7%

I-131, Cs-137, Sr-90 etc. Airhor.e 0.00077 Ci 0.0181 Ci 1.32 Ci
Palease, Ci (1972)

I-131, Cs-137, Sr-90 etc. Airborne 0.0044 0.3187 4.0367
Palease; Ci Per 1000 M1 Electrical

Power
fs1

'"# Pelative Casecus (I, Sr, Cs) 1 72 917
Peleases per 1000 M1 Pcwer )

;

Year of Star:-up 1960 1967 1970

1

1

1

Cata taken :bem A.S.C.1972 report (See tables reprcduced in 4:pendi:< 'v II)

Note the =ch greater ra'a===s of the biolcgically xst hazardcus ratarials
fer the scre efficient, la er reacecrs.

-

1

O
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TABIE 9

Comparisen of St-90 Concentratibs in tki_1k Near the Millstone NtS: lear
Raactor With Cc . cent rtions in Hartford and the U.S. as a Khole - 1970 to 1976.

(a) ', (b) (c)
Av. Daily Milk Av. Daily Pilk Av. Daily Milk Excess Sr-90 %Exc

Year Sr-90 Ccncentr. Sr-90 Cbncentr. Sr-90 Concentr. In Milk Mear Sr-9(Near Millstone In July (Hart- for Year In Mi.llstone Near
pCi/l ford) pCi/l U.S. pCi/l over U.S. Mills

*

pCi/l pCi/:

1970# 9.8 8 8 1.8*
-

1971 8.8 9 7 1.8 203

1972 9.6 7 6 3.6 38%O
lb) 15.0 4 5 10.0 67%

1974 14.8 Not Avail. 4 10.8 73%

1975 10.7 3.1 3 7.7 72%

1976 13.0 5.7 4 9. 0 69%

i Millstene Cperatica began in Octcher 26, 1970
Cenn. Yankee Gaddam Neck, 20 :niles N.W. , St.:ined July 24, 1967.

(a) Three locaticns within 10-15 miles; IC~= 10.2 pCi/l
Trcm Millstene envircreental reports, anne.al averages

(b) E.P. A. bbasuremnts (Fad. Data and Paports) in July.
10"" = + 1 pC1/1

,

(c) E;P.A Netscrk Average (Rad. Data and Paperts)
10' = + 0.2 pCi/1

.

(_

,

-

,9.gro
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TABLE 10

D:ses to the Ecne of Children Due to Sr-90 in the Milk and .

'Ibtal Diet Near the Millstone Nuclear Plant - 1970 to 1976 .

'

(a) (b) (c)
Total Diet htnual Sr-90 Annual Sr-90 CLunul. Sr-90 Annual Sr-9
Sr-90 Intake Eone Dose For Ecne Dose For Bone Ecsc For Ecne Dase F

Yezr trear fullstone Child-All Sources Giild Dae to Child Due 'Ib Child Dae T
pCi/ day mrem /yr Millst.one * , Millstone Millstone a.

mrem /yr. mrem % of Naturr-

19705 29.4 185 --

1971 26.4 166 33 33 47%

1972 28.8 101 69 102 99%

190 45.0 283 190' 292 271%

1974 44.4 279 204 495 291%

1975 32.1 202 145 640 207%

1976 39.0 245 169 809 241%

$ Id11stene Cperaticas Began Octcher 26, 1970

(a) Usir.g dese factor of 0.0172 :r:cm/pci a .nual intake frem Table A-5, '

tiUPEG 1.lC9 (N.n.C. , March 1976) , equivulant to 6.28 mren/yr. per
1 pci daily intake in total diet.

(b) Using pcreent excess Sr-90 levels due to Millstene frem milk measure-
ments (~'able 9) .

(c) Natural Fadiatien background 70 mrem /fr. ((E.P. A. measurements; E.P. A.
report en Haddam t:eck
E.P.A. - 520/3-74-00'. ; Sect. 7.7 , page :'O

Ov
.

,
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TABLE 11
.

Average Coses to Mult Bonc Frca Sr-90 in the Milk ard
'Ibtal Diet Near the Millstene Point Nuclear Plant, 1970-1976

|

Annual Mult Innual Adult Cumulative Annual Cumulative Cumulative
Year Ecne D:se Bone Dose Mult Prne Mult Mult Done Health Costs !

Prom Total Due to Sr-90 Dose Due To Ecne '"ot. Total Pop. of P.cne Coses
Sr-90 Intake frem Mill- Sr"90 Frcm Pop. Deze Dose Cue To Frcm Millstone
Near Millstone Stone tren/ Millstone Due to Millstone Mill. Doll e s |
mrem /yr. yr. mren/yr. Millstene Min-Pm

Man-Pan i

1970 # - - - - - -

1971 73 15 15 11,100 11,100 11.1
m

(! 80 30 45 22,200 33,300 33.3

1973 125 84 129 62,160 95,460 95.5

1974 123 90 219 66,600 162,060 162
1

% 1

1975 89 64 283 47,360 209,420 209 j

1976 108 75 358 55,500 264,920 264

|

a Mills- .ne C cratien Pecan Cctcher 2G,1970

(a) Based c . dose factor of 0.007G1 mreWpci annual intake fran Table A - 3
NUFEG 1.109 (NPC, March 1976)

(b) Dased en pcpulatien of Nea Irnden County plus ene-half cf Rhcde Island
(740,000)

(c) Based en N.R.C. and E.P. A. Health ccst of $1000 per m.an-rcn

,a

iv}

|

|
_ _ _ - __
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APPDIDIX I*
.,

Peport to Congr. C.J.' Cc8d, Sept.1977

EVALUATI0li 0F RADIOACTIVE EFFLUEllTS FROM ftILLSTOME UNIT 110. 1

0FFICE OF HUCLEAR REACTOR REGULATION

HORTHEAST fluCLEAR EHERGY COMPANY

DOCKET NO. 50-245

MILLSTONE UNIT H0. 1
,

..

1.0 ' Introduction

During 1975, the liquid and gaseous effluents from Millstone Unit No. I
were high in radioactivity, in terms of Curi! content, as compared
to other nuclear power facilities. The dose rate due to these effluents ;

to the local population and it's significance is addressed in Section 2.0 |

bel ow. Our conclusions regarding effluents f rom Millstone Unit No.1
are contained in Section 3.0 |

l

2.0 Explanation for Radioactive Effluents from Millstone Unit No.1 and
Significance to Local Population

During 1975, the comparatively high curie content of the radioacti'vity,
P in gaseous effluents from Millstone Unit No.1, was due primarily {to defects in the nuclear fuel that was being utilized at that time. 1

The comparatively high Curie content of the liquid effluents was-

due mostly to the conduct of required plant maintenance. 'Moreover,
the liquid radwaste was diluted and discharged rather than solidified
as is currently the practice at Millstone Unit No.1. The effluent I

release data is summarized in Table 1. Although the Curie centent
rf the effluents from Millstone Unit No.1 during 1975 was the highest
for any nuclear power reactor in the United States, the cencentration
(measured as micro Curies per milliliter) of radioactive material ,

'

in the effluents was controlled and represent only small fractions
of the limits specified in Title 10, Code of Federal Regulations,
Part 20.

During 1976, as can be seen in the attached Table 1, the radioactive
effluents Curie content decreased considerably. The dec rease in the
Curie content of the gaseous effluents was due partly to removal
of some of the defective fuel in tne fall of 1975 during the third
refueling of Millstone Unit No.1. In addition, the 1icensee (Northeast
Nuclear Energy Company) adopted a plant operating technique specifically
designed to further maintain fuel integrity, thus reducing the radio-
active ccmponents of gaseous effluents. The decrease in the level of
liquid ef fluents during 1976 was due to the startup of the liquid rad-
waste trea tment sys tem. This system concentrates and solidifies licuid
waste for removal from the site to approved disposal areas instead of

gm
O

.

44 ,e ,
'
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discharging the diluted liquid effluent from the plant. During the
fourth refueling of Millstone Unit No.1, in the fall of 1976, more
of the previous defective fuel was removed thereby causing the Curie
content of the gaseous effluent to undergo a further decrease during
1977. During 1978, we expect that the new augmented gaseous radwaste
treatment system will become operational and will . result in a further

.

decrease in radioactivity in gaseous effluents.

The calculated dose to the population, as a result of operation of
Millstone Unit No.1, is summarized in Table 2. During the comparatively
high releases of 1975, it is significant to note that the average
individual's dose in the population located wi thin 50 miles from
Millstone Unit No. I was only 0.2 millirem per year. As can be
seen in Table 2, this exposure is very small compared to the natural
background (natural raaiation) level of 125 millirem per year.
Moreover, the 0.2 millirem per year is small when compared to the
normal variation in the background radiation level over the state
of Connecticut of at least +15 millirem per year.

i

O 1
-

.V
3.0 Conclusion

From the infomation presented in Section 2.0, we conclude that the
doses from the operation of Millstone Unit Ho I to the population
within 50 miles of the facility is statistically indistinguishable
from the natural background radiation doses. The extremely low
levels of exposure (less than 0.2% of natural background radiation
dose) precludes distinguishing any heal th effects that could have
even theoretically been produced by the operation of Millstone.
Even so, the licensee has taken positive action to further decrease
the liquid and gaseous radioactive effluents from Millstone Unit
No.1, so that we expect the Curie content of radioactive effluents
to decrease tnrough 1973 with a corresponding decrease in the dose
to the of fsi te population.

,

n
U

.
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TABLE 1

i

Release of Radioactive Material from Hill _rtone Unit No.1
.

Airborne Releases (C1/yr) Liquid Releases (Ci/yr)
Noble Gas Radiciodine 131

'

Release % of Federal Release I of Federal Release % cf Federalj Release Limit Release Limit Release Limiti

1975 3,000,000 12 10 10 199 11,

1976 500,000 2 2 2 9.3 0.5_

Projected
1917 200,000 1.5 2 . 2 0.5 0.06

i
After midb 78

10,000 0.07 0.5 0.6 0.2 0.01

(r
-

.

e

em

-

%
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Radiation Dose due to Radioactive liaterials Released from 14filstone Unit tio.1, .,
,

.

.

Ibximum Individual Dose Population Oose
(mrem /yr) within 50 miles of station (man-rem)

-

Total Body Thyroid flatural % of flatural Reactor flatural Avg. Indy. % of Na-
Background Background Releases Background Dose (mr/yr) Backgri.

1975 30 10 125 I 15 * 27 670 370,000 0.2 0.2

.i 1976 6 2 125 I 15 5 - 112 370,000 0.04 0.0

Proiected
i 1977 5 1.5 125 I 15 4 93 370,000 0.03 0.0

b
9

'

.D
~

*This value is the average for the State of Connecticut. The natural background for liillstone Point
- averages 150 mrem /yr and is higher than the average for the State due to the granitic nature of the site.

.

'
.

