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NORTH ANNA POWER STATION UNIT 1
FIRST REFUELING STEAM GENERATOR INSPECTION REPORT

I. Introduction

North Anna Unit 1 began commercial operation on June 6, 1978, and
operated at a capacity factor of 75.6 percent until shut down for
refueling on September 25, 1979. Prior to the commencement of this
refueling outage, a minor primary-to-secondary steam generator (SG)
tube leak had been detected. Based on SG blowdown activity measure-
ments, it was determined that 'C' SG had a barely detectable tube
leak of about 2.08 x 10-2 gpm. The 'A' and 'B' SG's exhibited no
detectable tube leakage.

11. SG_Inspection Program

Based on the experience of other Westinghouse PWR's operating on Secondary
Water AVT and using fresh water circulating water, no SG corrosion problems
had been anticipated. The refueling outage SG inspection program was
scheduled to comply with the requirements of the North Anna Tvchnical
Specifications.

A. Technical Specification Program

Technical Specifications Section 4.4.5 requires a sampling program
inspection to include a minimum of 3 percent of the tubes in all
steam generators. Since the preservice inspection was performed

on all tubes in all three steam generators, it was planned to
inspect 3 percent of the total number of tubes in all three SG's

by inspecting approximately 4.5 percent of the tubes in each of

SG's 'A' and 'C' during this outage. This is in compliance with
Regulatory Guide 1.83.

Figures 1 and 2 show the SG tubes inspected as part of the initial
Technical Specification inspection in SG's 'A' and 'C', respectively.
A 400 KHZ eddy current (EC) probe was used to detect possible tube
defects. A sample of approximately 440 tubes in SG 'A' and 480 tubes
in SG 'C' were inspected with this probe. The sampling pattern was
a pre-determined array chosen to investigate all areas of the tube-
sheet with additional tubes in the areas of greatest concern. This
pattern was based on previous inspection experience of the SG vendor.
No indications of defects were detected in SG 'A' with the 400 KHZ
probe. Eddy current examinations confirmed defects in the two tubes
in 'C' SG that were found to be leaking during pressure testing.

In addition to the required 400 KHZ inspections, it was planned

to use a 7.5 KHZ probe on approximately 421 tubes in SG 'C' to
determine if tube support plate corrosion had occurred during the
plant's first cycle. These inspected tubes are shown in Figure 3.
Of the 421 tubes inspected, 155 tubes exhibited indications of
support plate corrosion or possible ligament cracking. ] 536 2] ]
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Table 1

NORTH ANNA UNIT 1

EXPANDED SG INSPECTION PROGRAM

SG EC Probe Tubes Inspected Indications
A *400 KHZ 440 None
100 KHZ (diff) 181 (rows 1 and 2) None
7.5 KHZ 370 132
B 400 KHZ 133 None
100 KHZ (diff) 88 (row 1) None
100 KHZ (abs) 89 (row 1) None
7.5 KHZ 119 19
C *400 KHZ 480 2 (leakers)
400 KHZ 163 (cold leg) None
100 KHZ (diff) 178 (rows 1 and 2) 2 (same leakers)
100 KHZ (abs) *x%]17 (vicinity of 2 (same leakers)
leakers)
**7.5 KHZ 421 155

*Initial Regulatory Guide Inspection
**Additional Initial Inspection
**%]117 tubes including leakers

Numbers are approximate and data are still being reviewed. A final report
will be issued for retention in station records.
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B. Expanded Program

Based on the results of the initial inspection program which
identified support plate corrosion in SG 'C', a comprehensive
inspection program was developed to identify tube or support
plate anomalies in all three SG's. The resultant program ls
shown i{n Table 1. As can be seen, the inspection was expanded

to include SG 'B' and additional eddy current probes of 400,

100 and 7.5 KHZ were utilized to determine the overall condition
of all SG's. See Figures 4 through 12 for additional inspections
performed during the expanded program.

The 100 KHZ absolute and differential inspections were performed

to supplement information gained from the 400 KHZ probe. The use

of absolute and differential probes provides additional information
about tube conditions. The absolute probe uses a single coil in

the probe whose signal is compared to a reference coil located
outside of the SG. This allows the inspector to detect slow changes
in tube properties such as wall thickness (wastage) or corrosion
product buildup. The differential probe uses two coils in the probe
itself, and these two signals are compared to identify rapid changes
in tube properties. The differential probe is thus more sensitive
to continuity defects. The 7.5 KHZ probe inspections were performed
to define support plate integrity. The 400 and 100 KHZ inspections
were performed to define a SG tube integrity.

All eddy current inspections performed during this outage were
single-frequency inspections. No multi-frequency or multi-plexing
was used.

| 4§ Inspection Results

Figures 13 through 15 show the locations of indications of support
plate corrosion or possible ligament cracking in SG's 'A', 'B' and 'C'.
Table 1 provides a summary of indications by SG and probe type.

Note that the two leaking tubes in SG 'C' are identified in row

1 on Figure 15. 1In addition, one tube in SG 'C', row 46, exhibited
signs of minor denting and would not pass a 700 mil probe. Tube
nominal ID is 775 mils. A 650 mil probe passed the restriction;
however, this tube and its mirror image were plugged.

A. SG 'A' Results

No indications of -ibe defects were observed with the 400 KHZ and

100 KHZ EC probes. Approximately 36 percent of the tubes inspected
with the 7.5 KHZ probe exhibited signs of tube/support plate inter-
section corrosion and/or possible ligament cracking. See Figure 13.
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B. SG 'B' Results

No indications of tube defects were observed with the 400 KHZ and 100
KHZ EC probes. Almost 16 percent of the tubes inspected with the

7.5 KHZ probe exhibited support plate corrosion or possible ligament
cracking. See Figure l4.

C. SG 'C' Results

Two leakers were detected in row 1, columns 50 and 61 in SG 'C’.
One restricted tube was detected in row 46, column 41. Approxi-
mately 37 percent of the tubes inspected with the 7.5 KHZ probe
showed indications of support plate corrosion or possible ligament
cracking. See Figure 15.

D. Inspection Results Summary

Of the approximately 1070 tubes inspected in three SG's with the
400 KHZ probe, 2 tubes were identified as leakers.

Approximately 34 percent of the 910 tubes inspected with the 7.5
KHZ probe in three SG's indicated support plate/tube intersection
corrosion and/or possible ligament cracking. Most of the tubes
inspected with the 7.5 KHZ probe showed some indication of minor
support plate/tube intersection corrosion.

One tube in SG 'C' was found to be slightly restricted in Row 46,
column 41, It would pass a 650 mil probe, but not a 700 mil probe.
Tube nominal ID is 775 mils.

IV. Interpretation of Inspection Findings

A. Leakers

While the actual failure mode of the two leaking tubes cannot be
known without removal and additional inspection, tube leaks
identified on the inner row have been attributed to residual
manufacturing stresses created during tube bending. The maximum
stresses are located at the apex of the U-bend and quickly lead

to tube failures in the presence of severe support plate corrosion
and subsequent hourglassing and flow slot closure. This phenomenon
has been extensively treated in previous work. The first failures
have, in the past, been in tubes located at the middle of the flow
slots, since these tubes are the most affected by hourglassing due
to support plate distortion. Tubes located between flow slots, i.e.,
in hard spots, are not exposed to extensive support plate distortion
and thus are not likely to exhibit U-bend failures as a result of
hourglassing.
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The leaks identified in this inspection are located not at the

apex of the U-bend, but at the tangent region. At this point,
residual stresses are less than at the apex and are thus less

likely to contribute to failure. Additionally, the two leakers
identified in SG 'C' are not located adjacent to flow slots and

are not subject to bending stresses due to the hourglassing effect of
support plate distortion. I[ndeed, photographs taken of the flow
glots show no detectable closure or distortion. Therefore, no
effects of hourglassing has been observed in the tubes most likely
to be stressed by this phenomenon and the tubes identified as leakers,
being located in hard spots, are even less likely to be affected by
the hourglassing phenomenon.

It is not apparent that the leakers are failures due to any identi-
fiable mechanism, and it is not clear that these failures are related
to first row failures in SG's affected by hourglassing. Two possible
mechanisms are residual stress corrosion cracking and/or manufacturing
defects. The fact that the tubes falled in the tangent region where
residual stresses are substantially less than in the apex region of the
U-bend, lends credence to the argument that these two failures are
random events caused by manufacturing defects.

Thus, while the failure mechanism resonsible for these 2 tube
leaks is not definitely %nown. There is no indication that it is
related to tube failures caused by hourglassing of the flow slots.

Tube Support Plate Corrosion

The extensive inspections performed with the 7.5 KHZ EC probe

indicated minor corrosion in the tube to support plate annuli.
The corrosion observed appears to be the very early stages of

the denting phenomenon affecting some other plants, especially
those with salt water cooling.

This corrosion process has been attributed to secondary water
chemistry in other plants, and the primary causal agent has been
chlorides. The chloride source is commonly condenser in-leakage
for plants using brackish or seawater for cooling. This is not
the cause of the corrosion observed at North Anna 1 during this
inspection. While some condenser in-leakage was observed during
a portion of the first cycle, the use of fresh water cooling
precludes introduction of sufficient chlorides into the secondary
water to contribute to SG corrosion to the extent it has been
observed to occur.

In light of this, a review of plant chemistry data was performed by
Westinghouse and Vepco personnel. It was observed that a major
discharge of resins from the Powdex polisher into the steam
generators occurred in February, 1979, Three subsequent smaller
discharges of resin into the secondary water were also noted.
Details of the February, 1979, incident are included as Appendix

A. It is known that the ion-exchange resins decompose at SG
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operating conditions and produce sulfuric acid. A sumary of
the chemistry of this process is included in Appendix B.
Laboratory studies performed by Combustion Engineering under
nontract to EPRI show that acid sulphates produce support
plate corrosion and subsequent denting similar to the denting
caused by acid chloride impurities.

Although the effects of sulphates on SG chemistry were not well
understood at the time, it appears that the Powdex polisher resins
may have contributed or/are responsible for the tube support plate
corrosion seen at North Anna 1. This conclusion is supported by a
substantial decrease in pH and an increase in cation conductivity of
the SG blowdown during these occurrences. The decision was made to
operate at load following this major resin discharge and to cleanup
the SG's by blowdown. It was not expected to take long to cleanup
the system because cation conductivity was continuously trending
downward and pH was being ad justed upward. However, the slower-than-
anticipated cleanup efforts extended the period of operation with SC
contamination, During a return to power in May, 1979, the effects
were also clearly observable in plant chemistry parameters as a result
of chemical hideout return.

A report of plant chemistry before, during and following the resin
discharge contamination is included as Appenuix C.

V. Corrective Actions

A. Condensate Polishers

The Powdex units will be operated as filters or in the bypass mode
until an evaluation of modifications to prevent additional resin
discharges can be completed. Installation of resin traps and
other possible system changes will be considered in our review.

B. Condensers

A condenser in-leakage abatement program will be initiated to
minimize condensate contamination. Before returning to full

power, condenser inspection and maintenance will be performed

as required to eliminate in-leakage. A review of additional potential
sources of contamination, such as the chiller air ejector condenser,
will be conducted and inspection and maintenance will be performed

as necessary to preclude contamination from these sources.

C. Steam Generators

Maintenance of steam generator chemistry within recommended values
will be assured through a three step program.
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1. Dissolved salts - Since the observed contamination is due to
sulphates, a fill and drain procedure with nitrogen agitation
will be performed during the present outage. During startup,
the plant will be held at 450°F to facilitate further cleanup
prior to power operation. A hideout return will be induced
several weeks following return to full power by a load reduction
to 50 percent followed by system cleanup before return to
full power. During subsequent load reductions, the chemistry
will be cleaned up to 0.5 = 1.0 umho cation conductivity prior to
returning to full power.

2, Oxygen Control - Based on Westinghouse recommendations, oxygen
will be controlled to 5 - 10 ppb at the condensate pump with a
hydrazine residual of at least 10 ppb at the feed inlet to the SG.

3. Boric Acid Treatment - A program of boric acid treatments will
be implemented during the upcoming startup to stop the
support plate corrosion, followed by residual treatments to
inhibit further deterioration. A boric acid soak at reduced
power followed by continuous boric acid treatment during power
operation will be implemented. It is theorized that the intro-
duction of the boric acid into the SG's inhibits corrosion
by chemically combining with the corrosion product magnetite to
form borasite, a much less permeable compound. This effectively
scals the corrosion site and prevents transport of corrosives into
the annular region, thereby preventing formation of additional
magnetite. The newly formed borasite is a dense, stable compound,
no longer subject to corrosion. Maintenance of this borasite "seal"
requires residual treatment with 5-10 ppm boron during operation
until the corrosion process has been abated.

As part of the boric acid treatment program, Vepco will purchase
and install hydrogen monitors. These will provide an indication
of the effectiveness of the corrosion abatement program.

A copy of the Boric Acid Treatment Program is included for
informational purposes as Appendix D.

