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ABSTRACT

This report supplements the "Safety Evaluation Report related to the Operation
of Midland Plant, Units 1 and 2" (SER) (NUREG-0793) issued in May 1982 by the
Office of Nuclear Reactor Regulation of the U.S. Nuclear Regulatory Commission
with respect to the application filed by Consumers Power Company, as applicant
and owner, for licenses to operate the Midland Plant, Units 1 and 2 (Docket
Nos. 50-329 and 50-330). The facility is located in the city of Midland in
Midland County, Michigan. This supplement provides recent information regard-
ing resolution of the soils settlement issue, one of the open items identified
in the SER. Certain confirmatory issues 1dentified in the SER also are
addressed.
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1 INTRODUCTION AND GENERAL DISCUSSION

1.1 Introduction

On May 11, 1982, the Nuclear Regulatory Commission staff (NRC staff, the staff)

issued a Safety FEvaluation Report (SER) (NUREG-0793) regarding the aoplication by

Consumers Power Company (the applicant) for licenses to operate the idland
Plant, Units 1 and 2. The first supplement to that SER (SSER) was issued on
June 30, 1982.

This second supplement provides more recent information regarding resolution of
some of the open items identified in the SER, primarily those related to soils
settlement.

The sections and appendices of this supplement are designated by the same
numerals or letter as the section or appendix of the SER that is being updated,
and the discussions are supplementary to and not in lieu of the discussion in
the “ER unless ctherwise noted. Accordingly, Appendix A is a continuation of
the chronology or the safety review. Appendix B is an updated bibliography.*
Appendix D is a list of abbreviations used in this supplement. Appendix E is a
list of principal contributors to this supplement. Appendix H is a list of
errata for the SER. There is a new appendix, Appendix I, which describes the
underpinning construction support program and contains portions of some pre-
limirary drawings used in this review. No changes in SER Appendices C, F, or
G have becn made by this supplement.

The Project Manager is Mr. Darl S. Hood; he may be contacted by calling (301)
492-8474 or by writing to the Division of Licensing, U.S5. Nuclear Regulatory
Commission, Washington, DC 20555. Mr. Ronald W. Yernan alst serves as Project
Manager and may be reached on (301) 492-8395.

1.7 Summary of Outstanding Items

Section 1.7 of the SER noted several outstanding open items for which staff
review must be completed prior to a decision on issuance of operating licenses.
This supplement addresses one of these open items, item 5, which applies to
several sections of the SER that discussed the soils settlement issue at the
Midland Plant. The SER sections that identified soils-related open items and
their disposition in this supplement are presented below.

SER Section 2.4.4, Flood Protection Requirements

This supplement does not address the Technical Specification that is
required to define the conditions under which watertight doors will be

*Availability of all material cited is described on the inside front cover of
this report.
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SER Section 3.9.3. ASME Code Class 1, 2 and 3 Components, Component Supports,

and Core-Support otructures

Section 3.9.3.1 of this SSER presents staff acceptance of remedial actions
for underground piping. This item is closed, subject to (1) confirmatory
reporting of as-installed conditions of rebedded or replaced piping at the
appropriate construction stage, and (2) suitable Technical Specification
review prior to plant operation.

1.8 Confirmatory Issues

Section 1.8 of the SER noted that certain confirmatory information had not yet
been provided by the applicant for several identified items. This supplement
updates some of those items for which the confirmatory information has subse-
quently been provided by the applicant and for which review has been completed
by the staff. These items, and the sections of this SSER discussing the staff
review conclusions, are

(3) Program for Masonry Wall Evaluation (3.8.5)

(8) Evaluation of Environment Near DHR Suction Valves (5.4.4.2)

(13) Lowest service metal temperature (6.2.7)

In addition to the confirmatory issues in the SER, this >SER identifies confirma-

tory information needed by the st ff for concluding its review. The sections of
this SSER that identify confirmatory issues are

FSAR Documentation on As-Built Conditions 2 98,7, 3.8.3.7
and Short-Term Monitoring

FSAR Documentation on Design Modifications 2.5.4.7

at Freezewall Crossings

Seismic Margin Study 3.7.2.2
Alignment and Cvality of Rebedded or Replaced 3.9.3:1.6
Underground Piping

Reporting Requirements for Limits on Underground 3.9.3.1.6
Piping

1.12 Piant Fill Deficiencies an? Remedial Actions

This section of the SER identified the various seismic Category I structures
and utilities affected by inadequately compacted fill soils at the Midland
site, and summarized the principal topics and siructures of the staff's soils-
related review. This SER section also noted that the staff would report its
conclusions on each topic in an SSER. This SSER provides those conclusions.
The topics and structures identi€ied by SER Section 1.12 and the sections of
this SSER where the principal discussion of each appears are shown in Table 1.1
of this SSER.

Midland SSER 2 1-4



Table 1.1 Cross-reference table for SER Section 1.12

SER Section and Title

Principal SSER Referemce Section

1121

1.12.2
1.12.3

1.12.4
1.12.5
1.12.6

1.12.7

1.12.8
1.12.9

Quality Assurance Aspects
of the Soils Hearing

Seismic Chrnges
Cooling Pomd Dikes

Permanent Site Dewatering
Diesel Gemerator Building
Auxiliary Builiding and
Feeduater [solatiom

Valve Pits

Service ¥ater Pump Structure
angd Adjacent Coolimg

Pomd Retainimg Wall

Boratec water Storage Tamks

Diese! Fuel 071 Storage Tamks

1.12 10 Underground Pipes

17.3.1

3.7.2
fone (accepted by the staff in
SER Section 2.4.4, except for SER

Section 1.8(1), which remains
open )

2.4.6
2.4.6, 2.5.4.4.2, 3.8.3.4
2.5.4.4.1, 3.8.3.1, Appendix 1

2.5.4.4.1, 3.8.3.2, Appendix |,
3.7.2.4
2.5.4.4.3, 3.8.3.3

Nome (accepted by the staff in
the SER)

3.9.3.1, 3.12

Widland SSER 2



2 SITE CHARACTERISTICS

2.4 Hydrologic Engineering

2.4.6 Groundwater
2.4.6.2 Design of Dewatering System

As described in Section 2.4.6.1 of the SER and Section 2.5.4.5 of this SSER,
there are areas of loose sands beneath the diesel generator building (DGB) and
the railroad bay area (RBA) of the auxiliary building above el 610 ft mean sea
level (MSL) that could liquefy during a safe shutdown earthquake (SSE). To mini-
mize 'he potential for ligquefaction, the applicant proposes to maintain the

are. ontaining loose sands in an unsaturated condition. To do this, the appli-
cant installed a dewatering system designed to lower and maintain groundwater
levels about 15 ft below the elevation of the loose sands. A plan of the per-
manent watering system is shown in Figure 2.1 of this SSER.

As described in Section 2.4.6.2 of the SER, the applicant stated that the de-
watering system is not seismic Category I because it is not required to operate
during or after an SSE. The applicant estimated that in the unlikely event of

a complete failure of the dewatering system, it would take at least 60 days
before water levels below the DGB and the RBA would rise to el 610 ft MSL. This
would allow sufficient time to repair and/or replace any damaged portion of

the dewatering system. To verify the time before water levels reach el 610 ft
MSL, the staff requested and the applicant conducted a recharge test. In con-
ducting this test, water levels in wells surrounding the DGB were lowered to

el 595 ft MSL or below, except in areas where impervious soil conditions caused
perching of the water at levels slightly higher than this elevation. All de-
watering well pumps were then shut off and water levels were allowed to rise
normally for a period of 60 days. The staff was informed that the highest water
level recorded in the vicinily of the DGB was el 608.95 ft MSL, which occurred
in Well COE-10. Figure 2.2 of this SSER shows the locations of Well COE-10 and
other wells monitored during the recharge test. The applicant reasoned that
water levels at the RBA would rise more slowly because the RBA is further away
from the source of recharge, the cooling pond. On the basis of this inforna-
tiv-, the staff agreed in the SER with the applicant's conclusion that it would
take at least 60 days before water ievels would rise to el 610 Tt MSL beneath
*he DGB. The recharge test results regarding the effects on water levels in

the RBA were not available when the SER was published; however, the staff agreed
with the applicant's reasoning that water levels at the RBA would rise more
slowly than at the DGB. As discussed below, the results of the dewatering test
have shown that the groundwater rise to el 610 ft would be achieved in less than
the anticipated 60 days, and water levels at the RBA actually rose at a slightly
faster rate than at the DGB. ‘

Subsequent to publication of the SER, by a letter from the applicant dated June 7,
1982, the staff received the applicant's report on the recharge test. Enclosure 1
of that letter shows that water levels in most of the wells monitored in the

vicinity of the DGB during the recharge test were at elevations below 595 ft MSL

Midland SSER 2 2-1
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when the recharge test was initiated; therefore, the applicant's earlier conclu-
sion that there is a minimum recharge time of 60 days is valid only if groundwater
levels are lowered belov el 595 ft MSL, as was done before the recharge test.
Because the design-basis elevation of the dewatering system is 595 ft "ISL, the
minimum recharge time at the DGB appears to be only about 52 days.

The applicant's June 7, 1982 letter also shows that monitoring wells in the
vicinity of the RBA were dry at the start of the recharge test. This indicates
that groundwater levels were at least as low as the bottom of the screened sec-
tion of the well casings. The well with the lowest screen was one having a

15-ft screened section between el 580 ft MSL and 5¢5 ft MSL. Because this well
was dry at the start of the recharge test, groundwater levels had to be at least
as low as 580 ft MSL (near the RBA) at that time. This situation is similar to
that at the DGB because the applicant's earlier conclusion that there ‘s a 60-day
recharge time is valid only if groundwater levels during operation are lowered as
was done during the recharge test.

