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1.0 BIBCUTIVE SU30tARY

1.1 CHRONOIDGY OF EVENTS

Pool leaks identified during initial fill.+

Leak chase isolation has caused water to back-up and.

seep out of concrete on approximately two occasions.

Leakage estimates varied from 1 gallon per day to 300.

gallons per day.
|

No accurate mass balance done until October of 1989.+

|
Current data indicates liner leakage to the leak chase i

.

system and then on to the Radwaste System of
approximately 0.5 gallons per hour.

No unquantified leakage to the environment exists. )*

Leakage data before and after the recent Santa Cruz*

earthquake showed no affect due to the seismic event.

1.2 CURRENT STATUS AND BASIS FOR INTERIM NATURE OF THIS REPORT
l .

Several portions of the Technical Services Spent Fuel Pooli

'

Action Plan, TSAP 89-007, are not complete. Specifically
the following portions have been initiated but will not be i

completed prior to defueling the Reactor |

1.2.1 Leak location by vacuum box testing. <

1.2.2 Leak repair by welding.
.

1.2.3 Instrumentation modifications to allow trending.

{1.3 DISTRICT'S POSITION

It is prudent and proper to proceed with defueling the
Reactor for the following reasons:

1.3.1 The Spent Fuel Pool Leakage does not pose a threat
to the health and safety of station personnel or
the public.
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| 1.3.2 Experienced station personnel are necessary to 1

.
properly defuel the Reactor and these people will |
not remain on staff indefinitely, given the status

'

' .

of the station, our best trained people are !
!available for core offload now, but they will

leave as more desireable positions become I
available in the Industry. These trained crews
are ready to support defueling now and should be
utilized now. -

i
1.3.3 The sooner the Reactor is defueled, the sooner the

fuel is in an inherently safe configuration in the
Spent Fuel Pool. {

+

The following actions will be accomplished following
!defueling:

1.3.4 A comprehensive testing program to locats the I

leak (s). ;

:

1.3.5 Repair of the leaks as found.

1.3.6 Instrumentation to facilitate trending.
'

"

1.4 JUSTIFICATION
~

1.4.1 The Design Bas'is of the Spent Fuel Pool is
uncompromised. The Spent Fuel Pool Liner, in
combination with the liner leak chase system and
the Spent Fuel Building is performint- in
accordance with the intent of the Design oasis >

(i.e., to preclude leakage of contaminated
affluent to the environment).

1.4.2 All liner leakage has been accurately quantified
and is routed to the Radioactive Waste System with
no leakage to the environment.

1.4.3 There is no evidence of reinforcing steel
,

corrosion in the outer wall mat of the building.

1.4.4 Visual inspections of interior wall areas show no
spalling or rust bleed through normally associated
with concrete structure degradation.

1.4.5 Similar experience at San Onofra Nuclear
Generating Station Unit One showed no building
degradation.

i

1.4.6 Long Term degradation of Spent Fuel Pool Building
concrete by liner leakage is not a factor.

2
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1.4.7 Long Term degradation of Spent Fuel Pool Building
reinforcing steel by liner leakage will not occur.

2.0 IISTORY REVIEW

2.1 USAR DESIGN BASIS

1.6.13 SAFETY GUIDE 13 - FUEL STORAGE FACILITY DESIGN BASIS

The fuel storage and handling systems are designed to (1) |
assure adequate safety under normal and postulated accident
conditions; (2) have appropriate containment, confinement,
and filtering systems, and (3) prevent a significant
reduction in the spent fuel coolant inventory under accident |
conditions. This design includes the following provisions:

'

A. The spent fuel storage facilities (including the fuel
,

storage building, storage racks, and fuel transfer ;

mechanism) are Seismic Category 1. |

B. The capability of the spent fuel pool to withstand high
winds and high-wind generated missiles is presented in

,

the discussion of the criteria 4, Section 1.5.4... . .

.

C. The Turbine Building gantry crane is electrically
interlocked to prevent movement of the trolley over the
fuel storage rack area.

D. A ventilation and filtration system is used to limit
the potential release of radioactive iodine and other
radioactive materials (see Section 9.7.3) . The design
of the ventilation and filtration system is based on
the assumption that the cladding of all-the fuel rods
in one fuel assembly might be breached. .

| E. The spent fuel storage facility design is such that the
j fuel cask of other heavy loads need not be moved '

,

directly over either the spent fuel or new fuel storage
I areas. The fuel pool is designed to withstand, without

(. significant leakage, the impact of the fuel cask
dropped from the maximum height to which it can bei

l' lifted by the gantry crane.
|

F. The fuel pool cannot be inadvertently drained by -

gravity since water must be pumped out.

G. Spent fuel pool high and low level, pool high
. temperature, and area high radiation indicators and
( alarms are provided. The high radiation level

instrumentation does not actuate the ventilation system
since this system is designed to run continuously.

3
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H. Since no significant fuel storage pool leakage is ;

expected to result from the dropping of loads, fros |

earthquakes, or from missiles originating from high
winds, the spent fuel pool makeup water system is :

Seismic Category II. Makeup water is either provided '

by the spent fuel coolant domineralizar pump taking
suction on the borated water storage tank (BWST) or the '

decay heat removal pumps which can take suction from
the BWST or the concentrated boric acid storage tank. j

Domineralized water can be added from a hose station ,

in the pool area. .

Further details are provided in (the USAR, specifically) [
Section 9.6 (spent fuel cooling system), 9.7.3 (fuel storage ;

area ventilation system), 5.4-(fuel storage building (, and ?

9.8 (fuel handling system) . Fuel handling accidents are
discussed in Section 14.3.5.

|' 5.4.2.2 Desian Criteria

| The main consideration in the structural. design criteria for
the Fuel Storage Building was to provide a leak tight pool
to contain spent fuel under all conditions of loading,
including earthqutkes.-- -

Except as noted in these criteria, ACI 318-63 and ISC,'

sixth Edition, design methods and allowable stresses are for
the design of reinforced concrete and steel, respectively.

*

The strength of the structure at working stress and over-
all yielding was compared to various loading combinations ,

to ensure safety. The structure is designed to meet the
performance and strength requirements under the following
conditions:

A. At design loads

'

B. At factored loads

C. Loads from fuel

D. Loads from the fuel transfer cask

4
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9.8.1.3 Seent Fuel Storace Pool

The spent fuel storage pool is a reinforced concrete pool, i

lined with stainless steel, in the Fuel Storage Building, l

The pool is sized to accommodate 1080 spent fuel assemblies
in high density storage racks. ~ Control rod assemblies that
are permanently removed from the reactor are stored in the
spent fuel pool prior to being chopped up and disposed of.

,

Additional spaces are provided for the storage of four i

failed fuel containers in the fuel storage pool.

The high density spent fuel racks consist of individual
cells with approximately 9" x 9" square cross section, each
of which accommodates a single fuel assembly. The cells are
arranged in modules of varying number of cells with a 10.50
inch center to center spacing. A total of 1080 cells are
arranged in 11 distinct modules. These high density spent.
fuel storage racks employ a free-standing and self-
supporting rack design. A borated flexible polymeric )
neutron absorber (Boraflex) is sandwiched between double ;

stainless steel sections which comprise the rack walls. ]
The high density racks are engineered to achieve the duas ;

objectives of maximum protection against structural loadings
(arising from ground motion, thermal stresses, etc.) and the
maximitation of available storage locations. In general,
the modules are made as wide as possible within the
constraints of transportation and site handling capabilities ,

to provide as great a margin as possible against rigid body
'

tipping.

The module are not anchored to the pool floor, to each
other, or to the pool walls. A minimum gap of 2.0" is
provided between the modules to ensure that kinematic
movements of the modules during the Plant Design Basis
Earthquake will not cause inter-module impact, or violate t

the minimum distance to ensure adequate margins for nuclear
suberiticality. Adequate clearance with other pool
hardware, e.g. cask catchers, pool elevator, etc. is also
provided.

5
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In accordance with NRC acceptance criteria, the high density
spent fuel storage racks for the Rancho Seco Plant are
designed to assure that a X,,, equal to or less than 0.95 is
maintained with the racks fully loaded with fuel of the
highest anticipated reactivity and flooded with unborated
water at a temperature corresponding to the highest

)
reactivity. The maximum calculated reactivity includes a ,

'

margin for uncertainty in reactivity calculations and in
mechanical tolerances, statistically combined, such that the
true x will be equal to or less than 0.95 with a 95% )probabb,ityata95%confidencelevel. ;

2.2 COMPARISON WITH APPLICABLE REGUIATORY GUIDANCE

2.2.1 OBJECTIVE >

'

The objective of this section is to provide a
comparison of the existing spent fuel pool
condition with the applicable
requirements / recommendations of NUREG-0800, IE ,

Notices and Bulletins, and NRC Generic Issue 82.

2.2.2 APPROACH

2.2.2.1 IE Notices and Bu11stina
A search was made of IE Notices and
Bulletins pertaining to leakage of spent

|
fuel pools.

|
2.2.2.2 NUREG-0800'

A review was made of the NUREG-0800
index to identify applicable Branch

| Technical Positions and/or Standard
j Review Plans.
!