D. Leakers

To preclude further U-bend tube leaks in the first row, all first
row tubes will be plugged prior to startup. This action will be
taken in light of the fact that two tubes have failed during

the first cycle and that residual manufacturing stresses can
contribute to additional tube failures. However, it is under-

stood that there is no evidence that the leaking tubes identified
during this inspection failed by a mechanism related to the

residual stresses. To the contrary, the primary known contributor
to U-bend tube failures, e.g., hourglassing due to flow slot closure,
does not exist in the North Anna SG's. In addition, it is not obvious
that the failures were caused by residual stress corrosion cracking
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because the failures occurred in the tangent position of the U-bend
where stresses are considerably less than at the apex. Most U-bend
tube failures occur at the apex. We believe that the two observed
failures are attributable to isolated tube defects present since
fabrication.

Due to the lack of information concerning the tube failure
mechanism, a conservative decision to plug first row tubes,

will effectively preclude additional first row tube failures
during subsequent operation. This is based on the fact that both
leaking tubes detected during this inspection were first

row tubes. Experience at other plants has indicated that

similar first-row failures have occurred and that first row

tubes are the most likely to fail.

Inspection Ports

It is currentiy planned to install inspection ports in the North
Anna Unit 1 Steam Generators during the second refueling outage.
These ports will be similar to those installed at Surry and will
allow inspection of the upper tube support sheet and tube U-bends.
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Figures 1 through 15
Steam Generator Inspection Maps

North Anna Unit 1 First Refueling

1536 219



S mn
4 -y
|  df
i
H
. aii{
. ~
{
> * !
: i
. Q s
-~ 3 8 s,
<4 } §|>
- t 2!3
LR -
. i
A ‘ ('5
S
t3
b T
o ‘ 3
R
N~
J NG
T
- +
B e
X
AV,
.
!
o
il gl
R S

~ e
-_-_ﬁ—-\_- & ~;::¢"00~

"J f } | J
< - RSN
R B SR LY SR S e JINUHH e /
 — --4-:“::.000' S ‘ L\ @L/ v/t{]
- = i A
. e

we'. "s'.v.o

Z \'Q.’v-\ .v‘.‘ . 44--09 - .-A-.-'lv s
PR i Pt e VRl T vy

5——0'-0,-..-,-:.1»9-' Bl s 4
3——Mﬁ~.‘\. T L QRN AN s &
Cmsrtele: ~f~'-.\'ﬁ‘w.'-‘u-.%,ﬁ-

%——‘..... ,.‘,g.‘.;-h,.‘-;-'*wi- o pro
s S Sl S i A B cf.«vm i AR, W

B s et e 2
Rttt STl ST O i i U i 2 Y
e s s i e
—— O U L~ S

R S
e @i

] = B e e
R+ @, S -&«‘o\ Do DA e e iy L [ < el
t_—-—o-‘-s-fp‘-;-:uoe-' = oi— e e e e el o .

S e e A L L o S G i N S It St O el S S e -
G—PM'O"J\'N- ﬁ-\‘."-‘-\ﬂ T LS AL AROND TRD G O 00
e et e T R B e N
I_QM*&" O-'f‘ > .’r“-.f'd\?a'&-:‘-. S 2 I e AP = D PO O
s STl ORI PSS

B Ry R o b a e e R ot e o

.ﬁ-ﬁ..\-rlvn.-vv.v e e et aa ad

§ —ie_al il - w o '/-.‘f-.‘ﬁ: -O’MO—} i—"~»
W @ G S O L

= i S e i T I '-b.‘o\‘nb\

R—'—’.-.-M-h-.r.*nﬁ.wm-.ﬁ

= W
3\#‘ SR AN = WG EEm i YD ,
B e e S e aaaard L 3
2 S e e o —WWP
2 B R R A e s e e el st acs d
:\-;\%-.QJ-H'\: L o e 6%‘:&-‘)&0"

i It i A e
f;&mm:@w—:%&wm-ﬁ%
§ 2l F [ e ~\‘:ﬂ.\\0.w\f\'f'~2\;w0\b@-\‘ﬁf’ DG
'-—s-' i-.d'-b-ﬁ-cn.ﬁl-.'ﬂ. B AT atars ot S VSR Rt S

a—dw.wfmmw««:«m IO e
I T

el el Tt 'W-‘-)—‘wl-&-’%.—.\'&-\:ﬁ‘-r\ras.wm|

el
R S U NS Y TSI I I U‘I.‘M

v
2 PO T AT PRI S SN T 000 |
§=——1i~ P 1= Tl L I P S

R ol M AL AT o D \.O.-a‘.--vv- =R
R e Sl L M= S i Lol N LA
b} EARRATA DRSS RAE SR SRS A
& e S S S L A D el S AR i S S e
-——.s D e gt e G Rt e e o o ]
D s o S 3 o G S T D S ST T e A ST
e R e e ]

i
p
: 4
?

:
) ] ! '
§ s S S AT T T T e A

S L BT L L AT SEIRL )

. & e S AT TG e D ‘et bie
e e Peese 5 : sl
l-——uﬂ-bM--‘.':"f:f:l

et L S-S0 $9P fits ! AR

: .

e s bedbibii
TICOviess- ety ;
E o ' 3%

'3 2 3T ¥ L { § 2

i by biad

‘.‘_;’:'_.'_'_" l:‘l

'y
i

1
'

|
i
1]
|
!
|
!

e EE——
P J—
[ R
R o ——
i Sovenr——

»N
w -
“
”

't I '
Netapems3ARTATISITIINNISLINSY

W ARNE 8-
P
"
v

T PR
e ™ N
U LS )
L)
!

LR T Y
KLl

PRl B T T )

B P e

"o



i

1
(3

(BN D B Il D e ) e ] P o eIl
{ ::nam-:-:-'.-x-t-'vo SO 0 Tl PN S DN N D e D,
| SOBQOGEL DD DD (A el LNG DD DT AL NSNS o o il P T —_—
| e
! @G -NDDDE DD 0
| @4t s,

RIS £ D B o e e S i e Y S
L e T T Tt SRS

Lk, Sy Qe yel Sl o, A A, LN b g S Pl
.w g
QO O A I e T Al
D ’

@ i o] il Bl AN e . § L el
i ot 5

o 2 D G iy ot R
OGP ([ DDA Il T e
D S ,

D -
:::m+0nmc~cm-c~w.

—

LA R R A T R T R R
-z SEREEE

' '

|

.
babteijrid : :

{ 8:14

i veb gl e8e00te il H—p

i L 8 Seeteaen i —

H L e T ANttt 4B Ty

' i Sl R |

i R "’Cﬁ“”ﬁi"“’i"""——@ 3 s

e e . S . —

it M?-.ﬁw:-m'.%‘)‘o—l
I e N Y e e T —

[l soe e

. ]

S —

R ———

— ———

D A e B S ot SR
M2, DD DD o DL, NS Al I e N T |

Wmc-m—)‘-eva.\c‘v.\w-n-o- e e e g |

¢ . - .

‘ e RN NSRS T NP VTR ST TVSN S5 J—"
| N e b e AT :M:ﬂé:v-o:«:-m'-hw-—!

K s T R R T AR S
! Loooo

DAL,

D g B L L G e 3

@ DN LD e i s ey )
| QDO MO LN A Ol SN D e Y
| A QDG Ll DT P Sl Gt Dt ] = 2
GGl ~ D ll? S IS A e S S
| | regaotepn - ngs D T o G Pl A o L e e 3§
[ WD DDCL DAL L AN SN o o Pt bl T

ALl DL NN G I S, P DT e e
el

' mw-b"i e P

@O i PGS DN o = Dl T Pt B P 7?;::-.
e e e e E U N RN TP TSSO, B
A O S R N i ST o et S | —

@ Qs o Dl Bl B Tl 7 PP e Tl ki o e B H-‘w
O o Dl I D w18 i . S o e g

OB S e e L L L OO
A B Pl ol PO T O] G T Tl =D Pl G e

ST L O DL e N Ll N, Y e 3,
ORI I GBI PO L Gl e Do T A DB Dl B DT N D il Qs
e

Ay Il o ol el el B

BRVIDSIVI VBN E PR RSN S

L OO MDD
Q@ Pl L N NS NN

QOO NG L G O
OO il T DL OO P
" 2oin g
WP (PSP NI NG
. s e o 4 %
PR LD NGl = Tl N0 B Tl Gl Dl ol L e

B -5 - BD S e e b e e T S {3
B Bt O O B A el R i o e i A S— -
D O PO AN DL Ll L NS I ] 1 it L]

- e N ﬁ?-f'.‘f‘;'.——;
N DA NN NPl et Py P - Do Nl il e PP el S e PR e 3
BOVOOPO i QP O P e TN D i L 4
i Y B A i e il i et O S —
WO OO O e I ] ol el Sl e T P DD —
£ Tl DN D DL ARG N Ny S Nl S i, - ——

-—'.‘."D-M-’.m“.ﬁ'.-‘?‘:-’.\"#.’“:-’./.-»MM.«——‘
s e e i e e A, RV —
o e S e o o T LN N

Bl TRalal Rt ol AL ol i L 4 \."../.l\¢.\-‘l>0~‘\_'
A B &k AR o

P VOOP R R T -y
ve o @ -~

R e L L —

\

c A

ul)

GRITTIATON,

FENT BIANT STRNEE 10t o 8 (8 TN PO B Poawy ¥ 7Y

HoT g Zoofrifa
‘700 610 Syo

.

48'0'. fubes

'
!
.

L.




—-
S (G - - -ee

27 9{9\ ¢ sumia D20 3

TTeT t

-0

t'!‘t‘.!!l

— 28

FR—————

-

B L ]

FERS—
« e §

- ——— o — 3

-—— —— ————— . 2

BN VOO Pl @, D D el §
e o —)

1 B T b
' AL AN A A [ DD e Do DA e T [ A A N e B

WM}WWWObQ———l

D, NGl A P SO D

P
‘0 Dl NN £ o Peln T FM"CQ-W?’.——?.,
| @O OO POLAE Ctd D Coied DT T 2w Dot M -G, ——p
|e PPRICDDND0 P DD E

———— — — .
——— ——
-

. —— e e P

- —— ———— . ——

- p— e —— ——— T S —— »

?{{ =
i

D e e e 1 M
ﬁt«ooc-awwwxw~a~mz—>mm——.
| A SN G T Bt LD T Dl DN N A ) @ G X
D e e e R R S
' SOOETEDAETRIFVS SRV > S—

A P DA A A
O DIl Dl NIl TG DI D Yo S L Nl o e N e
| || et i p Qe DD D RO N D D L [ [ I I PN D e §
< SO < PN NN DL L ol D e Pl G D PO e =
lim—rt-' S M S o IS Ml D PNl o e T T s B LN
e e T e B e e ™)
I B T o S i e S e |
PO R e S e P00-3- 4O PP OBy
PSS-S FSSFVETPLEVISIRFERVEFREF VS PR RSP S-SV S a——")
L i 'vxd.ﬂcoaocq—\'-v DAL Do WD M e B
O e o o e T e e A
POSSEIEPESEVIIINFSTIEIR IS VT ERE S S VETED TP PV S U——
D e e e g r—
D P D LR RS L e ——
e T SRR S ] ¢

A S S ?

DOEPID O S D W‘-{M&P%W«. B e —

GO DGO DM ANNL TN L NN DI, e AN e Py

@ @ HA= AL DO DO O 1O v-%m:-\ G, Nl L e

“’ONWﬁWM@W‘WM Ca st 4-—!W§Mm!‘\-‘?——g

P b e et A L I A A B e ]
W A ot A Ly S DA -;‘,.A-,.‘- .-v J.‘_ \ A W '- o

oo €
WW“M&C’M B 4.-NM.'\.-¢ D o L —
@@ LD T T DAL T L S A T P T T DT T e Tl e el 3 L™

D e > L Ol e T LS SN N S 3

@ @ i, il et A, Ly P A e
PO W B B TN L L ol T D T T NN (Ll e
OB O T T T, DI AN NN L M N e Il o A o N Ll S el e

S T
v

- el B IS T B o DN Rk M}

SbBL BB ATt D G DA Do N OO P TP DN NP P s §
@A T T D el | O SNl T D DN el N Pl N TSN L s D
@O Q@ O- P DG oD DG DD i DN S TN D P o Sl M -.'\'C‘cﬂ"‘.‘. L o | P S R
CO@ @8 i I D R, L gl i Ll o el S el N e D Al e ¥,
mm«mmmo———g
L o o . A . e A e s o g O o
WW\‘M’}WW DN 1@ P T
@ G210 P UL CANDL AN Dl =Tl o o, Il NG Sl Ll Sl N P Nl
SO F-IMGALOOODL DINDMOC BNMAAD 3 DL o o =PI DPAG ey
0 SO P PDI-DO OO ODDD DA NG T DAL N Pl N, = N i o] A il
. Ay oS SN NN T DN ﬁ¢- o o ——
@10 SN O IO P ol oD S oDl Do ML IV ] e ]
e, B e e AN NN i 2 O T S N TN Sl DN L Tl e R
MMW»PMHMWQ
il AN P, A Nl e DTl Dk D I L @l bl ) S
B o e o e e e e e e ]
-y P M&-WM’-&’.—Z"‘&V*‘M S RS SE——
mmﬂ SOl M.r-.\mo——r