On March 11, 1982, about 35 days after the start of the recharge test, a high-
pressure water line below the auxiliary building was ruptured by a boring.
water from this broken water line flowed until March 17, 1982, when the appli-
cant was able to isolate the line break and stop the flowing water. The appli-
cant states that one well located within the RBA (Well AX-2, see Figure 2.2)
was flooded by the broken water line; therefore, the water level in this well
does not represent a saturated water level within the backfill. The applicant
further states that water levels in three other RBA wells also may have been
influenced by the broken water line.

The staff has reviewed the results of the recharge test and other data provided
by the applicant during an audit held on July 27-30, 1982. The staff notes

that wWell AX-2, which experienced the rapid water rise, is the RBA well that is
nearest the broken water line. The staff agrees that the broken water line
increased the rate at which the water level rebounded in Well AX-2 because of

the extremely rapid rise in groundwater level as compared with that in other

RBA wells. At the start of the recharge test, the groundwater level in Well AX-2
was below el 588.0 ft MSL. By March 15, 1982, 4 days after the water-line break,
the groundwater level had risen to el 613.7 ft MSL. By comparison, groundwater
levels in the other RBA wells did not rise above el 591 ft during this time.
After the groundwater level in Well AX-2 peaked at el 613.7 ft MSL, the level
began to drop and continued to drop throughout the remainder of the recharge
test. Water levels in other RBA wells did not drop but continued to rise for

the remainder of the recharge test.

The staff also concludes that the broken water line may have resulted in an
increased rate of groundwater rise in some other RBA wells, although the in-
crease was not as apparent as it was in Well AX-2. To determine what the re-
charge rate would have been at the RBA had there not been a water-line break,
the staff compared the RBA well hydrographs with other hydrographs for wells
located just east of the RBA that did not appear to have been affected by the
broken water line. These well hydrographs showed a rate of rise of about

0.41 ft/day during the recharge test. A comparison of this rate with that in
RBA wells showed that after the water-line break was repaired, water levels in
the RBA wells also rose at a rate of about 0.41 ft/day. This rate is slightly
higher than the groundwater rate of rise for the DGB. where groundwater levels
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rose at a rate of about 0.35 ft/day during the last 2 weeks of the recharge
test.

Because groundwater levels at the RBA rose at a slightly faster rate than at
the DGB during the recharge test, the staff does not agree with the applicant's
earlier reasoning that groundwater levels would rise more slowly at the RBA
than at the DGB in the unlikely event of a complete failure of the Jdewatering
system. The reason groundwater moves at a faster rate toward the RBA can be
seen by referring to Figure 2.3 of this SSER. As explained in Section 2.4.6.2
of the SER, the -ource of the groundwater in the plant fill area is seepage
from the cooling pond near the service water pump structure (SWPS) and the
circulating water intake structure (CWIS). Figure 2.3 shows that the plant
fill between the seepage source and the RBA consists of a thick layer of sand
that has a bottom elevation ranging from el 540 ft MSL to 570 tiL MSL. By com-
parison, the plant fill between the seepage source and the DGB is much sha'lower,
with a bottom elevation between 580 ft and 590 ft MSL. The lateral extent of
the sand toward the RBA is also much wider than toward the DGB.

Because water in the plant fill area would rise faster at the RBA than at tie
DGB, the staff now concludes that in the event of a complete failure of the
dewatering system that could not be repaired, groundwater levels could rise
from el 595 ft to 610 ft MSL at the RBA in about 40 days. However, on the basis
of the applicant's discussion of possible dewatering system malfunctions and
estimated repair times, as described in Section 2.4.6.4 of this SSER, the staff
concludes that 40 days is a sufficient period to both repair dewatering system
malfunctions and, if necessary, shut down the plant.

2.4.6.3 Effects of Pipe Breaks

In Section 2.4.6.3 of the SER, the staff concluded that failure of either a
circulating water discharge line or a condensate storage line would not result
in groundwater levels above the groundwater design ievel of 610 ft MSL. How-
ever, the staff required verification from the applicant that there are 7o
other pipes whose failure could affect the dewatering system's ability to main-
tain the required groindwater levels. Since publication of the SER, the ap-
plicant has evaluated additional postulated breaks in the ¢ watering system
header line, cooling pond blowdown line, and the cooling tower line.

A break in the dewatering system header line could result in return flow to the
dewatering wells 1n the vicinity of the broken line. In that event, inflow of
water could exceed the capacity of the affected pumps, producing a rise in ground-
water levels in the immediate vicinity of the affected wells. 10 remedy this
interaction, the dewatering system has been designed to permit a flexible hose

to be attached to the affected wells so that the flow can be diverted temporarily
until the header line can be repaired. A header-line break at the interceptor
wells, which are located adjacent to the CWIS and SWPS, would cause activation

of one or more of the backup wells, which are located on a separate header line.
This would prevent any additional flow from a header-line break at the inter-
ceptor wells from exceeding the capacity of the dewatering well pumps. (As
explained in Section 2.4.6.2 of the SER, the applicant determined that 20
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interceptor wells are required. However, Lo provide for uninterrupted service,
a second line of 20 backup wells has been installed. )

Breaks in either the cooling tower line or the cooling pond blowdown line would
have minimal impact on the dewatering svstem because these are low-pressure
lines and the volume that would be introduced into the groundwater system by a
Tine break would automatically be removed by the dewatering system, which has
sufficient capacity to remove all of the released water from such a line break.

The staff has reviewed the applicant's analysis and concludes that failure of
an underground pipe line in the plant fill area would not result in groundwater
levels above the design level of 610 ft MSL and, therefore, would not cause a
ligquefaction concern.

2.4.6.4 Dewatering Monitoring Program

In Section 2.4.6.4 of the SER, the staff concluded that it was unable to deter-
mine whether the monitoring system proposed by the applicant for the permanent
dewatering system was adequate to detect any unexpected rise in groundwater

levels because the extent of the areas to be dewatered had nol been identified.
Thus, the applicant was requested to provide a dewatering control plan that

would identify the specific areas to be dewatered and the monitoring wells and/

or piezometers that will be used to ensure that the dewatered levels are maintained.

The applicant subsequently submitted a delineation of the areas that will be
dewatered (Figure 2.4). The staff reviewed this submittal and concluded that
the delineated areas adequately encompass the areas of loose sands beneath the
DGB and the RBA that have to be dewatered to preclude liguefaction during a
seismic event.

The applicant has not identified the monitoring wells and/or piezometers that
will be used to ensure that dewatered levels within the delineated areas are
maintained except for two permanent monitoring wells in the DGB area and two in
the RBA (see Figure 2.1). These permanent monitoring wells will send continuous
water-level data to recorders located in the evaporator building. In addition,
these wells will have alarms that will be activated when a significant water-
level rise occurs in any of the wells.

The staff agrees that two permanent wells (with continuous recorders) in each
delineated area are a sufficient number of recording wells. However, the staff
requires that other nonrecording observation wells also be monitored in the
delineated areas. Figure 2.4 shows that a sufficient number of additional obser-
vation wells are already located within the delineated areas. The staff will
require the applicant to monitor some of these wells to supplement the record-
ing wells. This requirement and d-tails of the selected monitoring wells will

be included as part of the permanent dewatering system Technical Specification.

In a June 14, 1982 submittal, the applicant also provided additional informa-
tion regarding the permanent dewatering system Technical Specification. The
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2.5 Geology and Seismology

2.5.4 Stability of Subsurface Materials and Foundations

In Section 2.5.4 of the SER, the status of the staff's geotechnical engineering
review of the Midland Plant was provided, am! it was indicated that a more
detailed evaluation of the stability of subsurface materials and foundations

fur seismic Category I safety-related structures and cosponents would be pre-
sented in a supplement. Since issuance of the SER, the applicant has submitted
several technical reports addressing previously identified staff review concerns.
These reports, dated through September 3, 1982, along with the documents identi-
fied in Section 2.5.4 of the SER and information received during a July 27-30,
1982 design audit, have been reviewed by the staff and serve as the basis for the
following sections.

In addition to identifying the applicable criteria under which the FSAR Section
2.5.4 review has been conducted, the SER also discussed the following topics
related to the plant fill settiement problems:

(1) discovery of the plant fill deficiencies (SER Section 1.12)

(2) affocted safety-related structures and utilities (SER Section 1.12 and
SER Table 2.2)

(3) NRC issuance of the Order Modifying Construction Permits and a related
Licensing Board Order (SER Sertion 1.12)

Staff review of geotechnical engineering areas, including underpinning special-
ties, has been performed with technical assistance of consultants from the U.S.
Army Corps of Engineers and Geotechnical Engineers, Inc.

2.5.4.1 Site Conditions
2.5.4.1.1 General

The proposed Midliand Plant is located in centra! Michigan on the southwest bank
of the Tittabawassee River. Topographic rel =f is slight in the site area,
with elevations ranging between 594 ft (National Geodetic Datum) along the
Tittavawassee floed plain to 630 ft in the southwest portion of the site area.
To reach the plant-grade elevation, 634 ft, and to be above the flood plain,

30 to 35 ft of fill had to be placed and compacted above the natural ground
surface after removal of organic and topsoil materials. The borrow source of
soil materials for the plant fill was the 880-acre cooling pond area located
south of the plant area, as shown in FSAR Figure 2.5-46. The average original
ground surface that existed before the placement of the plant fill was slightly
above 600 ft, and it is this surface below which future references in this
supplement to natural soils are intended. Plant fill placement activities were
conducted mainly from 1975 to 1977.