.
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' * APPZ DIX II '~,'' -*

From EPA Region II EPIF.S 902/4-77-009
,

i],. ;
*

ARAt45 Data
.

-

k.f.
,

Analysis of Water Samples ~Under Orinking Water Standards
.eU ~

/ 0* flewly-established drinking water standards, effe'ctive June 24, 1977, set' . ?. 'the following maximum levels of radioactivity in drinking water:
.. ., itritium 20,000 pCi/1 Jr

-

--->S r- 90 8 pCi/1.
'

6. -

Sr-89 80'pci/l ,51. ,
Cs-134 20,000 pCi/l %
Cs-137 200 pCi/1 %*

Ba-140- 90 pCi/1 ?gy
Ra-226 and 228 S pCf/1- F4'

&.. .. y1*
After analysis of the data collected by the ERAMS network during 1975 and 1976 a>the following information was noted: ' .a !

,- e,,
,

-- Albany drinking water levels were 2% or less of the tritium limit, g43% of the Sr-90 limit, and 4% of' the Ra-226 limit. -+
.:-,s. w

--Bayside (ilJ) surface water tritium levels were a maximum .of 2% of the %ydrinking water limit. *V
t .t~
m-- Buffalo drinking water levels were 2% or less of the tritium limit,

@ y .@G !
, , , i14% of the Sr-90 limit, and 6% or the Ra-226 limit.

wuw ..#
-- Ossining surface water samples never exceeded 1.5% of the maximum

li;.dEO trit 4um eriaxins water 11mie- lcm
-- Oswego surface water sarrples were never more than 2% of the drinking gr.c

i.Ly
water tritium limit.

f&@
t

-- Oyster Creek surface water samples were never in excess of 1.5% of the
&@
:

tritium drinking water standard.
''5

-- Poughkeepsie surface water samples never exceeded 2.S% of the tritium !S$drinking water standard. Ipf:t
W,

-- San Juan drinking water never exceeded 1.5% of the tritium limit, . .ie6% of the Sr-90 limit, or 8% of the Ra-226 limit. hi.-
?%

-- Syracuse drinking water never exceeded 4%of the tritium limit, 10*; cf 4---- .,f:

the Sr-90 limit, or 8% of the Ra-226 limit. Average values for the @
~

location were~2% of t'he" tritium limit, 5% of the Sr-90 limit, and @_;
4% of the Ra-2261imit. :~.u

-- Trenton drinkina wa ter levels' were 2% of the tritium limit, 20% of the (-Q .''5
~ :9|lil"~f6 limit, aiii!"6.Co~Ithe Ra-226 limit. Average values for~~ he ci y CDa1[.y.;.3were less than 1.5%of the tritium limit,10% of the Sr-90 limit, and Cm g'

3% of the Ra-226 1imit. ~

< : .L-

:- r~<
!

h -- Waretcwn-(NJ) drinking water levels were 2% of the tritium levels,
.

' 's '1". of the.Sr-90 limi t, and 33% of the Ra-225 limit. '

- &': : ., ,
' Average levels. in New York State were 1.5% oithe tritium limit, 5% of the .i

'

|
Sr-901imit, and at of the Ra-225 Limit.

. 'y'
-3r f
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: APPENDIX III
4

1.0 SUlcfAnY
t

| The radiological environmental monitoring program around the Millstone
! Nuc1 car Power Station was continued for the period January through
( Decc::.ber 1976, in compliance with the Environmental Technical Specifi-
[ cations, Section 3.2. This report for 1976 was prepared by the

Radiation Assessment staff of the Northeast Utilities Service Company.
-

j The laboratory analyses were done by Interex Corporation of Natick,j Massachusetts who also assisted in the qualitative interpretati'on of
; the laboratory data. '

'*
s

h Sampling and radiological analyses were performed on air particulaten
g gamma exposure rates, soil, milk, fruit, vegetables , well wa ter,
y reservoir water, bottom sediment, sea uater, mur.sels, oys ters , c]ams ,

scallops, lobster, fin fish, algae and eggs.,
;c ,

] ' The cbserved results indicate *. hat the predominant radioactivity at t,j| offsite locations are from nonplant related sources such as fallout
[ from nuclear weapona tests and frem naturally occurring nuclides, fj i Plant related radioactivity above the einimum detcetable levels, as
i set by counting statistics was observed; as gac:ma exposure rate ati three locations within 3 miles 'of the station; as iodine-131 in goats
} milk; as manganese-54 and cobalt-60 in bottom sediment collected
| vithin 500 feet of the discharge; as cesium-137, mnganese-54,i cobalt-58 and ' cobalt-60 in rockweed collected within 500 feet of the5O discharge; as cesium-137 , cesium 134, cobalt-00 and manganese-54 inV

muscels and oysters collected within 500 feet of the discharge; as
f manganese-54 in scallops; and as manganese-54 and cabalt-60 in
' lobsters. In general the radioactivity in 1976 was less than that

observed in 1975 and the levels in aquatic media in 1976 exhibited
rapidly decreasing trend through the year. This is as a retulta

,

of the operation of the augmented liquid radioactive traste treatment
'

systam.

The radiation dose to the general public from the s tations discharges,

j have been evaluated by two cetheds; one using the seasured staticns
discharges and conservative :ransport codels, and the other using
the ceasured cencentrntiens of radioactivity in environmental media.
The maximum dose (at the station boundary) that could occur to a
member of the general public as a result of the stations discharges
was 7.9 millirca and the average dese to an individual residing
within 50 miles of the station is 0.13 millire=. These doses are
1.6 percent add 0.08 percent of the corresponding Federal and State
standards for annual permissible doses to the public from man-made
tsdiction, which are 500 millirem and 170 millirce respectively.
Natural background radiation in Connecticut gives = embers of the

| public a dose of 129 c1111 rem per year. Thus the stations ef fect on
the public is minimal.

I
'in i

{; >
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Table 4. Mean activa b'one carrok'Eosi for cavoral different examinations:* *.
.

. subject tio.16 of the USPliS ceudy.

nean
HVL. Calc. Skin Active Marrow

Examination 'SSD- (cm A1) Exposure Dose per film

(nR) (mrad)

AP Lusbonac. Spine. 64 1.8 1705 -87.2
Lat. Lu=bosac. Spine 50 1.9 4603 56.2-

---ce PA' Chest 80- 2.7 16 2.2
PA Upper CI 74 2.3 712 51.1
PA IVP 80 2.4 125 13.3
PA Chest 80 2.2- 31 4.0 -

AP Cerv. Spine' 80 2.2 189 4.9
*'' PA Barium Enema 80 2.2 759 97.1 l'

Lat. Hip . 67- 2.6 666 26.7 :

Lat. Skull ~80 2.3 243 13.0
PA Sir.uses 71 2.3 987 16.5
AP Left Shoulder 80 2.4 28 3.3
Lat. Skull 79 2.3 , 311 15.9 !

PFC Chest 79 2.1 380 41.2 ~j

Lat. Call Bladder 60 '2.5 546 24.3 '

PA Barium Enema 74 3.3 - 608 119.0
AP Urethrogram 74 2.4 55 5 .1
PA Ribs 72 2.0 1049 82.5
AP Thor. Spine 72 3.0 482 84.2
AP Mandible 76 2.2 222 12.9
Lat. Chest. .

80 3.0 218 20.5
Lat. Ce rv . Spine 80 1.0 94 2.0
PA Chest 80 2.3 33 4.1-

.

<-* Lat. Dental 20 2.0 1186 1.8
. AP Dental 31 2.6 806 3.7

.

.

I

; 4

1

SUMMARY

The exposure ceasuremen S =odel and cocputar program for esti=ati:n of =ean
active bone marrow doses f or=erly empicyed in the 1962 Eritish Survey of x-ray
doses and proposed for application to x-ray expcsure informatica obtained in the !

U.S. Public Health Se rvice 's X-P.ay Exposure Studios (1966 and 1973) are
described and evaluated. |

|

The method described in this paper is feasible for use to deter =ine the {
mean active bene marrew doses to adults f or examinations having a skin to source ;

distance of 30 cm or less. For a greater SSD, as for example in chest x-rays, a {'
small correction in the calculated dose can be made. 'i

t
r

t1

. m t!ci-F 3 -76-8015; Fef. 24 [I
l

'
.

c
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APPDIDIX V(a)

O rrc"'" a c ree c"te= 1 109 a rch 78-

'

TABLE A 3

ADVLT IfMESTIr4 005E FAC7021 ,

(mrem /pClingested) )

.

NUCLIOE 80dt LIVER 7n74L S11Y 7HYR0!0 K!3NEY (UNO GT-LLt
lH 3 0.0 1.34E-07 1.34E-07 1.3aE-07 1.suta07 t.34E-07- 1.3ar 07 'l
4BE to 3.15 F.= 0 6 4.9tE-07 7.95E-08 a.0 1.71E-67 0.0 2.6ME-05
6C to 2.8aE-06 5.69E-07 5.64E-07 5.69E-07 5.69E-17 5.69E-07 5.69E-07
74 .13. d.3/E-04 6.37E-09 d.37E-09 6.3/E-04 8.3/E-09 S.37E-09 8.31L-09
9F 16 6.2SE-07 0.0 '6.931-08 0.0 0.0 0.0 1.05E-08
ttWA 22 t.7ar 05 t,7ag-05 t.7st-05 1.7aE-05 1.74E-os 1.7eE*05 1.14E-05
ft N A 2u 2./oE=uo d.2hE-06 -1 1LL-23 2.2bE-04 2.dhE-00 4.26E-on 7.2eE=0n
158 32 1.ejE-0a 1.2tE-05 1.47E-06 '0 . 0 0.0 0.0 2.17E-05
20CA #1 1.47E=0e 0,0 d;J n -0 3 0.0 0.0 0.0 1.40E-07
215C de 5.5tE-09 1.0SE-06 3.ltE-09 0.0 1.00E-ns 0.0 5.2t!-04
2aCR 51 0.0 0.0 2.66E-09 1.59E-09 5.87E-10 3.53E-09 6.6 9t -0 7
25mN su o,0 s.57E-oh 1.71E=of 6.6 t.36E-16 3,0 1.40E-os
25aN So 1.0 1.15E-07 2.05E-oo 0.0 1.a6E-07 0.0 3.6/E-06
26FE 55 6.20E-06 2.79E-05 7.33E-06 0.0 0.0 3.23E-05 1.05L-05
26FE $9 c.34E-06 1.03E-a5 3.9)t=06 0.o 0.0 2.96E-os 3. d ?F -o s
27CO $7 0.0 1.75E-07 2.41E-07 0.0 0.0 0.0 a.udE-06,