2.2.2.3 GENERIC ISSUE 82
A review was made of Generic Issue 82
as addressed by Brookhaven National
Laboratory in NUREG/CR-4980.

2.2.3 ACTION TAKEN

2.2.3.1 IE Bulletins and Notices
A computer search was made to extract
available information on NRC
Communications pertaining to spent fuel
pool leakage.

6
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2.2.3.2 NUREG-0B00 I

NUREG-0800 was reviewed for
applicability to spent fuel pool
leakage. ,

*

2.2.3.3 GENERIC ISSUE 82
NUREG/CR-4982 was reviewed for ;
applicability to Rancho Seco's Spent
Fuel Pool leakage. |

2.2.4 RESULTS

2.2.4.1 IE Notices and Bulletins
No IE Notices or Bulletins were found '

pertaining to spent fuel pool leakage ,

due to liner failure. Others were found
concerning system lineups and !

,

inadvertent drainage, but were not :

applicable for this review. I

2.2.4.2 NUREG-0800
A review of NUREG-0800 revealed one SRP
(9.1.2) relating specifically to spent .

fuel pools and their l'iners. SRP 9.1. 2 -

specifies an acceptable pool as one -

which meets the appropriate requirements
of ANS 57.2, and Regulatory Guides 1.13,
1.29, 1.115 and 1.117. ANS 57.2 and
Reg. Guide 1.13 were found tc. be
directly applicable to the objective of
this report. Reg. Guides 1.29, 1.115
and 1.117 relate to the seismic design
missile protection, and tornado
considerations, respectively,- and
provide no guidance for this effort.

Reg. Guide 1.13, dated December, 1985, ,

requires that spent fuel pools be
designed to withstand anticipated
occurrences without significant loss of
watertight integrity. Section B.1
further elaborates that even when
preventative measures to prevent loss
of leak-tight integrity are followed,
small leaks may still occur as a result
of structural failure or other
unforeseen events. The predecessor to
this Reg. Guide (Safety Guide 13, dated
3/10/72) has similar language on spent
fuel pool design.

i

7 1

|

|
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SRP 9.1.2, dated 1981, references the
1976 version of ANS 57.2, design
requirements for spent fuel pools. ANS
57.2 (1976) paragraph 6.6.1 (4) requires
that spent fuel storage pools be
designed for the lowest practicable
leakage. A review of the most recent
publication of ANS 57.2 (1987)? revealed
a tightening of spent fuel pool design
requirements. Section 5.1.2 of ANS 57.2
(1983) specified fuel pools to be
designed for zero leakage.

2.2.4.3 Another consideration factored into to
Spent Fuel Pool leak was Generic Issue
82, "Beyond Design Basis Accidents in
Spent Fuel Pools" assigned by the NRC
in 1983. This issue was formally

'

,
'

analyzed by the Brookhaven National
Laboratory and the results documented
in NUREG/CR-4982 (BNL-NUREG-52093). ,

The preface to NUREG-4982 specifically ;
,, , ,

notes that fuel damage process during *

a slow pool drainage is excluded from
the Brookhaven study. Review of the ;

study will be performed for completeness '

of Rancho Seco's Spent Fue), Pool leak ,

considerations.
~

<

4
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Based upon a review of two older Spent
Fool Pools (Millstone and Ginne),
NUREG/CR-4982 concluded that the risk
assessment was uncertain but dominated
by the uncertainty in the likelyhood of
the loss of pool integrity due to beyond
design basis seismic events. This
uncertainty is driven by the uncertainty
in the seismic hazard and the Spent Fuel'
Pool fragility. This report further
concludes that if the fragility
estimates for plant, which meet the new
seismic design criteria, were used, a
significant reduction in the predicted
likelyhood of seismically initiated pool
failure would result. Other significant
factors considered by this report ares

,

,

Probability of draining the Spent-

Fuel Pool
-Pool structural failure due to-

'heavy load drop.
Structural failures of pool due to-

,

'
missiles.~ *

>
*

Drainage of Rancho Seco's Spent Fuel-
Pool from piping / personnel error is not
credible due to the system design which
does not allow drainage of the pool

,

below the active level. -

Heavy load risk is very limited due to
procedural constraints and the-

attenuation of the crane mechanism.
.

Missile probability has been examined .

with essential equipment being shielded, I

protected or provided with redundant !

equipment which is protected.

Based on the above discussion, it can
be concluded that Rancho Seco's Spent
Fuel Pool design does not possess

"

significant radiological risk.

t

9
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2.2.5 CONCLUSION )

A spent fuel pool liner plate .with a minimal !
leakage meets the design criteria of the fuel
storage pool at the time of construction. The
leakage rate has been calculated to be minimal and t

can be trended for stability verification. The i

newer standards are considered .useful for ,

providing guidance in evaluating potential design
changes but not for providing design requirements -

of existing equipment. NUREG/CR-4982 was not _[
directly applicable as a ,

requirement / recommendation. |
t

The Rancho Seco Spent Fuel Pool currently exhibits
zero leakage to the environment as evidenced by :

the Mass Balance (see section 3.0).,

2.3 CATASTROPHIC FAILURES

2.3.1 In the event of a total failure of the Spent Fuel *

Pool Liner, the only water losses ares

2.3.1.1 Through the leak chase system to the
radwaste system.

2.3.1.2 Through the Spent Fuel Building concrete
walls.

I

l 2.3.2 In both pathways described above, the leak rate
is drastically limited by the nature of the

*

pathway.

2.3.2.1 The leak chase system, due to its size, ;

will pass 30 gpm maximum

2.3.2.2 The Spent Fuel Building Concrete, when |

',subjected to an isolated leak chase
condition in the past, has seeped
approximately 5 gallons per hour.

2.3.3 Under no circumstances would failure of the Spent
Fuel Pool Liner result in unrestricted flow of the .

Spent Fual Pool water to the environment since
the Spent Fuel Building Concrete has no
penetrations below the Fuel Racks, other than the
small leak chase lines.

f
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3.0 MASS R&LhWCE RESULTS (STP-1242)

3.1 OETECTIVE ;

'

3.1.1 The objective of the Spent Fuel Pool Mass Balance
was to develop a method, collect data, and i

;
calculate the not Spent Fuel Pool leakage i

'considering the effects of evaporation, measured
liner leakage, spent fuel pool level change and
temperature change. e

i
'

3.2 APPROACH
,

3.2.1 The general approach used was to determine the ;

parameters needed to calculate the Mass Balance, |
develop a special test procedure to set the plant
conditions and data collection requirements,: ,

l- perform the special test procedure with the added
|

requirement to obtain the general location of the i

spent fuel pool leak, calculate the uncertainty'

associated with the mass balance determination,
and determine if any water is leaking from the
spent fuel pool based on the analyzed data. ,

! 3.3 ACTIONS TAKEN -
,

k

3.3.1 Ten f actors af fect mass balance determination.
Nine of these factors were developed, derived, and
documented by SMUD in calculation Z-SFC-M2535.
The tenth factor is a correction made due to
miscellaneous water additions or samples taken
from the spent fuel pool during the Mass Balance
data collection period.

.

Factors used in calculating Mass Balance aret

Mass of water loss determined from the fuel.

pool level drop.

Mass of water loss from evaporation..

Apparent water mass gain due to volumetric.

expansion of the Spent Fuel Pool water.

Apparent water mass loss due to thermal.

expansion of the Spent Fuel Pool structure.

Apparent water mass loss due to evaporation.

monitor buoyancy changes.

11
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Apparent water mass gain due to volumetric+
,

expansion of structural steel. ;

Apparent water mass gain due to volumetric.

'

expansion of Boraflex.
'

Mass loss through leak chase drain header.*

'
Mass loss through fuel cask pit leak chase*

drain line. i

3.3.2 A special test procedure was developed to perform ,

the measurements required of the mass balance
calculation. STP-1242, " Spent Fuel Pool Mass
Balance", specified the spent fuel pool conditions
required during the data collection process. The :

following details the method used to determine the.

ten factors of the mass balance

Mass of water loss determined from the fuel*

pool drop. |

A precision "J" hook micrometer centered :-
.

in a stillwell was attiached to the side r

of the spent fuel pool to obtain spent -

fuel pool water level measurements.
This instrument is graduated in
thousandths of an inch. ;

..

Mass of water loss from evaporation.*

.

An evaporation monitor was constructed-

with an installed precision "J" hook <

micrometer centered in the monitor with
a still well surrounding the "J" hook.
The calculation of evaporation included
the measurement of the water level in i
the evaporation monitor and temperature ;

measurements of the spent fuel pool to
determine the specific weight of water
which evaporated.

'

12
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Apparent water mass gain due to volumetric+

expansion of the spent fuel pool water.

Water temperature was monitored using-

submersible thermistor thermometers.
Eighteen locations in the pool were
monitored to determine the specific
weight change.

Apparent water mass loss due to thermal |.

expansion of the spent fuel structure. 1

Thermistor thermometers were used to- ,

monitor temperature of the water, liner
and structure to determine the thermal i

expansion of the structure.