L4 "

¢ 2 AN NPt AR DR DAY, N @
B o S e s LY P e
@ GO PR I S D Dl Sl NN NS NSNS S 0 WA il
e A el SIS St - okl il el e, e
Q@) NN o, SINP AN o N .fo.f.' ATl SS—— 3

J,I'A' »rl.rqr/f *".F\Afv.f nr. -w-

o 51_({ S h--.u..-(._\v.»r"\.f‘ -.\———.'3
P EEalolal oottt Satteatt Tosatel SAEg B Dotk J
et i et Sl R g e - —
- A(\".. N T T LN DT A .
/7h AR S RS S D A S ——
/lg /7P L L S Y S S, T e et ]
1/’,,’/1/1 Ly | .-_.~.--{v’l.\ T T e ) ——
\ /,’//7-‘//7 LR RSP AN W
G\

{1 T AR OO N W AR Vei——-
‘ . " - RN ORON O A ——
$ V e e ee—— —— -
/()
‘ \
/

*

)

Hot L
421

W L

N

PR SAIY IS STWENLE AN WA R AT Y Dt 2 Pyt ok

7.5 KAz
.700

(mm

=




£22 9561

.
ity
.' .l e -
- ‘s!l:l v‘ .
f3218
n 3¥WN914 pol % .
* - oo
l!ll'l-\!l!\vlllll'x{:?5!"«!:"“:!:!\lgg:?g?T’;??’?:.
|.|t{ | a,:t;,nzait;!!--ga;m:%qe:!
. ) THIMETIIIN ‘,[‘I',!]
- ! .;-(IS tegraling '| | 'zal |
il HIMHEHH I
| | 'h“i‘!!i:':l"l RERERDIUSIINITL
. THHIRIH |!="mmo——
‘ !f‘,ﬂ"il{!lf R . -+ %o w—
: BRI RRR IOt . s v s v e sy oy s mmmmrn
| R R R o s o004 A+
by P11 g e DO DD D - e
3 L S R R e —— s
’ | QA O AL AN L DM D O §
H fmw'oﬂw : ¢ «Ww“t 5
| It it e A NN N e §
oo g -
H e il e Pl N o =0 D2 .
| : R :
! AP DL DNDDDND G iGN
JL< . - S-S ST SN2 >em—

o e e e o B L e S
MWWW”W
V| 0@ @200 OL DD OO R L o o AT ™ S
14WM'MMM2\'¢MFWM('?“— -
l | A A DAL N 0} e DL D TN D L NN DL, 0 5D o g
|*WWMWM’{“—:
B o e e e o L an §

@A A G 0D DD D LI 3 DI DN Dy O DN DD
e D DD 1D O BTN D DS, Do LD TP B D TV
'+ o T D I - L e DG D 2, ] o] T e G Tl W e o D B e D
" i DB e Dol 0 NI o SN D P ML, - DN L -
et : B e T
| R
e e D BB D P i B DT BTN e | e i T T,
P B e e s R i
~ |Mm-&ﬁ#m%@o’.‘:-'-M’-)C-WM-Z%‘O:-:‘.N%—C#M‘——’
. . i s i D T SN 2 T D TN, DN D Rl D S N e
e+ | SR PRLAT AP C OO DD DDA DL L S SO S el A B %
GO A, B N L AN A B DA M T,
s Gl DA A G T Y S

L

—

P P Sl o NSl s e TPl D G S NI Il DI D LN, M
v el O G BT O 2D D - Sy QoS N, A D G D B e——
ol o Al S NN A NN o e e S IINLNN 0 NN DI, M
B o S N N SN S o g ATV SE— ]
s i iy o S A DNl o AN IR I L N S AN ZINNCN, M
oy it 4 (ot N N LRI T o S L NS S DS NS LN O R e §
® AL G A DL DIy DN T DD e SN DN - P e §
i o i by ol o Gl A e L AN QG A Dl Dl LA DL = Yol e I
D a8 el N NP TN AT N ] 2 O Ml O
Ot i, B ol el g A D N M IR LAY = DL NNINNIN . - e Y
i~ it o e el PO NNt PN e Dol Ll AN e
& & s i il Bl A A I A LI B O o B, el G L Dl e §
i i il A P e A . N e T LT D T Dl DN Gl M e
. e o ke NS = NI, BN SN, Tl . g lpenrn D
4 oG I, e P A D D i, A I T S W A P D N DN A e
O J e i Bl O DD D L D G AP O D Dl o D Pl i G T RO eV,
. 4 e bt ks S TSI, LN TN 3 s
- DTt G o QLT N D DT N A T
Ol BB P O O T o

s
5
5

P B I N, s
o~ e I T A ] 2 NSNS T DT ) e R
T € OB 4 Do I NN DM o THC T T SN W P Lo DN DL D Gl 3
i A G N S O, = DL P NI S B DT ->;-M-'r-'.-e~'~z::-q
O TG DO QL 2 IS T WD AT N D P D T oL D A ?
ey T e DIt S NI 2N D 1 Gl o T L SN T NG Nl Dy
. B T O o e A T S D N D e D AN N N e
e e e e B e S P Dl A e D N+ B G LI D N
i i e A LN e A e e I I G D DN 2 .
B o

D505 e DB a4
s B ) A N L A AR NN S P T DN Y P e
. s DD Gty o T = DT NS L A T DI DL AN AL LDl LD
B i g AN e DL N DN DN 0 £ AN N NPl el Nl e T,
e i A S S AV -0 S
A e Bl A e e, e ey AT DL © D) el e
i o P IO NN Ky O D D G L N DN GOl ‘ 3
BB S SPE  Eet =E A IOl = PN LD NP AN IS I DL Al e R
i G DT NSNS S D e P o N P O e Dl A L Sy e
- 2 D P Dol D DL N = 0 L, Syl @
et o ] S B Nl LI I D L P NSNS il e
- : 2 Ly DA TN N NS LD L NNN G 0 0 | Y MY e R,

P v T o —

o BLL AR ONPOOBENIL QARG L0 L) Q—y
Q2BELRDTINT T DIIDONDOAL QBN § ey
B o o d o > — ©

S N P T T | ) e W

e

. f7 n — et D ] o - -—e - -
o/ IWNHILG . s 0 A e e < (obas? e, el - ———
i F\*//?@H ) &\ﬂ@@é’ T ey

D DI N DD el Qs
& LD L O Gr————
i i Sl s
- b+ - 4

s ...J.{..'

~)

' n—.ﬂl" "), _GIIYRATOR
(Ms‘-nmmm\tmmnmvmaﬂmi racr & OvEVE

\




Ll

e o -

At -

.- ———

M L
M R

PMETR_ ST
.
m1

PIE———

———
JRRES——
PRE——

et —— o
PR—
e —

- ——— v - P

= — o —— v P

U ——

i IR HIUE IEESPRSPRS A
| e i i M
340 TR Y pposeessSRSS el
i ‘ - HEEPPR-5- o S m e te® o E e o am——
i : M'-!-'rn—.o:ncg:;-o. *
pitrie! -
1id BB N S Y-

R P e G —
| A D DI IR S s —
HM(‘:‘@-:%:@:VM?‘!M-W
PASIS S EE S ERERA S e wr s pm—

wmmm—:’uw-:»nw——!
| BAO SO I T T et O D LD L Ol B
¢ SDOB IS DOLA DR NDODDD © P et
Q“‘O»M:WMoﬂ-—t

e s SO 5 L 00 O AN S DR DTS
o e

s i oy O Mo = sl LoD . L

!

TP

B e i B e s
:o«mmom—ow*w%*m&-—t
Ot O P e o % S DD

PETRTEERY. PSS

G0 e A
2T QDDA D I T B - b =

S R e S A S P 5 -]
Ot s I £ O A s Do T £ S T o P el
’ ST R S SR R S w y am———

O e
P i e ot 0 Y .

P P Yool oGt P o -7 A b 3

@ @I e AT D P T

oom«~oo¢-www~>w<4&-:¢n-x 2

Ot A D 03 G AT T B AL NN T DT AT
eI

2 :~:—:-r~ﬂm.~:+:—:-o—a—t—.—m:vm¢——:
D s A S

O DNl S o e Gl
PSR, b0 AN G L B e e

: A R S i B
it
R

ot e T el
B )
«'.-ca:#w:+w-s-:f:-r.-o-cz.—c-:~4-——=
‘-:l:;m-o@o——a

N e
Ot M D =T o e P e, o, P B,
NSNS O " ST e DN NS LS, o e

i e e e e W 1, Sl U T INNP e Y

SR N e v Sm——

T e A DA W T DDA MMM Y
@ D fy LI G BTSN e B D T e 3

> @ BOA

el g S AN iy, e D T o a5 - S
MWJ.W?MWOW—-—Q
MWMWMMMW.
e £ P i P ol e D B
Sl T Do G D D B, T TR (e P e e

ANy D N SN e o
- e——

4 N N 0 —a
© O MH-I1V1-0 2@ LD DEOD DATM T NOT ?OM‘.W@':-}F.-.WQN-H—’

:-nwm:-z»m«v.mw:-ae-mc-zsa-——:
Pl A G e D o ».
WWW:-W‘
D ST e TG B e D
MW-*E-.‘H-&:—&.%M&M{-WQ———g
A < e ol D L o LA I D Pl 8,
B e o s

(!

3

A A D B el e D DL SO RN T SO >,

o A e W oy W SNV — 3
- e B e DN [ ng -?7"’#3 D D DTS TIE —

o o AN et D N L N

N

A 0 o ot il e
i B @ Ol B
e it i o e D e

A B N N, AN il D
T D DD eI Ll D D O e e

i.
;

G MJ!‘-’.M:-C‘?MMM-’.‘G-'W o Sl e @

R R o S P
@ s B e 3 T I LI G D D z
QNS i) .-O-’.-ﬁ(".‘-t“-‘.“)-'r’.-:—'!“:’.-ﬁ’.-‘t-‘.-"-012‘-3._——‘

N A Lk~ neae B, NLD AP PO LG P @ e—
8 Bos 0 208G GO« E O MMIALH O LN NummmateB
B P o v s e -

y
2
20
o™
B
9
£y
¢
)
3
'
f

L e T
B ———

U e At o ol < D o, M [l e
L 5 O o o = S % o D e, S e
WY

.,‘_-_—Q“Qu“o.\:o-.b—-—-- .
B e
L X L Rt N -———

B Y p—

I B-.uf.mevm

-

——— - ————

— —————————

B Adas £ L JSSE——

5 -
- [ e
.

e

POV R " —



2

.we
-

PRS-
cases @)

S -

~627 9¢651

9 34N914

-n

— i = M

”
3
—
»

R

L B LB

o emmng
. et AL e
PR

~

seaw
| LA

—eee
L

-

e o+ §F

. ——— —— - ]
.. )

IR——

Y

——
s ———— - — . e e
B
- o
-~
o

v w3
—-m

Bl
. -

v ——— e W

carmn mr - o

Sk @ et st O
-

- — o

.-
e ———————
- ——

- ———
- —

. St S o S s vt ¢

PR ———— "]
oo Sm e uss Wen e
-
-

-r

FESVETTEERS T VPV PR PEEY-US L e —
Bt \J‘JJM‘.\’.:J,. B e et

S et S

e 3
-4 waooc-fm.—:-c-:-:-.w»'-m-eﬂ-e

-..‘..—..——.' e ———

|‘--:.i. ii.
‘ ‘@t i';-
tted HE T
;hif A 5“‘
51 I
H
]
‘
»
lf
’

, — s
I R R e i e P R P
BN 4 O A B e D N e ey o o D
B T N R et e D e . r  —
O I D D DS T D e D S Dl e Pl N B
i e e e i o S S S-S S )
L e S e et

)

e

- TH

a2

Tl oD P D DL, LS e

R e e i o e e S O VY LV S—1

“.m...lq;.of.lw O R e ——
‘!‘ e S X Mw-ﬁ‘-—!-f'-“' \“«4"-3-’%!-wa_'
A 2P SO C~ W‘N’.

