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STATUS SUMMARY REPORT OF IITICTLTTION OF ISSUES RAISED
BY THE 1978 IAEA SAFETY MISSION TO THE PHILIPPINES

Charles. A. Willis
ABSTRACT

The 1978 IAEA Safety Mission raiscd several issues concerning the
siting of PNPP-l. These issues involve the safe shutdown earthquake,
the threat of volcanism and foumdaticn engineering. The Philippine
Atomi: Energy Commissicm (PAEC) has required the Applicant to address
these issues. The Applicant has provided responses to several issues
and i1s addressing the others. PAEC has reviewed these respcmnses and
established additional. requirements. In reaching these pcsitions
PAEC has utilized qualified local comsultants. Where local censultants
lack the necessary experience and expertise, IAEA assistance is being
scught,

It is concluded that while the work is progressizg less rapidly
than was recommended, PAZC is acting in a responsible manner o ensure

the safety of the plant.

-Note-=~

This report is based cn the author's own expertise and does not engage

the IAEA in any way nor imply any commitment on the part of the IAEA.
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STATUS SUMMARY REPORT ON RESOLUTION OF ISSUES RAISCD
3y THE 1978 IAEA SAFETY MISSION TO THE PHILIPPINES

CKGRODY

Ao

e first Philippine Nuclear Power Plant (PNPP-1) is a 621 MWe
vestinghouse 2-loop PWR. It uses Krsko, Yugoslavia plant as a reference
design aad is in the line of development including XoRi, Angra-l, Kewaunee
orairie Island, Point Beach, etc. The plant {s being comstructed om a
"eurakey” basis by Westir jhouse International Projects, Co. (WIPCO). Am
excensive site investigaticn was periormed Dby the owner, National Power
Corperaticn (NPC) and its consultant, EBASCO Services, Inc. A Prelimivary
Safety Analysis Report (PSAR) was prepared in accordance with the US
Nuclear Regulatory Commission (NRC) "standard format" and submitted to
the Philippine Atomic Energy Commission (PACC) im July 1277. Seven

volumes of the PSAR are devoted to the site study.

: Review of the PSAR by an IAEA Safety Migsion in July 1977 and by
the ?AEC‘Stafg indicated that this ippecred to be the most comprehensive
sice investigation and PSAR ever provided in a develcping coumtry.
These reviews also resulted in a number of questions and requirements
for further investigations. Pending resolution of these isuwes (and com-
pletion of the Invironpental Report®) the issuance of the Construction

Permit was delaved, with comstruction work comtinuing on the authority

“ovee-l is designed to comply with US requirements as per 10 CFR 50
Appendix I, Due to changes in Philippine law, the Eavironmental Report

is ne longer a factor in PAEC licensing sction., The IR will be reviewed

in accordance with PD 1151. Two 'bhases" (7 volumes) of the ER have been
submitsed; the remaining "phase”, due in Sept. 1979, will include con-
sideration of chemicals, biccides, and sanicary wastes along with the cost-

perefit analysis.
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cf a limited work authorizatiom (LWA) issued 3 October 1577. (The integrity

pressure test of the containment vessel was completed 5 Hm_rch 1979.)

In recognition of the importance of the site-related issues, PAEC
requested the assistance of an IAEA Safety Mission that would concentrata
on the geotechnical considerations. The mission was sought in the fall of
1977 but actually reached the Philippines in May 1978, The EBASCO and
WIPCO experts were not present for discussions with the Mission in May so
the Mission vas re-convened in Vienna inm July 1978, Based on the inform-
ation in the PSAR and supplementary materials (Table 1) as well as the
discussions with EBASCO, WIPCO and NPC experts, the mission concluded that
certain additiomal eff{orts were needed. The Applicant (NPC) was directed
by PAEC to perform the necessary investigations and respond to the issues
raised in six areas. This work is in progress. Zach of the Mission's
concerns and the status of the associated investigations are discussed in

the following paragraphs.

VIBRATORY GROUND MOTION AND SURFACE FAULTING.

Two of the mission's concerrswere in this area. They will be discussed
separately. The Mission's first conclusion was:

1. "The Safe Shutdown Earthquake should be re-evaluated considering a
possibly higher magnitude random shallow earthquake posctulataed to
occur beneath the site and a high magnitude earthquake postulated
€0 occur on the subducting slabs beneath the site at its closest
approach to the site. A third event postulated to occur in a zome
of possible offshore faulting, is judged %o be of lower risk level

~N

so long as these two earthquakes are recoasidered."
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QLYERENCE MATERIALS PROVILLD TC THE I[AEA SAFETY MISSION
Cii_GEOLOCIC HAZARDS AND GCEOTECHNICAL ASPECTS OF PNPP-1.

PNPP-1 Preliminary Safety Analysis Report (especially Chapters 2 & 3 on
Site Characteristics and on Design of Structures, Components, Equipment
ard Systeas; 8 volumes) July 1977,

@,
PNPP-1 PSAR Amendment No. 3 and Amendment 3 Information Sheet., (Undated
but prepared in 1978)

Site Confirmation Report, January 1976,

Engineering Report No. 1, February 1976,

Addendum to Engineering Report No. 1, no date.

Engineering Raport No. 2, April 1976.

Addendum to Engincering Report No. I, Vibratory Ground Motion, May 1976.
Engincering Report No. 3, (2 velumes), September 1976,

Engineering Rcpoxrt lo. %4, February 1977,

Engineering Report No. 5, 'Ly 1978,

. Responses to PAEC Letter Darted 2C Devember 1975, uo 2ate.

—

Responses'ac PAEC Loctter Dated 21 May 1977, no date (wnbound).
Geologic Hazarda oi PNPP Unit 1, July 19/77.

PNPP-1 Volcanic-Seismic Surveillanca Program, o date.

Seismic Risk Analysis inr PWPP-1. nnr date,

Geology of Unit 1 Excava'ion, February 1975,

Seisaic Analysis of znPP-1l, WCAP-9137, February 1978,

PN?PP-1 Additional Satety Re'ated Data, 30 Jumne 1978,

Singraphical Data 2f Farsomel, ns dute, mbowrd.