Apparent water mass loss due to evaporation'
.

monitor buoyancy change.
,

This measurement used the evaporation-

monitor's "J" hook measurement system.
to determine the change in buoyancy.

, , ,
.

{ Apparent water mass gain due to thermal+

( volumetric expansion of structural steel. ,

Thermistor thermometers submersed in the-

|
pool in eighteen locations provided the
data for calculation of volumetric
expansion.

Apparent water mass gain due to volumetric*

expansion of Boraflex.

Thermistor thermometers submersed in the-

pool in eighteen locations provided the
data for calculating the temperature
change and specific weight of the pool
water needed in the volumetric expansion
factor.

Mass loss through the leak chase drain*

header.

Poly bottles and tygon tubing was-

attached to the drain header to collect
all the water passing into the drain
lines. j

i

13
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Mass loss through the fuel cask pit leak+

chase drain line.
Poly bottles and tygon tubing was-

attached to the drain line to collect
all the water passing into the drain
line.

3.3.3 Three dif ferent conditions were specified by STP-
1242. The first phase placed the spent fuel pool
at a low water level with the spent fuel cooling
system out of service. A change was made to bring
the spent fuel pool level to normal for the second
phase. The pool water level was initially lowered
to determine both the mass balance and total spent
fuel pool liner leak chase collected leakage at
what had been thought to be a level at which no

.

leakege ocetOrred. The final phase placed the
spent fuel cooling system in service to maintain
spent fuel pool temperature. By maintaining
temperature, errors associated with water
temperature changes in the mass balance
calculation would be minimir.ed.

.. .

3.3.4 During STP-1242, each leak chase line, was
individually conitored to associate the identified,

leakage with a particular area of the spent fuel
pool.

.

3.3.5 The data collected by STP-1242 was input to a
computer program generated to perform the mass
balance calculations. This software was validated
by SMUD calculation Z-SFC-M2538.

3.3.6 In an effort to understand the acceptability of
the mass balance, SMUD prepared an uncertainty
calculation (2-SFC-M2539) based on a multi-day
test and a calculation baced on a constant
temperature test. The goal of this calculation
was 'to determine the 95% confidence level

1uncertainty.

,

14
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3.4 RESULTS
'

3.4.1 The results of the mass balance test are presented
as follows:

t

LOW LEVEL (Spent Fuel Cooling Isolated) :'
Test start date: September 26, 1989
Pool Level: 36 feet ;

Duration: 134.5 hours
Liner Leakage: 0.43 GPH
Average Temp.: 97'F
Mass Balance: -0.36 GPH
Uncertainty 9 95%: i 0.92 GPH
NOTE: Temperature increased 15.3'F during test.

HIGH LEVEL (Spent Fuel Cooling Isolated) I
,

Test start date: October 3, 1989
Pool Level: 39 feet
Duration: 87 hours ^

;

Liner Leakage: 0.78 GPH
Average Temp.: 105'F
Mass Balance: -1.06 GPH
Uncertainty 9 95%: 1 0.92 GPH [
NOTE: Temperature increased 7.5'F during test

with a large swing in evaporation
monitor temperature. The poor coupling ,

between the Spent ruel Pool and the ;

evaporation monitor is evidence that
this test's accuracy is doubtful. |

HIGH LEVEL (Spent Fuel Cooling In Service)
'

Test start date: October 14, 1989
Pool Level 38' 10"
Duration: 71 hours s

Liner Leakage:'O.18 GPH
Avg. Temp.: 7 8. 6'F
Mass Balance: +0.047 GPH
Uncertainty 9 95%: 10.24 GPH
NOTE: Temperature decreased 0.1'F during test.

This test is obviously the most
accurate.

.

'
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3.4'.2 Figures 1 through'7 are presented to show the
results of accumulated leak chase water and trends
of levels and temperature over the test periods.
By viewing the trends-of levels and temperature
it can be seen that the: pool / evaporation pan
tracks very well on the High Level Test #2. Note
that pool temperature was nearly constant for the'

entire test duration, designed specifically to
reduce the tracking errors between evaporation-
monitor parameters and pool parameters. During

'
the Low-Level Test and'High Level-Test #1 there
was at least a'45 hour difference between times
at which the pool' and evaporation monitor i

7

parameters were identical. During the High Level
Test #2 the difference was reduced by more than
one half.

'

3.5 FURTHER ACTIONS

None

3.6 CONCLUSIONS
1|n

3.6.1 All c- the water - (~ 0.5 gallons per hour) which''
.

leaks from the liner into the leak chase system
'is collected and routed to the radioactive wasta

L system. The test. case at high level 'with the-

L Spent Fuel Cooling -system in service, in
; particular, demonstrates this - conclusion. The
I test at low level and high level with the Spent

Fuel Cooling systems' isolated also supports this
conclusion.

~

3.6.2 Temperature changes - have a large effect on the
mass balance determination. This is as shown.in
the results discussion above and it is shown in
the uncertainty calculation for the constant water
temperature.

.

3.6.3 In summary, all water which is leaking from the
| spent fuel pool is currently collected by the leak

chase system and' routed to controlled radioactive
|

waste systems. No water'is released through the'

spent fuel pool structure into the ground.

16
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4.0. LEAR DETECTION (STP 1307)

4 .1| Results of the Spent Fuel Pool Leak Chase Drain Monitoring
(Mass-Balance) (STP 1242) indicated that the North wall of
the pool, containing the stop-log, is the source of-the
leakage to-the leak chase system. This narrowed the area
of interest to the North wall. 1

4.2 ' Result of' Spent Fuel Pool Liner Leak location, STP 1310 I
indicated that the leak (s) in the Spent Fuel Pool were lower |

than Elevation 25'.. This . further narrowed the area of J

interest.

'4. 3 Spent Fuel Pool I4ak Detection (STP 1307) is in progress to
locate the leak. This test uses vacuum boxes, positioned
by divers, in conjunction with Helium injection behind the
,1-iner and a mass spectrometer to locate the leak.

4.4 Current efforts have tested all welds above the Fuel Racks
above elevation 15' above the floor and have not found the
leak.

4.5 Calculations indicate that a 0.01" diameter hole could cause
'

the leak rate we are experiencing. ~

,

~

4.6 A Design Change Package, currently in process, will install
an appropriate flow meter on-the leak chase drain lines to
allow future trending of.the leak rate.

4.7 The following actions will be completed following defue!Ang:
,

|

| 4.7.1 A comprehensive testing program to locate the >

leak (s).'

1

4.7.2 Repair of the leaks as found.

4.7.3 Instrumentation to facilitate trending.

5.0- STRUCTURAL IMPACT

5.1 CONCRETE /REBAR CORROSION STUDY AND ANALYSIS

5.1.1 OBJECTIVE

5.1.1.1 To gather relevant documents in order
to make a determination as to the
condition of concrete and interior
reinforcing steel mats of the spent fuel
pool building.

17
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'5.1.2 APPROACH

5.1.2.1 Consult'available Industry literature i

for applicable information.

5.1.2.2 Employ the. services of ~Bechtel to
analyze the potential degradation of
concrete or reinforcing steel by Spent
Fuel Pool water.

5.1.3 ACTIONS ~TAKEN.
.

5.1.3.1 Reports collected includet

5.1.3.1.1 Effects of Substances on
Concrete and Guide to
Protective Treatment, Portland'

.

Cement Association, 1981
( Attachment B) .

5.1.3.1.2 ACI Manual of Concrete
Practice,- Part 5-1986,
American Concrete Institute.,, . .

*(Attachment C).

5.1. 3.1. 3 M e m o r a nd um , Potential
. Degradstion of the Fuel ~ Pool-
Due to Leakage of Borated
Water From Fuel Pool Liner,
Bechtel, August 30, 1989

L (Attachment D).
,

5.1.3.1.4 ERPI Report ND-5985 " Boric
Acid Corrosion of Carbon and
Low Alloy Steel Pressure
Boundary Components in PRWs.

.

1

|
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5.1.4 RESULTS

5.1.4.1 EPRI Report NP-5985/ Project 2006-18
" Boric Acid Corrosion of Carbon and Low- ,

Alloy Steel Pressure-Boundary Components '

in PWR's" was reviewed -for
applicability to the Spent Fuel Building
Reinforcing study. This . report was-

'

considered not applicable based on the
' fact that the reinforcing-steel would;
be in a submerged . Boric Acid
Environment, instead of cycles: of
wetting and drying as described in the
EPRI Report. In addition much of the.
corrosion problems'in the:EPRI. Report
was in an environment where evaporation
of' ' water increases Boric Acid
concentration and an abundant supply of
oxygen exists.- The conditions under-
which reinforcing steel might be exposed
'to Boric Acid involve negligibla amounts
of oxygen and evaporation. Based on
these factors the EPRI Report was not

-- included as a source of information.

'L 5.1.4.2 Both Attachments B and C address
chemical effects on concrete caused by
permeation of chemicals through
concrete. Boric - acid has negligible

,

effects on concrete chemistry and
|- strength.

,

t

'

.

.