Subsurface explorations in the natural soils in the main plant area reveal
highly variable soil materials and layering conditions that are typical of a
glaciated plain. A loose to very dense, brown fine sand (5P) is found beneath
the thin topsoil layer. The bottom of the surface sand layer varies in the
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Table 2.3 Safety-related structures fcunded on plant fill

Supporting Original Original
foundation foundation feundation
Structure soil elevation (ft) type
Auxiliary building
(portions listed
below)
cT Plant fill g09(1) 5-ft-thick'
reinforced
concrete mat
EPAs Plant fil1 09t 5-ft-thick(l)
reinforced
concrete mat
RBA Plant fill 630.5 4-ft-thick
reinforced
concrete mat
FIVPs Plant fill 615.5¢2) a-ft-thick(?)
reinforced
concrete mat
SWPS Plant fill 617¢1) 3-ft-thick
(northern reinforced
portion) concrete mat
0GB Plant fil] 628 2.5-ft-thick'3)
by 10-ft-wide
continuous
reinforced
concrete wall
footing
Diesel fuel Plant fil) 612 3-ft-thick
oil tanks concrete pads
Borated water Plant fill 629 Continuous(a' 3)
storage tanks reinforced

concrete ring
wall on 1.5-ft-
thick by 4-ft-
wide footings

(1) To be modified with permanent underpinning waill.

(2) To have original plant fill removed and replaced with concrete and
compacted granular fill.

(3) Subjected to surcharging with sand fill.
(4) Preloaded by filling tanks with water.

(5) New ring beam to be constructed around existing ring wall foundation
to be constructed and Unit 1 tank to be resct.

Midland SSER 2
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The variations in groundwater, river, and coo ing pond levels that affect
foundation design are discussed in Section 2.4 of the SER.

2.5.4.1.3 Site Investigations

Some preliminary explorations were completed at the plant site as early as 195,
but the major portion of the preliminary exploratory program was completed in
1968 and 1969. FSAR Table 2.5-8 lists the borings thst have been completed at
the various structure locations, and FSAR Figures 2 516, 17, 17A, and 178 show
the locations of these explorations. Agproximetely 2(0 ¥ the more than 900
borings that have been drilled at the plant site were: com!-tled in the prelimi-
nary exploration phase. A large number of the 'ater voring. were drilled for
reasons related to investigation of the plant fill provlem and for design of
resedial measures such as the permanent dewatering sysie. The major objectives
of the site investigation program included determination . subsurface materials
and stratification, investigation of suitable borrow s¢ c1¢s, idestificatiom of
the extent of natural and fil) sand layers because of coacerms about |iguefac-
tior or seepage beneath the ~utoff trench bemeath plant area dikes, measurement
nf shear and compression wave velocities of Doth the natural and the guestiom
ob & plant fill soils, and the recovery of representative disturbed and undis-
turbed scil samples for field and laboratory testing to establish static and
dynamic engineering properties. The depth of borings varied widely amd ramged
from 2 mininue of 4 fL wp to 370 ft, where rock cores were obtaimed wsing a

3.5 in. diamond bit {(WX) core barrel.

On the basis ¢f "ts review of the information presented in the FSAR and tech-
nical reports, the staff concludes that the site investigations completed by

the applicant are acceptable and adeguate to identify the important subsurface
features and foundation conditions. The staff alsc comcludes that the inwesti-
gations were completed in accordance with the guide!inmes recommended im RG 1 132,
“Site Investigations for Foumdations of Nuclear Power Plamts. ™

2.5.4.2 Properties of Foundatiom Matorials

The description of foundatior material types and layerimg has been presemted in
Section 2.5.4.1.1. The engircering properties of these materials were deter
mined by laboratory and field testing. [Imn aodition to the usual classification
tests, laboratory testing also included compaction; shear stremgth (umcomsoli-
dated undrained, comso! idated undraimed witlh pore pressure measurement, and
consol idated drained); permeability. comsolidatiom; cyclic triaxizl; wimeralogy,
catiomexchange capacity, seell characteristics, and dispersive natwre of the
clays; and rock compression tests. Fi='d testing included plate Toad bearing,
standard pemetration test (5PT) permest lity, im sitw demsity, amd gecphysical
surveys to determine depth to bedrock and to mea.wre im situ compression and
shear wave velocities of both the matural and fill soils. QDescriptioms of the
tests and the results of the lTaboratory and field testimg are presemted in FSAR
Section 2.5.4.2.

Some of the engineering properties cf the supporting foundation soils at the

Widiand site previously identified in Sertiom Z.5. 4 are listed im Table 2.4 of
this SSER.
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Table 2.4 Engineering properties of natural and .i11 foundation soils

Shear strength*

) Shear
Liquid Plastic Undrained Orained SPT wave
limit  limit C ] C (blows/ velocity**

Foundation soil (%) (%) (ksf) (degrees) (ksf) ft) (fps)
Natural: very 42 20 7.071; 23t 1.727 median  850-2300t
stiff to hard range = = 56
clay (CL) 5.2 -~ 9-3;
(reactor and median
auxiliary bldg) = 7.6
Natural: very 17 11 8.0%1; 36 0.7 median  850-2300t
stiff .o hard range =75
sandy clay = 11.4 -
(CL) (SwPS) 18.2;

median

= 15.0
Plant fill: 19-46 11-18 3.0; 2.7¢ 32; 0.1; e 500-1000t
silty clay 29t 0.1t
(CL) (DGB after
surcharging)
Bedrock - - “= Unconfined compression -- 5000t
black shale = 6000 to 7600 psi
NOTE: *C = cohesion; # = angle of internal friction

**Shear wave velocity increases with depth of soil layer
tUsed in design

On the basis of its review of the information provided by the applicant in the
FSAR and technical reports, the staff concludes that the laboratory and field
test results are acceptable with respect to adequacy and reasonableness of
results and in meeting the applicable portions of the Commission's regulations
the SRP, and RG 1.138, "Laboratory Investigations of Soils for Engineering
Analysis and Design of Nuclear Power Plants."

2.5.4.3 Foundation Profiles and Design Properties

Pertinent soi! profiles and sectional views that present the results of the
subsurface investigations in relation to the horizontal and vertical locations
of the various seismic Category I structures are listed in Table 2.5 of this
SSER. The staff will require submittal of the actual as-built foundation con-
ditions for the auxiliary building and SWPS portions in a future revision to
the FSAR following completion of this underpinning construction work.
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Table 2.5 Pertinent soil profiles and sectional views
presenting subsurface investigation results

Structure

Profile or section

Reactor containments
Auxiliary building

SWPS

BWSTs

DGB

Underground piping

Diesel fuel oil
storage tanks

FSAR Figures 2.5-20, -21, and -169

FSAR Figures 2.5-20, -21, and -169;
Figure AUX-38 - from testimony of
Edward M. Burke, W. Gene Corley,
James P. Gould, Theodore E. Johnson
and M. A. Sozen, Volume 2, "Figures,K"
December 1, 1981 (transcript at

page 5509).

FSAR Figures 2.5-22 and -170
SSER Figure 2.8

FSAR Figures 2.5-176, -182, and -183;
Figures 4, 5, and 6 from hearing
testimony of Dr. Alfred J. Hendron,
Jr., February 16, 1982 (transcript
at page 7186)

FSAR Figure 2.5-177
(prior to surcharging)

FSAR Figures 2.5-100 and -101
FSAR Figures 2.5-191

The staff concludes that the soil profiles and sectional views are adequate and
acceptable in appropriately representing the results of the subsurface investi-
gations. The staff also finds acceptable the engineering properties that have
been used in design as shown in Table 2.4 of this SSER for the various founda-
tion layers depicted on the soil profiles and sectional views.

2.5.4.4 Foundation Treatment

The following sections of this SSER provide the evaluation by the staff and its
consultants of the techniques proposed by the applicant to treat the deficien-
cies in the plant fill and to ensure long-term foundation stability.

2.5.4.4.1 Underpinning

This section describes the cause of the need for underpinning and evaluates the
design of the underpinning systems. Because underpinning work may cause move-
ment and stressing of the underpinned structures, and because this stressing is
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dependent chiefly on the construction procedures used in the excavation drifts
and pits to remove the present supporting soils beneath the existing structures,
the staff also has evaluated the construction and construction control procedures.

The main auxiliary building is founded on the very stiff to hard natural clay
soil, with foundation elevations ranging between 562 and 579 ft. The control
tower (CT) and e'actrical penetration areas (EPAs), which are structurally
connected to the southerly end of the main auxiliary building, currently are
founded at el 609 ft on inadequately compacted plant fill that varies up to

30 ft thick. Large volumes of concrete used as a replacement for structural
backfill in the excavations around the main auxiliary building and reactor
building foundations are also found in the plant fill. The feedwater isolation
valve pits (FIVPs) are located at the extremities of the EPAs, and they are
presently founded on inadequately compacted plant fill at el 615.5 ft. The
FIVPs, which are structurally separated from the other buildings, house seismic
Category I piping that penetrates the adjacent reactor containment and turbine
building.

The low SPT blow counts in the plant fill at the auxiliary building area

ot tained during the late 1978 subsurface investigations caused concern about
future differential settlements. Because the CT and EPAs were not designed to
cantilever from the main auxiliary building, the differential settlements could
cause unacceptable stresses. A 1-ft-deep void also was discovered in one of
the borings beneath the mud mat under the CT during the late 1978 investiga-
tions. Evidence of cracking at several locations on the auxiliary building

was additional reason for concern.

To ensure long-term foundation stability, the applicant has proposed to
underpin the CT and EPAs with a new permanent underpinning wall that will
extend through the plant fill to the competent hard clay natural soil on which
the main auxiliary building is also founded. Plans and section views of this
underpinning for the auxiliary building are shown on Figure 2.5 of this SSER.
The permanent underpinning wall will be connected to the bottom of the existing
mat foundations (and to the main auxiliary building beneath the CT) after the
structure load has oeen held long enough with jacks on the underpinning to
reduce future settlements to minimal value<. Details of the connection for the
underpinning walls are shown on Figure 2.6 of this SSER.