.ug.& et o e —b-_—:

0 N U S
- e o e i e e S e R N A et S
. | : : ¢ DAL LT B e —
R O AT T St B D S AT AN DN L A Tt T DN A Bt N &
g L i i S '_-3-"-4-:-@%1%1-%.—;
D e s e e L SRS T YRV SR E RSV EN AV - a— '
| @ Ll ol LD IOG A LG NI DD G S - Sl ’-&HW.—?MM——‘ E
@ =Y, B/l -’.—’.‘-?-‘-’.-’.—?—?—C‘-.‘ = A N D N e DT e Do ¥, . 4
A e e e S D D Yl AN Y Ll W S DI R B e S N NS B S IS o NS, i 2 E!
. e ek e SN m.—h#:\':\-‘!-‘\o-ﬂ-'ﬂb:"‘.‘-‘.-(‘.’ e — — -
< 2 DD N N R B I N R O S w e  ——
D s e o VP Y SEREREIR NV RN SN N S N Nl L . 8, ;
e e N AN T A S P R !
O L3S S N NNt s - 2
M_t X
g “,
|
—

a\@.éf-\q.}%fs .'\f—%}-“f.&\ﬁMﬁ.’“ds. _,..m-v\- —_—

.o.(-'.w;.@-x- I DN ST T T N e Dl N e T w\..‘.&)_.—‘
L 20 g o o g M{-‘i—’rf AO’)“Q-@-W"-&- ool Do B 3,
€ & Pl P OO B R . - ———
Coi=iend #CWN‘QM‘@—&-&?MW\MM-»’-M%.%}Q—— %
Ce B B D e 0 0 N A e R S 'C-\Sﬁﬂ-ﬂ—-—“
P 2ptD-2 L0 .-4-:-:o-b-~:vw -.-’.‘-’-’: o D‘@'.\?-':-C-. o m*-»——z
PRRREESESIPITERY NG AOC- 2D O 5- P DDt A i
- i i B " i i e S A e e e L S — )
. e o an o e ud

D A

L

Y T DL DOT DD Do DG . %

S £ty A BT G B B o e e SO I C——
o n o e L e e o Yol A S Y
e ey S L e B o D D T e B Dl e R

e

- .M{qv-ox-e-hqnu-ne-wwmw—g;
e e S

A alg
—-’M.»M MO = ol o e =2 D ek M A ol e D -c-n-——g
-

— e G —

NIHLSHRY

\l Q’”Jug

-

Cod DL 0 DI mﬁ}m’"—“—ﬂ
el e BB A N T N T T e N e B D NS

AFIPI TRV EFFTIRLE XL FREXVI VTS .{h'-'o-av-;-—g
-

M

O N BN BT B LT G =B T G D el -
O NN T SN M N e N S N . B

B R e o A S e e
T A Tl T N T A A e e

—.I_—.-‘MVJ\I\M\‘-MJ- c}’Jd\n‘%“’- R

S

T

.J\'-..l_nf. s .@I}:\f-’-{\-}‘}-,\f_\l}‘_d\ﬂ-}f—' -N,s..\"—— -
s Datal ol Tl A Sl e el o Rl DAl AR Al Rall Sh-T LR -

R DL DTINT T DL DAL B3 DAL LD N 3

OO OO0 7 Ot 4'09’ '-*'I.P.-J‘A'qar.r.,— -
nl\f‘c N -'I.‘\-u\'dv.:\{\ TN —

WA

—"“ e {-f B ——

-3 -.%v—— -~

1

MDD FANVT IV LTI F X WA oW O TEW R Y Aot R WY ® FIAD,

— Koo KHZ

s

fHot Le
[/

22 fu b&)

. 700

>




9¢¢ 9¢6l

»
f
L W9 . !

-
-
-
-
s O
n

"

PPN S

-

B
. "

-~
-
.

. v—————

|

-
« s s Wi
. conmn of
"

p—
want &

- e e o 0
RS-
- -‘-’

—
-

e aeet WAE WO

—— e 0
PR ——
I
PESS—1 |

E— |
—aos apmsa wan §

- ——

s o o same i)
PR———
cndvms ®

—— oo
JESSS———" |

 srem mismamee wee

LN

R ————

e v

R R e et
1

L A N N g D e

-

| : el 0
TR v s s v
)

—— ————— a—_ ¢
PRPEp——
-

B o DG = DN Sl 8,

e e

D A e S L —

| Lnaan o 0000 e D T N e Dl Sl QT Dl e 2

—

! B SLLANDOLR O TNl T

L | s €t A £ e 2 D B G T it A ] LB o DD e T
| @Bt - M A B A D D DT T AT

e s B B NI o T T B DT PPN - D 3

A S £l SN D B O ] T e e B D D

PRS- P

P B
e it Bty el Qe e s g T Do RS, SN S S Lyl e B,
B

TN DG aD oN N DL, e 3

S aa o o '
O D DD ATl W, N e NI, )
D o o i e T s T W

s S by A B S NPT ST Tl AT T LS e

> o DO SIS oA D O DT LD G B DN Sl = e DN Pl VD s
e s o i e o’ ol el ol SN NN AL SN N S T N S G LD LS
W—mwwwﬂ%‘aﬂﬁw Tl l—

. -
-

i o 2
’ iy oy o el G B o AN Ao D 2N w2 DTN SN LIS AL ey
D s s

| @ O Al el
PUSFS ST EEE SIS SR D EE—
PSS REET R S —

O M SN 0 TN Ny DN L DN -

3
|
%
!
|

S S S o o = D e
e o e o S 2P D TN D S DODDDL Gy
| | Gt imr s Doy Guied 2ie0eh =F oD DA LD DDA b

.WNWM s ————2

-
- - -

} O Q & DB A DD e S P DB D e B T D X
QL PO DO AN o e Sl L i i, e

G D B DD DD G DT T T e T P R DD Dl g

B B e D S D D S B S Al e T

e I N IS SN A

-
-

P e e 3
e et

P ——
- -

T SN M-mmcéfkiéﬁmw-é«mém%———'—;

T ]

«4%%%%%}»%
o o e S el Sl Pl Do TG BN 2

(25 ot et Gl Bl DA P I S el D LT o o N L G T o
G St Ll DY N DD,

-

A DB DO T T D D D2

fl-l.'-d'_.-'.-l-"—'\luf\-‘f. o

: o s > D o e B et
B o e o e TR T A NN e N T Do Dl 2
B o an A el Z‘.‘*?".-CP:-’.'—:‘-C‘}HV#Q‘N————TQ

. i N 2 i o e O DN, AN S T i Dl B D B A DN D e
e e e — )
S

-
-

-&e«rw«méﬁ{o&Aw:—mmo—z
- O R R S e S S TV - T
Wﬁﬁwq-wmmcoooo-—;
B e S S5 e G
i el s oo B 0 B e s &
i G e D NSNS A D e T
el N Bl sl P N L LT
e N S Tt YO

e A il

: B AR BAARALHESIILOBLIODRDAZALLLS )
- L BDELDDS % AR :d.\l:\'\’_\-'_-..———'

-~

t .

!

\

| B

(ur-' IARET VR PNY Y FTRRCY

)

y

¢ fubes

.
!

Y ERNES W OR TEWE™Y JACH W Dt 7Y

_BIEA. GALERATR

100 KHZ

Hot Le

C]

/

‘

..s4o

—— - ———

TRLA il T L R

. ——
- - ————

i
Riof 4 1
it

—— e

-

-,

"

Py



- e++ 235 __:_T: ..
[ 9¢G1 irifue E Pigig il
rycd Vb RSP [}
: z K et 113 2]
. "'“! 4 3 NI
-—r - :‘A > 5 . . 2
g 34N9I4 e !
‘333"?“3!??“!’??;!????’&'!!t,g!:\!l:T.";.9.?..? :
T AT |
. 111 .5'3' |‘§'..!'~.i;|"!' :i
h! | i !"‘”ifl.ij.it ‘il",!l i
HHEUBIREI RTINS
! HE! I'l-:l', EERE S RFREPPEP TR~ .~
i e "'4-"!'|:i‘mn:-eﬁv.~co———;
'id “262:"?'“ ' B D ——
' :‘ |'i.;,-=:!t'mwm:¢e-:-m:0—-.
ilagd bejiliel daande = 2
i il i eonac-patoope A . el
EERRA LR :!'MW~—>:-~-' € 3 =
RERERZE R mwwwwwwaw—-—: e
: ‘i‘! HE R e 5 -
e 1 1 ! 8000000280 e e e S Dl e
1H - e ol A L D NP G, e T
{ R ssssyvs A e NN o B = L e D
SRR N .Mm N, e B AN G, T Il B =
: i l-m‘o-oe-mcoc-v»« B e e |
: ' i R s > b Ao .
i 1 i B T DD B LD L D LMD D O e T
W«—-—
- l | .W.W\—whw z
'| ‘#@:@é&».'waw@m .
| eeopndion oo
‘.M—om. S St s

5

yard

Y N s
le -s-vu- N £ B0 e o B - 0S8 R s —

| e B D S SN DD A T e

e Bt el B WA 3. D T BB 1o 3+ S D e e Bl e 3

| it AL 2 e o G A P o MO TN TN L =S O S L N T e §

- B L T o e R e ——
T B e e i B e

i Oty 7 Oy I AL Sl D

e e i B e B B o el NGNS L D D] D DN D B e

| e A N e e BN e E SN N e DN Al D

%W*MM%:!%W‘?—MW%%%*—M‘M‘——-:

i i i e it Ll Ml Lo PSR NN S PN N A e D

" wa-r-‘.-q-c-f ot cdw-mwwh'—vﬁvsf—f £t i Sl 3,
w m

100 KHZ AB

P T . N B Bl S el
e e T e L e S N N TN LS £ o s
c-o-c-ow&ewx.-mc--:-fxd.v—v.f : SR N N NS S —
el b L N NN Nl 2 B A L M@-M——g
%JMJ}MAQ/A%“.’ AL T N ST S e S Sl N A, e &
. Bl NG L 3 T DY N L Mf,mvﬂ:.x“-.ﬂ@_«.wsm—t
i o s B oo i Tl Ao 3 TS Dl Ll M P N 3
s o Bt o ity Nl e Sl § e s D DN D L el D
! O il Bt o A D i M AL Bl LI RSN AL e e S
- BTN ot i ' N N D e LI BN M Bl N Ll D e
: e e e el AN i N Dl I T D e Ml DM e
St B BT DA DL G TGN SO B R
B

fa
:5
}
f.~
=§
:5
?
3
OICAN . GRITAATOR

. o~ q-.---o-o.v—.--...o-—

/| B

VN SR WA B FHIVY BN STRNCE SV AN T OF WY PN WP s

'

e

it :

Ot A it D DM T e LI T S M T M APl e Pl

Ot O St oy 1t LA el AT e DB e
S

Hot Legq
.54

é
133
35
23888
Bhr
(ks
:3
i
R¥ie
gttt
ikt
?
(

oe—w
- ma—.%v ) M“ - \VJ-P'.\’.‘.-"CMW P’ -2 o
-—bﬂ%W W\WMMN‘——"
Wﬂmﬁ%ﬂ%mﬁwﬁh—z ¢
T et ol o SN Tl . N G i o B D AN Dl T,
. e G AN T DT SN DL D e WL S NN o T N D T el &
e e e O e Dl NN IS II I 2 S L NN Bl el BN =
PG O ;

O e
i SIS SEDE. @ S0° SEReS ({W’C*ﬁfw NW-NWV—;\._—Q

i~ S P o S NN A, e @

[0 L Lo

P g gy

Ui
.

.

.

e
. \ ’

([ ———

P """-’.‘;C- L p—— - o .
--.‘{"‘-ﬁ.-—-—-'s

- w

- — - —
.
.

.



822~ 9¢6G1 bl v A rre L
yy 1 5 miis g
6 3WNTI4 “rewe & 2 R

& KHz

t!:t‘ttit!‘.av!{.sll':'-'.:l.‘.n:t_-g:t:‘t;g:s,q.?soaqtzr
) P p e -.|5|.‘.-:.;|.. i P 113 ]
' "H H'\‘Hl"ll_“.!iii-_l‘.;:E'::a‘.““!i
’ | "‘ ‘|‘i“" ‘i “"ﬁit":‘ii‘i'l“l%'!'
R L R R AL LR AR AR A AR A AR ]t
TR R R E AL

i‘ l“]"'H'ii‘!;E;:H!u';!f”.:-‘:"' tad. - )

i ."-H:‘i;::':'izﬂ.% | e O A e §
“!ih‘!il!-:.i'i’w'ﬁﬂff‘- e v .
H H B {> 3 H LTk b i o"ﬁ%ﬁ_—
ifl""",!i'- B B - S
t L pigingile; o aaorota oo
-!:li‘yi!’wo-»r-x-:\-x-:sc-mw»c-—— . -
" £t} qwmw*www——-—-. .-
H . | j08 o e o e oo o e e
; | e °-~'—:-c-w~5-.-:-.-.~o¢4~ S
i S Lo D DT A e D o e 3,
ti | e o Do S AL RDE DT R
111:¢ A3l S PETeE -
ti o oS el S PN DL SO 2 3
‘:i - R s e — .
i | | @eeimo o 2 00 2 ‘o-t->:-.4’\-5-;:-»m f e B
| i&oﬂm-i-&ée&hé"':' - e am—
i ’ | et it BB SPRSPCOUER S 0GS-S . )
i 'Mmmocmmmew»;ﬁwa -
R wmw—Wx Y .
\lwmmw:%wxﬁmomo——e <
| e e B A . -
s e Y S Y S s v+ s Y 3 .-
| g @i 200 1A DRI s $5-5.4-5-5-5-ummr =
et D0 i A I D P e D P 3
W:ecmti ~o %ou:’;?ggﬁ?é-é-}nﬂz-hzzq—-—: g G-

AN LD S s Sl ot e Lo DD DY :

D335 38 S REE TR S o A I R :gc_;.t;::(.}:s::-:x——: N —
ot oot efe D oo N a— :
“!-""\'-‘1"#%‘3'4‘44‘(-‘-. et T o ST 3

S AL e N T T i
. ' E i
s
§
i

O 4 i DA e N - z
Q-C:'E-é&"!‘-w".-'ﬁé’: P R T o WA -0 - .