:

|

l~
|
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5.1.4.3 Attachment D addresses spent fuel' pool f
water effects on reinforcing steel.
This analysis assumes worst caseS: $
conditions of a direct leak path to the
reinforcing steel- through = concrete,

~

cracks instead.of " normal" permeation
through solid concrete which tend to
neutralize boric acid effects.i :

This analysis conservatively assumes a
i steady state exposure of the reinforcing r

steel to the spent fuel pool water..
' _ . With this condition assumed, the amount ,

i of corrosion after 40 years would be a
reduction in diameter of 50.4 mils which ,
represents a loss of 4.5% of the total
diameter of the smallest building.
reinforcing steel. This small amount!

of cross-sectional area reduction is
: acceptable.

5.1.5 FUTURE ACTION
,

5.1.5.1 From the above results, there is no
indication that future action is
necessary.

5.1.6 CONCLUSIONS

5.1.6.1 Based on reviewed information and
analysis, it:can be concluded that the
concrete and interior reinforcing steel
mat will be-negligibly affected by the
Spent Fuel Pool Liner leakage and the
Spent Fuel Building is and will remain
capable .of performing its design basis
including design basis earthquake.

5.2 INSPECTION OF CONCRETE BEHIND THE UPENDER PIT LINER

5.2.1 OBJECTIVE

To evaluate the condition of the concrete surface
and reverse liner surface in the upender pit liner
bulge area.

' '
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5.2.2 ~ APPROACH !
l

Au part of the investigation for the disposition
~1of PDQ 89-0758 (Bulge in the Upender Pit), a hole
'

was drilled into the bulge area.in a wall which
had shown seepage on the exterior to allow a
boroscope to view the back surface.of the liner

.

and to view the surface of the concrete.

5.2.3 ACTIONS TAKEN

A hole was drilled in the liner bulge' and , a '.
boroscope was used to view the concrete surface
and the reverse liner surface. The results were
recorded on video tape. The area covered by'
observation was approximately a three foot circle

, centered on the hole.
5.2.4 RESULTS

5.2.4.1 No standing water. was observed when the
hole was drilled.

5.2.4.2 There was no spalling of concrete-

observed.

5.2.4'.3 No embedded backing plate was observed
in the area of hole.

5.2.4.4 No evidence of rebar corrosion (bleed
through) was observed.

5.2.5 FUTURE ACTIONS,

l'
There are no future actions contemplated
concerning the liner plate bulge.

5.2.6 CONCLUSION
s

Based on the observations made of the area behind
the liner plate bulge, it is concluded that there
is no significant structural degradation of the
spent fuel building structure due to the pool
leakage.

5.3 EXPERIENCE AT SOUTHERN CALIFORNIA EDISON SAN ONOFRE UNIT 1
|
! 5.3.1 OBJECTIVE

| To evaluate the experience with spent fuel pool
; liner leakage, repair methods and data collected
I at San Onofre (SONGS) Unit 1 for its applicability

to Rancho Seco Unit 1.

21
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5.3.2 APPROACH-

The approach taken was to discuss the SONGS Unit
1 spent fuel pool liner .- leakage problem with ,

appropriate Southern California Edison (SCE) |-

personnel and to review with them any data that-
they collected in their evaluation of causes-and
offacts.

5.3.3 ACTIONS TAKEN

5.3.3.1 Mr. Rick Zbavital was contacted by
telephone and he provided a copy of the
SCE response to the Region V NRC
questions regarding the SONGS Unit 1
spent fuel pool liner leakage and j

repair.
,

5.3.3.2 Rancho Seco Chemistry Department
personnel' were contacted to discuss
historical spent fuel pool water
chemistry analysis and control. |

5.3.4 RESULTS
^

'

{

5.3.4.1 The liner at SONGS Unit 1 is only 1/16"
thick and the failure was attributed to
stress corrosion cracking- induced by !

higher .than normal sulpjate
concentrations over a long perict of
time. The stress was attributed to the 4

hydrostatic head and thermal expansion
on the thin liner. Sulphate limits were
0.5 ppm up to.the time of failure and
have since been reduced to 0.1 ppa. The
source of the sulphate was determined
to be lubricants used on fuel handling

,

equipment and reactor vessel studs.

5.3.4.2 The leakage reached approximately'100
gallons per day prior to the repair.
It was reduced to approximately 25
gallons per week by covering the leaking
areas with an underwater curable epoxy.

22
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5.3.4.3 There was - no . known leakage to the l
surrounding soil and'a report by Bechtel
determined that thero was no reduction-
in structural capacity of the concrete
or rebar. Core samples were taken from
the finel pool wall. 'There was no
evidenen of concrete deterioration or
rebar corrosion,

m
5.3.4.4 The liner at Rancho Seco is 3/16" thick

which significantly reduces the effect
of hydrostatic-and thermal expansion on:
. the level of stress in the liner. Water
chemistry limits: for the RCS and DHS~ +

systems isi0.1 ppm for sulphate and'
while no specific limit is set-for the
Borated Water Storage Tank and the Spent '

Fuel Pool, there is no reason to believe
,

that sulphate have exceeded 0.1 ppm-
E since this water is transferred between

! the systems from time to time. ;

5.3.5 FUTURE ACTIONS
. ,

,

L 5.3.5.1 No future action is recommended with
regard to changing plant conditions for '
the spent-fuel pool.

5.3.6 CONCLUSIONS

5.3.6.1 The conditions- that existed at San-
Onofre Unit 1 that caused the failure
of the spent fuel' pool liner were high
limits on sulphate combined with a very
thin liner. These conditions do not -
' exist at Rancho Seco and therefore
sulphate stress corrosion cracking.'is
not a considered failure mode.

5.4 ELECTROCHEMICAL POTENTIAL MAPPING RESULTS (STP-1308) ;

5.4.1 OBJECTIVE

5.4.1.1 The purpose of. this test was to
determine corrosion activity.in exterior
reinforcing steel curtain in the' spent
fuel building concrete wall.

23
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- 5.4.2 APPROACH

5.4.2.1 The. methodology was in accordance with
ASTM C876-87, Standard Test Method for ;

Half-Cell Potential of Uncoated '

Reinforcing Steel in Concrete. |

|

5.4.2.2 The procedure for: the test (STP-1308, |
" Nondestructive - Examination of Spent '|
Fuel Building Reinforcing Steel") was:
prepared: to encompass the suspected
worst-case areas of the building based-
on previous appearance of boron
crystals,

5.4.2.3 The acceptance criteria, based on ASTM-
C876, requires potential readings more

'

positive than -0.2v to assure that there
.is a greater than 90% probability that
no corrosion is occurring in. the ;

exterior reinforcing steel.

5.4.3 ACTIONS TAKEN
-- .

5.4.3.1 In accordance with the procedures, probe
'

points were located in a grid to cover
,

the areas of study. Reinforcing steel
was exposed to perform half-cell tests
and visual inspections were made.

,

5.4.4 RESULTS

5.,4.4.1 The- data collected from the
electrochemical potential test is shown
on Attachment A.
5.4.4.1.1 Test results in all cases were

more positive than the
acceptance level of -0.20v.

5.4.4.2 The result of the visual surveillance
was that no signs of rebar corrosion was
observed.

5.4.4.2.1 At probe points where rebar
was exposed for attaching ,

probes for the half-cell
testing, no indication of
corrosion on exposed
reinforcing steel was found.

24
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5.4.4.2.2 Area survey indicated no
evidence of rust stains from

'

4

concrete cracks.or spalling -

of concrete.

5.4.5 FUTURE ACTION

5. 4 . 5.1 - No further action is contemplated nor
required to determine that corrosion is
not occurring in. exterior reinforcing
steel in the spent fuel building.

CONCLUSIONS'

5.4.6.1- Based on the electrochemical half-cell'
'

. potential-test and observation of the
outer reinforcing steel mat, the

,

conclusion is that corrosion.has not
been or is not currently occurring in-
the exterior reinforcing steel.

6.0 . ENVIRONMENTAL.

6.1 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

6.1.1 OBJECTIVE

Assess Radiological Environmental Monitoring
Program (REMP) groundwater monitoring activities|.

,

with respect to the identification of above-
| background concentrations of fission and

activation radionuclides.

; 6.1.2 APPROACH

Perform a Controls for - Environmental Pollution
|- (CEP) document search and related . District

documents summarizing REMP groundwater monitoring
activities.

L 6.1.3 ACTIONS TAKEN

6.1.3.1 Reviewed all available REMP groundwater
radiochemistry analysis data supplied

|- to the District since the REMP was
initiated in 1974.

6.1.3.2 Identified sample locations where above-
background activity concentrations of
fission / activation radionuclides.

f
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6.1.3.3 If possible, provided justification for'
all radionuclide identifications.

I

6.1.4 RESULTS .)

6.1.4.1 The current - REMP monitors. seven. (7)
wells by grab sample analysis on a 1

'

quarterly and weekly basis.

6.1.4.2 On four . separate occasions,
radioactivity was' identified ~ in well
samples. Two of the. four measurements
were reported to the.USNRC as being;
probably anomalous (RS89). .The-
identification of Iodine in the third
sample was a one-time occurrence -(RS87) .