2703 ,.55 0.0 7.a6E-07 1.67E-06 0.0 0.0 0.0 1.5tF=05
27t0 60 0.0 2.15E-66 c.72!-os 0.0 0.0 0.6 a.02E-os
TE5F 54 w.77E-06 3.35t-06 t .YTE -0 3 0.0 0.0 0.0 e.90E-01
28NI 63 1.30E-04 9.02! 06 a.36E-0a 0.0 0.0 0.0 1.88E-06
2ANI 65 5,20E-07 6.07E-06 3.11E-03 6.0 0.0 6,0' I;74E-0A
29CU 6* 0.0 3.3di-06 3.92E=0A o.0 2.10E o7 0.0 7.t0t=0e
30ZN 65 4.85E-06 1. 5 4 F -(5 6.97E-06 0.0 1.03E-oS 0.0 9.70E 06
30Z9 69W t.70f=07 3,09E-07 3.7tE-04 0.6 ?.39!-o7 1,0 2,09E-oS

siOZN 69 1.03E-08 1.96E-06 1.37E-09 0.0 1.20E-08 0.0 2.906-09
305E 79 0.0 2.63E-06 4.00E-07 0.0 4.56E-06 0.0 5.38E-07
_359a 42 0,0 0.0 2 . ? A F - .* s 0.6 a.0 6.0 2.58E=0e
35da 03 0.0 0.0 d.02E-09 0.0 n.0 0.0 5.79f-04
35BA $8 0.0 0.0 5.22E-08 0.0 0.0 0.0 4.09E-13
359R 85 0.0 0.0 2,ist=09 0,0 0.0 0.0 0.0
37sA 26 0.0 2.116-05 9.AnE-06 0.0 0.0 .0.0 a. toe =0e
378R 87 0.0- 1.23E-05 a.23!-06 0.0 6.0 0.0 5. 7 6'E -0 7
3795 46 0.0 6.06F-aA 1.2tE-om n,0 0,0 n,0 a,3st-19
3P6 04 0.0 3.0tL*13 2.93E-09 0.0 0.0 0.0 0.0

90,1854 89 1.09E-04 0.0 S.85E=06 0.0 0.0 00 4.9dE-05
(37=74634 40 7,at!-03 0,0 1.96E-03 0.0 0.0 0.0 1.02E=ou

535 % 31 5.62E-ce 0.0 2.56E-01 so.0 0.0 0.0 2.i3c-05
3884 92 2.16E-06 0.0 9.3t!-08 0.0 0.0 0.0 u.2sf-05
39Y 90 9.53E-00 0,0 2.4AE-10 4.6 d.0 0,0 '.02E-do
191 919 9.10E-tt 0.0 3.5}E-32 0.n 0.0 0.0 2.eli-lo
39Y 91 1.4tE-07 0.0 3,7aE 09 0.0 0.0 0.0 7.76E-05

l

Note: 0,0 means insufficient cata or tut tne dose factor is <l.0E-20.

I

j

Av
1.109 21

-

. . . .
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APPENDIX V(b)

O
TABLE A-5-

CHILD INGESTION 005E FACTORS 1
* '

(crem/pCi inges tec)

l
+

1
1

!,

s.

HUCLICE '804E LIVER TOTAL 80$Y< TdvR010 x!ONEY LUNG GI-LLI
1H 3 0.0 2.03E-07 2.03E-07 2.03E=07 2.03E-07 2. 0 3E -0 7
6C to 2.26E-06 2.2bE-06 2.26E-06 2.26E-06 2.26E-06 2.26F-06

22 5.BoE-05 5.89E-05 5 80F-05 5.89r-05 5. ace-05 2.;7t=06

ht'H A
2 1

CO 58 0.0 1.85E-06 5.58E-Ch 0.0 0.0 1.10 f -0 5 -
'

27CO 60 0.0 5.17E-06 1.55E-05 0.0 0.0 2.86E-05 !
(U8E a.0 5.tSE-05 1M D 3?tR M9 t 38f=03 0.0 1.95E-os n0-

M~) J .id 40 . 1. / d r. =0 2 - 0.0 a.3hE-03 0.0 1.0 2. 2 4 E = 0 **

V 39f 90 4.21E-08 0.0 l '.13 E - 0 9 0.r A::m 0.0 1.20E-04
34Y 91 5.35F-07 0.0 1.5AF-0A a. 0.0 7.77E=05
40Za 45 1.0uf-01 2.42E-06 2.20E-04 c. 0.0 2.50E-04.

Dost 0.0 1.uaE-05etNB 95 1,95E-08 8.32E=09 6.t!E-09 *

e44U 103 6.78E-07 0.0 2.7aE-07 0.0 1.7Ar-65
endu 106 1.19E-05 0.0 1.40E-06 c. 0.0 1.oSf-ca
50SN 123- 1.31E-04 1.6:E*06 3.22E*06 1.I!!*06 n.0 6.50F-05
52fE 1254 1 tar.05 3 o9E.9 t 93r-64 3 . ' ?. r - 0 6 FACTOR) ,,o i, tag.og

52TE 127 4.50E-07 1.20E-07 9.65E-00 3.10E-01 0.0 1.02E-05
527E 129M a.95F-05 1.36E-05 7.65E-06 1.58E-05 0.0 5.96E-05
52TE 132 1.02E-05 1.50!-06 5.47E-06 6.62E-06 0.0 7.89F-05
531 12* 1. 3Ti = 0 5 d.54.-Co s.StE-05 2.79E-02 0.0 u.296-07 i

O~
'

531 131 1.63E*05 1.67E-05 1.2AE-05 5.33E-03 0.0 1.43E-06 s

!11 132 5.93E-06 7.3Bf-06 2.96E-06 1.7?!-05 n.0 2.80E-04
55C5 13a- 2.2ut-04 3.77E-04 5.02E-05 0.0 a.19E-05 2.0-t-04
55CS 137 3.12E-04 3.02E-04 a.50E-05 0.0 3. Sag-05 1.84F-oo
56BA 140 8.2tE-05 7.25E-os a.est-se 0.0 a.3?r-06 4. 2 t E -06
57LA 140 1.0tE-ud 3.52E-09 1.19E-Go 0.0 0.0 1.00f=04
SoCf tal 3.76E-08 1.SPE-06 2.60E-09 n.0 0.n 2.36E-05
Socr tea 2.taE-c6 6.708-n7 1.tur-07 0.o 6.6 1.7ar-Ga
63EU 154 2.59E-06 2.06f=07 2.03E-07 0.0 0.0 4./ut-05
920 232 1.77E-02 0.0 1.26E-03 0.0 0.0 6.9tE-05
92u 25a 3.57r-03 0.0 P.2tr-os o.0 n.0 5.32E-c5
9apu 234 1.2ar-03 t.52f-04 3.045-05 0.0 0.0 7.5cE-c5
94PU 239 1.32E-03 1.62E-Ce 3.27E-05 0.0 0.0 6.85i-05
94PU 2dC 1,32F=03 1.63"-34 3.3dE-05 0,0 0.0 6.?St=05
9sPU 2e1 1.12E-07 0.50f=03 1.St!-06 0.0 0.0 1.321-07-

95&M 201 1.42E-03 6.2aE-os 9.9*E-05 0.0 0.0 7.3?f=05
9 ecd pu2 6,74r-05 5.?*r-e5 a.uAE-os o,n 4.0 8.c!E-o;

96Ca 2e4 1. tie =03 5.30E-0a 6.99E-05 0.0 0.0 7.adt=05
,

.

Note: 0.0 neans insufficient 'da ta or tha t tne dose factor is <1.0E-20, .

|
!

A,

U
l .%N5

.. .

_ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPEDIX V(c)

O
\

TABLE A-6

INFANT INGESTION COSE FACTCRS
(n eaVpsi in3es tec)

NUCLICE BUN ( ({V[H ThfAL gCQf 7HYN0!D KIONEY LVNG Gt-LLI
iM 3 0.0 3.07E-07 3.07E-07 3.07E-07 3.07E-07 3.07E-07
6C to a.8tE-06 8.8tE*06 4.8tE-06 a.81E-06 e.8tE-06 a.9tE-06
tlNA 22 1.00F=04 1.00E-na 1.00E-os 1.co!-ca 1.00F-04 2.45E-oe
21CO 50 0.0 3.76L-Ob 9.2bE-06 0.0 * 0.0 9.19E-0o
27CO 60 0.0 1.07E-05 2.56E-05 0.0 0.0 2.64E-05

.

2.93E-03! 0.0 8,a?r-Os 0.0 (USE 0.0 5.38E-05
32SR 94 . 2.5AE-02, 0.0 6.00E-Gls 0.0 0.0 2 . u 2 f. - a uqg{)39Y3 8 3 M ,,4 0g, -

90 8.97E-08 0.0 2.41E-09 0.8 AD7LT 0.0 1.29E-04d

39Y 91 1.25E-06 0.0 3.31E-08 0.0 0.0 6.27E-05
a0Za- 95 d.11E-07 5.521 0$ 3.7ss-06 0.0 0.0 2 . 3 c t - 4 5,
alNa 95 3.89E=08 1.75E-08 1.03E ,08 0.0 pogg 3.0 1.40E-0*
unpu 103 1 u!E-05 0.0 4.As?-of a.0 1.6 1.76E-05
andu tGo 2.5=E-03 0.0 3.12t-00 0.0 0.0 1.97E-04
50$N 123 2.79E-08 4.33E-06 6.86E-06 4.33E-06 pg7;eg) 0.0 6.9tE-05
527E t?54 ?.41?-os 9.19E-i+ 3.?ar-66 a.oit-os 3.0 t.17E-05
527E 127 9.5df-07 3.19E-07 2.066-07 7.755-0/ 0.0 2.21E-05
52fE 129" 1.05E-Ou 3.6tE-05 1.60E-05 3.95E-05 0.0 6.33E-05
5?7E 112. 2.13F-o* 1.oSE-69 o.7 t-66 1.59 -05 0.0 4. 0 9 -as

531 12* 2.95E-05 2.16E-05 7.76E-05 6 . 7 4 F. - 0 2 0.0 a. dos-07
531 131 3.82E-05 4.07E-05 2.38E-05 1.3tE-02 0.0 1.53E-06
5 3't t!1 1. Par-es 1. sue-05 5.5ar-56 J.15E-01 3.9 3.2?E-oa'

55CS 13d 4.5dE-04 0.24E-04 6.97E-05 0.0 9.42E-05 1.9eE-Go
( '\ 55CS 137 6.53E-04(7.3tE-0a a.2aE-05 6.0 5.81E-05 1.Aet-06
( ,/ 569A too 1.7aE-Ou t.75E-67 9. cat a* 6,n t.07t-07 a. ale-c%

57LA 140 2.12E-0S a .17'E - 6 9 2.16E-Oe 0.0 0.0 n.out-0a
58CE 141 $.00E-08 4.9tE-03 5.75E-00 0.0 0.0 2.3*E-oS
SACE tua d.49E-06 1.77E-SA 2.3)E-07 9.0 1,0 1.85E-64~

63EU 154 a. 30 f -0 0 4.8-E-07 3.29E-07 0.0 0.0 4.76f=05
92U 232 3.66E-02 0.0 2.68E-03 0.0 0.0 7. 3 4 E -0 5
92V 233 7.aot=03 0,0 a 7tt-oa 6.0 9.0 6.72F-05
9aPU 238 1.7tf=05 2.10E-on u.25E-05 0.0 0.0 7.96t-05
94PU 239 1.7BE-03 2.2bf-ia 4.utE=o5 0.0 0.0 7.29E-05
0499 740 1.75E-01 2.?ar-ag 6,ogg-05 1,n 6.0 7.29E-05
oudu 2u1 1. doe-on 1.37F-07 2,7cE-0A 0.0 0.0 1. = 0 F -4 7
95&M 2ut 1.93E-03 1.01E-63 1.36E-04 0.0 0.0 7.e4E-05 i
46CM 242 1,41f=04 1.GSE-Ma 0,498-66 0.S 6.0 9.5 3F =0 5 i

9ecm 24 1.edE-03 4.o/E-Da 1. cat-ou 0.0 0.a o.12L-05 |
_

i

|
1

-

i.

|

Note: 0.0 reans insufficient cats or that the dose f actor is <1.0E-20. |

|

|
,

'
/~N 1.10,9-27 3
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- APPmDIX VI(a)-

.