POOR ORIGINAL
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1.a. R2andom Earthquake

The Applicant followed US NRC criteria. Every earthquake in the
srovince with magnitude exceeding 4.5 and with imown locaticn was asso-
* ciated with a tectonic feature. It was thus concluded that the random b

: earthquake 2t the site, used to determine the SSE, should be of magnitude 4.5,

Tha Mission recognized the seismological work as state-of-the-art and
consistant with US practices, but fel: this was not sufficiently comservative,
S-ecifically, the Mission proposed that the West Luzon Trough be considered

inactiv. and tha. the two carthquakes of magnitude 6.25 associated with the

Trough be considerec floating earthquakes. The Mission alsc recommended

that the issue de £ -“her investigated by (1) preparing a complete epicenter

map, (2) providing a composite earthquake catalog, (3) comsidering relocation

of the epicenters of sarthquakes of inc¢ares: or, altermately, (4) selecting

and evaluating a new random earthquaze with magnitude in the range of 6.0 and

depth less than 30 km, (5) developing a strong technical basis for this
choice and (6) thoroughly studying ch. duration and high frequency contemt

of this earthquake as they affect the shape of the design response spectra,

The Applicant chose the first approach. ’..e compecsite cataleg (item 1)

(
and the composite map (item 2) have been prepared. (9

(9)

Seven earthquakes

were relocated, including those cited by the Mission. The Applizaut finds

no basis for selecting a higher magnitude for the random urthquah.(g)

PAEC finds the App.icant's methods and conclusions comsistant with

NRC cri:oria.(’) Purther, PAEC has reviewed the data and confirmed that at
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least all "strong" earthquakes (6 or greater magnitude) in the province
are associated with tectonic structures other than the trough, see
Appendix B, PAEC notes that a shallow earthquake cf local magnitude 6
in the States corresponds to an epicentral intemsity ot VIII on the

Modified Mercalli (MM) scale; see Murphy and O'Btinn(z)

, for example.
The associated peak acceleratiom would be about 0.16 g in the Western
USA and slightly less in Japan; the more conservative Trifumac and Brady
relaticnship yields 0.25 g (see Figure 1). As stated by Rood et 31(3),
US NRC requirements are met by a peak acceleration of 0.25 g where the
randor earthquake intensity is MM VIII., Thus, the present PNPP-1

design value of 0.4 g appears sufficisntly conservative to accommodate

any reasonable uncertainty in the randor earthquake.

1.b. Earthgquake on the Subducting Slab

The Applicant again followed US NRC criteria. The largest historical
earthquake aSsociated with each fault was determined. Using published
length-magnitude relationships, and taking the rupture leagth as 402 of
the fault length as recommended by Denton(“), a "maximum'" magnitude was
calculated for each tectonic structure. The use of a 50% rupture lemgth

(5)

as suggested by Mark "’ would not significantly change the results., In
every case, the calculated magnitude exceeded or equaled the largest
historic magnitude Each of these "maximum" events was assumed to occur
near the earth's surface at the fault's closestapprecach to tha site.

Seven published relatiomships between magnitude, distance and peak

acceleration were used (Appendix A) and the largest calculated
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acceleration was assumed in each case. After questions .ere raised
concerning the methods used in prefaration of the PSAR, both magnitudes
and accelerations were re-calculated using more recently published

reloticasnips, and the PSAR values were coufirmed. See Table &5

Again, the Mission was concerned that the approaches used wece
3ot sufficiant.y conservative. Slightly higher magnitudes we =
suggested for each of the tectonic Structures. In themselves, these
magnitude changes would make no significant differences: the largest
increase suggested is from 7.4 to 7.8 for the San Antonio Fracture
Zone and this would increase the calculated peak acceleratiom to only
0.36 g. However, the major comcern is with the location of these
events; the Mission rec: amends placing the Manila Treanch earthquake
at the top of the subducting slab directly beneath rhe site.
Specifically, they recommend a magnitude S event at a depth of 50 to
70 @ beneath the site. Again, this oew assumption would in itself,
impose no new requirements because the applicable magn.tude-distance-
acceleration relationships yield peak accelerations less than 0.4 8.
The xatavanl( ) formulation, for example, gives 0.21 g for 70 km and
0.31 g for 50 km. The problem arises from the paucity of acceleracicn
data near epicenrzers and the feed to cunsider near field effects.

The Mission recommends the use of "scme type of scaling approach”.

T Applicant has submicted material which contends that no
techaical justification can be found for considering the top of the

slab to be lass than 70 i@ bdelow the zi:a.(g) The largast earthquake
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TABLE 2
ENPP-1 UAKE DATA SUMMARY
Length L atance Magnitude Calculated
~Jma to site,km Historic Calculated Acceleration*, g
tanila Tremch 500 100 6.75 7.9 .35
;s: Luzon Trough 220 35 " <6,0 7.55 39
jan Antomio FZ 160 32 5.75 7.4 .34
anila Bay F2 125 30 6.25 7.35 .34
(*a Fractures Zcne 100 60 3.7 7.3 .23
(aal Fracture Zone 1000 125 5.5 8.2 .2
’hilippine Fault 1500 160 7.8 8.4 .18
Jerde Island Passage 350 95 7.8 7.8 .16
*hilippine Trench 900 850 8.3 8.3 .02

‘axizum acceleration at the site calculated from historic earthquakes is .12 g.
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in the trench slab was magnitude 6.75 so assumine anything hggher than

7.0 directly beneath the site would be in#ppropriate(?). Also
calculations were reported scaling 16 response séectra from 11 earthquakes
that may correspond to the PNPP-1 sicuatiou.(g) These calculations
indicate that the 0.4 g design value might be exceeded with an earthquake
of magnitude 8 at 50 km depth but anot for a magnitude 7 event at 70 ka.
Some of the scaled spectra fell within the design criteria in both cases
but scaling the spectrum obtained at Olympia Station Tom the earthquake

at Puget Sound 29 April 1965 to magnitude 8.0 at 50 km suggests a design

requirement of 2. g.

PAEC has concluded that (1) there is justification for assuming that
the slab is at least 70 km beneath the site, and (2) it is sufficiently
conservative to postulate a magnitude 7.0 event directly bemeath the

site. Thus, the present design basis is found to be acceptable.

"l.c. QOff-Shore (Shore-Parallel) Faulting,

PAEC reviewers noticed in the PSAR figures, indications of a possibie

fault running parallel to the shoreline off Narmot Point., The Applicant has

provided documentation contending that (1) the indications are slump features, "~

not a tectonic fault and (2) even if there were a tectonic fault in the
indicated location, it would necessarily be too short to produce a strong
enough earthquake to increase the Safe Shutdown Earthquake (SSE), The
Yission considered the data obtained with the single-channel system tc be

of too low quality to conclusively preclude the existence of the possible

fault.
1284 )73
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PAEC has concluded that no further work in this area is required

because the acceleration that a maximum earthquake on this possible fault

would produce would be less than the present SSE value.