8 gel g o W ¢ o = A e
C-(-}’:‘;".-l.#"‘:-".".".‘?’;‘}:’.‘:‘("/\':—s'. el o, w e Gt Tl Tl N Ln SIS 3

FAN. CRUERATIR

L,

g it DA TN AT O 2 el Pl e N, e §
. Gz G e A s MDA P e S N MO e
A o BT SRR 2GR TE A Y o
¥ e i i e N DL ot e S A DL LB D
59

8

(unr,urr R FENY IR ITINCEIY

:
:4
¢
|
§
|

-

HOT leg %

700

( ‘l -
53 B e B -
o:ﬁ"i‘.‘(-&e't-o R e -?-:M-&M-’.‘-W@-.\-—-l

-

B e I A g e N G IS NS e B
2 =

- -

-~

—
EAE " e o e o o s 4

P e
Jotn LI IO s

'. i
|'n¢~n.'
. .
-

L
.

b




622 9561 B

'8?

-
o

e

e ]

s
o anssmy NP B

S ———— -
FEUEE————

.
D T T ————— 1)

PR P SR ——

QMWW%*WN’M ‘I“Dﬁ.—‘
; N O M e ol el o Bl el S 2 o———g x
[AADOEDTD 555 SH 550050 s 2

'Am;.ﬁt.r.f.ﬁ.r.v r.!v\. e -.ﬁ-v.yo.}.__—.

DALDDLDDLL LD G2 PG Pl e "
| Q*H-".‘-OW'C ODw > Qe WM-:-'#'%*W.\O——-&

| W.W DXL LD LC m-.———l

o s > e
i !‘ aaens o m 236 2s )
. ORI O, D G .
;ﬁ-ooc-@:&om
-

‘»

PP ROPRE - 5 9 945 :
! W-eoemw~mz~a-h-m-c~v~ e S Sam— "
l IW" NN NN AL N o, B P N % o N, e S e T S 2

Y

s Sy v VT TS VNN N N A - am—— ' .-

s S s S S ST B s v e s L ES SN D a— .
S U S S TR T et S e LR RS AT O wmm—

S T AR R AL OO AN IO MO D N A A Iy

! A S N o o —

BB £ DA N A o e o N S S Y —

m‘)

| : PR ——
»A-a-i?{c-'.-xfmuxw-v}ﬂa N MO eI DT D e s
& Climt FLALp T 0 DD DD (I L ) ﬂ.ﬂw.gsw-f.f\r- J-\l f—y‘-‘.‘———‘
—— o | ST TDNG LB D OB N Tt -oﬁwv-o:oc e - —
| €L Ot & e
IO PO DD D DL A NG D B D e P = T e s
| e ittt 8 DD B AN o O Sl e f A A e s S 1
il A N S S PN Ny S mm—r
e O e o DD Bl MO el e e S e o, DY S
: e L M e B Gl MM NN, S Bl oo e P
R B DL L DM DN D S e N i A S L o g @ »—
el o A e Bl N o /__.v,r.xﬂ.v/-@.r.\\r.&p-\w. R e
e e L= I A W’J-‘-ﬁ-\-ﬁ.ﬂ.'—){\a e A T L P —
CV‘C‘%""‘"’.’?M"J‘ N f‘/-’%- N -'.f l\’\M - .MJ‘."&A 51\’: &\.—‘ »
e N o ey Tyl .\r_s,/-of-mvor.n._-_-ov- Mt Pt o NPt Ol ’v‘-ﬁM"'.’,—-——u
! el D s D B ST D I _Mg.y\.,v.».'a-.vw.r,.\ Tl O s § =
T LN £ DD Bl MO DM B B B e S = A o e e
EB e DL D ol B LD Do - G Ml e 2w N
et TG MW#@MW@#MM(*&WNJA-@-«}:-}-*O—-—-
: et el B s S s e e  S—
v od oo mM@f-@q-MWMMcW»mxmc@e——L
e e e OO DD B B L B B B P B : 1
A i TS e L - a——"
G O O D O et e D D e O A e e S $ ¥ S— ..
O il ol DL DML D Tl D T Sl A PO e R . ——
I e e B O e B N S S BT s e - —
. (WN-M~NWM’QWMM"———§
. ot *'Mmz-:m-c-m.«-s-sﬂ-'w“oﬂ-po—
RIS S e B & - =
€ O A e D D OO e T N N D e
. < p\\ﬁw\w«.\mx\-\ﬁspmm. o .p.' e s ——
: e-v._éﬁm. DODOCDONDD \W\@.\ozww. S e "
e ?

[ } ‘h&bc’s

.§
i‘
FHRLNCT PUCAYED (PTW A KIS £A7H R oy e
1z Abselute
L

Y .C. SICAY . snnaog
I<t
S4o

!

e

(m-mrrmumv»m
oo
.Llo

iR e B T 2 DA B B ot s B B — ’ .

BB e B DD - D J.f:“e@f-caz-af-v ai*——‘g '

L BB DD I GO DD S B I O s - * -
mmx—sx-&m MO LN A e § <0

T N e e e e TR NS
e i GO \MM-:N-%‘.\MWJ:’ M‘-‘.‘I-\ . 2

i e S’

- W mw—c mﬁ'¢ K‘I-C‘O L —
i R e e A S }':MM .-‘__3
e e eSe e o D B M Dl Sl el NN
B

O P D = B BB N B e MDD TNl S e
. ) o W -v-o.lv.c.\. S w._\-‘.__._g

ey -t R ——
f/.s.-.-M-y.—:-t:-oc-r-c-;\w.—.-rv-r-ﬂh-r-v-l T .
DL DED O ODDANNL AL AL, o

i
LS BT - 3 - f
i

- - -~

¢ :5
L "‘
ad
{I‘
"
]
r

— —— v
- o

e ol Rp——

WAAL Qe
P e gog

i'_

Urw s iy
-
.
'
- o cmane v @oa




- s . B

T~

0§ 9861 e g

L1 39N914 . =

<3

i
et (AN MR

:EQttt?:rl?l!alfzzltt:tugx 97._70-'7-.
' R | R % 5. E--v s 1 : i -
P HHHT
U U
i 1EREREE PLEE]: ‘:!||!s.!!
| ! | il i : SERERT 1 140 "
TR IBEHE L iene e XD
SIS R IR Y sote0reaig et
rhid i dhiteign D ¥
:‘, EERRR K | OEOeT oo M T Il
SR i
: H{igs l i
|' '|
l %‘ Tl
! | | ]i || adoono
| (1! beanncacss
| ‘ . %“,.wwor.'.-a,m:n“m T N L Nl P e
\ | ‘ N o I
| | GGGt S S DL PeT A DL D T e
: W.me A DL DR D T DL
e A e e S S A Bl . DAL DM
i : B S T ST v S o OISO
: A O LA I A, Al o
! i 0 oo o L DA e e A B e T
i A QIO (L = NN AP T L G S e
~.|¢o¢3_g<—:~<-w».w R A N2
o~ O e o e o
PEESESTEI SIS VRS VIRY SR ERE VR RV VRSN S
o ek A I IR I D i A LD S T A . e O
i || [eetc s rorercatsnrstrone st ittt L0200 00— 3
i B Ol T DN D L B O T T -3

| s i 1n O DO DL AR D DL L D B D e
l&m-&MW\ym--v-c- B - e
e e N A S -0 S

| O i e AL D S T G T e e .\:—y:»:-:.-.oo——--
[BRESEE-ES-SSERS I EE PR N R A ‘0-—3

M—?-C-‘-'!- MGl = Joo Fﬁ"-l-‘
- ) Bl TS NN 10131_\14\@&; O }\UN.:.nn-s-m.ﬁ.cN‘*—
. e e A "‘"’-0'*(-"'"-(“-.-‘3’.\9’2-}0’— A g A e 24
. .- ‘ OF LTI LB D DAL LD DG ] D Tl - S S Bt S ol e &
i s Al A P A O I o B el e D e P e 3,
) | Bt EEd DO DL S -}WMJ}PF@-.-*.W‘
o o e S I NI N NSNS A B T
R e N )

PRERFH S-S TSI DN SRS IR VIV VEVESTEEVE VDD S——
P i i e e e AL DD BRI AN AL ——
) AP LS EIF RO OIIRTEVI VEVRRTEAENS
2 . i o o Ol B oy N D T el N N
1 i it et N
sy i, i - A O o e N N SN N N P ir N,
i i it DRI L i N TN
. 5 s ..-'_ I P 2 L TSNS, w30 Pl u-.-.n.v.’u-
. a . ‘4’.‘\'&@’. ™ T Io'—lM. o p'v“w 4.%\*'.‘\?
it e 3 o i e £l MOy B . Gt B
# e e i B e o A M il P e D - e
(o i i e . N AN I AN O T
t.p..---. e Bl e TSN
2

o M QN
-0‘.‘—?-!'&'44 G me-»mmoo—z
. DD S GP D P DDA

T

WJ-{WAM%»W»W.—M—.@:{’.—Z "
e'-(--’r’*:—’.-.-"-“ﬁ-’.“.\cfn:-':- B T
it

e D DD P e e T T i B D e DD A I,

EDim o -\o.‘aw\pf\a\’.““h,-sp.\f.p'
e o o mm% AT T I L DT W =TT T, .ﬂ..r.o.o@‘.——,
- . -(—%—#—W"‘-’“ ML 5"—’\"“’- '“‘-t-';—i’.\-'b s .J.'\ﬁ.-'.‘.-.——-“
» o« .WM—:M@- TSNS DL, 9 s e TN N el N DI 2 .
—_Be B G e DA N0 M SN GO = P TG DN e SN DTN T Dl e
i e OO O LG T = S D e D 2 B, G e D O e =

i it St D, NS Nl e DD G, e MDD P
e i el B O eI N B’ e e G Bl AN
o e el e e N e e D B G B A e Sl ....____,
—QM—N‘M NS DAL, T o . LI e T T BN vl .
= e Bl Bl ANl el G D D PN TN DT T T e e e N e Bt o D el MR Gy
e Al Gl S e e M L Gl o e
wwmmwah%rwmmm——
oo ween eom s o= TS B e e e o —
el e e Nl i B (o AP
O £ i S e SN Nl N Sl Sl kN ol @
= BN Y N A
....... B S—
B o e :-'--’.*’-'-’-" ‘-P")-:-’.'-:-’.W-w-'%' B W
AL AACFORARASARNLAAADLD DN SQ P
Lo NGO r..\ SrCcoONee

Latris F K 3= 07 STt §

b
i)

5

§8%

.i

S

113

A

5

5.

Ty
=
—

e
=]
~ |
-
—

PR woers
Q
S
S
QLY

L >

S
o wesel
——me
- ——

g 4

o g o

PN
- - .

o |

X Leakews

-

(39 fuhes
|

RAL R Nt o 'E

100 kKnz DiFe

S40 Proba

ks |

/ C avnnr. o
P ST WO Y EVPNVE FERENEE 1Y PR 0 ITW ORIy

\

Hor ch
Ll10

(

———

— e ——— ————

20 &

7 T AR o S p—
pan g e Seg

Ly

l - ™



=n

™wme

: i
L. ‘s
Xl 3¥N9 14 +

:

1§72 961

3

DT T
e vt et

87 casaawe - W0y

Bt B

Wy

-
o

- —— - s ———— " P

”
I———
-8

——

o
-—se 8
-

PR e——————
0
—

anailin ”
s+ 8

PR——

. emssns i se ema wiw B
”
R—"

PESRESeR—-

"
p—
"
B |

- om————
S
-

aswemessus

SUpIe— ' ]
PERPEpTTSEE
rn w o o
PON—"1
- .-.—..
-——— — '.