-. - -

O EXTERNAL GAMMA R ADI ATION
NEAR MILLSTONE REACTOR mrod /y r -

ANNUAL
PE AK OF R A DI ATIONp.R / hr. C s - 137 RATE
IN MILK-

A

132 mr/yr15 - -

, ,

l FROM TABLE 1A) ,'' ~ ~ ~

_
,

N.E. UTILITIES * * LOC. 0 3*

( R EPORT- 1976 ) 0.5 mi. NE_

107 mr/yr- --
-

.
_

.

- LOC 10
1 m i. F

10
~ 88 mr/yr-- -

/--

o X-

o,

! 0 [X
'

O - .
C 0% -a p <,3

\ O OO Xg
c ' X- '

/
^

X-

X..

a/g'

5 NORMAL 4 4 mr/y r.-

kBACKGROUND''

9 mi. W-
-

A A-

-
,

1 U CHINE S E
FALLOUT-

I ' ' ' ' ' ' ' ' ' '
O O

J F M A M J -J A S O N D

__ 1976
Fr rt Table 1(a) , Millstone Envirenre. a1 F :c::

1976. Note that the mini.-c. values, '..tich aie due
t the natural radiatien backercund fr:m r*ac-

~O eivt=v 1= tro ==11 =e ====1= =>re =e 1m =*e
~

neigricer.cd of 40-50 Tre/ year, nct 129 mrc-/yr.
as sta:ed in es utility's reper: (7ppendi;c III) .
Par rerrere, the external g . ma radiatien is seen
to reach its pe 9. at ea sc.e time as the mcasured
peak of Cs-137 in milk as seen in Fig. 4 and Table M3.a.
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APPD; DIX VI(b)
. ' ' ' -

. .

VARI ATION OF EXTERN AL G AMM A |

DOSE RATE WITH TIME FOR \/ARIOUS
DISTANCES FROM HADDAM NECK
RE ACTOR - 1976

R/hr .

[ SOURCE: N.E. UTILITY I.32 MI/yIZo 15 \ ENVIR. REP.1976, TABLE 1 A
~~

-
"

,

_

1-- ~<
. ,

O
-

E FE |<
% LOC.54
< 0 . 5 m i. W N W FALLOUT'-

^ j2 OF PLANT
2 1

_.

$ 10 88 mr/yiPLANT F--i -
-

DOWN2 -

'~

O

$ 3 [
" ST.54

'O 5 muesO /
.

W ..

f-- ,X X/ WNW-
, ,

i v/ \v ,/v >

G. ^
/% /\

}

y [Qpy; --- 44mr/yr |5 --

3

C NORMAL R AD - .4 mr/yr-X X s, oon BACKGROUND 1

J \ l< i_ ..

3.5 mi. W N W2
x -

W
H
X -

W
' ' ''''''''' OO

J F M A M J J A S O N D

1976
P::m Table 1A, Environ. antal Peport for F'%'tm

Neck Plant, 1976. Nete 22: external ca=a rad-
istien is much icwer ncar Haddam Neck e.an near

.

Millstene, censistent wi2 de icwcr levels of
C airborne C3-137 levcis in de local milk as sbcwn

in Tables 7(a) and 7(b). .yain, the utility's cwn
l measurc: cnts of external c =.3 radiaticn shew a

level far balew de level cf 129 mren ec: year

sca:ed as the natural backercund level fcr
' 0:nnecticut ,and mcch closer to the 1970-71

~,

l EPA mastgse.ments of 70 mram per year. .
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3Sr-90 pCi/ METER

x LOO
,

AIR CONCENTR ATION -

~

OF Sr-90 NE AR W'

I'';,'f,uri[iries - MhMM[ HMTg g gggoar

QUARTE.R AV. - Ifd(TA BLE 5 - 1976 / f
!

O.10 0 3
8#I,

- ( J U LY - S E PT. 1976 ) hz
'

o

3
- 'o#3 F jj8x-

t
-

3._

k ~ ~

I?h

W - \0.50
-
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ti
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k
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'
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.
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f # 10 PLE ASURE BEACH]-
'

- p
Sr-90 CONCENTR ATION r

IN THE SOIL NEAR LEDYARD t

MILL STON E REACTOR -0.60 y 3
Y # 14 A il

'

N i
- f # 11 \ y

NEW LONDON '8

COUNTRY CLUB
0.400 -

; , , , ,

8 li;
'O

,

$0&
ehh. ALBACORE

-

[ souacE :
TA B L E 6

N.E. UTILITIES ys' - DRIVEN MONTVILLE f E N VI RON. R E P.-19 7 6 g
#

A U 26,1976N # 15 A (14 mi. N) [ --0.200
-

r / s
f /- -

R %) ~

E
,

/ 4
o- .

'g~_ ~i i i i i e i i i i i i e i I ,
I i i i i

20 10 O 10 20 .g
~

W + NW MILES E + NE =<
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Tables of releases and release limits
I

,

for Cenn Yankee (!'addam Neck) , Mill. ,
,

'
'

and Yankee (Pcwc, f' ass.) Peactors frcm
.Table 4A

A.E.C. Fcport, en Palcases of Padicactiv 'll(d . in Effluents " - 1972, Div. of peg,
'

. . Cver. Aug. 1973.-

AIRBORtlE EFFLUEllT COMPARISON BY YEAR l

Hal Jens and Particulates
(HaF .ife greater than 8 days)

.

Curies

Facility ~1970 1971 1972

Boilina Water Reactors
. Oyster Creek 0.32 2.14 6.48

fline Mile Point <0.001 <0.06 0.969
> Millstnne 1 4.0 1.32-

*

Dresden 1 .3.3 <0.67 2.75,

Dresden 2,3 1.6 0.68 6.89
Lacrosse <0.06 <0.001 <0.712
Nonticello 0.052 0.589-

Big Rock Point 0.13 0.61 0.148
Humboldt Say 0.35 0.3 1.78

O *Pi'9ri= -

o o3'9- -

|Quad Cities 1,2 0.747- -

* Ve.mont Yankee 0.171 |- -

Pressurized Water Reectors
* Maine Yankee -6 |3.71 x10- -

Palisades 9. 7 x10-3- -

> Yankee (Rewe) <0.001 <0.0001 7.77 x10
-4

Indian Point 1 0.08 0.21 0.928
R.E. Ginna 0.05 0.17 0.035

> Connecticut Yankee (Ha.D'i0.002 i 0.03 0.0181
H.B. Robinson None detected 0.0263-

San Onofre <0.001 <0.0001 4.74 x10'4
Point Beach 1,2 <0.0001 0.0297-

'

-4* Surry 1 1.75 x10- -

Nonwater Reactors

Peach Bottom 1 <0.001 <0.003 ?!one
'

Fermi <0.001 0.001-

p * Operated less tnan 1 year
G .

~
- 14 -

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ - - - - . .---

* 1 f f . + - -. g

'

_

_

..

. . . ~ .
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_ Table 21

.

PLAtlT SuletARY 1972* .

Licensee: Yankee Atcmic Electric Company *
. . .

Type: Pressurized Water Reactor
.

' Facility: Yankee Rowe

Docket No: 50-29;

Licensed Power Level: 6,00 IGIT ~ l 5" O M W M
.

Initial Criticality: 8/19/60 -

' Cooling Water: Deerfiefd R'iver-

location: 20 miles fl.W. Greenfield, Massachusetts
*0wned-by 11 utilities.

PONER GEi!ERATIOil - 14egawatt hours

6
Gross thermal: 2.24 x 10 . c , , g g gaj,,

Net electrical: 6.44 x 10

AIRGORflE EFFLUEllTS Curfes released Percent.cf limit
''

Noble gases 1.83 x 10I 2.63 x 10-2

Halogens 2.33 x 10-4
0.0607 M

,

5.44 x 10-4Particulates
yPercent of limit includes halogens I particulates with half life >8 days. )
LICUID EFFLUEtiTS Curies Average Percent of

released concentration limit |

Mixed fission and (ut.1/in i j |
activation products 2.06 x 10-2 1.28 x 10-10 2.49 x 10-2 j

Tritium 803.0 4.97 x 10-6 1.66 x 10-l
*

)
.

Volume of liquid waste: 1.13 x 107 / liters i,

l
11 liters !Volume of cooling water: 1.61 x 10

SOLID WASTE - Shicoed offsite
|.

, Total curies: 2.31 I

2Total volume: 2.22 x 10 cubic meters.

'

%

-- y f- 45 -
'

.
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= Tabic 21A
.

'p RADI0t:UCLIDE SUf' MARY - 1972

Facility: Yankee Rowe

' LIOUID EFFLUENTS-
Curies Average Percent of

Nuclides released concentration (uCi/ml) limit.

--A Strontium-90 1.10 x 10-5 6.83 x 10-14 2.28 x 10-5
Iodine-131 'l.56 x 10-3' 9.69 x 10-12 3.23'x 10-3
Cesium-137 2.33 x 10-4 1.45 x 10-12 7.25 x 10-6
Cesium-134 1.64 x 10-4 1.02 x 10-12 1~.13 x 10-5
Cobal t-60 3.3 x 10-4 2.05 x 10-12 6.88 x 10-6
Chromium-51 4.3 x 10-5 2.67 x 10-13 1.34 x 10-8
Manganese-54 5.08 x 10-4 3.16 x 10-12 3.16 x 10-6
Cobalt-58 2.67 x 10-4 1.66 x 10-12 1.84 x 10-6
Carbon-14 1.71 x 10-2 1.06 x 10-10 1.33 x 10-5
Selenium-75 1.24 x 10-4 < 7.70 x 10-13 1.92 x 10-2
Cesium-144 2.3 x 10-5 1.43 x 10-13 1.43 x 10-6

.