The Mission's second conclusion was:
2., "Additional investigation and analyses are required to resolve
concern with evidence for a shore normal fault running paraliel

to and immediately south of the Napot Point Peninsula.”

The topography immediately scuth of the site, as revealed by
the Marine Geological Survey, SLAR, Landsat data, etc. caused ccnce:n
en the part of both PAEC reviewers and the Mission about a possible
tectonic fault. Such a fault within a km of the site could affe::

the SSE.

The Applicant has responded to PAEC requirements by digging
appropriate trenches and mapping the area utilizing road cuts, <t
The trenches have been investigated by PAEC comsultants, The final

report, which concludes that no capable fault exists, was submitzed

trecently. It is being revicwed by PACC and its comsultancs. To enzure

an adequate basis for judgements, PAEZC has required an additiznal

seismic survey of the area.

VOLCAN ISM

Three of the Mission's concerns were in chis area and they are

discussed separately in the paragraphs following the background informatics

1284 174
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Sackground

Volcanism has received little attention in past nuclear sitinmg s%:21:7,
in part 3t least because of the relatively low volcanic activity in Ih.
continental USA. Recently, volcamic hazards have been considered for the
Pebble Springs and the Skaget plants in the States. Of course, Japan has
sonsiderable volcanic activicy., Philippine volcanic activity is high
(Table 3); omnly Indonesia and Italy have experienced more volcanic

disasters. Nash, for example, lists 17 disastrous volcanic eruptidnz -
the Philippines since 1591(7). These disasters are all asscciated wi:in

7 volcanoes; (Taal, Mayon and Hibok-Hiok), but other Philippine veluzri:
av. ~onsidered active. Taal, little more than 60 miles away, i3 :h2
ascive volcano closest to the site (Table 4). Mt. Pimatubo is czasil- 'o:
inactive because it has not erupted in his.oric times. However, it 2u:
erupt some 635 years ago so it cannot be ignored; Pinatubo is little zocs

shan 15 miles from the site, All these volcances could affect the sics by

sausing heavy ash fall.

The principal comcerns about volcasic activity are assccoiazed “it”

inactive but nearby peaks; Natib and Mariveles. Mariveles is about 12 =milez

from the site and so presents the possibility of very heavy ash-fall. Natlo 3

~l3sest crater is less than 6 miles from the site and it is zcnceiwill
a new fissure ca the western slope could threaten the site with giiwizg

avalanche, etc. Natib last erupted about 67,000 years ago and is =omIlzziss

by scme to be extinst, For compariscan, in the US, only those volcancas «n.ch

nad erupted in the last 15,000 years were considered in the evaluazicn :i

Febble Springs and of Skaget.

1284 175
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TABLE 3

WORLD VOLCANO DISTRIBUTION

£ Eastern Pacific Islands* 45%
’ Western Americas 172
:’ Indonesia 142
: Atlantic Islands 132
» Continental** § Mediterranean 7%

Central Pacific Islands 2

Indian Ocean Islands

&

*
Including the Philippines

%
Principally the East African Rift Valley
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TABLE 4

VOLCANCES IN THE PNPP-1 AREA

KM FROM SITE

COMMENT

“ESTERN ZONE (Theoleitic) Activity 0.6 to 7 Mybp

Mt, Natidb Calderia
Mt. Santa Rita

Mz, Namiranlac

Mz . Balakibok

Mc. Subic

CISTRAL ZONE (Calc-Alkalic) Activicy

Mt. Natib, East Vent
Mt, Mariveles

Mt. Samat

Mt. Limay

Mariveles Harbor

Cricn

Cerregidor

Mz . Pinatubo
Cavite-Batangas Highlands
Me. Cariliao

Mt. Batulao

ZASTERN ZONE (Shoshonitic) Active 0

M:., Arayat
Taal

Cimcces Mt.
Mt Makiling
M. Mapinggon
Mz, Nagearlang
Mt. Malepunyo
Mt. Atimbia
San Cristobal
. Bangcay
Cuyapo
3anahac
3alungao
Amorong

-:STANT ACTIVE VOLCANOES
A ¥t Mayon

Mt. Bulusan
Zipok-dibok

£ £ L i€ KL
o

M

9
22
2.5
33
33,6

14
21

21.5
23.5
28
29
39
57
60
75
84

101
108

‘9
110

116
124
126
126
136
136
136
142
143
144

407
471
507

NCLAS

youngest west flank iepusit A0 000 years.

630 ybp to 7 Mybp

Pyroclastic deposit (7.5 km ) about 67,000 vbp
190,000 ybp lava, more recent activicy older
than last Natib eruptiom

Pyroclastic flow 600 ybp; 7.5 kas terphra

to 2 Mybp
79

active; most destructive recent erupticns
(MDRE) 1754, 1911, 1965

considered active, asscciated with Balungao

no ac:ivi;? since 1909, MDRE: 1730, 1743, 1906

active, MDRE 1968, 1928, 1914, 1897, etc.
Erupted 1978
Destructive eruptions 1950 & 1951;

846 & 248 killed.

1284 177
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The Applicant performed investigatioms (later said by the Mission to
be extensive, in-depth, and state-of-the-art) and obtained review and
counsel from some of the world's most eminent volcanologists. The con-
clusions reached were that during the life of the plant, eruptiom in
the Philippines are virtually certain and that the expulsion of a large
quantity of ajecta is not highly improbable. Thus, the plant is designed
to withstand a limited amount of ash fall. An eruption on the Bataan
peninsula, on the other hand, is considered highly improbable. Furthermore,
historic trends and geochemical considerations indicate that even if Natib
were to erupt, the eruption would cccur at the summit areas or cm the
eastern side so the plant would not be threatemed by glowing avalanche
and the like. The roungest volcanic deposit on the western flank is
. 600,000 vears old. The Applicant proposed a volcano monitoring system

to ensure adequate warning should Natib again become active.

The Mission's third conclusion was:

3, "The aruptiom of Mt, Natib is a credible event which should be takem
into account. This requires comsideration of excessive ash fall,

glowing avalanche, and gas accumulation as well as laharic slides."

The Mission recognized the high quality of the work that had been dcne
but concluded first that there remained considerable uncertainty about
reneval of volcanic activity at Natib and secomd, that an eruption om the

western slope could not be deemed incredible.