'

6.1.4.3 The identification of tritium
-radioactivity in the fourth sample
(January 31, 1989) is still under
investigation (RS89a). Interim
investigation results do not eliminate
the possibility that sample processing
error contributed to the reported

- tritium result. It is expected that
this sample will .not be considered
representative of groundwater at the
sampled location; as such, this sample
measurement result will probably be
reported as " anomalous."

,

6.1.5 FUTURE ACTIONS

Complete the investigation of the January 31,
1989 RWW2.1MO well water sample tritium analysis
results (RS89a). Current forecast for completion .
of this investigation is mid-December, 1989.

'
6.1.6 CONCLUSIONS

Radiological' environmental monitoring program'

results for the 1974 through second quarter,1989,
monitoring period do not-indicate with certainty
that fission / activation radionuclides of Station
origin were present in sampled groundwater.
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,' 6.1.7 REFERENCES I

CEP Controls for Environmental Pollution, ,

1989, " Quarterly - Reporty. .
Inc., 1974 -

for Rancho Seco Unit .1", REMP sample""

analysis reports submitted to the
Sacramento Municipal Utility District.

RS87 Rancho Seco Nuclear Generating Station,
1987, " Annual Radiological Environmental
Monitoring Report, January - December
1986," Sacramento Municipal Utility
District report.

RS88 R a n c h o S e c o N u c l e a r G e n e r a t i n g S t a t i o n ,.
1988, " Radiological Environmental
Monitoring Program Manual," revision 2

,

procedure.

RS89 Rancho Seco Nuclear Generating Station,
1989, " Annual Radiological Environmental
Monitoring Report, January - December.
1988',". Sacramento Municipal Utility ,

District' report.
'' '

,

~

RS89a Ranch 5 Seco Nuclear Generating Station,
1989, " Tritium Identified in January 31,
1989 Well Water Sample- RWW2.1MO,"

.

Potential Deviation from Quality re,,9 ortL
' PDQ #89-0689.

.
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Effects of Substances on Concrete
and Guide to Protective Treatments

we nm impregnete or cond to tne conorme ener mew
ouemy conocom must be assumed in any rlacuation on have Deen empped Hence, forme costo we form Me
how various eutetances affect concrete in general. or wanes should not ce used egelnet surfaces to be
achievement of adequate strongm one sumciently low coated. Curing momerenes that are weswy condee to

,

permosetitty to withstand many enposures requires me concrete may develop mee or no bone to coatinge
'

proper WWng, placing. end curing. Certain fun. appled over them. If form oss wanes, or cunne mem-
f

esmomel principles by which me cuamy of concrete Orance are present, they should De removee by acte
can De controlled are well esteellaneo: weshing, sendeleetmg scar #yme, or other auch proc.
e Low water coment ratio-not to suceed 0.49 by essee.

of corroe we subelences it liheh to
'

weigne. Where
* Wernmum cement content-86410 per cubic yard ccour, a ticor have e slope to drameof etleast

(336 lig/m9 2'll to teoiblets weehenE
_

e Suesmo cement type- such es portland cement now Many solucone met have no anomical effect on con-
in triceicic aluminate,C.A. to reduce or prevent crete, suon as brines and seas, may crytmisas upon

G
attack er some onomleals that react we C.A, noteesy drying it is especially important that concrete suepect
cultates, to seemste wee

and drying atsuch son. ore seim-
free weler in corw; tete e est-e Adeouse av entremment-the amount dependent pervious to them.

eige. urssed wem sens. me esite cryetenze in me concreteon meWmum -avoiding mixes so harsh and neer the surtece dunne me dryme procese, someimes
I

e suason worse
miff that honeycome occure, and moee so fluid met onerting ovmelent pressure to cause nceling. structures

: water rises to me surface. Slump shouw be 2 4 m. esposed to enne emutione and hovmg a free surtece of
so 100 mm). evaporation should mersfore De p?ovided with a protec-

mirmp-until all concrete le uniform in ap- tive treatment on the side euposed to me solution.a
peerence, with all materiale evenly dietnbuted. in addloon, movement of telle Mio the concrete may

e Praper piecMg and consc#delson-fitting all comere result in corrosion of reinloremg s8eet. The corrosion
afid angles of forms without esgregation of malerleis, reactions form compounde mal cause empeneson end
Where poseOle, construchon jointe thould be evaded.disruption of the concrete.Significent corrosion of steel

i e Aosovete curing-supplying addelonel moisture to in rosnfotood concrete wi8 occur it (1 ) suffloent oxygen
'

the concrete during the eerfy herdening period or 4 ovelleDio, and (2) the normepy pesolve state of steet
covering concrete with water retaining materiale. m concrete le impelred. Porous concrete or surface
(Repid evaporation of moseture from the concretecroche permit the penetranon of omygen to me rom-
surface soon efter it le pieces may cause plastic forcement. The steel le normesy paeolve because a
entirmage crecidng.) Cormo compounce must not ceproteottve ounde mm is formed and maintamed on et by
used on surfscos rhet are To rece/ve protectae treet. me high concentration of hydrCNide ions (hip pH)in the
ment. Concrete should be leept ffloist and aDove $g*Fwater solution in concrete. This protective mm may be
(108C) for at least me first week, but longer cunne N?tpeited by (t) aufficient lowertrig of the pH value, se
penode usually meresse resistence to corroofve sub-Dy reco#ce W certon diosude from the at or other
stances. Concrete should not be outjected to hydro. sources, or (2) a sufflotant concantration of cnionde
static pressure during thle period, ione in soluson. High cement content in negh quelity

impermeable concrete provides protection against
cortceton of reinforcement ey producing a high pH
venue end ilmiting exposure io me se.

D It e imponent that sufficient concrete coverage De

4 eelen Considerstlovie
provided for romforcement weere me surface is to De

Whenever concrete e to be coated for corrosion pro- exposed to corrot#ve substances Carbon eteet Der
tection, the forme enould De Costed with meterials that

El
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and hel espeed birt INek (10 mm) emphemle mete- GuWe for Wie Selectort of Prohoeve'

fiele teln peln and elethreWorces arepreterres ygg
' for the membrane dependin0 on the corroelve

!

D
autetense. The prener theuld eerWorm to Stenders

spessene ter Primer for Use wth Asphen in Acepted (wim a few moelficatene) from Reference 1.

and M(ASTM 041).emoset
Footr.otes appear et the end of each agle,

that the eenuntshouwnot tolessmen 3s%by |

weight. elete feet are to resele a mesenry lining . . . . . . . . . _ J-.

enould have a smooth wee 6 float relish. A aieb hevm3 e ACIOD
'

steel trowel finien may be too emecei for adhesen of -
mesenes I sessi en eene,em j p,.n w . esmeno

me cephetic membrane,
17. Sheet mthr. SoR natural and synmeHe Nbter Ay ,,, ,,, ,,,,,,,,,, , , , , , , , , , , , , , '

sheele 4 2 4 in. (3 to 18 mm) thick may be cementog se is, e. m v.s w

gis.isistoStto concrete with special speelvet Somehmee two som e== ensauy.m
,

*va * ma rut ** * une a e tem, wie e one= ,,,,,,,,,,,,,,,,,.m , , e ,,, ,

*'"Ei meinenI"No evemen a emene ^*feme ., No".*='es'L""4"="a"s"e. h'it falfe.**"' "

Cn * ' " ' " " " * * * *t*a"
,,,,,

==
m neoprene,d chm eiorine.coryiaerne.,mr
pisedoted gol polyiectulyterw. tulyl. 4,,,,,,, n ,.s
nelrilei poWeulHOS, and chieresuWonsted pohottylene eene seassenes eMust a. e, v. e. e. t o, t $.

inge to te,e e.ryttert '

4'
Ug'*'i [g ,, ,, _18. M eheste. Synthouc resine, particuleth poh- ,,,,,, ,,, ,,,,,,,,,

ester, epony ertd polyvinyl oNortes, are evellette se is. e. e. t

shool meteriale. These eheele are not federred 80 M me es,eens mew menospemen 1. s. is is a si.1,
leWee euf Nier es used wherever compersede reeM c.,, ieteses ge w o g es, men go. te. ta;*a.

costMpe are secommenced. They are onen 014ee fiber "em'8 g M i , ,, 'S * *

reintereed and may be cemented to conetste wet see. many
*

ciel 881004 06 9 " " ' '
19. Lead chest. In the United Statse. lead sheet used Id,'4. i|' '" ''*

for chemical feeleience la ceNed chemicallead. The son weas' 18 los.18

sheele enould be es large as posaltis (to rmnemise the e ,miei

g&,,4,p,74,,igitinn swa mennywa

D
numeer of joints) but not too heavy to handle--the thin. ,

nest sheet may be as large as 8m80 R (2.5 = 84 m), seu en. .mnosponen e f. sa ig ie
i* * 8''