Foundation treatment for the inadequate plant fill beneath the FIVPs consists
of excavating the fill and a portion of the hard clay and replacing 1t with
approximately 30 ft of compacted granular fill and 4 ft of concrete fill.
Figuare 2.7 of this SSER shows the resulting support. The granular fill is to
be compacted to 95% of maximum dry density, as determined by ASTM test D-1557
or ASTM test D-2049, whichever results in the greater maximum dry density. The
granular fill has been specified and is to be compacted with proper equipment
and control of placement water. The applicant has committed to following a
test procedure for controlling compaction that is acceptable to the staff.

The granular fill and the concrete beneath the FIVPs will be separated by a
jacking slab that will be used to remove the load of the FIVP structures from
the existing temporary overhead supports and place it on the granular fill.
Thus, most of the settlement of the granular fill will occur while the jacks
are in place and before transfer of the final load to the permanent foundation

Midland SSER 2 2~1?



Lf, CXME T8I cHE RBOUT

Z ¥3SS PUB|PLA

% T TR T
a
N
]
S -5
@
| :“:4‘“. ‘ LY -a" a8 _eo W e

PLAN AT L 603-0°

Figure 2.5 Auxiliary building underpinning plan and section
(Source: FSAR Figure 31,8-61A)




Z ¥3SS PuUB|pLW

:tv LA -rv o ] 1 84 e : |
\ i H TUNNEL b i &L &14-0 : :
ks st S -y v-“-‘—r»r["- =y LI . f - ol o - - - Ah - B R b = 1
' : . ) ' . ' '
I ' | $ ' F ' 4 ] |
-k oy -t o - e .5 A ‘ e
] ) ; 1 e eosal ] | H STt y |
T n ‘ Q 2 ﬂﬂf!‘\'. n | M : b-lr-———db Wgss © Tall
7 &L GoN.0 { | | | i i ' } :
T v iy i ; : |
Y ¥ | ' | ' ! i
| i ! | f ! : | :
| — e | |
' 'O O U cee sove | | | : : : '
4 B COCTA N VS P o | ; 3 '
v b : ¥\ i i
: " : : [ 3 ‘ls 589 -0 : : :
' ‘ i < + ' | 1
| i ' 4 -1
‘ _— i ; : g
: : | ‘ : J ] ]
) N S F 1 i s - - e " % + +
: ~ - a3
\ ' \ ! '
" R ; Lew -0
~N B s N i L ol
'
—
@ —EL 24" LOWER LnraT Of FOunDATION
CONTROL TOWER ELECT. PENETRATION AREA FivD.

SOUTH ELEVATION OF UNDERPINNING WALL

SECTION &)

Figure 2.5 Continued (Source: FSAR Figure 3,8-61B)




il ke 3 N

4
i

| -




§ ¥

yLuuiLdJaapu

dAl
4 HVEIY IH0O
£ 1L SWVITTIM

HIMOL TOHLINOD




fm
R FELONATER

- p—
. o 1SOLATION
F VALVE PIT

TURBINE
BUILDING

EL. 190"

v _en'-s*

EL.G14-0

BUTTRESYS
ACCESS
SHAEY

30 JAKING SUB —1=" /" vup Mkt |

CONCRETE & GROLT F BLIVIS@ -y
FILL— «® S 3 ‘:-.

% (i L3 BAC KFILL

~ REMOVE Eust. cowe. %" 4

PRl & peiies | P

Figure 2,7 Feedwater isolation valve pit support
(Source: FSAR Figure 3,8-85)

Mid) ; 2
idland SSER P



is completed. Subsequent settiements are anticipated to be minimal. The FIVPs
currently are temporarily supported by an overhead steel structure that is
bolted to the existing concrete structure. The overhead structure transfers
the load to the adjacent turbine building and containment buttress access shaft,

An underpinning construction sequence and load transfer procedure was developed
by the applicant and reviewed by the staff. The load transfer procedure is
expected to cause additiona: differential settlement well below 0.4 in. between
the south ends of the underpinned structures and the main auxiliary building.
An extensive instrumentation program has been developed to monitor settlements
and strain during underpinning, as described in Section 2.5.5.6 of this SSER.
In addition, a series of contingency plans has been developed (Bechtel speci-
fication C-200) that will be implemented to reduce future movements if the
observed settlements and strains during early stages of underpinning are larger
than expected. These contingency plans will be implemented when the movements
are well within the tolerable limits for each structure, based on direct obser-
vation of the structure. The material, equipment, and personnel will be avail-
able on site to implement any necessary contingency plans.

The staff considers the underpinning design and the coenstruction procedures, as
well as the instrumentation to monitor underpinning, to be conservative. Con-
tingency plans have been prepared and will be ready for implementation if the
behavior of the buildings is found to be different from the expected behavior.
In addition, the administrative and technical procedures for relating the settie-
ment and strain data to activities in the drifts and pits have been reviewed
and evaluated. The critical observations will be made hourly or more frequently
during critical stages of underpinning. These procedures, in total, represent

a higher degree of control over construction operations than normally applied
for underpinning construction in recognition of the characteristics and safety
classification of these structures.

Based on its review and evaiuation of the documents submitted by the applicant
for modifying the foundations of the CT, EPAs, and FIVPs, the staff concludes
that the proposed permanent underpinning wall fix and the construction procedures
represent a conservative solution for eliminating the plant fill problem in the
auxiliary building area and, once properly executed, will provide a stable and
safe foundation.

Conditions at the northerly portion of the SWPS are similar to the conditions
beneath the CT and EPAs in that this portion is founded on the clay and sand
plant fill and is structurally connected to the southerly part of the SWPS,
which is founded on the deeper, more competent, very dense sandy clay till.
The concerns about differential settlement between the shallower, northerly
portion, which overlies the plant fill, and the southerly portion, which is
founded on till, along with unacceptable stresses, have prompted the applicant
to require a new permanent underpinning wall to ensure long-term foun ation
stability. In addition, cracks have been observed in the SWPS at locations
where they might be expected to develop if the above differential settlements
were occurring. A profile of the foundation soils beneath the SWPS is pre-
sented in Figure 2.8 of this SSER.
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The proposed new permanent underpinning wall beneath the north portion of the
SWPS will extend through the fill to at least el 587 ft, which is the same
bearing level as the existing deeper portion. Plan and section views of the
underpinning are presented in Figure 2.9 of this SSER. (As shown on Figure 2.9,
the SWPS and CWIS actually face northwest; however, for ease of discussion, the
text throughout this SSE” assumes they face north.)

An instrumentation system as described in Section 2.5.4.6 of thic SSER will be
installed to monitor differential settlements and strains at critical points in
the SWPS. A differential settlement of the northerly portion relative to the
southerly portion of 0.07 in. will cause contingency plans (Bechtel specification
C-200) to be implemented to limit further movements.

The sequence of construction and the procedures for transferring load from the
jacks to the permanent underpinning wall have been reviewed. These procedures
are expected to limit movements ana stress increases during underpinning to

values well within acceptable values. The technical and administrative proce-

dures for implementing construction and control have been reviewed by the staff
and found to be suitable.

Based on its review and evaluation of tte documents p-ovided by the applicant
for underpinning the SWPS, the staff concludes that the underpinning fix is a
conservative solution for eliminating the fill settlement problem and, once

properly carried out in the field, will provide a stable and safe found»ilion.

2.5.4.4 2 Surcharging of the Diesel Generator Building Area

The diesel generator building (DGB) is a reinforced concrete structure that is
supported on continuous wall footines that are founded at el 628 ft. The footings
rest on approximately 25 ft of plant fill and were poured in October 1977. The
structure is further described in Section 3.8.3.4 of this SSER. In July 1978,
with the generator pedestals and approximately 60% of the DGB completed, field
settlement measurements begun in March 1978 indicated larger-than-predicted

values of settlement. By December 1978, the largest measured settliement, located
in the southeast corner of ihe building, had reached 4.25 in., which already
exceeded the building's initial 40-year settlement prediction of 2.8 in.

The applicant temporarily halted construction of the DGB and completed sub-
surface explorations in the plant fill in late 1978. The results of thece
explorations revealed that the fill did net meet specified compaction require-
ments at all points in the fill. The fill was shown to be highly variable and
ranged in consistency from very soft to very c<tiff for the cohesive soils and
from very loose to dense for the granular soils. After considering several
alternatives for rectifying the inadequately compacted fill, the applicant, on
the advice of his consultants, elected to surcharge the partially completed
structure with 20 ft of sand placed above piant-grade el 634 ft. The sand fill
was placed to approximately el 654 ft in each of the four interior bays of the
DGB and extended horizontally at el 654 for 20 ft around the east, south, and
west perimeters of the DGB. Along the north wall, where the DGB i< adjacent to
the turbine building, the 20-ft depth of sand extended for approximately 19 ft
and was retained by a temporary wall to protect the turbine buildisg  Placement
of surcharge fill was initiated in January 1979 and reached the maximum ?0-ft
surcharge height in April 1979, when approximately 94% of the DGB structure was
completed. The purpose of surcharging was to accelerate the settlement of *"2
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cohesive fill soils under a load that would produce vertical stresses at all
depths in the fill in excess of those that would result during plant operation.
Figure 2.10 shows the 20-ft sand surcharge in piace in mid-1979.

The applicant recommended removal of the sand surcharge in mid-August 1979
after his favorable evaluation of the settlement and piezometer data recorded
during the surcharge period. The largest amount of additional settlement
recorded under the surcharge load occurred in the southeast corner of the DGB
and reached 3.20 in., which resulted in a total settlement of 7.45 in. for this
portion of the DGB structure. The settlements measured before, during, and
after surcharging of the DGB are presented in FSAR Figures 2.5-124 through
2.5-126.