1284 )78

(HELASE T
i fhvw“ Sl




oErY . WLE B W

i |
Mu 1'“-‘ - ———

- 1%

The Applicant has provided additional information on the volcanic
threats. Clearly local tovography protects the site from most of these
threats unless a new fissure develops and a flank eruption occurs,
essentially at the site. fhc Applicant deems such an eruption incredible.
Even if an eruption were to occur at or near the summit nearest the site,
gravity would channel flows away from the site, protecting the plant from
pyroclastic flows, laharic flows, and lava flows. The plant is comsidered
safe from direct impact of ejected missiles by reason of first, distance
and second, the absence of a volcanic dome at Natib. Volecanic shock
waves and earthquakes would be far smaller than the design bases. The
amount of ground tilt considered credible at this distance from the summit
should pose no threat to the site. These phenomena should not directly

damage the plant but could isolate the site, according to the Applicant's

evaluations.

Direct velcanic threats to the plant are provided by ashfall and gases.
The App.icant has estimated that dangerous levels of gases at the site
would be limited to 3 hours or less. The ash fall estimates are cthat a
Xatmai-like eruption (Table 5) at Natib would result in betweem &4 and 22

feet of ash at the site while an erupticm at Pinatubo weould produce 0.1 to

LAl

2
.

eec cf ash at Napot Point (Figure 2). WIPCO has shown that 10 inches

of ash fall at the site would be acceptable.

PAEC has directed the Applicant to extend the investigatiom of beth
ash fall and volcanic gases. The threat of volcanic gases was emphasized
by the recent disaster in Indomesia. The Applicant has been directed to

provide the available information om kinds and amounts of gases which migh

e 1284 179
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TABLE 5

QUANTITY OF EJECTA AND ENERGY RELEASES FROM SOME MAJOR
VOLCANO ERUPTIONS

DATE  LOCATION VOLUME, km®  ENERGY, M7
7000 ybp Mazama, Oregon 63.

1932 Quizapu, Chile 20.

1912 Ratmai*, Alaska 20.

1815 Tambora,*** Indonesia 20, 20,000
1835 Cosiguina, Nicaragua 8.3 24
1902 Santa Maria, Guatemala 33

1883 Xrokatoa, Indonesia . 240
1964 Shiveluch, Kamchatka 1.3

1958  Rezymianny, Kamchatka & - 570
1929 Komagatake, Japan 3

1888 Bandaisan, Japan ¥

1669 Etna, Italy 0.76

1911 Taal, Philippines 0.5

1947-48 Hekla, Iceland 0.4

1502 Peleé, Martinique 0.1

1919 Kelud, Java 0.1

1843 Guntur, Java 0.008 1.6
1968 Mayon, Philippines 0.004

1898 - Una Una, Celebes Island ¢.002 0.43

*
or Mt. Novarupta ‘

- 22
Megatons TNT; 1 MT = 4.2 x 10°° ergs

The volume of ejecta from Tambora also has acan given as 40 =’
and the PSAR in one place mentions 20 miles”,

1284 )80

UNCLASS.i o2



Q
LI L f . ten » &2 0 el LA ' . . ' YD U O '

b * ' g - -4 ot i e Y | - .. .ﬁ. “ ..b_,o = | {1 ..4_ ey 5 “l
BTG ST o [§ AC 6 s SDchat w1 (4 1 i 0 SR S 1 et 1 500 ot B E S
i oo e siibontbn m - ..—. LA i s w ! T P _ $ (R *. . 5 V| e

O 191 ; ' ' H i | : .11 i s ¢

1 u | %.I....u.h—. - a R _ | S pry T - ! : " ! s “ —y — . 2 * R 2 N » 4
PSR = e spichi-s g bt R LSl b Y 2 1
SRR T L R s T R 1 S
W¢ R F ..‘”<ﬂ R AM ”1.~ 4 oJ
SiH it o= B[S 3

1

ASH FALL .,D/STMI(;

¢

Bas

L_ .
/ on S/un.-

ﬁlnlloll.'-ll.

MARIVELES

J N

PINATUBO

A

| 8

TAAL

1

1

QS
~

~

I7V IS SO SN

LA 1 3

—
-

/00



b-d .‘J

o1

be emitted in a major eruption. Also czlcualtions are required of
concentrations and integrated exposures at the site from eruptiocmns

at Natib, Pimatubo and Taal.

PAEC canmot accept the position that an eruption on the western
slope of Natib is "incredible'". The distance involved seem too small
to justify the implied large difference in probabilities for western
and eastern slope eruptions. Therefore, the Applicant has been
directed to calculate probabilities for (1) a western slope eruption
and (2) a western slope eruption without adequate advance warning.
Further, the Applicant has been directed to evaluate the comnsequences
of an eruptiom such as the 1911 eruption of Taal, if the eruption were
to occur om the western slope of Natib; this ev .luaticm should include
a determination of the eruption locatioms from which the "base surge”

would not reach the plant.

PAEC has directed the Applicant to include in its August 1970
report assurance that the plant is designed to be safe despite (1) an
ash fall of 4 feet in 60 hours without prior warning and (2) A 22-foot
ash fall after shutdown following an advance warning. (Note: the first
condition correspords to maximum ash fall from a Xatmai-type eruption
at Pinatubo aad the second condition corresponds to maximum ashfall from

such an eruptiom at Natib).

The Mission's fourth conclusion was:

A

4, "™ he immediate installation of a sophisticated and well maintained
volcano surveillance system in combinatiom with well defined base
line criteria and subsequential procedures and actiom plfn concerning
the operation and/or shutdown of the plant is strongly recommended."

'vgp” A 1284 )82
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This recommendation refleets the impertancs glaced by the Missica
on the volcauno surveillance system. This feeling is shared Ly PAFC and
the Applicant is reeponding appropriately. A plan has been developed
and is being implemented. According to the schedule, the system will

be in operation by 1 September 1979,

The Mission's fifth conclusion was:

5. "One possible sciutiom to mitigare against a radioactive release
in the event of ... erupticn of Mt. Natib is the removal of the
fuel to an off-site storage location upon advauice warning of a
surveillance system, The Mission Lelieves that this altermative
as well as other poss: .e alternatives, deserve cunsideration

in developing the procedures and action plan mentioncd <bove."”