Thicknesses ren0s from 1/64 to 4 in. (0.4 to 12 mmk
Lead may to cemented to concrets with an sophellic 8.$'niine'iiEin.nnEa"m"e*'n'e's'k"iM""*""

i

1 geni. sah anni eeuw in owwiepped we me sum ,''icii ~, mesee malatesseea, enesung s. e, s. 7. a. s to.welded by conventionelleed Durnirig techniques.If tite'

ime is a w autloond to" wmperonsa.itmeybe n,'A 'it.ts')'"*
L

| ,oovee,d,wnh chemes reIment masonry a reoucoe. nee
=n m 4. f.. t e. is is ie.

am . .m,, ,e,,,,

so. eines. Two how been used er corrosion ""%""'* . e e.a m. mi t . ,. a e. is. ie'

reselenet men.eEsmes one careemoso sees. i=,,,,r,,r,. ,n-=

80ro0400010 glue, the more enebrettelent nieteral, i. tem mesee .seaseyesea. inei.ene is tes,een ene
pome e,ws: a nt*=mrecommendedbecauseallelle inconcretemaygaves

j meNng. Otse may to semente e me eenorem. ,,,,,,,,,,, , , , , , , , , , , , , , , , , , , , , , , , , , , , ,
I shock le onen a cause of failure in glace. lined ion

h!.,t.h*tbit~"''''"'"- ~ * * * " * * "

ie. .n
""'n as.e e,.ea g,,ips. iem

"" " , " ' " " " ' " ",,,,,"
**

1. * A Guide to the Use of Waterprooftnc. Dempproofing, ,,. ,,,
Protootive, and Decorative Sarrier d' stems for Con-y , , , , , , , , , , , , , , , , , , , , , , ,
crete." Report No. ACI S15.1M9. Concrem inter- eene,eis seaweisesos see.

|-
net /onel. November 1979. 5'*g *"e"t,*"*,,''."."E'''

. A., inNWences on Concroft Frederick E "ew"""e*"inE N w.
2. K***IubMehing Co New YWk.1900,

,

unger pe, emes, m owne,,,w.n S is, is tS . i nit

3. 86caok. Imee, Concrete Corrosion and Concrete Pro.
a=cron. Aummem co. sumpe=, iset me*' , , , , , , , , , , , . g,.3;. ;. o,;. g. 7, ,

4. ACi Commma noi.oum to curee= Concrem. . i e i s. .. .. e.
N' "'''Amerioen Concrete Institute, Detrcit.1977.

B2 7
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? L A Gable se the Use of Waterproo8mg, Dannpproo8ag, :
.

; Proteedve, and Decoradve Barrier Systeses -

for Cenerete ,

'

'

Reported by ACI Committee 615.

|
*

..

1%de Gelde edidatee and empendr the erope e/ the
.

: .

eoannNtee npart "Golde kr the Protection of Con. ao ammee a.ne'n y e'e'ene *manu .no eam-
wete Chemisal Altas4 6r Monas of Castlage P '7 M M ." . %""*'**

e mese assunsa . mas am se e
sad Cerrosion Aesistaat Materie4s." wAleA ap. % Qinnred be the Desenher 2006 ACE .itwRNAl. b L,, ,, ,, ,,n ,,r i,&.se. .*as we*.m*e,,*,*, *8*'*'*"* $ose.ine was%w,

jeerdens Gedde Aas 6een revdeed and le poemd in . ne. ime
**'Chapter 6 of thh Quide entitied "Protettive Barrier .

-

ketene." la addiska there are new thaptere on - =

*Wa ::~ : Barrier Syeteme." " Dam i'ng
BeW;-~8petene," and "Unoretive Barrier

-

,ems. p** ,4 ~

A seperete ehapter en eonditioning and eurim prep. ACI Committee 515 was organised in 1988 and pub-
weshe of somerede le Asetaded because It Is relevant lished a report " Guide for the Protecnica et Concrete
le all the otAer eAaptere. Against Chemical Attaek by Messe of Coatlage and-fAls Gelde is not to 6e roterescost as a comp #ege - Other Corrosion Resistant Materials," la the Desem-
sait.

a i es.un .me m.m. ber 1986 ACI JOUaNAL,. William H. Kusamlag was
chairman when this Guide was pubilehed. Albert M.'

_ . g,,,,,,, g,,,,,,,,,, 4888,8,,8 8y, *eg 14vy was chairman frem 1974 to 1977 when some of, ,,
: : es

hme,ia, hmf.,en .' ,m* the information, found in the chapters on " Water.EEmes a>

7gd,m assie ,epe,s.r,es,a seeyme.g.",,'',',',8,d,',"g',',E ,;;W,,, d
proofing Barrier Systems" and'"Dampproofing Bar-

.

i,
rier Systems." wan developed.'an.i peme

.

,

- t.. i - 4 .ae .e .ii.*c u.m ca.,te, s - e.eese, erote -

' " " '

area ad eeme=== iii : N .s#*.m se.eas.minnansN pte,1 - legendmentaa regatessesta, page 818.15 4 s.4.4 -

- m ,,,,g ,- - * = a-u
ase Sis.is.s u -u.,,,,,,,

111 : #d.,t""'ta".*

!!i : Ee.**"'."*"""**m*. .e.e . . .,",m.
.g,,,,,,,,,,,e,,,,,,,,,,,,,,

4!i : a" u - === = a = aaa -o
yi fi..,.a:"d."e""': e. ue u

th,
e

111 : fa'". E.'*:f:!."".e"*
= = = = =n i., ,

u
- ,, es,las . pen.auen e.4 -W e ., ele.e.-

i, ~*===> = a _ c.a.o-

and surface
propereeles, page 818.1R.13' ,%

leYe. Aem,u.m Can.es., l thew. As ,t.ht, o s ved. net.end Ms.t..f supeessu .ad g

7,j'.2.:.r.2,,~,, :w:,:::v.w:,~- ai %"*C';;~2m.
- .,,;m.

::m
. -. .

~.,::.w:;
;;; - g,,y,, ,,,,,::~ e.

_

e18,181
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Infersnoe Memorandum

E.A.Geldsaturg mmw

new_ PWeselalDegradados ofIbePuelPool an. August 30,1989
Due eI.aelage oflamedWasertem
PuelPoolLiner ShlUD r R. A. Whits

' Job No.1234705 Aedvity 010
er SPRON4Q8

como R. A. Manley/P. C. Breismeister 4 MIS /520 en 2862S.8.Shanna ,

DCC 0530171

We were asked to updam our Desember 22, lyse loost on abe same
SpectScally, we west asked to addmse two conoems esysossed by the -

L

1. '11e weser cheadstry in the that pool ls diffsent than stoned in the Desember 22,
1986 leser.

i 2. Pennendon calculations indicase very low pensandon of weser into the conomes yet L
.

motsass was desacted on the outside of the walls. -

L The following are ourannunnam

1. FuelEnni Chandsarv
,,

The fbel on the December 22,1986 laser and thei 1989 fuel

December 1986 January 1 m
! " " " ' 414880dd81

pH 5.1-S.2 ' 4.6 5.5
B( less then 17.5 2140 2285
Cr less then 0.02 less than 0.026
P less then 0.02 less than 0.042

less then 0.05 Not toponed

1he compless 1989 dem are sanched to this sport. '

As een be seen by comparing these two sets of analyses, the only siFJ.i;st diNerence in
chemisery is the begon content. Though the baron consent in the onier of 2200 ppm
ratherthen 10 ihis has no signincant effect on the permention rate of water ,a to
conomes More ficandy, boenn conennt in the anler of 2200 ppm rather than 10 ppm
has no signifloant on the pH (because beric acid is a buf5ur) as can be seen tom
the data.

O
IOM/354-JP

>

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

E. A.

^379

i

. 2. M
As was indiomed la the Demamh= 22.1986 loner, in the'

annesse has assund la lag,nAXn.3|AGIS. The reens won based
; . on gaskens oceeress, wMon repneens au but few amas when oncke exism.

It is masonable to assues est the that pool weser that lesbed through cracks also -

permessed the wads of the erank by the sees esement u k would ines the
u sonemes then the inekte of the comenes wou.1hmefue, some disanes(in the
L entier of inches) of some of the sober, but only la the lower >$ set of the fhet pool wau,

has beeg esposed a fbel pool weser. As was emeed in the December 22,1906
, even if the fuel pool wour reeshed the aber and the conomes wee sou

bieben away Aom the aber (olberwise the auraHahy of the senames would es$estyada
nousslias me horis ack0 the oormelon rats of the carbon emel reber woubt be 4 mus per -
year unashnum. Under seendy mate condisons the ooriosion rues deemeens whk thne -,

L sesonlingatheeslumien:
( - .

.

l' y a kt4/3

where: v =concelos resin adis per year -
t =dasin hours
k econstaat

if 4 mils per year repsesents the average oormeion raes for the fhst year, then the
avernes comnion rees for 40 years win be 0.63 mils ser year tem the above equation.
This would mesa a loss of 25.2 mus in 40 years or 50.4 mils on the diamsar of the
reber. The smausst diamear robar in that sma ls 1 1/l inch cr 1125 mus. Thaefore,
50,4 mile represens a loes of 4J pement of the diemseer,

We again oceclude that we do not envision a sigaifloant afoot on the robar due to leakage
kom the fuelpool.

k
.