Surcharging was intended to resclve the uncertainties related to future settle-
ments of the cohesive fill soils but was acknowledged to be limited in
producing meaningful results in the granular fill soils. The concern for the
safe operation of the Midland Plant because of the presence of the loose
granular fill soils with potential for liquefaction has been addressed by the
installation of the permanent dewatering system, which is discussed in Sections
2.5.4.4.4 and 2.5.4.5.5 of this SSER.

The staff concurs with the applicant that the surcharge program did accelerate
the consolidation of the plant fill beneath the DGB and will result in smaller
and more tolerable settlements during plant operation. However, the staff also
recognizes that surcharging the essentially completed DGB structure did nothing
to avoid the undesirable and large total and differential settlements that did
result, with the accompanying concerns for structural degradation (warping and
cracking of the reinforced concrete, see Section 3.8.3.4 of this SSER). The
major objective of this review has been to correctly determine the amounts of
total and differential settlements that have already occurred and will occur
beneath the DGB. These basic settlement data are essential for use in a
structural analysis that evaluates the effects of these settlement stresses,

in conjunction with other required load combinations, to reach an engineering
conclusion on the safe performance of the DGB.

Because of several piezometer and settlement readings recorded in the field
during the time of surcharging, the staff had reasonable doubts as to whether
the surcharge load was maintained long enough to cause the more compressible
plant fill soils to reach secondary consolidation. To resolve this concern,
the staff requested additional explorations in the surcharged plant fill to
recover undisturbed soil samples of fill that could be laboratory tested for
shear strength and compressibility characteristics. This work was completed in
the spring of 1981 and results furnished to the staff in July 1981. The final
conclusion reached by the staff following its evaluation of the laboratory
results is that the future settlements (time frame of December 31, 1981 to
December 31, 2025, FSAR Figure 2.5-127) identified by the applicant for use in
his structural analysis of the DGB are sufficiently conservative. The future
settliements identified cover the settlements calculated for the more compres=
sible zones of cohesive fill soils that were recovered in the NRC-requested
borings where attainment of 100% primary consclidation was shown not to have
been achieved.
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The staff did not agree with the selection of settlement values, obtained
before November 24, 1978, that were used by the applicant or with the
applicant's indicated status of construction, which affected the flexibility of
the integral footing and walls built before this time. These differences
resulted from the staff's evaluatior .f the applicant's June 1, 1982 submittal,
"Structural Stresses Induced by Differential Settlement of the Diesel Generator
Building."

In response to these differences the applicant performed additional analyses of
the effects of settlement and presented the results of this study at the July
27-30, 1982 design audit. The various time frames for which the effects of
settlement have been analyzed and which were dicussed at the audit are shown in
Table 2.6.

Table 2.6 Time frames for which effects of DGB settlement
have been analyzed

Case
designa- Type of Status of
Time frame tion study construction
3/28/78 to 8/15/78 1A Hand Top el 654 ft (east wall)
(before surcharging) calculation Top el €56.5 ft (south wall
8/15/78 to 1/5/79 1B Finite-element Top el 662 ft
(before surcharging) - computer
1/5/79 to 8/3/79 2A Finite-element Fully completed
(during surcharging) - computer
8/3/79 to 12/31/2025 2B Finite-element Fully completed
(after surcharging) - computer

The staff has reviewed the calculations for Case 1A and the settliement input
and results of the finite-element studies for Cases 1B, 2A, and 2B, which were
provided during the July 1982 design audit. The staff's comments on the geo-
technical aspects of these studies are as follows:

(1) The total and differential settlements that have been identified for Cases
1A, 1B, 2A, and 2B are correct and the staff is in agreement with the
applicant on the status of construction at these various time frames. It
should be noted that DGB construction began in October 1977 and settlement
monitoring was initiated in March 1978.

(2) The staff is in agreement with the identified settlements tabulated for
Cases 1B, 2A, and 2B. The staff has questioned, however, the manner in
which the measured settlements were used as input for the structural ana-
lysis. The applicant employed a straight line "best fit" through a plot
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of the measured settlement data to characterize the shape of the structure
at the various stages of settlement for purposes of stress analysis. The
basis for the applicant's approach is centered on judgment that the DGB
structure is too rigid to bend into the apparent shape shown by the
measured data and, because the straight-line fit is within his estimate of
the error band of the measured settlements, it represents a realist’.
estimate of the building shape.

Although the staff agrees that the DGB is a rigid structure, it believes
that a more appropriate characterization for a conservative analysis would
be to require that the building follow a shape consistent with the measured
settlements. This matter is discussed further in Section 3.8.3.4 of this
SSER in the context of the staff conclusions with regard to the structural
adequacy of the DGB considering both the applicant's analysis and indepen-
dent analyses being performed by staff consultants.

2.5.4.4.3 Surcharging of the Borated Water Storage Tank Foundations

As discussed in SER Section 1.12.8, the foundations of the twe borated water
storage tanks (BWSTs) were constructed between July 1978 and January 1979.
Erection of the tanks was completed by December 1979. To demonsirate the
adequacy of the plant fill supporting the tanks, the applicant filled the tanks
with water in October 1980 and monitored the resulting foundation settliements.

In January 1981, the appiicant reported differential settlements between the
ring wall foundations and the outside portions of the valve pits. The appli-
cant's investigation indicated cracks in the ring beam of the Unit 1 tank as
wide as 0.0063 in., and 0.035 in. wide in the ring beam of the Unit 2 tank. The
applicant concluded that the observed differential settlements were largely due
to the design errors discussed in Section 3.8.3.3 of this SSER. However, on

the basis of the results of the soils investigations of the fill in the tank
farm area, the results of plate load tests, and the observed total and differen-
tial settlements that did occur, the staff has concluded that the differential
settlement problem was primarily the result of inadequately compacted fill.

To correct the BWST foundation problem, the applicant proposed the following
three actions:

(L)

(2)

(3)

Surcharge the valve pits to reduce the amount of differential and future
settlements. This was done over a 4-month period and successfully com-
pleted by February 1982.

Construct a new reinforced concrete ring beam around the periphery of the
existing cracked ring; the design basis for this beam is discussed in
Section 3.8.3.3 of this SSER.

Relevel to the original construction tolerance the tank (Unit 1)
that had experienced the largest settlements. Staff evaluation of
the proposed releveling program is in Section 3.8.3.3 of this SSER.

On the basis of the results of field settlement records and design reports
provided by the applicant, the staff agrees that future differential settle-
ments will be small because of the surcharging that has been completed for both
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the valve pits and ring foundations. The future settlements estimated to occur
during plant operation have been enveloped for use in the structural analysis
discussed in Section 3.8.3.3 of this SSER for the new ring beams. The staff
finds this approach acceptable.

The applicant has committed to providing a Technical Specification for long-term
settlement monitoring during plant operation and to providing FSAR documentation
of the as-built conditions for the new ring beam foundations and releveling
operations, once they are completed.

The staff concludes, based on the actions discussed above and in Section
3.8.3.3, that the applicant's remedia! program for the BWST is acceptable.

2.5.4.4.4 Permanent Dewateriry

To eliminate concerns about the liquefaction potential of the inadequately com-
pacted loose granuiar fil! materials, the applicant has installed a permanent
dewatering system.

The staff's assessment of liguefaction potential is provided in Section 2.5.4.5.5
of this SSER. The staff's evaluation of the proposed permanent dewatering system

was presented in SER Section 2.4.6.2 and is further discussed in Section 2.4.6.2

of this SSER.

“uring operation of the permanent dewatering system, measurement of soil fines
1n the collected seepage water is required. 1f measured fines larger than
0.005 mm exceed 10 ppm, the applicant is required to determine which well or
wells are causing the loss of fines and tn stop pumping the well(s). If neces-
sary, the problem well(s) will be repaired or replaced.

2.5.4.4.5 Excavation and Backfill

This section summarizes the settlement problem beneath seismic Category I piping
and describes the foundation treatment of the plant fill soils supporting these
underground pip.ng systems.

The soil profiles developed along the alignment of safety-relaited underground
piping show predominantly stiff to hard clay fill soils with some highly vari-
able layering of soft clays and loose sands. FSAR Figures 2.5-100 and -101 show
typical profiles with subsurface conditions based on borings completed near the
buried piping.

To permit an assessment of the condition of the underground piping because of
the plant fill problem, internal profiling of some of the buried pipes was
done to establish pipe deflection (settlement) profiles. The results of the
profiling indicated that the present pipe invert elevations have maximum devia-
tions from 6 to 21 in. below the originally intended design invert elevations.
The majority of these deviations are in the range of 9 to 11 in. The allowable
placement tolerances for installing the pipe in the field during construction
were specified at + 2 in. from the established design invert elevations.
Allowing for the lower tolerance of = 2 in. during installation (which was
reported to have been verified in the field) would indicate that pipe settle-
ments of 4 to 19 in. have occurred.
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Using the actually observed settliement records of a series of markers (Borros
anchors) in the vicinity of the buried piping, the applicant has estimated
future settlement for the piping sysieam to be a maximum of 3 in. during the
40-year period of plant operation. The staff agrees that the estimated 3-ir.
maximum settlement is a conservative upper limit provided no additional
significant load is placed cver the piping. The applicant has committed t
providing a Technical Specification by the fall of 1982 that will include the

control measures to be required in restricting placement of heavy loads over
buried piping and conduits.