.

O
AIRBORi!E EFFLUEilTS

Curies Curies
fluc11 des released fluclides released

NOBLE GASES PARTICULATES -
,

Krypton-85- 1,68 Cesium-137 2.0 x 10-6
Xenon-133 1.12 -s Strontium-M 1.20 x 10-5
Krypton-85m 6.0 x 10-3 Manganese-54 8.5 x 10-5

-

Xenon-135 l'.94 Cobalt-60 2.23 x 10-4
Argon-41 1.63 Cobalt-58' 1,29 x 10-4'

Xenon-133m 5.4 x 10-2 Iron-59 8.0 x 10-6 |

Argon-37 1.84 Selenium-75 3.9 x 10-5
Carbon-14 9.79 x 10-I Chromium-51 2.4 x 10-5 ,

|

HALOGE'IS

Iodine-131 '2.33 x.10-4
.

- 46 -,
..

o
.

.--?.------------...-----.
. , . - -.....,.-............e

/; 397
.

,_

\
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_TabTe 24
I!.

c. -

*PLA?!T SUf! MARY 1972

l'

Licensee: Connecticut Yankee Atomic Powcr Company [
-

>

Type: Pressurized Water , Reactor
~

1

. Facility: Haddam tieck -

Docket flo: 50-213 [
?-

Licensed Power Level: 1825-MWT- k.
'

Initial Criticality: 7/24/67
'

Cooling Water: Connecticut River
.

Location: 13 miles E. Merfdan, Connecticut -.

1

POWER GEllERATI0ff - Megawatt hcurs C|
Gross thermal: .l.38 x 107 3 jeg

tiet electrical: 4.3 x 106'n)%' (kkh
AIRBORilE EFFLUEi:TS Curies released Percentcflin3 lj.wir

floble gases 6.45 x 102 2.52 x 10-1 2.56,0C0 C2'

|

Halogens 1.01 x 10-2 _ o ', t 'L Cs.

8.7 E
Particulates (Sr, (s, etc) 8.0 x 10-3

a , o g c.L'
-

]/ Percent of limit includes halogens & particulates with half life >8 days.
LICUID EFFLUE.WS Curies Average Percent of

released concentration limit
Mixed 71ssion and (uc1/mi)
activation products 4.78 6.20 x 10-9 2.33 x 10-I

Tritium 5890.0 7.64 x 10-6 2.55 x 10-l

Volume of liquid waste: 3.44 x 107 liters

Volume of ecoling water: 7.71 x 1011 liters

SOLIO WASTE - Shicced offsite
~

-

.

Total curics: 4.0 x 103
- . Total volume: 1.07 x 102 cubic meters

,

s

y- 4 0_ Si ..

- c .. .. . ,.
,

,

_ _ _
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Ta 24A

RADI0ftUCLIOE SUMMARY - 1972

Facility: Connecticut Yankee
,

LIOUID EFFLUEflTS
CCYYt'y ,

*

Curies Average Percent of Li M\ \Huclides released _ concentration (uCf/ml) limit _C u vlG
Iodine-131 3.01 x 10-1 3.9 x 10-10 1.3 x 10-1 2)|Cesium-137 7.06 x 10-I 10

9.16 x.10 9 2.29 x 10-3 308Cobal t-60 1.15 1.49 x 10- 4.96 x 10-3-4Sy %- Unidentified 3.75 x 10-I 4.86 x 10-10 1.62 x 10-2 q,g t
,

'

Iodine-133 5.75 x'10-l 10
Cobalt-58 9.71 x 10-l 7.46 x 10 9 7.46 x 10-2'

Molybdenum-99 8.96 'x 10-2 1.26 x 1010 1.4 x 10-3
1.16 x 10- 2.9 x 10-4Cerium-144 2.27 x 10-1 2.94 x 10-10 2.94 x 10-3Ruthenium-103 3.04 x 10-1 3.94 x 10-10 4.93 x 10-4

'

.

O

.

,

AIRSORftE EFFLUENT 3 -

Curies Curies . *

Nuclides relea. sed Nuclides released
NOSLE GASES PARTICULATES
Krypton-85 1.09 x 102 Rubidium-88 2.13 x 10-1

'

Xenon-133 4.94 x 102
Krypton-88 1.67 x 10-l Unidentified [5G(s) 8.0 x 10-3 j
Krypton-87 5.53 x 10-1 , ,

Xenen-135m 1.38 x 101 !-

Xenon-135 2.82 x 101 :
,

i
HALOGENS

'- Iodine-131 1.0 x 10-2
Iodine-133 6.33 x 10-5 -

. .

.

O

[[O/' - 52_-
- - - -
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PLAflT SU'etARY 1972.
-

Licensee: Northeast Utilitics*

Type: Boiling Water Reactor

Facility: Millstone-1

Oceket flo: 50-245
.

Licensed Power Level: 2011 ff#

Initial Criticality: 10/26/70
ICooling Water: Long Island Sound

.

Loc 4 tion: 5 miles S.U. New Londen, Connecticut
*Affilation of: Conn. Light t. Power Hartford E!ec. Light, Western, ifass. Elec.

POWER GENERATI0?! - Mdgawatt hours '

Gross thermal: 9.69 x 106
. 6 > 3 2.7% THMM EFFICWCYNet electrical: 3.17 x 10 '

Eey A n bt-e
AIRBORME EFFLUENTS Curies released Percent of limit LLt"ll IM

'
,

CuvNcO '<oble 9 eses- 7.2s x ,05 2.9i 2<,. ci m e ,0,a o.

Halogens (I-(3) sic { l.23 f TD C4
Particula tes ($r "j (301) 9.78 x 10-2 ). I,3 bi
]/ Percent of limit includes halogen ti particulate with half life >8 days.

iLIOUID EFFLUEi!TS Curies Average Percent of d[-)[
.

'
released concentration limit (Cun4M ; I

. ,

lifxed fission and ("U/*II
Iactivation products 51. 5 > 8.35 x 10'g 7.04 ~7,|O ,
,

Tritium 21.9 3.30 x 1."A 1.13 x 10-3
'

,
,

- :

Volume of liquid waste: 1.94 x 107
i

liters I

Volume of cooling water: 6.17 x 10ll !
liters i

SOLID WASTE - Shicoed offsite !
'
,

Total curies: '1.64 x 103 I
'
\Total volume: 5.68 x 102 cubic meters

fO j:- ai -

;m m.gsv:y m p m=w.: ~n-r a ji
~3.y:m ,-.

....,; , m ....a..n w ~, _ ~~ v '- ' ".. . -
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o

Table 9A .

.

.

~
'

RADIONUCLIDE SUt"4ARY - 1972

Facility: Millstone
.

.,

> LIOUID EFFLUE!!TS
.*

Curies {rmt55t f

W@$o.
Average Percent of-

Nuclides released ncentra tion (uCi/ml) limit ,.

- > Strontium-90 ' O.'216 IS 3.'5 x 10-10 1.17 x 10-1
~

Cesium-137 16.4 C30 2.66 x 10-8 1.33 x'10-1 -

I6 dine-13.1 11 3 j 159 1.85 x 10-8 ' 6 I'7' ~
- -

<

Cesium-134 8.84 STO 1.43 x 10-8 .59 x 10-I' -

Cobalt-60 2.83 ;3og 4.59 x 10-9 9.18 x 10-3
Chromium-51 0.854 1.38 x 10-9 6.9 x 10-5>

Manganese-54 1.09 1 '77 x 10-9 1.77 x 10-3
9Strontium-89 1.30

2.11 x 10 9 7.03 x 10-2 ,

Cobal t-53 1.35 2.19 x 10- 3 -

'3.5 x 10-10 2.19 x 10 3Yttrium-90 0.216 1.75 x 10--

Unidentified 6.9 1.12 x 10-8 3.73 x 10-I '

Iran-53 0.109 1.77 x 10-10 2.95 x 10-4 '

. ,

i

.

.

O~ e

AIRSORNE EFFLUENT 3
2

Curies Curies
Nuclides' released Nuclides rel es s,e_d,

'

NOBLE GASES PARTICULATES
5Xenon-133 1.89 x 10 Barium-

Krypton-83 1.16 x 105 Lanthanum-140 5.56 x 10-2
Krypton-87 7.70 x 104 3- S tron tium-90 5.74 x 10-3
Krypton-85m 4.14 x 104 Strontium-89 1.16 x 10-2

4Xenon-133 4.19 x 10 Yttrium-90 5.74 x 10-3
Krypton-135 2.07 x 105 Cobal t-60 4.22 x 10-3 ,

Other Cases 14.88 x 104 Cobal t-58 3.79 x 10-3 .

Manganese-54 1.05 x 10-4
HALOGENS Cesium-134 2.40 x 10-5

Ceslum-137 3.25 x 10-4Iodine-131 1.23 Cf-

Iodine-131 1.76 x 10-3
Unidentified 8.86 x 10-3

'

.

*
.

%a g

O -

- 22 -

/9. /0 3
'

-

.. .

- -.- . ~ . . - . . . - - . . . .
.. . . . , _.
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E,$(W,n7//- | ADVISORY COMMIThbrTO
~ "

r?" GUARDSnE CTOI Eg *, fuy / wAsmucTon. o. c. mss
*....

March 22, 1978

O .

.

..

.

Dr. Ernest A. Sternglass
-

.

Department of Radiology
University of Pittsburgh
Pittsburgh, PA 15261

Dear Dr. Sternglass:

The information you recently provided Dr. Dade Moeller,
ACRS Member, dealing with' strontium-90 levels and cancer
tnortality changes around the Haddam Neck and Millstone
reactors has been provided to all members of the Commit-
tee for their consideration and any act. ion which they mayconsider appropriate.

Sincerely,,

O f.. ',

R. F. Fraley
Executive Director

cc:
i K. Z. Morgan, Georgia'

Institute of Technology
..

I

.

O '

A77 b.
_

/9 P V ).-
.
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' NUCLEAR REGULATORY COMMISSION3 a

%j' f ADVISORY COMMITTEE ON REACTOR SAFEGUAROs

%, ,# wAsmncTon. o. c. 2cssu

.....

O March 17. 1978
.

.

.

.

ACRS Members
-

REQUEST FOR ACRS REVIE'.4 0F CANCER MORTALITY CHANGES AROUND
THE HADDAM NECK AND MILLSTONE REACTORS

The attached material is provided for your consideration. A
portion of the 216th ACRS meeting will be set aside to dis-
cuss an appropriate course of action regarding this request.