-

A. Whim

RAWSc

1

O
L IOM/354 2

.

| ,,

L

-..~. . , . . . . , - . . . _ . . _ , _ . , . . . . . _ _ _ _ . _ . - . . . . . . _ . . . _ . . _ _ . . _ _ _ . _ - . . . - - - - - _ _ __, _ . - - - .
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All Dna

.JPott DA'fts Mender August 7 1999TIME 2898 FM
ILANT f SANCNS SECO UN f 1

GROUP I.D. : RC
?YSf8M ! . 't . : 3F 0473 rp0M : 01-JAc 1909SAMPLE POINT :.D. :_ sr DAT: TO : now

o
OPCR. POWER ANAL (ZEDE . TYPE D A T E.' t !M t M LIVIL SY VALUE................................. ODE .

'

............................................
3 3-Jan 99 09: 30 ; 0.0 PJM 2207 P$M10-Jan-80 08:40 1 0.0 JD 2225 PPM

-

1?-Jin-49 10:00 1 60.0 NH 2222 PPM
. -
L

31-Jin-89 01:30 1 .2.0 DW. 2224 PPM
'

; 4-feb-49 0 850 1 00 PJN 2217 PPM

'

7-ree-as 14t10 '
O.0 Rst 2250. PPM14-Feb-0?.00:15 1 00 RLM 2:22 EPMi-

31-Feb-09 00:<0 1 0.0 W 2212 PM

_.

| 20-teb-99.14:40 1 0.0 L2 -280 PM-

p ? Mar-9? 10:40 1 0.0 PJM 2202* PML 12 Mar-09 03:1! 1 0.0 SNG 2;J1 PPM- '

14-Mar -2? 09:00 1 1C.0 :J 0179 PPM21-Msra09 10:50 1 90.0 ji 2000 PPM
*

08 N-ar-89 08:3 '

40.0 MJ L". :7 FPM| 1-4;.-09 17:15 1 0.0 RLM OO 4 FPN-

'

t 4- Apr * i 09:30 1 0.) 30 *. ~ PPM| 11<4pr-19 09: 45 -
1. '.0 SNO 000. PPMI 13-Apr-a? 0C:15 1 77.0 RLM 0 05 r *Mi- 15 Apr 99 04: 30 1 75.0- CAB ::15 FPM| 26-Apr-M9 07:50 1 92.0 C AB- ~ 10 5 P P r.

L

L
1-May-09 *.1:00 1 '7. 0 R k' 4 01.* .' *4 M.9 -May-4) 09: 35 1 1 .0 L *2 3199 iPM| 13-aay ?9 01100 1 ?2.0 "AF 00 *1 ? *M

'

16-M4y-T' 09430 t G S. ,* p p. ;;'0 ??"al-Mey-89 09123 1 4".0 f .M 2001.' AM10-May-Sp*00 20 1 G0.0 '*? 2000 PPM6-Jun-89 08 00 1 $5.0 -: 20 1 ?PM12-Jun-09 10:15 1 0.0 'Ld 0170 PPM20-Jun-89 03:50 0.0 '! 0116 PPM
.

*
. .

7-Jun 19 03:50 O.0 RLF 0 *. < 1 P M

'

30 Nn-09 00:10 1 0.0 c. - ;1 to r 31-Jul-C' 91830 1 0.0 MJ .1 0 P5M18-Jul .97 04:05 1 0.0 MJ OiYS FPM25 Jul-00 0?;1! ! 0.C Pm O ', ' S r F F.i-Aug-09 '9: 10 O.) F.9 0159 .d M

'

'

2 Jin-29 0?:00 1 0.0 P h', 0.0'0 0Fa10-2eo 00 03:40 . 0.0 JD 0.002 .5PM1.' " 3 n r. - 3 9 10 : 0 < 1 60.0 '< 0.014 PP.-11*34r.-69 09 30 1 70.0 "J 0.011 PDM" Feb-G~ 14:10 1 0.3 < s .< .0075 PFw
-

--. . . - . -.-._. -.-.. . - . . . - . - - . . - . . - _ . . - . __ .-
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CM-)P-ME-Al
:

MEASUREMEi! REPORT Page-
SACRAMENTO MUNICIPAL UTILITY D'SIRICI

All D.its
.8 PORT 34758 Mender August ?, 1989 *

? !M R- 8 2 0S PM
PLa97 : RANcMO 88C0 UNtr :

E
.

;

0.ROUP I.D. : 9C
SYSTEM t.D. : OF
3 AMPLE PCI?! !.D. I 3F DATE FROM : 01-JAn-1989DAT3 ;0 : now

e

OPER.TYPE DATE/ TIM
- ?0W33 ANALY2ED

........................E.....................L BY VALUR
MODE L39t

11-?"3-80 08:15 1 0.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . <
1-Fes-13 74:00 1 00 W < 0.020 PPM

.010 PPM
23-f'ob-99 14:40 1 0.0 L2 < 0.020 PPM7" Mar-39 10:40 1

'

t 4 - M a r - 0'.' 0 9 : 0 0
0.0 PJM 0.011 PPM'

.10.0 KJ .010 PPM01 -M ar -09 10 :!0 1 92.0 je 4.012 PPM

.

08-Mar 00 09:35 1 92.0 MJ < .005. PPM
'

,lpr-69 09:00 : 0.0 80 .012 IDN11-4 n 09 09:45 1 0.0 SNS 4.020 $PN

..

10-4;r-89 03:1?
1 77.0 RLM .026 @M -05-Apr-t?': 0:30

75.0 CAD < 0.005' PPM
.0-May-59 11:00
1 32.0 'v g W < .005 PPM? M9y-00 00:.so
1 90.0 L2 < 0.005 PPM10 '3y-J? 39:JC
1.!3 May CJ 09:05 6!.0 ,u k < 0.005 PPM1 65.0 PJM < 0.005 PPM30 May .10 06:30
1 40.0 M5A < .005 PPMG-Jun-09 01100 1 65.0 MJ < .005 P'M12 Jun 3* 10:15 ; 0.0 < .005 TPM20-J m-Ci 03:50 1 0.0 M3 < .005 PPM;? ."e. '); 03:50
1 0.0 kiM < .005 PPM-4 2ia'-09 09:30 1 0.0 MJ < .005' PPM10-Jul-3' 04:05 1 0.0 'I < .005 P 97.5- Jul-C.9 09 :15 1 0.0 INH < .005 PPM1 .&a3-29 09:13 1 00 RLM < .00: PPM-

10-Jen*89 08840 1 0.0 10 0.018 PPM
-

17-Jan-GF 10100 1 60.0 NH 0.032 PFM24-Jan-89 16:45 6 00.0 SNQ 0.006 PPM31-Jan-09 09:30 1 90.0 't ; 0.005 PPM7-Feb-99 14:10 1 0.0 R3R < .00', PPM14 ?eb-89 03:15 1 0.0
2.-Feb-09 03: 00 1 0.0 W

.04 PPM
0.040 PPM07 Feb-20 14:40 1 0.0 L2 0. 031 l'PM/~M u-09 !!: 40 1 0.0 P 7K 0.016 PPM*

. .ast J7 09:00 1 10.0 MO .02 'PM21-Mar-87 10:10 1 90.0 J4 0.010 PPM08-Mer 3? 03: 35 L 92.0 MJ .005 PPM4-opt 00 00:30
1 0.0 94 < .005 PPM11-opr '+ o?:.t!
t 9.o ''G 0.040 PPM13 - A p r -O S 0 8 : * |.
1 77.0 RLM .006 ''M;0 Apr 2' 09:00
1 ?5.0 CAB O.005 PPM

'2-May-49 11:00
1 90.0 RKH < .005 P9d

- . . - . - - - . - - . - . . . - . . . .- ._ ._
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:CM-RP MI-Alt

MEASUREMENT ^REPQRT ' '

OA*.!*AM*NTO MU110! PAL UTIL'IIT pisTR:CT
All Data

.atPORT-TAT 33 Monday August 7, 1989f!ME 1.2803 FM
PLANT : RANCHO .9tCO UNIT 1

11ROUP I.'. : RC-
3YSTEM I.D.