ERE———
PP—
PRP——
o o ool

— — ——

——

i me e e B
BreRRpps————" |

z
I

F— "

——— .

l POVSESTEESe I

AT Dt
ol pamanags A~ e %
. Q'C":'Q'm». ‘- Km\w———g
PUSTIFTEESREERV ESTETYSD S— =
RS EUFS VSRV S ST M———" _ e
PRSRLETEPSSEREVEELRTRT EEh & S—
S Py O T DA D) K
O e AN P R e Dl D Gt -3 :
o O M S TN S D A e
| TR DGt DDA A SO DO Dy
| e e e 4——;

T s s v v e o
B e e e ———
I E v s et v eSS SNBSS 5SYs —
W D DD Qe e L

o

”
o |

e ® & Eedme me e oo w— o

——— -
———
" ——

L ———— - ———
- . SEmme——— e

) — - ——————— A -

. a—————

-('-MM‘! 2 :
B e e B o i i e e Bl S 2
B D A —

BN G o O ST N DTN D
A SN O B AN O DA D TN D S NN L N G D e %,

[ ————

24

)

/6%  fubes

S —.—-m'-m;-ﬂ---ﬂu EFCEE ST RS o e Sm—
i | ez O Pt R XD E T XN -\'-3. B e ™
> e e e

:—f—’-‘.‘-"’.".":‘:r“lb-y’.'( -JI——-‘I

G

e oy T ey R e ol
O ANl e N L e AL+ 2 il e
i 2 it G Nt ol o o o S V-o-——lq
PPEREFSITISRETCVIETELEREFASEECEL P FIETEERD R TS V0L W—"
o -‘.*J,WMJW:J-@M*-AM (Tt SIS TN NT P
P S R "
PO EIIFRRI DN TN S LTS v ¥ e ey
- -4.-'—-5-3-91.4: AR OO Dl el oIS

[J

I C.-m.'w., SUPERATOR
1A SARET YRR POVT VIRV FPRNEACE /Y ORWEN WRTR CAKIWTS FACH A YAV SXAL

\

il

ColD Leq Hoo KHZ
700

- .—x-.x-mme«vn-va« SEETR I
. 0:3--2B0 DD E0 COOADNINTADID N 2 OOt P e —
DAL D ~-=-:- A S v 5 s

(

cCE 2 S 3 |
e i Ok DN AN T e D T e D e M MO e ! -
i G e G N e D e M S GBSl AL O el |
e i (o BN A2 A IO Sy B G P Bl 2Ll Dl brmren 3,
G £ ORI G-I I N D O BN T D L M e SO B
-o-eaunw-;wwoo%m» ;-:-W-'-\o-\w—

|

D S DS ADS. & b=

B
- W.—..r_v.-v-.-

DL AR

DO NSNS

rrerws 3y .‘_.___._. ._'-

(o

i

. - ——— - — SA———

- ————— —

aege .. ..

wyrr Jered

-

-




!
:
1

LS 85 g0

% W

L Phiond s 1o v s o 2D

"

§ = g

TR

[T
Lo el et
=

282 9561

€1 3914

ey
W W e
S oemteag - e
-
-

A taseee - Y
4 Het OR -

e
-

ST
”,

- ——

.

!Q%G?t?ﬁl:!l&allt:
M ‘

-0

o v ine ol

”

R ——

.
RPN

et (ANE MO

- ————

o w—

- —— e ]
P — ]

|
it
Ii

" E——-———e
e e - — )
. toome

o o o> s oumm———-
SO —-
ES—
SIPSpRRSI—
WUTp——

avs = cam———

W5 - -
-

IPPR——" ]
B

DERIPRP—
P Sa—— "

.
. wimemes

3
.%

35 M%re-:ommo-c—o——-—.
A T AN ST T Sy D P SO Dl A N 3

N —

» 4 B e Tt S N L S N — ¢
'w AL T -\M-“\W\.——=
q-cpe-c~:-:-:--e+-e-c-c~a-\--r-:-:-wo o S anmmant 4
I AN L DD D D DN e N ) TG PN G N @
a2 Sy WAW-M&‘FM"M—!
o Nl il AN e P P N S .w_‘
O S L "Q-ﬁ?-’:-‘.‘:ﬁ“‘!%’hmw 2
Bl LA DD CadeD DD DAL o D [ Do D0 D0 D O, e
l ' éﬂ')-’.-o-’%'—"’?f.—.-@'.‘{-t-c TR DD DD D G DD G e B
. o WM\-’-\CW P
DO DAL, DL B B2 D D D Pl B D G el . B -
@‘ h@(u R e e aa oA e S
! |é‘€'¢‘@'$~'.’~.“.‘" B e o i e
.-“.-?\(O-M 2 ?‘f-.m SN L N L e D S S 2
M SO D = GO = D T D e ST D G D T T x> .
WW’WW%{%\\’ m—aq-:—w-ﬂ-s-'v——.
w Do L M € Sl e P (o Do SN L Qo DD 2 @ D
DO NED DEDD DG A NP e ST T L M’-!-M!-.ef.-.——‘
e g R T a4
€D £ DO DD DD, -\1-'-?44-‘5'}“-3-1&"\ T DI O s
- CVVEDPDOONL T OLBODEL] QOND-L .-m-f"-*m-m’)—-—‘
t —W D o DD LD DT D L T . .
"' POl %VM“.\C-'.\-.‘-M.“.‘"‘-’- g
-‘+o-=~r-&-g~'~w~z- PG A T DS I N T
B P S BB O e D D BT
. | B € D o D= DO MDD DN DTl D
. oo S0 4 Do 5o 3ol D Ol

o ——y e

-
-- - ———— ———————— - ———— "

i
K}
'
i
i
!
!
{:
!

,f
%
"5
i

et T R N e

H 2 RS a3 .M D T DTN T T Nl B
' '2-‘ 'i .(""‘C O"E'C"’."H"‘.M?".\C'f". ’.—’J’\’-‘MM“’-’—-—’-~
m“‘ M:.‘ ffmpveﬂ.-.rf.\%ﬂc.VA B e o L e
-
-

WL

- --a-.u.t.-*arme ’«o-:-v:-c

‘«-’.’.IJ.MM MI;C:J-’Q-\-&-.« ot ..hr l-(N Se s
of;-'- -z——-.-wwoc-f.-:—raefvx-rfm

S
'¥
4
.§
aenes
LR
f
PPPNCE PO EASEN 0P OALNATY AT Ry AVESE nm)

i
%
31
\
3
?
§
yaus
it
*'f
[ A v, sragwnns

re4f

he

i

)

] i s
i f§§

%;?

G TP R OB DDA o > o :
0~ 5oi: -3-;‘6".-';-!‘9‘5"."‘: s e e J"P-'-.s:, w_‘\*w_-.av\mm\zh_g
-

it T S S

(mw”

-

. ~
D DO DA AL D O - A B MO A B B BT EERU WYV am—"

L S T e e e T LR LRS- - SO - VA"

. O G o DI B NSNS D, N TTe A, TR ::.':f-o-a-—-’--

NSNS -

. S G St D o e
it B BT B B e i %
| AN i A il

- D OG- D BN e -'-'uc-'-h o -o--—-—:
TSI
- e T S e T e T e e e e
B T LB ST S R RN SR SR S TS S s aamm— 2
i Ol ol OO D B DTG D /e T e, = S &
e e - - {(muwwpmmmwﬁuhi
-\.)Mﬁ

T —

f - . < . S
\f” Holll | "nfml i 3 o e B sat )
(l/ly’ --J‘-“l.‘f---. -
IV O L . e A g
. d . R o i e —— & .
. R Y R — . .
% ] O M e .
. 2 . .

| B DGO DS G T N DD 3y SO D e e -

5 kne
Su.ﬂ:ORT Plate

[-1N R+

TuDI1cAT

R fvbea

CorrosiON

A

.

‘70
Joo

i
|
|

!

!

|

|

|

i
i
%

g

S
¢
|

tow oy O g
~ .- - —— o ———



Tz 9561 Bl

7l 3¥N%l3

PUEINC ST
-

.
"

PSR ——

N

»

-

«

e |
"

NP ———1 ]
PR
-
-
re

"
R
-

-

.u-._
ey

e 4 M‘ »

FUNp————

J—"

RU—
-—————

.
—— —— . ———
R ————————

b el . —-————

N e N e D S e S e
{ ) oo P N OS5
!l MO Do L D L S DI, D
e srene WV\G'\;"‘ OO e 3
1 OO T o oD D I o DO P s #
: POV SETv T Ty -M-NMA-'.\“h—t
| O N ey D D DT D Do N o B 3
“ DD TN SN 'W@—-‘

< ————— — . — v >

-

- bW e

—————— —— vt ——ann - w2

——
. S R —— |

MWW. o2 .-O-Q‘F!-CM:"’-\.-!—-!

—————

ﬂ
J T SV ETEVIF ERVERN VI E IS STV Sy E—
e S LN N =Bl Gl D D L Bt T B M e
LMD D TN Ll N D o el G S e B 2 e
S S N R e e s & S
e a2 e KN R P RS S-S
O D0 OO O 0 D MO e e T DN e /i B e &
) S S TR S N e T e e S S TR S LD Y-S S—
B st e o s s s T e e e N RV S-SRV - S————
5 S S R T R e Rt R C Y VNS R RNV -0 —
m+~<-~w-e-ml--c4—>w--:-mm-@4——‘
H Ww-pm-e-rmw-&rﬂmoa—:
U B T N S S N e v T - S ——
B B B I e e A e L RNt S B E RV fm—"
| B INAE-I- GO Ll D DD DL o e e LT e e}
PRSI O T DTS e e e T L LSS TS ¥ S—
I.ﬂr.f-@._ o e e ’.rfqg\’.«.d‘. - e J,.\*.;A’ = Seled .'—-.“
s  a  ra b e SRLNIS S Sl A y o ——
B i N = .n@(.gsw}gs\j. B e WE——
%HQ"}M’.‘- NN W Q‘A‘.\?}~&'\f\\’.“v~’£-’-— ;

| Gt GGG £ 2o DD T O (S i Te N 's-.-'v'\.;.&'wiv.}.:»i..:.;-\n.:\.m—s
R e e e ey R RV S S —
et S M O TN 2 BN

O S el T g WMW
m _b-‘mo(“ e, DO DO T AR .ps-.szvsz-g--ponv-'wq—_'
3 ADL \\.3._\»..\%:\\4;“\{5\0 R
ot il G el OB LI SN DN ol A -‘ R
i T N Nk L T Tl A AT T D M 2 DOV T
PR T N G D D) OO oD SIS B DG P

B
D55 5 DS O T S e N e V.Y N W — .
e e i el Bl DB N e D S e BN Bl ~ s
i B = e SN SN LD Ll SO Bk o T P B B B 2
— M '.W%w':-‘-!-wx > ‘UWWJ\.V-\’-Q— e
o 2 B e e . W e

f_/v-‘-rv-v_ .(Jm_r.r-_,,’ .r\r.r-ho...f.
DL DDA e

I\f Qrs 0. -\ Sl

]

oy
1" B s compamg

16

(ua-y.rr VRO PO ENIRNVE IOINND L 1Y CANRY Wil % ORE IS RACH R P € nm)

7.5 KH=Z,

HoT

19 +ubes

Suefov.f/ ?iAw' Corrosion 'I.'-I\J!CATIO»:'

———— — ——

b

Ll Lo [ J——

e o

© e arve — ——— —

- -

O




"W

e 9561

SI 3¥n914

;.
ES

o
w
v
fer oo
BN
-
-
3TV
v Bl
Eded

Ty

IRy oxae
GQI !
.

e —
———

L

-t v

FRSP—
P—

coccemaa-§
SO —
-1
- ——

S ——
IO p———
- ———

FR S —————-

|

— e ——— -
- —— - -

;,

;

N —— =
R ——

NP A—

X | OO e T D Dy DD e
T N A B T D I Ay S R
i G *s«-—r-.—»wm—» DN A e L
D -*MW'%W‘-‘——Q
B MDD e Dl Sl 3 P
LN D N T - T -:-~.v~.-c-ooor-—a 3
| | SOL-DADDGG- O Sl Dol DAY DGO O §
EMW%\MMMMW-Q———Q
mm‘w-:ommvpmﬂo—g
B B I N S N R R B S - —
i L M N, NN Sl “-V'-*%W:-e-i—.
Laasonnion e oeie o2 —_—
: OGO AL N2 3 DD DD o D 2 S Ll e ’
&oww DL SN LD DD L DDl O e
ISV eT v e. B R S
OGO OLOADN :

(R

— - —

%
5
i
;
1]

|
f
3

1
{
D
.
.
.
'A'l)

= Q o A S——

CGEL DD O OB DDD DD e DL Dt B T 2 T BN D B .
[ E BT OB DO DL Lo L - T T a3 -
PR EID A& merrlwz-msmm-@r\——’ -
’ B T At Vo - P N N
[ D Bl DB T Il te e et et e, et
o e e DO e 0 0 D MR B o i B i
3 § B At el P e AN S NN o B o e s B AP w—

. [(RRSSIRFIESTETIITEI T bmvm.\-uxe.r,.ww D e

he's

2 e o | BT et £ N G+ N A R Y VS S—
- ' ﬁ{-wx<+:mm~m~wmo«——:
%

Tl

165
SupporT Plove Corvosion Ind

AN _GELY Ao

of:«u\ - -‘:—f-:-c :«.-w.-'m-r.f.hv-l
ey S Sl bl e S D
e-w. < wx-\.-f.- eemm%

i)

"
-t

" ST P B FXVYY INUEE ITWANE € FEFANEY AN O FLVERY PAYH R PRy e /

7.5 KHz

s
L > 3 : L -
. ‘*-'.‘-QJ‘-L-M ) .
< 2%
O eyt £ NW-M W-@M{M“W—o’l\_ S
G NG LD N O vv_\a..r AD s o
- > N s .
. O DD D IO COOT N i R S N N S— e !
- D) O A -0 — J

. s 0

_____ - .'N..RIJJ. 'b\\d\l-\_.

W,—f_-l_\f.v.\r_- -O’,-'.'\-’-"U)-'P)-w_‘Jt-ﬁW e ‘.'\—-——g
«fﬂf‘l‘ﬁtyffnfl\-Nh’ﬂl\h'\fﬁr. .’\’.\h—‘
SOLL DD L O Al\ \.V\.ﬂf..\\l\a'(\d_\l.\.\_—t

— ————

—

. A\‘.”"")""“ R \,\',\_-(v:.\\.vaz. H
. -ﬁg\ﬂw.{v’f-—[ """ » | 3! i
¢ : ..
D=l D R S N TSN el o Ll I S e s o ¥ "&i § o ‘
gD . 'U‘-.‘r\n.-:;\—_—a ittt £+, &'m
TSN e R RE R
YIS $ . Y > ™

&} :',""'n S\ - = : e
' ¢ YU [ '»:v:-'.s>——-,-‘

k&t

a




Appendices

Appendix A - Powdex Resin Discharged into Steam Generators, February 27, 1979
Event

Appendix B - Powdex Resin in Steam Generators - Chemistry Summary

Appendix C - Steam Generator Chemistry Summary

Appendix D - Boric Acid Conditioning Program for Steam Generators



Appendix A

Powdex Resin Discharged Into Steam Generators

On February 27, 1979, while placing a Powdex vessel in the Condensate Polishing
System back into service, the filter tubes were ruptured allowing the Powdex
resin to be carried to the steam generators. The exact quantity of resin
discharged to the steam generators is not known, but is estimated to be

200 to 300 pounds.