R. F. Fraley
Executive Director

O- Attachments:
1. Ltr., Sternglass to Moeller dtd. ) -

3/3/78,w/ enclosure
Paper by Sternglass, " Strontium -))SEE ATTACHMENT 12.
90 Levels in the Milk & Diet Near)
Connecticut Nuclear Power Plants"
dtd. 10/27/77 '

3. Ltr., Morgan to Sternglass dtd. 2/14/78 - SEE ATTACHMENT 4

| cc:
H. H. E. Plaine, w/att
M. W. Libarkin, w/att
T. G. McCreless, w/att.
R. Muller, w/att.

*

|

O A77 3
.. - .. .- . n rer r-
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{ ', j ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
t, .F wA:HinoTon. o. c. 2osss

*. 6*

March 22, 1978

-
.

Dr. Albert W. Hilberg
,

Division of Medical Sciences
National Academy of Sciences '

2101 Constitution Avenue, NW
Washington, DC 20418

Dear Dr. Hilberg:

I understand that the BEIR Committee is currently working on
Report No. III regarding the, effects of low-level ionizing
radiation and, in connection with this report, is reviewing
the work of several individuals, including the work of Dr.
Ernest J. Sternglass.

,

Dr. Sternglass has provided the attached information for con-
sideration of the Advisory Committee on Reactor Safeguards as

'

indicated in the attached letter to Dr. Dade W. Moeller. In
view of the interest and activity of the BEIR Committee in

O this area, copies are being provided for your consideration
and use. ,"

Sincerely yours,

<

R. F. fraley
Executive Director

Attachments :
1. Ltr. to D. W. Moeller frm. E. )

Sternglass dtd 3/3/78
) SEE ATTACHMENT 12. Rpt. by E. Sternglass, " Strontium-90 )

Levels in the Milk & Diet Near Conr. )
Nuclear Power Plants"

3. Ltr. to Sternglass frm. K. Z. Morgan' SEE ATTACHMENT 4-

dtd. 2/14/78

cc: w/o atts.
Dr. Stephen Lawroski, ACRS
Dr. Dade Moeller, ACRS
Dr. Ernest J. Sternglass. Univ. of Pittsburgh

o si 7. y7
_ . . . _ . . - . . .

-., u_. 4
-. . --- .
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SCHOOL OF NUCLEAR ENGINEERING..

l Geornia Institute of Technology
_

(404) 894-372:
7ttanta, Georgia 30332 , , , ,

.
? -

.

14, 1978
i t,.9 F,.i 4 47 February,-

,

i
-

:
l!.S . !.'. ' %M.
/ 7mchY i. ' RE ON*

-

EEi.CIII 3.c EG'Jt.RDS,
.

) Dr. Ernest A. Sternglass
*

R 406 Scaife Hall, Rad Ctr.
University of Pittsburgh
Pittsburgh, Pennsylvania 15261

*

1
'

; Dear Ernest:

I was very interested iln the infor=ation you gave yesterday (Februaryi

10, 1978) at the Conference on Effects of Low-Level Radiation in the
r Dirksen Senate Building. I think this infor=ation in reference to the

large increase in Cancer Mortality Rate around Nuclear Facilities in
Connecticut and the incr7ase in Respiratory Cancer in the Denver area

;

. |
are evidence for need of pause for concern. These increases seem to

,

relate to the operation of these plants (i.e. Millstone Nuclear Power,

i Plant and the Rocky Flats plant in Colorado). I think this is sufficient
evidence to demand further study but, not to oush the canic button. By

.

not pushing the panic button I mean persons should not be encourgaged toJ

move their homes immediaccly. By demand further studv I do not mean the
i

NRC should try to discredit you or your findings or try to disprove your
investigations as our Energy Agencies have done in the past. More specifi--'

| cally, I do not think someone like Dr. E. A. To=pkins should again be
employed to show why your data are meaningless. I felt when she accecpted

this before, she made some of the same errors of which she accused you
and did not add much to the credibility of the Agency she represented.

1 More specifically, I think NRC should work close17 with you, give you some
financisi support if you require it, extend the study to more countries
and townships, make all appropriate adjustments of. the data and see if in
fact there is a correlation between radiation exposure from these plants
and the observed increase in malignancies. Following such a study I

think the findings should be reported to the Advis.ory Coccittee on
Reactor Safeguards of the NRC. I believe the ACRS wishes to get at the

i f acts, extend and try to explain data such as you have collected. This
; must be donc an impartial way. I have great respect for some members

of ACRS and cepecially my long time friend, Dr. Dade Hoc 11cr of the ACRS..
1 With this in mind, I am sugccoting you send him a copy of your Congressional
;

testimony of Februsry 10, 1978 and other related information so he can
j judge for himself its sig,nificanco and need for action on the part of

the Environmental Subcommittee of ACKS. ,

.

,

' ~~ ~ ~ - ~ - . . .. .. .~ O
__ _ , _ _ _



__ .-_______- - - - - - - -

4

.

. . ~

..

.

Dr. Ernest A. Sternglass ''
February 14, 1978

'

Page 2

Dade's address is:

Dr. Dade W. Moeller.

27 Wildwood Drive -

Bedford, Maryland 01730

'

' Sincerely,
e *

.jKar Z. Morgan
/ Ne y Professor

KZM:rs
.

.

ec Hoeller-
-

.

O
This ltr. was provided by D. W. Meeller for
Comittee info. He does not feel that any .

follow-up ACRS action is required.- @ /.

.

"

%

,

.

O
.

/9 -rb r
__ ._ . . - ---. .
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.

1 FEB 2 I 1978'

* . . .

l- -

:
- -

.
,

MEMORANDUM FOR:' Robert B. Minokue, . Director )-

Office of Standards Development

FROM: Edson G. Case, Acting Director'

q Office of Nuclear Reactor Regulation
i <

SUBJECT: COMGRESS10HAL REVIEW REQUEST: CORRELATION'

BETWEEN R,0CKY FLATS' PLUTONIUM POLLUTION

AND INCREASES IN CANCER

i
In response to your memorandum of February 13, 1978, the paper
by S. Davis and E. Sternglass regarding the above subject was
quickly . reviewed by Dr. F. Congel, RAB. The conclusion that '

there is a correlation between Py levels in the environs of
the Rocky, Fiats Nuclear Weapons Plant and the respiratory cancer
mortality rates in the surrounding counties is unsubstantiated.

'O' Based on the U.S. Department of Health, Education and Welfare
publication, " Cancer Rates and Risks", 2nd edition,1974, the
lung cancer mortality rate for the U.S. population was about
12 per 100,000 people (20/100,000 for men; 4/100,000 for women)
in 1952. In 1970, the rate was about 30 per 100,000 peopl e
(48/100,000 for men; 10/100,000 for women). Comparing these
rates to the rates presented in the Davis-Sternglass paper,
Graph I, the fo11cwing observations are made. i

!The lung cancer mortality rat:s for Adams, Arapahoe,
and Boulder counties are less than the U.S. popula-
tion rates for. corresponding time periods. For -,

Denver county,.the 1952 rate is greater than the U.S. |

population rate whereas the 1970 rate is about the
same as the U.S. population rate. The Jefferson
county rate in 1952 is slightly greater than the U.S.
population rate but is significantly less than the
U.S. population rate in 1970.

|

-

.

fA7- {



_ . _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ -

.

.

I 2nbart C. Hinocue 2

TherNnre, bassi on nat onal statistics alone, only the-

r.hnver roetrcpolitah area has a luno cancer cortality rate
that is cornarable to the If.S. en'oulation rato. f,11 other '

counties considerM in tim Davis-Sternglass paper bava icwor -

lune cancer retos th:n the U.S. co-)ulation as a ecle. In *

acdition, Phile tre lung cancer rate for tre nation has ,

increased by a factor of P.5 fren 1952 to 1970, all countics
considercti in the Davis-Stern 1 ass paper showed a rate '

,

increase of less than a factor of 2.
'

Thereforn, the cause-effect correlation between increased
plutonf un in the Pnchy Flat: environs and the increased
inng cancer rates in the surrcunding population is unsub-
sta,ntiated. f tany factors which can lecc to the observed
cancer nortality rate increase are presently under investi-
gation. The r:ost probaole causes include increased
ciceretto ccpsunction and increased concentrations cf
known carcinocens in the air which nay well be inportant

Q considerations in the Cenver area.
,,

The infomation given aheve has been cmnunicated to Jchn
Hickey and Steve Whitfield by phone on February 15, 1970.

C " 's' W W
g, q c::e

e

Edsen G. Case, Acting Director
Office of ):uclear peactor Reculation

.

cc: 5. Levine DISTRIBUTIONC. V. Smith Central File
E.'

I""tC" DSE Readingd
Voicenau RAB ReadingP. Voliner E. CaseU N'l l 0F M. Groff (NRR-2212)

H. Wrm er M. Jambor2 "PiF?5 M. Stakem
F. Concel
C. Poberts -

J. Eastner
S. llanauer

f)-
Q (f 8

-... :- mBosEg;tmoSubSee ;sgj a aa
_fJCongeB$c .NEKregar_. ..RHYoucer_ . HRhr.on.- . .. EGCase 'en -e *

2/15/78,,,, ,
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April 10, 1978
.

APPENDIX XXXIV
Letter to E. J. Sternglass. .

.

Ernest J. Sternglass, Ph.D. *
.

Professor of Radiological Physics
School of Medicine ,

, . ,

* *University of Pittsburgh
Pittsburgh, PA 15261

Dear Dr. Sternglass:

This is in response to your letter of March 3, 1978, by which you pro-
vided copies of your reports, " Cancer Mortality Changes Around Nuclear
Facilities in Connecticut" and " Strontium-90 Levels in the Milk and
Diet Near Connecticut Nuclear Power Plants" for review by the ACRS.

"

It is our understanding that the Comittee on the Biological Effects
of Ionizing Radiation (the BEIR Committee) is currently updating its

.1972 report, under the auspices of the National Academy of Sciences -
National Research Council. This Comnittee, whose report is scheduled

O to be issued by the end of this year, is conducting a detailed revies
of the data available on the effects of low level ionizing radiation,
including a number of your reports. We have forwarded the two reports
you provided the ACPS to the BEIR Comittee to ensure that they are .

'available to them for consideration. Since the DEIR Comittee includes
a number of recognized experts in radiobiology, epidemiology, etc., we
believe their review and report should provide the indepth assessment
of your work that you are seeking.

Sincerely yours,
,

A#f&wbodi-

'

Stephen Lawroski
Chairman

Attachments:
1) R. F. Fraley, ACRS, letter

to A. W. Ililberg, NAS, dated
March 22, 1978 w/o attmts.

2) A. W. Ililberg, NAS, letter to .

R. F. Fraley, ACRS, dated
March 20, 1970 4.

,

'

O -

.

& Y//
V

.
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April 11, 1978

APPEllDIX XXXV
Regulatory Guides, ACRS Actions

.