This statement indicates the Mission's concern (bt Lhe detection
of volcanic activity at Natib would serve little purpese unless proper
procedures for responding to these warnings werc developed and imple-
mented. PAEC agrees and has required the Applicant to develop and

justify appropriate procedures, inclwding consideiar ron ol Suel rewoval,
The Applicant has not completed work in this arca., The schedule
.

calls for th.se proceduresn ain? thrir ju tification to be submitted for

PAEC review in August 1979,
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FO _DATION ENGINEERINC

Sixth conclusion:

€ "he geotechnical investigatiom conducted by the Applicant is
acceptable for the particular soil foundation characteristics.
The site appears adequate from a static foundation engineering
point of view. Topographical and local effects on vibratory
ground motion, design respouse spectra, natural slope stability-
and cut slope stability should be properly investigated; soil~-
structure inta:accio.n should also be revised accordiangly if
appropriate. Clarificaticn is needed with respect o the shear
moduli and "strain softeming' . il characteristics used in the

dynamic analysis presentad ro date."”

The concern about topographical and local effects result from the
_fac: that the Napot Point site differs significantly (perhaps more than
other, real sites) from the "infinite plane" presumed in postalating a
free field acceleration and spectrum., The s.te is a small peminsula
rising rather sharply from the sea floor. Om the landward side is a
significant mountain. WIPCO agreed to perform analyses to evaluate

these phenomena if so directed by the Applicant.

The Mission seriocusly questioned the shear modulus-strain functiom
v-perimentally obtained by EBASCO and ucad by WIPCO in WCAP-¥187. The
iusue is te reduction 131 the modulus at high strain. In Vienna, WIPCO
. mtended, and agreed to verify, that the dynamic strains do not exceed
about 10". The variation in shear modulus at such lcv strains is so

saall that an error in the function would be umnimportamt.

Lt ’84 R
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6.a. T raphical and Local Effects

In response to PAEC questions, the Applicant has reported that WIPCO
finds the requested analyses to be beyond the state-of-the-art. Therefore,

the Applicant is unable to supply the requested informatiom.

PAEC then directed the Applicant to provide a report justifying the
sethods used, considering the inability to handle topograchical and local
effects. The Applicant has not yet provided this report. However, WIPCO
has indicated that the methods used meet US NRC criteria, including the
regulatery guides and the Standard Review Plan, WIPCO comments also
indicate that the methods include conservatism to compensate for these

limications in the analysis.

Although PAEC cannot make a jadgemest umtil the full report is

reviewed, satisfactory resolution seems probable.

6.b. Initial Shear !oduli and "Strain-Softening”

The Applizant ha. performed the re-evaluation and, as a resul:, has
revoked the soi soil case (of WCAP-9187) and has added, a new parametric
case of soil modulus. The strains were found to be less than 2. x 10"';

thus, the modulus remains in the flat regionm.

PALC has reviewed this response internally and feels that it is
adequate. Recognizing its limited capability in this area, however,

PAEC is submitting the report to IAEA for further review.
" e
1284 )85
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6.c. Cut and Natural Slope Stabilit

The slope stability question has been evaluated by the Applicant's
consultant, EBASCO, PAEC Staff has reviewed and found the result accept-
able based on the present SSE, However, in this area also, PAEC is

seeking IAEA support to emsure adecnate review.

COMMENT AND CONCLUSION

The work has progressed more slowly than was recommended. The cause
of this delay has not been fully established. Field investigatioms, of
course, require time to plan and execute. I suspect also that difficulrcy

in the reorganization of NPC has been an important factoer.

Responses received and reviewed to date have varied greacly in
quality. This suggasts commumication problems. To improve communications,

frequent staff-level meetings between PAEC and NPC have beeii arranged.

An important factor in the PNPP-l situation is the ability and
willingness of PAEC to act to ensure the safety of the plant. An example
is the recent PAEC order stopping work in ome area until PAEC is convinced
that adequate provisions have been made for the repair of defective concrete
therein, PAEC ingyection teams are now at the site every second week and
the frequency is expected to be increased to every week. Ome full audit
of the subcontractors has been performed and others are planned. Several
members of the regulatory staff have foreign education (to the Ph.D. level)
and training (on-the-job quality assurance, for example). The Philispine
regulatory situaticn is vastly superior to that in many other developing

countries.
T T 284 186
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While geotechnical problems are more difficult in the Philippines
than in marv other arezs, there is evidence that appropriate precautions
are being taken. It is noteworthy that the site selected appears to be
the best possible on Luzon and that exceptionmally thorough site invest-
igations have been conducted. USA critcria. have been used and
conscientious efforts are being made to resolve the issues raised by
the 1978 IAEA Safety Mission. Generally, my recommendations have been
well received and additional IAEA assistance is being scught. Ia total,

the situation is encouraging.

It is recommended that IAEA make special efforts to provide the
technical assistance that is neaded in the Philippines. This will provide
a high degree of assurance that PNPP-l will constitute no undue hazard to

the public.

*
US criteria are more detailed and explicit than the IAEA (draft) guides

in these areas.
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APPENDIX A

FXPRESSION USED IN EVALUATING PNPP-1 SSE MAGNITUDE
AND ACCELERATION

Magnitude as a Functiom of Rupture Lens

Tochnz(l) i M = 0,98 Log,, L +5.65 vee M > 6.3
1ida® ¢ M = 0.76 Logyy L + 6.07
press’? : M = 1.06 Logyy L + 5.53 o M6

Wyss & Brunc(‘) : M= 1.9 Log,, L+2.8
Hounnct(S): M= 1,15 Legyg L * 3.1 cee M > 6,5
Sllnnonl(le) : M= 1,182 Log,g L+ 5,152 ... world wide data

NOTE: The use of the most conservative of the Slemmons functicns in each
case would not increase the magnitude postulated in the PNPP-1 PSAR.

farthquake magnitude is M and L is rupture length in ia. For PNPP-1 each
of these expressicns was tried and the one giving the highest magnitude
for each specific fault was used.

Acceleration-Distance-Magnitude

Relaticnshi

1. Gutenberg & Rich:c:(é) $ Laglo a2, = =5.1 + 0.81M -O.OZ?HZ

-

2. 5lun.(7) : Logyy de ® -(b + 3) + 0,81 M=0,027 M°

« sa, T+
3 ke e e/ 10°
B = 0.16 4 - /1.66 + 1.6/R7 Log,, R + 0.167 - ,3/R

(10) 2

4, Milne & Devenport a= (.0069 c"6é H'/(l.l cl‘l Mep )

(1) , (125 28 ¥/ + 29)°

s Esteva
6. Cloud & Parez*?) : log,y & = 3.5 =2 Logyy (3,620 + 80) ... M 27.0

7. Schnabel & Scod(u) : curves given (Figure AL)

3. Donovan'*?’: & = 1.1 LM (r - 25) -1.32
5. Okamoto'™): Log,, = -0.185 - 2880223 1 5041 + 1.744 ¥-0.10%6 w?)
A=l 1284 189
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Eiblase. .