The operational events leading to the discharge hinge on the timing of
fill and pressurize operations on a single Powdex vessel during return to
service following installation of a new resin charge. Normally, after the
filter elements are coated with resin, the vessel is slowly filled and
pressurized to establish flow through the filter elements. The operating
pressure differential across the filter elements is established as the
discharge-side pressure follows the inlet-side pressure up to operating
pressure. Thus, when the main condensate inlet line is opened, admitting
condensate at operating pressure (~ 400 psig), a controlled AP across the
filter elements has already been established.

During this event, however, the condensate inlet line opened before the vessel
had been completely filled and an operating AP and had been established across
the filter elements. This surge of higher pressure condensate created an
abnormally high AP across the filter elements, rupturing the element seals.
This permitted condensate to carry the resin off the filter elements and out
through the vessel discharge valve.
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APPENDIX B

Powdex Resin in Steam Generators Chemistry Summary

The skeletal structure of an ion exchange bead is formed by the polymerization
of styrene with divinyl benzene. In the synthesis of cation-exchange resin,
the ionic groups, exchange sites, are introduced by reacting the stynrenated
divinyl benzene bead with sulfuric acid. The reaction, sulfonation, takes
place at the para position in the styrene component. In the hydrogen or

acid form the cation exchange site is sulfonic acid, HSO, with the hydrogen
ion as the active exchange ion.

Ion exchange resin has limited thermal stability. Cation resin is the least
stable in the hydrogasn form. Almost total loss of the sulfonic acid occurs

at 180°F (356°F) leading to the formation oflsulfurous acid. Sulfuric acid

is the product of sulfurous acid plus water.

Ion exchange resin typically contains 1-2 percent chloride present as a
containment. This chloride is also available for reicase to the steam
generator bulk water upon thermal decomposition of the resin.

Under sponsorship of the Electric Power Research Institute (EPRI) Combusion
Engineering (CE) has been evaluating the effects on steam generator materials
of construction produced by introducing ion exchange resin into a test appa-
ratus, isothermal capsuies, containing oxides of copper and iron ang operated
at temperatures equivalent to steam generator operating conditions. Findings
to date reveal that the oxide formed on the carbon steel is similar in struc-
ture to oxides formed in dent producing acid chloride media in that the oxide
possesses distinct laminations. CE has deduced that this oxide is non-
protective in nature.

1Hall. Klaschka and et al, Thermal Stability of Ion Exchange Resins, Ion
Exchange In the Process Industries Svmposium, Society of Chemical Industry,
London, July, 1969,

ZBaldwin M.H. et al of CE, Alternate Steam Generator Materials and Designs,

EPRI Contract RP-623-4, June, 1979.
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APPENDIX C
Steam Generator Chemistry Summary

A review of plant chemistry data logs was performed to investigate the cause
of the steam generator corrosion. The discharge of Powdex resin into the
steam generator on February 27, 1979, caused chemistry parameter excursions
as shown in the table below:

Steam Generator Chemistry Parameters
Before and After Resin Discharge Event

Baseline Immediate Effect
pH @ 25°C 8.8-9.0 6.02
Cation
Conductivity, < 0.4 umhos 25 umhos
Chloride < 0.05 ppm < 0.05 ppm (unchanged)
Sodium < 0.04 ppm 0.1 ppm
Silica < 0.1 ppm 0.33 ppm
Ammonia < 0.2 ppm 0.59 ppm

The long term effects of the resin discharge on steam generator chemistry
were as follows:

1. Cation conductivity returned to less than 2 umhos on March 7, 1979.
This is the first time since the discharge on February 27, 1979,
that this parameter was within recommended limits.

2. Load reductions and shutdowns have caused cation conductivity
excursions to as high as 40 umhos (5-2-79).

3. Steam generator chemistry approached baseline values toward
the end of May, 1979.

The major findings of a Westinghouse review of plant chemistry data
logs are as follows:

1. Reported anions, cations, and cation conductivities are not in
balance.

2. Sodium concentration consistently exceeds that required for chloride
stoichiometry.

3. Cation excursions not due to chlorides.

4. A large anion inventory exists in the steam generators and evidence
indicates that this is due to sulphates.

5. Numerous events of silica passing through the Powdex system due
to resin saturation have occurred. Silica in condensate results

from condenser in-leakage.
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APPENDIX D

Procedure for Boric Acid Conditioning of Steam Generators and
Boric Acid Effect on Chemistry Parameters and Operating Guidelines

1.0 PURPOSE

To condition the North Anna Unit 1 steam generators with boric acid during startup
and subsequent plant operation.

2.0 OBJECTIVES
To inhibit the corrosion process responsible for the steam generator tube denting.

Measurements of the hydrogen produced in situ will be the criteria for determining
the effectiveness of the steam generator boric acid conditioning.

3.0 GENERAL CONSIDERATIONS OF STEAM GENERATOR BORIC ACID CONDITIOMING

3.1 No radicactive material will be injected to the secondary side during any phase
of this test.

3.2 Sampling will be conducted by using secondary system sampling points and local
sampling points for liquid samples.

3.3 The operation and safety of the plant should not be affected by sampling
activities described in 3.2 and 5.0.

3.4 Chemical additions to the steam generators will be made using the existing steam
generator wet layup chemical addition system.

3.5 The blowdown concentrations of boron during the test will be comparable to those
that have been experienced during periods of primary-to-secondary leakage.
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'l' 4.0 PROCEDURE
4.1 Test Conditions

4.1.1 Steam generators should be drained and then refilled from the condensate
storage tank (CST). Add sufficient boric acid to maintain a concentra-
tion of 50 ppm boron.

4.1.2 Maintain a low power (25%) boric acid soak (50 ppm as boron) for a period
of at least 4 days, followed by continuous addition of boric acid (5 - 10
ppm as boron) to the steam generators during power escalation and 100% power.

4.1.3 Hydrogen monitoring should continue during the low power soak.

4.1.4 Establish a new corrosion hydrogen baseline after returning to 100% power
to determine the effectiveness of the low power boric acid soak.

. 4.1.5 All chemistry and operating parameters must be closely monitored during
exch conditioning phase. The secondary side chemistry is to be within
the specified guidelines.

4.1.6 A1l chemical additions should be continuous and at a constant rate.

4.1.7 During the low power soak treatment, blowdown should be secured except
when sampling or when blowdown is needed to control chemistry.

4.1.8 The chemical and volume control tank should be maintained at a nearly
constant pressure (3 psi).

4.2 Test Preparations

4.2.1 Scavenging of Oxygen from Condensate Storage Tank (CST)

4.2.1.1 Add 35% hydrazine to the CST, promote mixing when possible,
until a concentration of 2 ppm hydrazine is obtained in CST.
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4.2.1.2 Allow at least 24 hours for oxygen scavenging.

4.2.2 Preparation for the Injection of Boric Acid

4.2.2.1 Prepare a boric acid solution in the chemical addition tank
using approximately 80 pounds of boric acid to approximately
200 gallons of condensate makeup.

4.2.2.2 Analyze final tank solution for boron ind record result
(approximately 8000 ppm); record volume of additive contained
in tank.

€.2.2.3 Adjust steam generator blowdown to a nominal yet sufficient
rate (not less than 5 gpm for a minimum of 1 hour) prior to
sampling. Flush sample line, at a rate of not less than
500 m1/minute, prior to sampling according to schedule below
(ASTM Procedure 03370, 1975).

Pipe Size Purging Period
(inside diameter), in. Per Foot of Line, sec.
1/8 5
1/4 10
3/8 ) 15
172 25
3/4 40
1 60

4.2.2.4 Align the chemical addition system (auxiliary feed) to inject
the boric acid solution to the steam generators.

4.2.3 Preparation for Boron Accountability Program

4.2.3.1 Boron analyses should be performed on condensate, feedwater,
blowdown, main steam and heater drain samples, verifying boron
concentration levels in the secondary plant prior to Tow power
boric acid conditioning.
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4.2.3.2

Certify the sample points included in the boron accountability
program (Section 4.2.3.1 and 5.0). If necessary, additional
sample points may be included as directed by the lead engineer.

4.2.4 Assemble hydrogen measurement apparatus (Kent-C idge Mark IV Hydrogen

4.3 Test Sequence

4.3.1

4.3.2

Analyzer) as described in Section 7.1.

Phase 1 - Draining and Filling of Steam Generators

4.3.1.1

4.3.1.2

4.3.1.3

4.3.1.4

4.3.1.5

Phase II

Drain steam generators per operating procedures.

Fi1l steam generators, drawing feedwater from condensate
storage tank through auxiliary feed system.

Upon initiating the steam generator fill, the oxygen concentra-
tion in the auxiliary feed inlet should be determined. If
greater than 500 ppb oxygen is detected, additional hydrazine
should be added to condensate storage tank.

Add hydrazine into the auxiliary feed pump suction continuously
to provide a minimum residual in the initial fill of 2 ppm.

Boric acid addition should be started upon initiation of the
steam generator fill. A 50 ppm boron solution will require an
addition rate of about 185 gph of a 4% boric acid solution
assuming the use of the motor driven auxiliary feed pump. A
fi1l time of about 45 minutes per generator would be required
based on the capacity of the motor driven auxiliary feed pump.

- Heatup (Prior to Hot Standby)

4.3.2.1

Heatup to 1809F for reactor coolant system chemistry hold of
8 hours; confirm boron concentration and adjust it using layup
chemistry addition system.
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4.3.3

4.3.2.2 Heat up to approximately 400°F, hold to draw a pressurizer bubble.

4.3.2.3 Steam generator blowdown should continue at the maximum permis-
sible rate during any transient period, as determined by plant
conditions.

4.3.2.4 Frequent analyses should be performed to fdentify the occur-
rence of any chemical return phencmena. If chemical return is
detected, heatup should be suspended until cleanup is effected.

4.3.2.5 Makeup water to the steam generators during this period should
be identical to that used in the initial fi11, i.e., 50 ppm
boron and 2 ppm hydrazine in steam generator.

4.3.2.6 Adjust boron addition rate as required to maintain approxi-
mately 50 ppm in the steam generator blowdown.

4.3.2.7 As heatup progresses, hydrazine thermal decomposition will
result in the production of ammonia. The 2 ppm excess hydrazine
is expected to produce as much as 1.1 pom ammonifa. This will
be reduced to some extent by blowdown.

Phase IIl - Heatup (Hot Standby)

4.3.3.1 Continue heatup until hot standby (5479F) condition is reached.

4.3.3.2 Continue hydrazine addition to condensate storage tank per
Section 4.2.1.

4.3.3.3 Maintain 100 ppm hydrazine residual in steam generator blowdown.
To achieve this level an auxiliary feed hydrazine concentration
of about 1.25 ppm will be required. This is expected to result
in an ammonia content in the steam of about 0.7 ppm. The cor-
responding steam generator ammonia-concentration will be about
0.4 ppm, or somewhat higher than the recommended range for
normal operation.

. 1536 245




4.3.4

4.3.3.4

Maintain a boron concentration of 50 ppm in steam generator
blowdown. This can be accomplished by addition either to the
auxiliary feedwater pump suction or through the layup chemistry
addition system.

Note: Some difficulty in accurate control is anticipated.

While feedwater additions to all four generators can be expected
to be equal over the long term, large variations are possible

at any given moment.

Perform zero power physics testing as required.

During this pericd, steam dump will normally be to atmosphere
and this is recommended to avoid potential ammonia attack of
the condenser. The steam will contain abecut 0.7 ppm armonia,

5 ppm boron and less than 50 ppb hydrazine. Thus, assuming

a typical 4-day hold at hot standby, a total discharge of about
7.5 pounds of ammonia and about 50 pounds of boron (300 pounds

If necessary, blowdown at maximum rate until chlorides are less

Initiation of power operation in the unit can proceed at any
point according to normal procedures.