The applicant has committed to providing a plan for addressing a staff concern
that arises from a modification to the originally proposed freezewall crossing
design. The freezewall is a temporary barrier provided for construction pur-
poses to prevent groundwater from entering the underpinning excavations for the
control tower, EPAs, and the FIVP. This freezewall crossing medification has
the potential for creating differential settlements along the piping or conduit.
This concern will be addressed in a later supplement to the SER after the appli-
cant submits information tnat describes the crossing modification, details on
surcharging the piping and conduit foundations auring ground freezing, and the
monitoring records on heave and/or settlement. Details on backfilling the
excavations at the freezewall crossings are alsc to be provided by the applicant.

Some of the piping lines have already been relieved of stresses resulting from
differential settiement by excavating down to the installed pipes, cutting the
lines, and then refitting the pipes. The extent of this completed work and
future pianned rebedding work are shown in Figure 2.11 and is further discussed
in Section 3.9.3.1 of this SSER. Figure 2.11 also shows where excavat‘on, pipe
replacement, and backfill for the 36-in.- and 26-in.-diameter service ater

pipes are to be completed just north of the SWPS and circulating water 1ntake
structure.

Excavation, rebedding, and backfilling for the 26-in. service water lines just
north of the SWPS and CWIS will be carried out because the loose sand fill in
this area, which is indicated by low SPT blow counts, has potential for lique-
faction under a safe shutdown earthquake loading condition. If failure of the
non-Category I permanent dewatering system were assumed, there might not be

sufficient time to either repair the dewatering system and/or shut down the

plant because of the close proximity of this problem area to the cooling pond.

Recharge of the grcundwater in this area has been demonstrated to occur rapidly
(within approximately 3 days).

The applicant has committed to excavating the loose sand fill down to el 610 ft
within a braced excavation that will also temporarily support the existing
service water piping, which has an invert elevation at approximately el 626 ft.
Backfill of this braced trench excavation will consist of K-KRETE, a commercial
brand name for a fly ash concrete mix with low strength (minimum compressive
strength of 250 psi). The K-KRETE is to be placed to a level of 1 ft above the

top of the pipe using the applicable portions of Bechtel concrete specifications
C-230 and C-231.

Concerns about differential settlement have been addressed by requiring the
service water piping to be encircled with 6-in.~thick polyethylene planks that
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are commercially named Ethafoam 220. The length of piping to be wrapped with
this compressible product within the K-KRETE is 40 ft and spans from the por-
tion of piping on the full depth of K-KRETE (to el 610 ft) to where it is sup-
ported on the existing clay fill soils. This transition length has been
established in an analysis of pipe stresses where a 3-in. differential settle-
ment over this length has been assumed and shown to be tolerable. These
analyses are discussed in Section 3.9.3.1 of this SSER.

To verify that actual differential settiements do not exceed the assumed design
values, the staff has required the placement of additional settlement markers
at each end of the transition lc.igths at four locations, as shown on Figure
2.11 of this SSER. Discussions on future settlement monitoring of underground
piping is presented in Section 2.5.4.6 of this supplement.

The above discussion on excavation and backfill details for the 36-in.- and
26-in.-diameter service water pipelines is based on information presented by
the applicant at the July 27-30, 1982 design audit This information will be
formally documented in an FSAR anendment n the near future. The staff plans
to review the formal FSAR submit-al bu® does not, at this Lime, feel an
additional supplement to the SE 1 be necessary on this issue

On the basis of the infuimat o+«ided oy the applicant, the staff concludes

that the proposed excavation and eckfill remedial fix is a conservative and

acceptable szolution to the plani ! problem in this area, and, once properly
carried out in the field, 11 pre a stable and sare foundation for the
underground piping

2.5.4.5 Foundation Stability
2.5.4.5.1 Bearing Capacity

The following discussions on the adequacy of the foundations to resist bearing-
type failure are based, in part, on information received at the July 27-30,
1982 design audit The staff anticipates that this information from the audit
will be formally documented in an FSAR amendment in the near future The staff
plans to verify the accuracy of the information documented in the formal FSAR
submittal but does not feel an additional supplement to the SER on this topic
will be necessary.

The applicant has estimated that the maximum static bearing pressures for
seismic Category I structures that will occur will be on the very stiff to hard
clay natural soils beneath the underpinned CT and EPAs The gross bearing
pressures for these structures are 15 ksf and 11 ksf. respectively, for both
dead and live loads The maximum gross static bearing pressure for structures
founded on the plant fill is 4.4 ksf at the DGB

The maximum gross bearing pressures under the addition of dynamic loading also
occur at these structures and are 20.6 ksf for the CT, 19.8 ksf for the FPA.
and 5.7 ksf for the DGB

The applicant has calculated factors of safety against bearing-capacity-type
failure with the factor of safety defined as the ratio of the net ultimate
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are commercially named Ethafoam 220. The length of piping to be wrapped with
this compressible product within the K-KRETE is 40 ft and spans from the por-
tion of piping on the full depth of K-KRETE (to el €10 ft) to where it is sup-
ported on the existing clay fill soils. This transition length has been

established in an analysis of pipe stresses where a 3-in. differential settle-
ment over this lenyth has been assumed and shown to be tolerable. These
analyses are discussed in Section 3.9.3.1 of this SSER.

To verify that actual differential settlements do not exceed the assumed design
values, the staff has required the placement of additional settlement markers
at each end of the transition lengths at four locations, as shown on Figure
2.11 of this SSER. Discussions on future settlement monitcring of underground
piping is presented in Section 2.5.4.6 of this supplement.

The above discussion on excavation and backfill details for the 36-in.- and
26-in.-diameter service water pipelines is based on information presented by
the applicant at the July 27-30, 1982 design audit. This information will be
formally documented in an FSAR amendment in the near future. The staff plans
to review the formal FSAR submittal but does not, at this time, feel an
additional supplement to the SER will be necessary on this issue.

On the basis of the information provided by the applicant, the staff concludes
that the proposed excavation and backfill remedial fix is a conservative and
acceptable solution to the plant fill problem in this area, and, once properly
carried out in the field, will provide a stable and safe foundatien for the
undergreund piping.

2.5.4.5 Foundation Stability
2.5.4.5.1 Bearing Capacity

The following discussions on the adequacy of the foundations to resist bearing-
type failure are based, in part, on information received at the July 27-30,
1982 design audit. The staff anticipates that this information from the audit
will be formally documented in an FSAR amendment in the near future. The staff
plans to verify the accuracy of the information documented in the formal FSAR
submittal but does not feel an additional supplement to the SER on this tepic
will be necessary.

The applicant has estimated that the maximum static bearing pressures for
seismic Category I structures that will occur will be on the very stiff to hard
clay natural soils beneath the underpinned CT and EPAs. The grcss bearing
pressures for these structures are 15 ksf and 11 ksf, respectively, for both
dead and live loads. The maximum gross static bearing pressure for structures
founded on the plant fiil is 4.4 ksf at the DGB.

The maximum gross bearirg pressures under the addition of dynamic loading also
occur at these structures and are 20.6 ksf for the CT, 19.8 ksf for the EPA,
and 5.7 ksf for the DGB.

The applicant has calculated factors of safety against bearing-capacity-type
failure with the factor of safety defined as the ratio of the net ultimate
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bearing capacity to the net bearing stress. The net bearing stress is equal to
the applied gross load intensity minus the depth of embedment times the unit
weight of the soil above the bottom of the foundaticn footing. The Towest
calculated factors of safety are 3.4 and 2.4 at the underpinned control tower
for static and dynamic loading conditions, respectively.

On the basis of its review of the information provided by the applicant in the
FSAR and technical reports, including the design audit information, the staff
concludes that the resulting margins of safety against bearing-capacity-type
failure are sufficiently conservative and are acceptable.

2.5.4.5.2 Vertical Movement

Control Tower

The downward movement of the south end of the CT relative to the south end of

the spent fuel pool in the auxiliary building has been 0.24 in. during the

period July 1978 through August 1981. Because the CT was completed more than a
year before settlement observations were begun in July 1978, and because the
largest settiements of the poorly compacted fill are likely to have occured early
in the loading, in the staff's judgment it is reasonable to expect that differen-
tial settlements of 0.5 to 1.0 in. or more may have occurred from the beginning
of loaging to the present.

Electrical Penetration Areas

The downward movement of the east end of the east FPA relative to the adjacent
control tower has been 0.2 in. during the period July 1978 through August 1981.
There has been negligible differential settlement between the west end of the
west EPA and the adjacent control tower.

The total recorded settlement of the control tower and the EPAs for the period
July 1978 through January 1982 has been 0.5 to 0.7 in., as shown in FSAR Figure
2E.1-1. The settlement between the start of construction and July 1978 was not
measured.

Auxiliary Building

The applicant has estimated the differential settiements that will occur
between the new underpinning wall and the auxiliary building for a 40-year
plant life to be

(1) maximum differential settlement of the CT 0.25 in.
relative to auxiliary building

(2) maximum differential settlement of 0.25 in.
auxiliary building relative to the CT

The staff considers tne setilement behavior of (1) to be the more reasonable
assumption because it allows for greater settlement of the CT and finds the
0.25-in. estimate for (1) to be reasonable. Both estimates have been used in
the analysis f the structure to demonstrate that the FSAR loading conditions
plus these differential settlements will not cause unacceptable stresses.
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Steel plates are to be added to the slab at el 659 ft in the auxiliary building,
after underpinning is complete, to strengthen that location where high stresses
have been calculated.

Service Water Pump Structure

The maximum measured differential settlement of the overhang of the SWPS
relative to the portion founded on till has been about 0.2 in. The total
settlement of the SWPS has been about 3/8 in. and is shown in FSAR Figure
2E.1-27.

The fact that the differential settlement noted above for the SWPS is small
indicates that either (1) the poorly compacted fill under the overhang has not
settled significantly or (2) the overhang is being supported as a cantilever
and did not. follow the fill settlement, which would mean a gap may be found
beneath the overhang during underpinning.