10, Kac . L t L°'10 a=0,411 M~-0,6832 - 1.637 Loglo (R + 30)
a, ™ peak epicentral acceleratiom, g

a = peak accelerationm, 3

M = magnitude

b = site facter

D = epicentral distance, ka
H = focal depth, k=

a * baserock peak acceleratiom, §

T = predominant period
2 = distance to hypocenter, i@

For PNPP-l, functions 3, 4, 5, 6,7, 8, 9 and 10 were “ried and in each
case the function used was that which gave the largest acceleration.

In Amendment 3 to the PSAR, the method of Umemura et. al. was considered
and found to give ac:eleration values lower :hin those previously presented
in the PSAR. The peak acceleration (in cm/sec”) was found to average 11

times the maximum velocity (V , cm/sec) with a standard deviaticm of 1.8.
Thus the mean plus one ;:anda:?‘acviation acceleration is given by*:
(18)
¢« 11 . -
11. Umemura : a=12.5 Vq‘x/980
v - 10°

Bax
C= (.61 M -(1.66 + 3.6/R)Log,4 R = 0.631 - 1.83/R

*What appeared to be an error im the PSAR formulative has been corrected

so the equations are comsistant wizh the graph in the PSAR am .ndment, Figure AZ2.
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APPENDIX B

EARTEQUARE ACTIVITY IN THE SITE REGION

The Central Luzon Tectonic Province is bounded by the Philippine
Fault, the Taal Fracture Zcme and the Manila Trench. Appendix C lists
the proviace “igh intensity events and the text gives the maximum
historic magni v.2 for each fault. This Appenrix lists the strong

earthquakes, magnit ‘e 6 or more, in the province zad the regiom around
it (Table Bl).

. This Table was compared to the PAGASA (Philippine Weather Bureau)
catalog. Some minor differences were noted but gemerally the agreement
was good. Omne event was added to the Table which was not positively

identified in the NPC/EBASCO composite catalog. This event's occurrence .

seems well established because it reportedly wrecked a sub-standard
apartmert building, thereby killing some 300 people in Manila. This
event is of no special significance in the PNPP-l evaluation. Three
cther earthquakes listed in PSAR Table 2.5 F-3 as having u;n.itt'gl.-
greater than 6.0 were zot so listed in the composite catalog and were
ot included in Table 31; these are events 212, 253 and 538 with
zagnitudes 6.75, 6.5 and 6.5 located in TFZ, CEZ, and NLEZ, respectively.

The "structure” listed was not provided by the Applicant but is my own
assessment,

A map (Pigure 3l) is included which shows ths approximate locatiom
of each of the major tactomic structures. Several events are associated
with the Manila Trench even though the epicentars is many kilometars
from the Treach. This is appropriate because the Ir;nch is produced
vy a slab which subducts at about 45 degrees and underlies the Province.,
Thus, event 183 is associated with the Trench even though its epicenter
is iz the West Luzon Trough and scme 50 im from the Tremch. Event 183

occurred at a depth of 100 i and so was in the slal associated with
the Manila Tremch.

-
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Table M

STRULG AN HOUARES IN TIR PuPP=) 51T PEOTON
(From the NUC/EDASCO Composite Cataleg,
through 1977, Magnitude 6, Latitude 12 to
17 N, Longitude 118 to 123 E)

——

e Dagrecs .- Depth, Str.scure Catalog - Magnitude
North - East _ _ lem ) Number = Body Wave -Local

5 June 1928 12.§  121.8 7 - SMEZ 10 =" 7.0

- Hl) 1925 1.2.3 oo mos, P . SMEZ . ) i 18 ol = 1025

s Feb. 1970 12.6 - 122.1 = 1 MEZ 25 6.0 6.5
July 1931 12.0 123.0 . = SMEZ 0 - 6.5

7 Nov, 1941 12.5 "123.0 © = SMEZ "~ . i1 - 6.9

“ mce. 1956  13.6  120.6 -~ 115 vID i - 6.25%
he 1964 13.6  120.3 56 vIP 51 6.5 - e
april 1972 13.4  120.3 50 vIP 3 6.2 7.3

) Sept 1933 13,0  121.0 100 SMEZ 150 - 6.5

"0 May 1936 13.5  121.5 160 vIP 151 - 6.0 *

5 May 1939  13.5  121.2% 110 vIP 152 . 6.5 *

3 April 1942 13.5  121.0 25 vIP 153 - 7.8 *
Feb 1935  13.5  122.7% o ?F 168 - 6.0 *
March 1973 13.6  122.8 33 PF 175 5.6 7.5(c)
March 191% 13.0  123.0 50 33 182 - 6.5 *
July 1932 la,v 120.0 100 MT(s. 183 - 6.0 zt)*
lune 1033 13.6  120.4 76 VIP/MI(s) 184 - 6.252)
e 193 13.8  120.6 79 VIP/MT(s) 185 - 6.25
March 1940 14.5  120.0 200 MT(s) 186 . 6.75%
aug 1937  16.5  121.5 . TFZ/PF 209 % 7.5 #

. Dee 1919 |, 14.0 122.0 25 PF 220 - 7.8 *

' Sept.1941  14.0  123.0 " ? 229 . 6.75
vaveh 1933 15.5 120 0 120 72 231 - 6.5 *
iy 1059 15.5 1205 150 MT(s) 235 - 6.63%

1053 15.7  120.1 g0 MT(3) 240 6.3 - »
wil 1970 15.7  121.7 36 CEZ 233 6.4 ‘7.5(®)
aril 1970 15.4  121.8 33 czz 315 5.7 6.3
april 1970 15.1  122.1 24 =ac 173 5.9 7.0

5 April 1970 15.1  122.7 12 3EC 150 5.6 6.0
April 1977 16.0  120.5 140 MT (s) /°F w08 - 6.25*§°)
April 1927 16.0 1205 140 T (s)/PF 409 . 6,754 ()
sevil 1927 16.0 120.0 100 MT (s) 410 . 6.75%
we 193 16.8 1.5 - VLEZ 411 . 6.25

JNov 19%3 16.0 121.0 - NLEZ 424 o 6.0
Feb 196' 16.1  121.6 32 NLZZ/CEZ 427 . 6.1
May 1972 16.6  122.3 3% cEz 470 5.7 6.9
vay 1975 16.2  122.2 64 =z 493 4.8 6.5
March 1977 16.8  122.3 37 cEZ 494 6.2 7.0
July 1977 16.9  122.6 33 crz $33 6.1 6.8
Aug 1928 16.0  119.5 - T 602 - 6.25%
Aug 1968 16.5  122.3 - CEZ (@) - 7.3
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These 22 events were within, or on structures bounding the
Central Luzon Tectonic Province.