. : 38
DATE FROM : 01- J An-1989iAMPLS POINT !.D. SF- DAtt TO : new

OPER. POWER. ANALYZED
,

TYPE............................... MODE....................................E
DA E/ TIME LEVEL SY VALU

,

9-May CV ?9:35
1 ? .0 LZ '< 0.00: PPM

. .... ......
16-Mpy'00 01:30

1 65.0 pjk < 0 005 PPM33-May-09 09:05
1 45.0 PJN < 0.005-PPM30-May-89 09:30
1 60.0 R$3 < .005. PPMG Jun-39 00: 00 1 65.0 MJ < .005 PPM

,

10-Jun-99 10:15 1 0.0 < .005 PPM-20-Jun-0? 02:50- 1 0.0 MJ < .005-PPM.27-Jun-1? 08:50 1 0.0 RLP '< .005 SPM '

t-!u'. 89 09:30 ~1 0.0 PJ < .005- PM -1.1-Jul 89 09:0! 1 0.0 MJ < .005 PM25-Jul 3? 08:15 1 0.0 RMH- <- .005' PPM-1-AuS-91 09:10 1 00 5. L M '< .005 PPM
i; ETA 3-Jin-0? 09:30 1 0.0 rJK 5.73E 4 uC/mi10-Jin-89: 00140 1 00 20 5.61E-2 uC/ml; 31-J+'.~89 05: 30 1 92.0 *J 6.0"E-4 oC/mi| ''- Fe r. " 39 14 : 10 1 0.0 R$R 4.71E * uC/ml

.

p ! 4 - f e b - 4'.' ? ?. : 1 5 1 0.0 5.*4E 4 uC/m1'

".""eb-8? 00:00 1 0.0- W G.522-4 uC/mi
-

JS-Feb-19 14:40 1 0.0 LO 5.33E-4 uC/mi7"M3?-89 10:40 1 0.0 PJ6 c.373 4 uc/mi-Ol4 Mar 0? 10:50 1- 90.0- je G.33e-4 oc/mi
>

?L-ott-?? 08:35 1 93.0 MT 4.951-4 yC/s14-Apr 29 09:30 1 0.0 '0 5.34;-4 uc/mi11-Apr-09 09: 45 1 0.0 SNG 4.61E-4 ut/ml
,

15-Ape =89 19830 1 66.0 *kW 5.5 2-4 uc.'m110-Apr-WT 10:04 1 77.0 RLM 4.04t ',.it/ml25-Apr-09 08:30 1 75.0 CAB 1.6.E-4 uC>ml2-May-09 11:00 1 90.0 RV4 4. 0 0 '. - 4 u ? / m i9-May-99 09:35 1 92.0 LZ 6.7 1-1 uC/mi
,

16-May-01 09130 t 65.0 p.h 0.??e-4 4C/mi'J3 May i.' 09:25 1 45.0 PJK :.715-4 m:/m.30-*3;.-0: )3: 30 ; 60.0 ROR 1.3E-4 ur./mi4-Jun 10 9d:00 1 35.0 MJ 3.1:E-1 aC/ml13-Jun !? 10:15 1 0.0 6.stE-5 a:, e l10.Jun-0) 08:50 1 0.0 M3 0,143 $ uC/ml
0.'- Jun - 0 ? 0 6 : 5 *- 1 0.0 RLn : "f-3 oC/mi4-241-C0 00:0) t 0.0 MJ 3.34E 5 vC2'ml* 0 - J'. ! - 8 9 :?:05 0.0 MJ 4.00E ~ uC/mi

*
.

05 38.1-09 08:15 0.) RkH 1.65" uC/mi
*
.

1-A..a 1 09:10 1 0.0 h s.1 4.15!-d */ml

/ -
-,

1

. - - , - . . _ . . . , _ . . . _ _ _ _ _ . . _ . . . . ~ . _ . . . . . . . . - - . . - . . . - _ . _ . . . . . _ . _ _ , ._ , . . _ _ _ . . -
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CM-RP-45-K11,
.

MEA 30FIMtfiT REPORT '

44CR AMthTO M','.% IC '.P AL Of!L ITY D IS TRICT
411 Osts )

470kT'DAT3s Mendey August 7, 1939 I

'

5 'T!MS- : 3803 FM iPLANT- t RANCHO 88C0 UNIT 1 }
~

{
i1ROUP t.D. :: RC -!q SY3!EM !.D. : 3F |

3 AMPLE POINTn!.D. | HS T .DAfg rROM : 01 J,n -193.n
DAfg TO- : new-

OPRR. P 0'J E R ANALYZEDTYPE CAft/71*E................................ MOD L3VgL tY
................................. VAL t ja

'43 3-Jin-t?L*? 10 1 0.0 'JK 5.005-2 uc/at
.............. ;

10 Jan e? 08840 1 0.0 JD 5.135-3 uC/e1
?

17-Ja" 19 10:00 1 50.0
'

04-!sn-89 16:45 1 92.0 SNQ 4.733-3 uC/e1
4.645-3'uC/a1

11-Jan-09'c9:30 1 ?3.0 DW 5.333-3 uC/e17-f*t'-89 14: 10 1 0.0 asR 4.745-3 uC/e1p 14-Feb-89 04:15 1 0.0 5.548-3 i C/el'
-

31-feb 2?"08:00 .
'

1
28-Feb-00 14:40 0.o W

"

5.885-3 ' /el-
'

1 00 L2 4 943-3 /e1?-Mar-39 10: 40 1 '0.0 PJM S.008-3' /el .
=

t

L 01-Mar-99 10150 1 90 0 jd
5.44e-2'QC/at<08-Mar-09 00:35 1 02.0 MJ 5.138-3 uC/m1L 4-Apr-80 09130

1 00 50 5.07R-:~aC/m1~11 Apr-89 09:45
1 v.0 SNG :5.13E-0 1C/m1-10-Ast-R9 04:15 1 77.0 RLM 5.312-2 uC/a135-4 .-19 08: J0 1 ?5.0 ;AP 5.09E- uC/ml'2 May-;9 11:00'
1 90.0 RHH 5.06E-0 uC/mi'1-May-30 091 5
1 12.0 L2 5.648-O'uC/ml:'16-May-23 109:30
1 15' 0 pjk 5.51e-: u0/m130 May-00 09:25
1 65.0 P3M 5.545-2 uC/mi

.!

.

70-May-8?-08 30
1 60.0 R$R 5.01C 'aC/ml6-Juri-87 03:00 1 *0.0 n: 5.133-3 .C/mi

,

13-Jun-89 10:15 1 0.0
00-Joa-89 08130 1 $.0 't 2 5.34E . uC/mi

5.S*t-J uC/mi ;

07-Jun-09 ;8:50
1 0.0 RtM 5.705-/ uC/m14-Ju1=09"09830 1 0.0 5; A 4.8?t uC/mi10-Jul-EF 00:05 1 0.0 M3 5.J4t-0.uc/m1'38=Jul-09 08:15 1 0.0 ArW 5.66F- we.'* L1=eug-99 09:10 1 0.0 PLM 5.754 -J uC/mii

PF 3-Jsn-80 00:30 1 0.0 PJK 4.33 N/A10-Jan 99 03:40 1 0.0 JD 4.94 N/A!

17 Jin-09 10:00 t 60.0 NH 4.83 b/A04-Jan-29 14:45 t 90.0 319 4.90 N/Ao
31-Jan-39 09:01 1 92.0 DW7-74b-09 14:10 1 0.0 ESP 5.5 N/A

4.55 N/A;

! 14-red-09 08 !T. t 0.0'

T. -f ee-C9 01:00 1 0.0 W 4.84 N/A
4.00 9/A

.D-Foo-30 14 :0 t 0.0 '
4.85 rua

'

7-Mir-90 *.:: 10 0.0 FJM 4.96 N/A
.

.

14 Mir-so 09:07 1 10.0 :: 5. . fl.' A11-Mir-09 10:50 1 90.0 14 * ' ' ' * ' ' "'

- - . . - , - . . , _ _ ..~ . , . - . - . . . . . . -.
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peg,
CG.tP-at.R1

MCAl4REMENT RSPORT
SiCRAntNTO MUNICIPAL VT!LITy.p! STRICT

*

All Data
|

'4 PORT Daft!'McA44Y Aututt 7, 1999 |

T IME- -3.3809 FM |
'rLA92- I' BANCNO 55C0 UNIT 1

,

|
!

''ilcup:I.D. ' : RC
-LYSTCM !.D. t 3F DATE FROM 01-jAn-1099.

lAMPLE POIN! I.D. 1 SF DATI TO I n#W
|-

|

OPER. POWER ANALYIED

DATT/T!ME . MODE. L3 VEL SY VALUE
TYPE............................................................................ j

:

1 92.0 MJ 5.04 N/A'. .

29-Mar-89 ott:5
- 1 77.0 RLM 4 41 N/A i-

1W-Apr-97 00: 15
25-Apr 89 09t;0 ' l 75 0 CAS 4.70 N/A. , .

L-May-30 11 00 1 92.0 RMN 4.90 N/A

-9-May-09 09 35 1 92.0 Lt. 4.75 N/A y

. 16-May-Si 09130 1 65.0 pak 4.54 N/A J

23 May-89 09:25 1 65.0 P3W 4.78.N/4 1- -

6-Jur.-09 03100 1 65.0 MJ 4.84'4/4' |
'

'

4.4- /A
13-lum-89.10:15 1 -0.0
;0-Jun-8? 08:50 1 0.0 MJ 4.71 A

27-Jun-09 08:50 1 0.0 R'LM 4.67 /A >

4-Jul-01'09130 1 0.0 MJ 4.01 N/A |

10-Jul-89-00105 1 0.0 rJ 4.00 N/A-

| 25-Jul-39"00:15 ; 0.0 RxN 5.30 N/A

1-Aug-07 09:10 1 0.0 RLM 4."2 N/A

t
! - 1r u:4tes a lirat has tieer, e;4ceeded.

'

0

D-QF'THE MEASUREMENT R8 PORT
|

;

L
1-

=

|

e

1

l .
'

|

|

l'

.

I'
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_