Settlements predicted by the applicant after completion of the underpinning
wall of the SWPS overhang relative to the portion currently on the till are 0.1
to 0.2 in.

The staff considers these estimates of difterential settlements for the under-
pinned SWPS reasonable and acceptable.

Diesel Generator Building

The settlement history of the DGB and the evaluation done by the staff regarding
the impact of settlement are discussed in Section 2.5.4.4.2 of this SSER.  The
settlement hictory of the DGB is shown in FSAR Figures 2E.1-6 through 2E.1-12.

Borated Water Sicrage Tanks

The settlement history, the applicant's proposed remedial measures, and the
evaluation done by the staff regarding future foundation stability of the BWSTs
are discussed in Section 2.5.4.4.3 of this SSER. The settlement history of the
BWSTs 1s shown in FSAR Figures 2E.1-17, -18, -20, and -21.

Reactor Containment Buildings

The reactor containment buildings are founded on the overconsolidated, very
stiff to hard, natural clay soil. Total settiements based on the adopted low
recompression indices ranging from 0.002 to 0.006 are conservatively estimated
to be approximately 2.4 in. and 2.3 in. for the containments for Units 1 and

2, respectively. These estimated settiements include a settlement of 0.6 in.
resulting from lowering of the groundwater to el 590 ft by the permanent
dewatering system. As shown in FSAR Figure 2E.1-2, the average settlement
actually recorded in the field up to January 1982 was approximately 0.75 in.

for both containment buildings, with the maximum settlement of 1.1 in. occurring
beneath the Unit 1 containment.

The staff considers the estimated settlements for the reactor containment
buildings to be conservative and acceptable.
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Underground Piping

The settlement of seismic Category I underground piping is discussed in Section
2.5.4.4.5 of this SSER.

2.5.4.5.3 Strain and Horizontal Movement

No measurements have been made of the horizontal movement of structures to
date, but settlements that may take place during underpinning of the CT and
EPAs may « use the top of these structures to move southward toward the turbine
building. Monitoring instruments are being installed to measure potential
horizontal movements between all adjoining structures during underpinning.

In addition, strains that may develop in the SWPS and auxiliary building will
be measured at critical locations. Strain monitoring is discussed in Section
2.5.4.6 of this SSER. The pertinent references describing the program for
monitoring differential horizontal movements between adjacent structures are
identified in Section 2.5.4.6.1.1 of this SSER. Acceptance criteria on differ-
ential horizontal movement have not been required; however, these measurements
will be evaluated in conjunction with the required differential settlement and
strain monitoring records where criteria have been established.

The staff considers the strain and horizontal movement monitoring program
(locations, frequency of readings, etc.) that has been proposed during
underpinning operations by the applicant to be acceptable.

2.5.4.5.4 Lateral Loads

The walls of seismic Category I structures below plant-grade el 634 ft were
designed to resist at-rest lateral earth pressures using the equivalent fluid
pressure concept. The adopted design equivalent fluid unit weights are
presented in FSAR Table 2.5-15. The adepted fluid pressures are equivalent to
) @t-rest lateral earth pressure coefficient of 0.5 for sand soils and approxi-
mately 0.7 for clay soils. Walls were conservatively designed, allowing for
full hydrostatic groundwater pressures from a water level at el 627 ft in
combination with safe shutdown earthquake loading.

For dynamic loading conditions, the Seed-Whitman (1970) simplified procedure
for approximating the Mononobe-Okabe (1926, 1929, respectively) approach was
used in design. A peak horizontal ground surface acceleration of 0.12 g was
used for estimating inertial forces.

The staff concludes that the methods used to estimate lateral earth pressures
on seismic Category I subsurface walls are conservative and acceptable and are
in accordance with current state-of-the-art engineering practice.

2.5.4.5.5 Liquefaction Potential

In February 1978, during its review of the Midland FSAR, the staff forwarded
Request 362.2 to the applicant asking for documentation on the method that was
used to remove loose natural sands (sands with less than 75% relative density)
from the foundations of safety-related structures, as the applicant had committed
to do in the Preliminary Safety Analysis Report (PSAR). In his response to
Request 362.2, the applicant was unable to furnish documentation on the field
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operations completed to remove the loose natural sands. Instead, the applicant
provided the results of boring explorations performed in August and September 1978
and in 1979 (these borings were completed after site area fill had been placed

to plant grade) that did not indicate the presence of loose natural sands beneath
safety-related structures. On the basis of the results of all completed explora-
tion programs, including the later 1978 and 1979 standard penetration test (SPT)
data, the applicant concluded that the natural sands existing in the plant area
have relative densities greater than 75%.

The two methods for analyzing safety factors with respect to liquefaction of the
natural granular soils that the applicant has presented in FSAR Section 2.5.4.8
use the results of SPT blow counts. On the basis of the high SPT values
recorded in the natural soils in the extensive subsurface investigation

programs that have beer complieted, the applicant has concluded that there are

no liquefiable natural granular soils beneath safety-related structures at the
Midland site. The staff has reviewed these data and concurs in this finding.

In the subsurface exploration programs completed in late 1978 and early 1979,
following discovery of the UGE settlement problem, potentially liquefiable
granular soils were discovered in the structural backfill placed beneath
certain seismic Category I structures and underground utilities. The affected
facilities included the DGB, EPAs, RBA, the cantilevered portion of the SwPS,
and a portion of the service water piping.

In July 1379, the applicant reported the findings of liquefaction studies using
the results of the 1978 and 1979 explorations. In these studies the applicant
had adopted a peak ground surface acceleration of 0.12 g, and a groundwater
level at el 627 ft (the operating level of the cooling pond) and conservatively
adopted a magnitude 7.5 earthquake for relating cyclic stress ratio causing
liguefaction to SPT values. Of the three areas investigated for liquefaction,
the applicant concluded that liquefaction could be a problem at the DGB, was
unlikely at the RBA, and was not a problem at the auxiliary building CT area.
To alleviate his concerns about liquefaction potential, the applicant ultimately
chose to provide a permanent dewatering system, which is discussed in Section
2.5.4.4.4 of this SSER.

In May 1980, the staff's consultant, the U.S. Army Corps of Engineers, con-
cluded an independent liguefaction analysis using the Seed-Idriss (1971)
simplified method. In the Corps of Engineers study, a groundwater level of

610 ft was selected based on (1) the applicant's stated intention to maintain,
by pumping, groundwater below this elevation; (2) a magnitude & earthquake; and
(3) a peak ground surface acceleration of 0.19 g. The results of the study
indicated that fill soils are safe against liquefaction for earthquakes that
would produce a peak ground surface acceleration up to 0.19 g if the ground-
water were maintained below el 610 ft. A minimum factor of safety equal to

1.5 was met using the simplified method of analysis.

The areas of the site where it is necessary to maintain the groundwater level
below el 610 ft are the DGB area and the RBA. The problems with loose granular
backfill soils previously identified in other areas (EPAs, the cantilevered
portion of the SWPS, and service water piping) are acceptably resolved by the
proposed underpinning or by excavation and backfill remedial measures.

The staff concurs with the applicant's finding that the permanent dewatering
system will eliminate the potential for liquefaction in the granular backfill
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soils identified above. An acceptable margin of safety against liquefaction
potential is available for an earthquake with a peak ground surface accelera-
tion up to 0.19 g, which is more severe than the earthquakes used to establish
the site-specific response spectra at the top of fill, provided the groundwater
is maintained below el 610 ft. Sections 2.4.6.2 of the SER and this SSER dis-
cuss the permanent dewatering system and the staff's basis for reasonable

assurance that the groundwater will be maintained below el 610 ft during plant
operation.

2.5.4.5.6 Dynamic Loading

Section 2.5.2 of the SER provides the staff's assessment of the safe shutdown
earthquake (SSE) and operating basis earthquake (OBE) to be used for the design
of the Midland Plant. The site-specific response spectra approach was used

and was independently checked by the staff's consultant, utilizing the SHAKE
computer code, which provides a one-dimensional wave propagation analysis Lo
study possible local amplification effects of the earthquake ground motion

The independent study also evaluated the effects of variations in plant fill
properties (stiffnesses) and the effects of variations in input accelerograms
on the ground motion. The effects of both these variations were shown to have
significant impact on amplification of the earthquake ground motion.

The independent study also identified a problem with the applicant's input

into his wave propagation analysis. The problem was that acceptab’e input
values of shear wave velocities were being incorrectly reduced by the computer
code to unacceptably low values for the plant fill. This problem was correctea
and re-ulted in better agreement with results of the site-specific response
spectra approach. A major conclusion of the staff consultant's study was that
the amplification for the top of plant fill over that it the top of natural
till soils, using the site-specific response spectra approach, is more con-
servative than the spectrum developed by application of the SHAKE results.

A check was made on tne seismically induced settlement va‘ues that were
estimated by the applicant to range from 0.25 in. to 0.50 in. (These settlement
values are provided in Table 4-1A in "Responses to NRC Requests Regarding Plant
Fil1"*). The staff concludes that these settlements are acceptable for design

and consider them to be an upper bound for the design earthquake loading
conditions.

The applicant has estimated average shear modulus (G) values of 7700 ksf for

the glacial till and 1,510 ksf for the plant fill in the shear strain range of
10-2 to 10-3%. The staff considers these values to be reasonable and acceptable
for use in dynamic analysis and concludes that the applicant's decision to allow
+ 50% variation in the soil spring constants is conservative.

2.5.4.6 Instrumentation and Monitoring

2.5.4.6.1 Underpinning

The following monitoring measurements and criteria are provided for under-
pinning of the auxiliary building area and SWPS.

*This document was incorporated into the FSAR by reference by Amendment 72.
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2.5.4.6.1.1 Measurements

The construction controls to be required during underpinning and the types of
instrument to be used are listed below; they are further described in the
referenced documents and Bechtel drawings.