Draw condenser vacuum and initiate steam dump to condenser
per normal procedure. The expected ammonia content of the
steam (0.7 ppm) exceeds the recommended level for normal oper-
ation; it does not exceed levels which have been commonly

4.3.3.5
4,.3.3.6
of boric acid) 1s anticipated.
4.3.%.7
than detectable.
Phase IV - Power Escalation
4.3.4.1
4.3.4.2
experienced in the past.
4.3.4.3

Establish 10 - 20 ppb minimum hydrazine residual in feedwater
using normal addition system to ensure oxygen control.

Note: If pH requirements are not met (>8.0 in feedwater), the
addition of ammonium hydroxide may be necessary.
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4.3.5

4.3.4.4 Boron concentrations should be maintained at 50 ppm by using
the layup chemistry addition system, Major boric acid addi-
tions can be made to the condensate pump suction if the boron
concentration drops below 30 ppm. Approximately 175 gallons
of 4% boric acid solution (10 pounds boron) will be required
to effect a 20 ppm fncrease in concentration.

4.3.4.5 With the moisture separator reheater out of service, escalate
power to approximately 30% and, if not previcusly done, put
in automatic feedwater control system.

Phase V - Low Power (25%) Hold

4.3.5.1 Reduce power to 25% and leave in automatic feedwater control
system.

4.3.5.2 Commence monitoring corrosion hydrogen.
4.3.5.3 Boron distribution and accountability in the secondary plant
(sample points are given in Sections 4.2.3 and 5.0) should be

determined.

4.3.5.4 Maintain 10 - 20 ppb minimum hydrazihe residual in feedwater
using normal addition system.

4.3.5.5 The steam generator blowdown boron concentration will be main-
tafned within 45 = 5 ppm by adjusting the feedwater inlet

addition to the steam generator.

4.3.5.6 Maintain these conditions for a minimum of 96 hours, monitoring
the chemical and operating parameters throughout.

4.3.5.7 Establish the steam generator boron demand (hideout) after 48
hours into the soak as outlined in the following steps:
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1. Determine boron concentration in the steam generator blow-
down. Then, secure steam generator boron addition and
blowdown.

2. After a minimum of 6 additional hours (54 hours cumulative),
determine boron concentration in the steam generator blow-
down. (Prior to sampling, blowdown should be flushed
according to Section 4.2.2.3)

3. If boron@t =6 is greater than 90%,
boron@ t = 0 demand is satisfied.

Where, t = 6 is 6 hours after securing addition, and
t =0 is time of securing addition.

4. Resume addition required to maintain 45 - S0 ppm boron.

5. After 30 additional hours (84 cumulative hours into soak),
repeat Steps 1 thru 3. If boron accountability is greater
than 90%, resume additior for 6 more hours to complete
treatment. However, if boron accountability is less than
90%, proceed to Step 6.

6. Resume boron addition until demand is satisfied (greater
than 90% accountability), repeating Steps 1 thru 3 as

“determined by lead engineer.

4.3.5.8 Monitor the volume of additive in the chemical addition tank
to determine the boric acid addition rate. Repeat Sections
4.2.2.1 and 4.2.2.2 as required to prevent tank from going dry.

4.3.6 Phase VI - Boric Acid Continuous Addition at 100% Power

4.3.6.1 At the conclusion of the low power soak, terminate boric acid
addition.

4.3.6.2 Allow the steam generator blowdown boron concentration to
decrease to 5 - 10 ppm, then increase power to 100%.

4.3.6.3 Resume boric acid addition, adjusting the boric acid feed rate
as required to maintain the 5 - 10 ppm boron concentration.

4.3.6.4 Maintain these conditions monitoring chemical and operating
parameters throughout.
1536 248
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5.0

5.1

5.2

5.3

6.0

6.1

6.2

4.3.6.5 Monitor the volume of additive in the chemica] addition tank
to determine the boric acid addition rate. Replenish the tank
as required and as defined in Sections 4.2.2.1 and 4.2.2.2.

4.3.6.6 Establish the corrosion hydrogen generation rate after con-
firming that all chemical parameters are stabilized.
SAMPL ING
Sampling of secondary system water and condensed steam will be from the (1)
condensate pump discharge, (2) main feedwater, (3) steam generator blowdown,

and (4) main steam sample points.

Reactor coolant sampling will be performed at the normal reactor coolant sample
point.

The main steam and feedwater sample points must be flushed prior to sampling

as determined by lead engineer.

ANALYSES

Secondary Side Liquid Samples

6.1.1 A1l samples identified in Section 5.0 are to te analyzed for hydrazine
and boron. Dissolved oxygen, pH, and ammonia will be measured in the
condensate, feedwater, and blowdown samples.

6.1.2 Hydrogen analyses will be performed on the main steam and feedwater
samples using Kent-Cambridge Mark IV Hydrogen Analyzers in accordance

with the instrument instruction manual.

Reactor Coolant Samples

6.2.1 Reactor coolant samples will be analyzed for hydrogen conteﬁt using the
standard site analysis procedure and apparatus.
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7.0 ANALYSIS SCHEDULE

7.1

7.2

Kent-Caﬁbr1dge Dissolved Hydrogen Analyzer

7.1.1

7.1.2

7.1.3

7.1.4

7.1.8

7.1.6

7.1.7

Kent-Cambridge Analyzers will be connected to the main steam sample
points.

One Kent-Cambridge Analyzer will be connected to the feedwater sample
point. '

Recorders will be connected to the Kent-Cambridge Analyzers to provide
continuous monitoring of dissolved hydrogen.

Adjust total flow (approximately 550 cc/min bypassing sampling cup)
to 800 cc/min £ 30 cc/min while maintaining active sample flow at
250 cc/min £ 15 cc/min.

Sample temperature is to be maintained at 85°F = 150F,

Electrical zero is to be checked for drift once each day.

Each instrument is to be calibrated according to cperating instructions
at least once each week.

On-Site Secondary Side Liquid Analyses

7.2.1

7.2.2

7.2.3

Hydrazine analyses are to be performed twice daily for all samples
{dentified in Section 5.1.

Dissolved oxygen, ammonia, and pH analyses are to be performed daily
on condensate, feedwater, and blowdown samples.

Boron analyses are to be performed at least 3 times per day on all
samples outlined in Sections 4.2.3 and 5.0.
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7.3 Primary Side Hydrogen Analyses

7.3.1 Reactor coolant hydrogen analyses are to be performed in accordance

with the site sampling schedule.

8.0 RECORDING OF DATA

8.1 A1l analytical data and results will be recorded in a permanent Westinghouse
Engineering Workbook.

8.2 Plant data required during the test period include the following at least cnce
each day; where unavailable, conditions will be estimated from heat balance
drawings.

1.

", AW N
-

O 00 N O

Unit power level,.

Feedwater flowrate.

Main steam flowrate, temperature and pressure.

Steam generator blowdown rate.

Net amount of boric acid feed as established from feed tank makeup and the
feed rates. ,

Routine secondary system éhemistry data generated during testing.

Latest condenser leak rate measurement.

Reactor coolant flowrate, pressure and temperature (Tave' TH or Tc).
Volume control tank pressure.

9.0 DATA EVALUATION

The data will be evaluated to establish effects of boric acid on the steam generator
net corrosion hydrogen generation rate and concentrations in other secondary system

components.

10.0 REPORTING TEST RESULTS

A Westinghouse report will be issued to North Anna Unit 1.
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1.0

na

1.2

11.3

11.4

12.0

MANPOWER AMD FACILITIES REQUIREMENTS®

Westinghouse engineering and chemistry technician personnel from the Chemistry
Operations Group will participate in this program. The engineer will assume
lead responsibility and will provide overall program direction. The Westing-
house chemistry technicians will perform the hydrogen and hydrazine analyses
specified in Sections 5.0, 6.0 and 7.0. Additional analyses will be performed
as required.

If needed, and as available, Westinghouse will provide the Kent-Cambridge Mark IV
Hydrogen Analyzers. Westinghouse equipment will require access o electrical
supply (110 V).

The customer will provide the technician manpower and lahoratory facilities
required for on-site analyses identified in Sections 7.2.2 and 7.2.3 (blowdown
boron analyses only).

Westinghouse will perform any off-site analyses deemed necessary to fulfill

the test objectives.

IMPLEMENTATION OF PROGRAM

The Westinghouse lead engineer will coordinate on-site testing activities with the
cognizant customer representative(s) at the site and may modify the sampling and/or
analyses as required to fulfill the test objectives.

1556 252
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TABLE |

Revised Secondary System Chemistry AVT Operating Guidelines

Without Boric Acid With Boric Acid

1

Condensate
Oxygen, ppb <10
Feedwater
pH, @ 259 8.8 - 9.2
Conductivity, umhos 1.8 - 5.0
Oxygen, ppb <5
Hydrazine, ppb [oz] + 210
Ammonia, ppm €0.5

Steam Generator AVT Chemistry Guideline:

In the Absence of
Locatable Condenser Leakage

<10

>8.0

<5

<S
[02] + 210

0.5

In the Presence of
Locatable Condenser Leakage

Without With
Parameter Boric Acid Boric Acid
pH @ 25°C >8.5 >7.0
Cation Conductivity <2.0 <2.0
pmhos/cm @ 25°C
Boron, ppm N/A 5=-10
= Sodium, ppm <0.04 <0.04
Chloride, ppm <0.05 <0.05
Oxygen, ppb - <5 <5
Hydrazine, ppb [02] + 220 [oz] +220
Ammonia, ppm >0.06 »0.06
Silica, ppm <0.05 <0.05
Blowdown, gpm Continuous® Continuous?

! contlinuous overboard at air ejector drains.

Without 2 With 2
Boric Acid Boric Acld
>8.5 >7.0
2.0 2.0
N/A $-10
0.1 %.1
0.15 0.15

<5 <5
[02] + 220 [02] + 220
>0.06 >0.06
0.05 0.05
Continuous" Continuous"

2 continued operation with locatable contaminant Ingress Is not recommended.

3 Operate at the minimum continuous blowdown rate required to maintain
cont inuous monitoring capability, approximately 5 gpm/SG.

% Blowdown continuously at a rate required to maintain chemistry parameters.
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TABLE 2

Steam Side Laboratory Analysis Frequency

1
Analysis Mon. Tues. Wed. Thurs. Fri. Sat. Sun.

Steam Generator Blowdown

pH X X X X X X X
Cation Cond. X ) X X X X X
Boron X X X X X X X
Sodium X X X X X X X
Chloride X X X X X
Suspended Solids X
Silica X X X X X
Ammonia X X X X X X X
Hydrazine X X X X X X X
Oxygen X X X i X X X
Feedwater
pH X X X X X X X
Conductivity X X X X X b 4 X
Amine X s X X X X
Ammonia X X X X X
Hydrazine »r X X X X X X
Fe/Cu X X X
Oxygen X X X X X X X
Condensate and Main Steam

= pH X X X X X X X
Cation Cond. X X X X X X X
Sodium X X X X X X X
Ammonia X X X

YAnalytical methods are presented in WCAP-7333, ""Chemical Analysis
Procedures for Westinghouse Pressurized Water Reactors."
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TABLE 3

BORIC ACID EFFECT ON SOLUTION pH AND AWICKNIA COWCCHTRATION AT 25°C

ot

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
3.0
5.0
6.0
7.0
8.0
9.0
10.0
15.0
20.0
25.0
30.0
35.0
ko.o
k5.0
50.0
75.0
100.0

pom Ameonia

0 0.05
7.00 8.40
6.90 B.2h4
6.84 8.12
6.79 8.02
6.75 7.95
6.72 7.89
6.69 7.83
6.66 7.78
6.6 7.73
6.62  7.69
6.62 7.65
6.38 7.23
6.28 7.03
6.24  6.96
6.21  6.90
6.18 ~ 6.84
6.15 6.80
6.13 6.75
6.04 6.59
5.98  6.48
5.93 6.39
5.89  6.32
5.86 6.26
5.83 6.21
5.81 6.17
5.78 6.13
‘5.69  5.99
5.63  5.88

0.10

8.65
8.52
8.41
8.32
8.24
8.18
8.12
8.07
8.03
7.99
7-95
7.53
7.32
7.24
7.18
7.12
7.07
7.03
6.86
6.74
6.65
6.57
6.51
6.45
6.451
6.36
6.20
6.08

0.25 0.50
8.97 9.18
8.86 e.10
8.77 9.02
8.69 8.96
8.62 8.90
8.56 8.84
8.51 8.79
8,46 8.75
8.42 8.7
8.38 8.67
8.34 8.63
7.92 8.22
7.71 8.01
7.63 7.23
7.57 7.387
7.51 7.81
.46 7.76
7 42 7.72
7.24 7.54

we 7.42
7.02 7.32
6.95 7.2k
6.89 7.18
6.83 7.12
6.78 7.07
6.73 7.02
6.56 6.85
6.43 6.72

9.38
9.32
9.26
9,21
9.15
9. 11
9.07
9.03
8.99 .
8.95
£.92
8.52
8.11
8.23
g.17
8.1
£.06
8.01
7.84
7
7
7
7
7
7
7
7
7

i

62
.54
47
A2
.36
.32
AL
01
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