Mr. Lee V. Gossick
Executive Director for Operations

,

U. S. Nuclear Regulatory Comission
Washington, DC 20555

~

SUBJECI: REGULATORY GUIDES - ACRS ACTION

Dear Mr. Gossick:

During its 216th meeting, April 6 and 7, 1978, the ACRS approved

the following Regulatory Guides:

1. Regulatory Guide 1.68, Revision 2, " Initial Test Program for
Water-Cooled Nuclear Pwer Plants," and

2. Regulatory Guide 1.29, Revision 3, " Seismic Design Classification."

Sincerely yours,

N
Stephen Lawroski
Chairman

cc: E. G. Case, NRR
R. Minogue, OSD
G. Arlotto, OSD
S. J. Chilk, SECY

bcC: ACRS Members
J. Jacobs
H. Voress

O
d - W2 -

- --
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$ UNITED STATESd

[ )Cif4[.. :((( g NUCLEAR REGULATORY COMMISSION, 3

8'~

ni ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
1,, WASHINGTON, D. C. 20555

#
April 18, 1978

APPENDIX XXXVI
Report on ACRS Activities, Dec.1977 -

April 1978
Honorable Joseph M. Hendrie
Chairman

,

U. S. Nuclear Regulatory Comission
Washington, DC 20555

SUR7ECf: REPORT CN ACES ACTIVITIES: DECEMBER 1977 THROUGH APRIL 1978

Dear Dr. Hendrie:

This is a brief report of ACRS agtivities during the period December
1977 - April 1978. Selected topics in this report will be discussed
during the next joint NRC-ACRS meeting.

Review of Coerations at " stretch" power

During the August, September, and October 1977 ACRS meetings, the NRC
Staff discussed with the Committee their plans for approving stretch
power operation at the Calvert Cliffs, Palisades, and Maine Yankee
nuclear plants.

On November 9,1977, the Comittee requested additional information
regarding the scope and nature of the Staff's reviews in this area in
order to develop a mechanism for decisions concerning ACRS involvement
in similar future reviews. The Director, ONRR responded by mero dated
December 21, 1977. A meeting of the ACRS Subcommittee on the Safety
of Operating Reactors was held on March 22, 1978, to develop additional
information on this subject; the Subcommittee plans to recom;mnd an
appropriate course of action to the full Committee.

ACRS Comments Concerning the Establishment of a Statutorily Independent,
Quasi-Judicial Board for Evaluation of Reactor Accidents

Congressman Udall has asked for the ACRS' views and reccamendations re-
garding a proposal by Dr. Hal Lewis that a statutory Board, similar to
the National Transportation Safety Board, be established to review reactor
accidents, determine probable cause, and recommend corrective action to
preclude reoccurrence. 'Ihus far, members of the Committee Staff have
visited the N'ISB to discuss their procedures, a Subcomittee has met
to consider the matter, and informal discussions have been held with

| Dr. Lewis. The Committee will continue to consider its reply, which
'

has been requested by July 31.

|

O;

// - Y/ ;5
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Honorable Joseph M. Hendrie -2- April 18, 1978

New Members

The Commission issued a press release on December 14, 1977 inviting
members of the public to nominate individuals to fill two anticipated
vacancies on the Committee. In response to the press release, forty-
six persons were nominated by various individuals and organizations.
The Comittee has considered these nominees and is forwarding its
recommendations to you separately.

Planned Meetings with FRG Reactor Safety Comittee and French Grouce
Permanent

The Committee has made preliminary arrangements to meet with members
of the Groupe Permanent of France and the FRG Reactor Safety Comittee
(RSK)in the United States during September and November to discuss
matters related to reactor safety.

Meltbers of the Comittee have met on previous occasions with repre-
sentatives of the RSK and the French regulatory organizations
including the Groupe Permanent and have found these sessions very
informative.

Procosed Use of " Class 9" Accidents in , ite Comoarisons

The Comittee has received a copy of a proposal (SECY 78-137) to use
assessment of the relative differences in Class 9 accident risks as
an element in the comparison of sites when current criteria call for
special consideration of alternative sites in environmental reviews. k'
Since such an approach may have potential impacts on safety reviews,
the Comittee plans to discuss this matter with the Staff.

ACPS Fellowship Program

Section 6 of the NRC's FY 1978 Authorization Act (PL 95-209) directs the
Comittee to establish a fellowship program. iJe have been informed that |
a request to reprogram funds to initiate the fellowship program has not
been approved by the House Committee on Appropriations. The Committee
needs guidance regarding compliance with this provision of P.L. 95-209.

Recent Papers by Dr. Ernest Sternglass
..

Dr. Ernest Sternglass of the University of Pittsburgh forwarded, to an
ACES member, two papers dealing with Strontium-90 levels and changes in
cancer mortality near the Haddem Neck and Millstone reactors with a re-
quest that the observations reported in these papers be reviewed by the
ACRS. 'Ihese papers were transmitted to the National Academy of Sciences -

O National Research Counci] SEIR Committee for their use in their current
'

reevaluation of the effects of low-level ionizing radiation.
'~

__ Q L
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Honorable Joseph M. Hendrie -3- April 18, 1978

tynamic Ioad Combinations

As a result of discussions during several recent ACRS project reviews,
the NRC Staff is preparing a study of the rationale and methods for ccm-
bining or not combining various dynamic loads such as LCCA and seismic
loads which are imposed on important nuclear plant structures, systems,
and components.

Future Schedule

21,th ACRS MEETING
MAY 4-6, 1978

.

Maine Yankee (Pwr. Increase)

CNRR Safety Evaluation Report on hand
ACRS Subccmittee Meeting 5/2/78
ACPS Report 5/11/78

Indian Point 3 (Pwr. Increase)

O cuaa serety eve 1oettoa nesort o= nema *
ACRS Subcommittee Meeting 4/24/78
ACRS Report 5/11/78

218th ACRS MEETIFG
JUNE l-3, 1978

New England 1 & 2 (CP)

CNRR Safety Evaluation Report 5/1/78
ACPS Subcomittee Meeting 5/17-18/78
ACRS Report 6/8/78

Diablo Canyon 1 & 2 (CL)

'CNRR Safety Evaluation Report 5/1/78
ACPS Subcomittee Meeting 5/24-25/78
ACRS Report 6/8/78

*A supplement including revised ECCS calculations is to be provided.

O
|
! -

fb~

. -
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O no"oreste 3ozesa a aecarte -4- ^e:11 18, 1978

Davis Besse 2 & 3 (CP)

CNRR Safety Evaluation Report 5/1/78
; ICRS Subcomittee Meeting 5/18/78

ACRS Paport 6/8/78 ,

| Sincerely yours,-

'

Step en Lawroski
Chairman

.

O

O
A- h L
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AEPENDIXXXXVII
.

,

Report on Arkansas Huclear one, Unit 2,

Bonorable Joseph M. Hendrie
Chairman . -

U. S. Nuclear Regulatory Comission '

Washington, DC 20555

SUBJECT: REPORF CN ARKANSAS NUCLEAR ONE, UNIT 2 NUCLEAR POWER PLANT

Dear Dr. Hendrie:

During its 216th meeting, April 6 and 7,1978, the Advisory Comittee on
Reactor Safeguards completed its ' review of the application of Arkansas
Power and Light Company (Applicant) for a permit to operate the Arkan.Tas
Nuclear One, Unit 2 Nuclear Power Plant (ANO-2) . The application was also
considered at t.he 214th ACRS meeting, February 9-11, 1978, and was reviewed
at Subcomittee meetings on June 24, 1977 in Russellville, Arkansas ard
February 2 and March 20, 1978 in Washington, DC. Subcomittee meetings
were also held on February 28, 1975 and May 20, 1977 in Windsor, Connecticut
and on June 30, 1977 and March 20, 1978 in Washington, DC to review the Com-
bustion Engineering designed Core Protection Calculator System (CPCS) which

O 111 se emetovea oa ^so-2. A tour of the ANO-2 facility was made by Subcom-
mittee members on June 24, 1977. During its review, the Comittee had the
benefit of discussions with representatives ard consultants of the Appli-
cant, Combustion Engineering, Inc. (CE), Bechtel Corporation, and the Nu-
clear Regulatory Comission (NRC) Staff. The Comittee also had the bene-
fit of the documents listed. .

.

ANO-2 is the second nuclear unit constructed on the Arkansas Nuclear One
site which is located on the Arkansas River in Pope County, Arkansas about
six miles from the city of Russellville. The two units differ in that Unit 1
utilizes a Babcock and Wilcox Nuclear Steam Supply System (NSSS) which was
licensed on May 21, 1974 to operate at 2568 MWt, while Unit 2 is a CE NSSS
for which a license to operate at 2815 MWt is sought. The Comittee re-
ported on the construction permit application for ANO-2 in its letter of
February 10, 1972.

The ANO-2 NSSS is similar to the Calvert Cliffs 1 and 2 and St. Lucie 1 nu-
clear units which are now operating; however, ANO-2 will be the first reactor ~
to use CE 16 x 16 fuel assemblies. The NRC Staff concluded that the Appli-
cant has acceptably established the basis for this new fuel design. The
Comittee agrees with this conclusion. The NRC Staff will require that the
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Applicant conduct a surveillance program on the new fuel as it is removed
from the core. The Comittee wishes to be kept informed of the results of
this program (Generic Item IIB-2 in ACRS Report, " Status of Generic Items
Relating to Light-Water Reactors: Report No. 6," dated November 15, 1977).

The Applicant proposes to reake use of the CPCS as part of the reactor pro-
tection system. The CPCS consists of four redundant digital cortputers
which acquire data from plant process sensors and from two redundant,
computer-based control element assembly calculators which provide control
rod position information. This application of the CPCS will mark the first
use in a United States power reactor of an online digital computer as part
of the reacter protection system. The Applicant has developed an extensive
series of tests for determining proper operation of both the hardware and
the software that make up the system. The NRC Staff has concluded that,
subject to resolution of several issues which appear to have available
solutions, the CPCS is acceptable (Generic Item IIB-1 in ACRS Report,
" Status of Generic Items Relating to Light-Water Reactors: Report No. 6,"

dated November 15, 1977).

The NRC Staff has identified six CPCS and a number of other safety related
items which remain outstanding. These matters should be resolved in a
manner satisfactory to the NRC Staff. The Comittee wishes to be kept,

informed."

Various generic problems are discussed in the Committee's report, " Status
of Generic Items Relating to Light-Water Reactors: Rsport No. 6," dated

November 15, 1977. Those problems relevant to the Arkincas Nuclear One,
Unit 2 Nuclear Power Plant should be dealt with by the NRC Staff and the .

Applicant as solutions are found. The relevant items are: II-1, 2, 3, 4,

58, 6, 7, 10; IIA-2, 3, 4; IIC-1, 3A, 3B, 4, 5, 6; IID-2.