PAGASA lists this as 6.4
PAGASA ducs not list a local magnitude
PAGASA lists this as 7.0

chul

mm/msco cata.log. bath of 5.9 body wave upi:ud. -
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Th‘l‘ cv‘nu have been relocated (a: the TAEA Hiui:.m'
auuutinn) from 14 N by 120 E and unknown depth.
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South Mindoro Eatthquh Zocne

: Verde Island Passage
Philippine Fault

West Luzom Trough

: Manila Trenmch; (s) indicates the associated slab

..

Taal Fracture Zomne

Undetermined, remote from CLT Province
Iba Fracture Zone

: Casiguran Earthquake Zome

Baler Earthquake Zome

North Luzom Earthquake Zome
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APPENDIX C

DISCUSSION OF THE PAEC REQUIREMENTS

In response to the IAEA Safety Missiou recommendations, PAEC has

wlished additional requirement for PNPP-1. These requirements are
.~rended to ensure the safety of the plant and to complete the public
-ecord. The requirements are statad and discussed briefly in cthe body
<f this report. This appendix provides further discussion and clarifi-
icion of

e requirements.

Randon Earthquake

Earthquakes sometimes occur where there is no known causitive
structure. The locatiomn of suca "random” or "floating" esrthruakes
cannot yet be reliably predicted. For nuclear plant design purposes,

.+ is assumad that the most severe nhistor.c random ~arthquake in che

rectonic province will occur directly beneath the site. With this

appreach, random earthquakes have become the controlling evcnts foz
several nuclear plants in less seismically active parts of
2andom earthquake consideratioms might not be expected t©o dominate

PiPP-

v

1 design because of the proximity of known faults. Actually the

Applicant's selection of a 0.4 g design basis was not influenced by a

randca earthquake. All earthquakes witk known epicentral locatiom and

magnitude exceeding 4.5 were associated with tectoni

random earthquake magnitude was taken as 4,5, Earthquakes with magn

between & and 5 are considered "feeble shocks"

reported. Such an event is not a factor in the MPP-1 design.

.-~ PR o T e -y -
T CONCELITEN colhan

While the approach used was reasonablc,

3% such a mild random event for a seiswically active area while much

randem earthquakes ave bSeing used in relatively inactive areas

where damage is not usuaily

D
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(2) the failure to consider a number of high iatensity histofic
events (Table C.L) beczuse the epicenter locations were not kauwn;
and (3) the limited accuracy in locating earthquakes (the coxmon
uncertsinty of 50 km exceeds the distance between kncwn faults).,
thus, further consideration of the raadom earthquake seamed

appropriate.

Key considerations are (1) The random earthquake is mild beca.se
known faults are nearby. (2) The selection ¢f a low-maguitude random
earthquake did not result in a "soft” desizn. The historic high
intensity events are readily accounted for by the structure underlying
Manila and the proximity of active faults, particularly the Marikina
Graben and the danila Bay Fracture Zcie (20 km) and the highly active

Verde Island Passage (90 km). A measure of the soil amplification in

€122
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Manila is provided by the 1963 event wherein defect

1 3CJ people

(o

combined with a magnitude 7.3 event some 250 km away to ki

N

<
(al

The Applicant has been asked to provide an assessment of the early

1

high intensity even.s to complete the public

"
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ccor i8 not

likely to alter the carthquake risk evaluatiom,

2. Earchquaké on Subducting Slabs

Two slabs are said to underly the site. The slab associated
with the Manila Trench is subducting. “he slab associated with the

-

West Lizon Trough is said to be no longer subducting. (A PAEC
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TABLE C.1 |

RIGH ILTDNEITY EARTHQUARSS I THE CENTRAL LUVON TECTONIC 2ROVINCE
(From the PAGASA Catalog)

Date Intensit ” Location Remarks
21 June 1599 Vil Manila
1 Jau. 1601 X Manila
30 Nov. 1845 X Manila 500 killed T
20 Aug. 1658 X Manila Few killed hii
7 Dec. 1677 IX Manila 2 or 3 killed Vi
28 Feb. 1687 VII1 Luzon
2 Feb. 1771 VIl Manila
Occ. 1796 ViI Manila
26 Oct. 1824 VIiII Manila
18 Jan. 1830 IX Manila
Sept.1852 X Manila
L3 July 1862 Vil Manila
3 Jeme 1863 X Manila 320 killed
1 Oct. 1369 VIII Manila
-8 July 1880 X Manila 2C killed
17 March 1892 | X Dagupan Area
29 March 1931 VIil Luzon-ambulong Magnitude 6.9 :
30 Aug. 19137 VIiI Alabat M= 7,5 ac 16.5°N & 121.5°E
2 Aug. 1968 . Marila (300 killed) M= 7.3 ac 16.5°N & 122.3°E ‘
|
|

"Me original Rossi-Forel Scale of 10 intemsities was used up to 1934,
Thereafter the adapted Rossi-Terel Scale of Y intemsities was used. It
Zas been suggested that, on the oripinal RF Scale, RF VIII corresponds
2 MM VII or VIII: RF IX corresponds to MM VIII or IX; and RF X corresponds
s> MY X through XII. The two mist recent events in this list were considered
.0 the previous analysis.
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e-Jalpganl, Mz, u. lanies, doulbts tne euistence of this slab),

It ls agreed that both the Trench aad the Trough are seismically
active. However, the slab lccation is determined by the location
of earthquake focal points so the slab associated with the Trough

evidently is inactive.

The published relationships (Appendix A) between magnitude,
distance and peak acceleration are in considerable disagreement, For
present purposes the most important disagreement concerns the accele-
ration close to the event. Japanese results show great variationm in
dcceleration with magnitude whereas American results show relatively
litrle magnitude effecc. (See Appendix A Figure 2). Even so, if the
most conservative of these relationships (where focal depth is con=-
sicderel) is used ia each case, the 0.4 g design basis is not exceeded

by the "maximum" events on the slabs.