The Advisory Comittee on Reactor Safeguards believes that, if due con-
r.ideration is given to the items mentioned.above, and subject to satis-
factory completion of construction and preoperational testing, there
is reasonable assurance that the Arkansas Nuclear One, Unit 2 Nuclear

| Power Plant can be operated at core power levels up to 2815 Kdt without
undue risk to the health and safety of the public.

Sincerely yours,

Step'en Lawroski
Chairman
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O Honotebte Joseph M. Hendrie -3- April 12, 1978

Additional Comments by Member William Kerr

I urge the NRC Staff to reconsider its decision to require the Applicant
to disconnect the data links from the Core Protection Calculator System
to the Plant Computer following initial startup and subsequent refueling
startups. 'Ihe additional information which can be provided by the use
of there links could enhance the reliability of both the protection system

| and of plant control. I find the Staff's arguments against the use of
these links unconvincing.|

REFERENCES:

|

1. U.S. Nuclear Regulatory Commission, " Supplement No.1 to the Safety
Evaluation Report (USNRC Report NUREG-C308) by the Office of Nuclear
Reactor Regulation in the Matter of Arkansas Power and Light Company
Operation of Arkansas Nuclear One, Unit 2," Docket No. 50-368, March 6,
1978.

2. U.S. Nuclear Regulatory Commission, " Safety Evaluation Report by the
Office of Nuclear Reactor Regulation Related to the Arkansas Power and
Light Company Operation of Arkansas Nuclear One, Unit 2 Nuclear Power
Plant, Docket No. 50-368," USNRC Report NUREG-0308, November, 1977.

3. Arkansas Power and Light Company (AP&L Co.) , " Arkansas Nuclear One,',

Unit 2 Nuclear Power Plant Final Safety Analysis Report" with Amendments
1-44.

4. Ietter from D. H. Williams, Manager of Licensing, AP&L Co. , to
J. F. Stolz, Chief, Light Water Reactors Branch No.1, concerning seismic
qualification of a process protective cabinet, dated January 24, 1978.

5. Letter from D. H. Williams, Manager of Licensing, AP&L Co. , to
E. M. Howard, Director, Office of Inspection and Enforcement (I&E),
Region IV, concerning cracking of pump support colums for low pressure
safety injection pumps, dated January 16, 1978.

6. Iatter from D. A. Rueter, Di sctor of Technical and Environmental Services
(TES) , AP&L Co. , to E. M. Howard, Director, Office of I&E, Region IV,
concerning emergency feedwater pump piping, dated November 18, 1977.

7. Letter from D. A. Rueter, Director of TES, AP&L Co. , to E. M. Howard,
Director, Office of I&E, Region IV, concerning valve motor operators,
dated November 7, 1977.

8. Ietter from D. A. Rueter, Director of TES, AP&L Co., to E. M. Howard,
Director, Office of I&E, Region IV, concerning control roon emergency
chillers, dated October 17, 1977.

9. Iatter from D. A. Rueter, Director of TES, AP&L Co. , to E. M. Howard,
Director, Office of I&E, Region IV, concerning high pressure safety
injection pump flow rates, dated September 30, 1977.
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APPENDIX XXXVIII
Report on ficGuire, Units 1 and 2

.

Honorable Joseph M. Hendrie
Chairman

| U. S. Nuclear Regulatory Commission
| Washington, DC 20555 -

SUBJECT: REPORT ON MCGUIRE NUCLEAR STATION, UNITS 1 AND 2 *

Dear Dr. Hendrie: *

During its 216th meeting, April 6 and 7,1978, the Advisory Committee on
Reactor Safeguards completed its review of the application of the Duke
Power Company (the Applicant) for a permit to operate the McGuire Nuclear
Station, Units 1 and 2. The application was reviewed at a Subcommittee
meeting in Charlotte, North Carolina on March 29-30, 1978, and tours
of the facility were made on May 17, 1977 and March 28, 1978. During
its review, the Committee had the benefit of discussions with represen-
tatives and consultants of the Nuclear Regulatory Commission (NRC) Staff,,

Westinghouse Electric Corporation, and the Applicant. W e Committee
also had the benefit of the documents listed. The Committee reported -

on the application for a construction permit for the McGuire Nuclear
Station on October 9, 1971.

The McGuire Nuclear Station is located on the southern shore of Lake
Norman in Mecklenburg County, North Carolina, about 17 miles north-
northwest of Charlotte, North Carolina. Each unit will utilize a four

loop pressurized water reactor nuclear steam supply system having an
initial power level of 3411 MWt. Each unit employs an ice condenser
system enclosed within a free-standing steel containment vessel which
is surrounded by a reinforced concrete shield building. We ice condenser
system design is similar to that used for the previously reviewed rbnald C.
Cook Nuclear Plant, but the Applicant has modified the ice condenser sys-
tem as a result of operating experience gained in the D:)nald C. Cook Nu-
clear Plant. m e Applicant and the NRC Staff should make plans to monitor
the performance of the ice condenser containments at the McGuire Nuclear
Station (Generic Item IIA-1 in ACRS Report, " Status of Generic Items Re-
lating to Light-Water Reactors: Report No. 6," dated November 15, 1977).
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Honorable Joseph M. Hendrie -2- April 12,1978

The McGuire Nuclear Station will utilize 17x17 fuel assemblies. A surveil-
lance program has been developed by the NRC Staff to follow the behavior
of these assemblies, and data are being obtained from several plants now
in operation which use them. Experience to date has been satisfactory.
The Comittee wishes to be kept informed of the results of the various
17x17 fuel assembly inspections and test programs now underway (Ge6eric
Item IIB-2 in ACRS Report, " Status of Generic Items Relating to Light-
Water Reactors: Report No. 6," dated November 15, 1977).

The Emergency Core Cooling Systems (ECCS) for the McGuire Nuclear Station
incorporate the Upper Head Injection (UHI) system. The NRC Staff has
completed its review of the Westinghouse Electric Corporation ECCS evalu-
ation model for plants equipped with UHI, and the Comittee concurs in
the Staff's conclusions. The application of the approved model to McGuire
should be made in accordance with the Staff's requirements.

The NRC Staff has identified a number of outstanding issues that will
require resolution before the issuance of an operating license. These
issues should be resolved in a manner satisfactory to the NRC Staff.

Various generic problems are discussed in the Comittee's report, " Status

O of Generic Items Relating to Light-Water Reactors: Report No. 6," dated

November 15, 1977. Those problems relevant to the McGuire Nuclear Station
should be dealt with by the NRC Staff and the Applicant as solutions are
found. The relevant items are: II-2, 3, 4, 5b, 6, 7; IIA-2, 3, 4; IIC-1,

3a, 3b, 5, 6; and IID-2.

The Advisory Comittee on Reactor Safeguards believes that, if due consid-
eration is given to the items mentioned above, and subject to satisfactory
completion of construction and preoperational testing, there is reasonable
assurance that tie McGuire Nuclear Station, Units 1 and 2 can be operated
at power levels up to 3411 MWt without undue risk to the health and safety
of the public.

Sincerely yours,

4 LO W W Af
Stephen Lawroski
Chairmn
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REFERENCES:

1. Duke Power Company, "McGuire Nuclear Station, Units 1 and 2 Final
Safety Analysis Report," with Amendments 1-48.

2. U.S. Nuclear Regulatory Commission, " Safety Evaluation Report Related
to the Operation of McGuire Nuclear Station, Units 1 and 2," USNRC Report
NUREG-0422, March, 1978.

3. U.S. Nuclear' Regulatory Commission, " Safety Evaluation Report on West-
inghouse Electric Company ECCS Evaluation Model for Plants Equipped
with Upper Head Injection," April, 1978.

4. Intter from J. L. Riley, Carolina Environmental Study Group (CESG),
to the Advisory Committee on Reactor Safeguards, concerning reactor
pressure vessel head bolts, dated March 6, 1977.

5. Intter from W. L. Porter, Duke Power Company, to J. L. Riley, CESG,
concerning reactor pressure vessel head bolt test data, dated
0::tober 4,1972.
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APPENDIX XXXIX
Additional Documents
Provided for ACRS' Use

.

O
1. Minutes of the Seismic Activity Subcommittee Meeting, Jan. 27-8, 1978,

Washington, DC.

2. Memorandum, R. F. Fraly to B.C. Rusche, ACRS Report on Davis-Besse Nuclear
Power Station, Unit 1, dtd. Jan. 14, 1977. '

3. Letter, J. Allen, North Anna Environmental Coalition, to R. Muller, ACRS
Staff, regarding asymetric loads on pressure vessel structures, dtd.
Feb. 18, 1978.

4. Letter, J. Allen to E.G. Case, Defective Pumps, dtd. Feb. 16, 1978.

5. Franklin Institute Research Laboratories, Interim Report I-C4732-02-1,
FIRL General Preliminary Comments of Jan. 23, 1978 on Matters Relating to
the Acceptability and Reliability of the VEPC0 (horth Anna) Low-Head,
Safety Injection (LHSI) and Containment Spray (CS) Pumps to Satisfactorily
Perform their Intended Functions, dtd. Feb. 2,1978.

6. Letter, North Anna Environmental Coalition to ACRS, Continuing Settlement
Concerns at North Anna's Service Water Pumphouse.

7. Memorandum, R. S. Boyd to D. M. Crutchfield, coments on Congressman Udall's
January 28, 1978 Letter.

Q 8. Memorandum, E. G. Case to NRC Commissioners, SECY 78-137, Assessments of
Relative Differences in Class 9 Accident Risks in Evaluations of Alterna-
tTves to Sites with High Population Densities , dtd. Mar. 7,1978.

9. Letter, R. J. Mattson to C. Eicheldinger, Westinghouse Electric Corp.,
re. Proposed semiscale M003 experiments, dtd. fiar. 28, 1978.

10. Minutes of the McGuire Nuclear Station Subcomittee Meeting, Mar. 29-30,
1978. Charlotte, NC.

11. Report of Visit to Japan on Nov.13-23 of S. Lawroski and M. S. Plesset,
dtd. Mar. 30, 1978.

12. Combustion Enginaaring, Inc., CEN-82-P, Reactor Operation with Guide
Tube Wear, dtd. Feb. 3, 1978. PROPRIETARY

13. Combustion Engineering, Inc., CEN-83(B)-P, T Feb. 8,1978.
Calvert Cliffs Unit #1 Reactor

'

Operation with Modified CEA Guide Tubes, dt PROPRIETARY

14. Combustion Engineering, Inc. , Amendment 1 to CEN-79-P, CEN-80(N)-P, CEN-
82-P and CEN-83(B)-P, Responses to Questions from the Nucitar Fegulatory
Comission on CEA Guide Tube Wear, dtd. Mar.1,1978. PROPRIETARY

15. Combustion Engineering, Inc., Amendment 2-P to CEN-79-P, CEN-80(N)-P, CEN-
82-P, and CEN-83(B)-P, Additional Information on Guide Tube Wear, dtd.
Mar. 8, 1978. PROPRIETARY
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