Th. problem of near field effects presents difficulties, largely
because few data are available for accelerations near the epicenter.
while Domovan and Bornl:cin(l) report accelerations within 5 a of
the "energy center" and find this data consistent with their attenuation

model, the issue seems open to guestion,

The Aprlicant has presented the results obtained for avents
bensath th; site using a scaling approach (as recommended by the
Mission)., However, the approach used has anot yet been fully explained

Aus | ..tified., Justification is being required.
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The Applicant contends that the depth of the slab associated
with the llanila Tremch is at least 70 km below the site, PAEC finds
no basis for disagreeing Lut is requiring that the justification be

more fully documented.

3, Evaluation of Poison Gases From Volcances
The poison gas hazard from volcances has been known at
least since 70 AD when gases from Vesuvius killed Pliny the
Elder. The recent disaster in Indonesia has focused attemntiom
on the problem. The gas hazard is discussed briefly in the PSAR

but a more explicit quantitative evaluation is necessary.

PAEC specifically needs to know what volcanic releases

might incapacitate (1) the control rocm personnel and (2) other

site personnel. This requires consideration of historic releases

of volcanic gases, the type and amcunt of gases which might be
released and atmospheric transport processes. The Applicanmt

should alsc consider precautionary measures which might be taken.

4, Nactib Eruption Probabilities

The Applicant has estimated the probability of Natib erupting

as about 3 x 10'5 pa but considers a western slope eruption to be

"incredible".
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PADC cawlle. accept the "ineredible" assessment, particulnriy
when the youngest deposits on Natib are only about 10 km from the
western slope. It does seem reascnable that a western slope
eruption is less likely than eruptiom at the summit or on the
eastern slope. The fact that the youngest deposit on the western
slope is ten times as old as the youngest eastemrn deposit is
important; nevertheless, quantitative assessment of the risk is
required.

The information available to PAEC indicates that in almost
avary case there are clearly recognizable warnings before a major
volcanic eruption. Also an instrumentation system is being pro-
vided to enhance the likelihood of advance warning. Nevertheless,
advance warning cannot be considered certain. Therefore, the

calculation of the probability of an erupticn without warning is

required. The result obtained is of less interest than the basis
for it, imeluding such things as kind and Tequency of observations
made, equipment raliability, etc.

This calculation is iaterded rot only to verify that the

ituation hus been thoroughly evaluated and that the probability

is acceptably low; it will also provide the bdasis for surveillance

requirements and for regulatory actioms.

Consequences of Eruption on Western Natib

The Applicant has argued that the site would net be directly t..;
|
1)
in the path of nuee ardenta, etc., even if there were an eruptiocn on ; E
!
the western slope of Natid., Topographic maps and physical inspectioms ;F
-
:
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of the site area lead PAEC to agree that generally this assessmenc
is valid., rHowever, the evaluation has not been quantitative or
objective. Therefore, the Applicant has been directed to provide

a quantitative evaluation.

Flows of materials ‘rom an erupting volcano 2rs complex. A
simple drainage map of Natib may be a good starting point but it
is not sufficient; a "Hawaiian" type eruptiom is not to be expected
The flow pattern is stromgly influenced by the eruption. Small
eruptions produce little material that can flow. On the cther hand,
a "plinian” type erupticn can be sc destructive locally that flows
are of little concern. Thus, to provide a basis for evaluating
local tepography, the 1911 eruption of Taal was selected a3 a model.
This was oné of the largest Philippine historic erupticms but it is

not so violent as to mask local topographic effects.

Ash Fall Protection

Ash fall in significant quantities is not highly improbable at
Napot Point. The Applicant’'s analysis is based on a Katmai-type
eruption., It shows that such an avent at Natib Crater 3 could pro=-
duce 22 fee: of ash fall at the site and that Pinatubo could produce

; : (2)
up t0 4 feet, These results are comsistent with cther work '~

Questicnable statistical analyses are usad ©o select 2 1.3 feet as

e design basis ash fall.
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PAEC concludes that (1) provisions must be made to protect
against a meltdown even if Natib erupts and (2) che plant must be
safe even if Pinatubo (or Taal, etc.) erupts without advance warning.
Protection against a Natib eruption means praotection against 22 feet
of ash fall. This could be accomplished, for example, by removal
of the fuel from the site. Another approach might be to transfer
the fuel into the fuel storage pool, operate the pool cooling system
as long as practicable and restart cooling after the eruption.
Ideally, the plant would be designed so the fuel could be lefr in
the reactor vessel. Whatever the approach selected, the design

requirements must be identified as socn as practicable.

The velcanc monitoring system will give warning only of impending
eruptions of Natidb and Mariveles. It would be impractical to respond
to the almost daily signs of activity at Taal. Thus, the plant nust
be capable of withstanding the possible ash fall from Pinatubo, Taal,
etc, without warning., This could amouat to & feet of ash., There are
various possible approaches. Ideally, the plant would continue to
operate, having adequately protected the air intakes, cooling systems,
etc. However, shutdown under certain conditioms may be appropriate.
The cooling systems must continue to operate after shutdown, the comtrol
Toom must remain habitable, etc. The situation must be evaluated and

necessary features incorporated in the design as soen as practicable.
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Volcano Surveillance System and Program

The PNPP-l site was selected and accepted om the grounds that
(1) the likelihood of renewed volcanic activity at Natib or Mariveles
is slight and (2) n appropriate surveillance program will be con~
ducted to ensure idequate warning should a volcanic threat develop.

There has been lit:le disagreement on this issue.

Procedures for Response to Volcano Warming

The warning signs of remewed volcanism should precede any
eruption of Natib ;r Mariveles by several months. This periocd of
time will permit a variety of possible responses. To be effective,
however, the "act.on levels" of the Warmings and the planued
responses must be developed in advance. Simply shutting the

reactor down for 90 days greatly reduces the potential radiclogical

hazard by (1) virtually eliminating beth the halogens and the noble

3;305(3) and (2) greatly reducing the residual heat rate (to perhaps
3 megawatts thermal). Meltdown remains possible, however, even
afrer an extended shutdown period and additicnal precauticnary

measures will be necessary.

The most complete protection would be provided by complete
removal of all fuel from the site. The Applicant has been directed
to evaluate this possibility, but difficulties are evident so another
approach may be preferved. lacing the fuel iz the storage pcol

(with the refueling cavity flooded) may permit the cooling system

c-9 1284 107
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to be deactivated safely for a period (perhaps a week) though heat
res.4l must be restarted soon. These possibilities must be explored

and a definite program established.

Foundation Enginncrin;

PAEC has required the Applicant to address the Mission's
concerns in this area. IAEA assistance will be requested in review-

ing the final report when they are available.
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