Auxiliary Buiiding

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Total and differential settlements of the CT, EPAs, and FIVPs and total
settlement of the auxiliary building: DOial gages and LVDTs (linear vari-
able displacement transducers) on deep-seated bench marks and on supports
between adjacent structures. References: Drawings C1490, dated June 21,
1982; C1491, dated July 16, 1982, and (1493, dated July 16, 1982.

Differential horizontal movements: Dial gages and LVDTs on supports
between adjacent structures. References: Drawings C1490, dated Jure 21,
1982; (1491, dated July 16, 1982; and C1493, dated July 16, 1982.

Strains at critical locations: Four extensometers over a 20-ft 'ength, each
5-ft long, on concrete structures and strain gages on steei members.
References: Drawings C1495, dated May 21, 1982, and C1493, dated May 21,
1982.

Settlement of some temporary and all permanent underpinning piers relative
to superstructu-e, at top and bottom of piers: Dial gages and telltales.
Reference: Figure 2.12 of this SSER.

Concrete stress in selected temporary and all permanent underpinning piers:
Carlson stress meters near top and hottom. Reference: Figure 2.12 of
this SSER.

Crack mapping: Length and width of cracks. Reference: Applicant's letter
of January 25, 1982.

Groundwater levels: Observation wells and piezometers. References:

Drawing SK-G-566, Revision 1, dated May 14, 1982, and Bechtel specification
7220-C-198, dated January 18, 1982, as amended at the June 25, 1982 meeting,
during a conference call on July 1, 1982, and during the design audit of
July 27-30, 1982.

Fines in discharge from dewatering wells: Filter medium with criteria at
0.05 mm and 0.005 mm size. Reference: Applicant's letter of April 22,
1982, p. 19. Although this reference deals with the SWPS, the same monitor-
ing will be performed at the auxiliary building.

Service wat 'r Pump Structure

(1)

Total and differential settlement between the north end of the overhang

and the portion now founded on tiil: Dial gages and LVDTs on deep-seated
bench marks. References: Applicant's letter of April 19, 1982, p. II1-9;
meeting of June 24-25, 1982; design audit, July 27-30, 1982; and Figure
2.13 of this SSER, which is to be modified to require permanent bench marks
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adjacent to the building settlement marks designated as Sw-1, 2, 3, 4,
102, and 104.

(2) Strain of the concrete at critical locations near the intersection between
the overhang and the deep portion: rour extensometers over a 20-ft length,
each 5-ft long. References: Applicant's leiter of April 19, 1982, p. III-9,
and Figure 2.13 of this SSER.

(3) Settlement of the underpinning piers relative to the underside of the foun-
dation mat, at both top and bottom of the piers: Dial gages and telltaies.
Refererice: Applicant's letter of April 19, 1982, p. I11I-10.

(4) Concrete-stress levels within the underpinning piers near the top and bottom
for the three piers at each northerly corner: Carisor stress meters.
Reference: Applicant's letter of April .9, 1982, p. III-10.

(5) Crack mapping: Length and width of cracks. . oference: Applicant’'s letter
of April 19, 1982, p. I11-10.

(6) Groundwater levels: Observation wells and piezometers in the fill and in
the sandy clay till. References: Applicant's letter of April Jz, 1582;
meeting of June 25-26, 1982; and conference calls on July 1-2, 1982.

(7) Fines in the dewatering wells di.charge: Filter medium with criteria at
0.05 mm and 0.005 mm sizes. References: Applicant's letter of April 22,
1982, p. 19, and conference calls on July 1-2, 1982.

2.5.4.6.1.2 Criteria

Acceptance Criteria for Auxiliary Building

Differential settlement and strain:

The differential .ettlements between the southerly ends of the CT and the main
auxiliary buildirg and between the southerly ends of the EPAs and the main
auxiliary building will be used to control underpinning construction. Alert
limits have been et at which the applicant will begin a reevaluation of the
behavior of the structure. Also, action limits have been established at which
the applicant is required to implement coniingency plans (Bechtel specification
C-200) to minimize subsequent movements. Limits that were agreed to by both
the staff and the applicant at the July 27-30, 1982 design audit are shown in
Table 2.7 of this SSER.

If the differential settlements shown in Table 2.7 reach 0.5 in., the applicant
will start discussions with NRC for consideration of and concurrence with
future actions before implementing those actions.

Settlement of underpinning piers:

After the full jacking load has been applied to the permanent underpinning for
the EPAs and the CT, settliement will be monitored until it has been shown that
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Table 2.7 Alert and action limits fer auxiliary building

underpinning
Alert limit Action limit

Phase* (in.) (in.)
Phase 2 construction 0.10 0.15
Phase 3 construction

Step 3.1 (through 0.15 0.25

jacking of grillage at

E/W8)

Subsequent steps (after 0.15** 0.25**

jacking of grillage at

E/WE)
Phase 4 construction 0. 20%2=* 0.40***

*Phases of construction are shown on Bechtel drawings C-1418
(Phase 2) and C-0101 (Phases 5> and 4) (see Appendix 1).

**These values may be raised to 0.20 and 0.30 in. gage, respect-
ively, if each extensometer (max mum 5-ft gage length) on the
structure shows a strain change (ess than 0.0010 in./in. (0.1%)
during underpinning and the obs :rvations of the cracks in the
structure all indicate that the long-term behavior of the struc-
ture will not be significantly influenced.

***Phase 4 represents the period of load transfer from the jacks
to the permanent underpinning. At this stage, movements of
the structure are well under control and should be negligible.
The previous cbservations of the cracks and strains in the
structure will be used to judge whether these limits are
satisfactory.

secondary compression of the bearing stratum is occurring. References: App'i-
cant's hearing testimony at the December 1, 1981 OM+OL hearing, and July 27-30
design audit.

Width of cracks:

Any new cracks exceeding 0.01 in. in width and existing cracks exceeding 0.03 in.
in width will be evaluated to determine whether underpinning procedures should
be altered or continued.

Groundwater levels:

Test holes (between 1 in. and 4 in. in diameter) will be advanced to a de *h of
5 ft beneath the proposed bearing level from a level 5 ft above the bearing
level in 11 selected piers to determine whether groundwater under pressure
exists and is of sufficient volume to require special pier dewatering. The
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selected piers are E12, W12, E10, W10, E7, W/

as shown on | e 1.2 of Appendix I of this

If water pressures or volumes of seepage are shown to be low in the 11

pier location the soils below the pier yundation level are clay shown
in the test ho ther: the underpinning excavation to the bearing level
acceptahle without additicnal special dev. itering measures. If, however, water
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Groundwater levels:

Water levels will be monitored to ensure that the groundwater level has

been lowered to at least the top of the sandy clay till. A&n evaluation of

potential pervious layers in the bearing stratum below the underpinning

pie' s for the SWPS will be made by continuous sampling in the six borings |
for the observation wells. At locations where such pervious strata exist |
within 8 ft below the pier bottom, the groundwater level will be lowered a |
minimum of 2 ft below the bottom of the pier excavation.

Fines in well discharge:

These criteria for the SWPS are the same as those for the auxiliary building,
as discussed previously in this SSER section.

Acceptance Criteria for FIVP

wWhen the differential settlement between the FIVP and any adjacent structure
reaches 3/8 in., the FIVP will be lifted back up to its original position.

Pier Foundation Load Tests

Pier W1l will be load tested at the auxiliarv building and Pier 1 at the east
side oi he SWPS. An additional pier will be tested at the SWPS if the bearing
level is within the dense sandy alluvium rather than the hard sandy clay till.
The piers will be load tested so that a pressure equal %o 130% of the maximum
predicted bearing pressure throughout the operating life of the plant will be
applied to the bearing stratum. The sequence initially requires loading up to
50% of the maximimum load, unloading to 25%, and then raising to 130%. When
the load test is complete, the load will be lowered to the design jacking load.
The load test proce“ures have been reviewed by the staff and are acceptable.
References: Applicant's letters of April 22, 1982 and June 14, 1982; staff
letter of May 25, 1982; meeting of June 25-26, 1982; telephone calls of July 1-2,
1982; and design audit of July 27-30, 1982.

The monitoring programs and the technical and administrative procedures for
evaluating and using the data from settlement, strain, crack width, groundwater
levels, and fines in well discharge during underpinning for both the auxiliary
building and SWPS have been reviewed and are acceptable to the staff.

2.5.4.6.2 Undergrourd Piping

Both settlement and strain monitoring programs are to be carried out during
plant operation as a check on the effects of future soil settlement on the safe
functioning of seismic Catejory I underground piping. In this section only the
settlement monitoring program is covered. Strain monitoring is discussed in
Section 3.9.3.1 of this SSER.

In his March 16, 1982 letter to the NRC (Enclosure 1, "Future Monitoring Program
of Buried Service Water Piping for Midland Plant Units 1 and 2"), the applicant
provided the criteria used to select settlement marker locations, monitoring
frequency, acceptance criteria, and details of typical installation.
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The criteria used to select the locations of settlement markers included locating
them in areas of loosely compacted fill and where a large potential for differen-
tial settlement existed. Using the soil profiles and boring records along the
piping alignments, the applicant selected 10 settlement marker locations.

The staff reviewed the proposed locations and, using the same selection
criteria as the applicant, concluded that five additional markers were required.
At the July 27-30, 1982 design audit, the applicant agreed to install two addi-
tional markers on line 26"-OHBC-15, one on 26"-OHBC-20, one on 26"-0HBC-54, and
one on 26"-0HBC-55, at stationing recommended by the staff. These markers are
in addition to those required for the transition zone, which is discussed in
Section 2.5.4.4.5 of this SSER.

The applicant has committed to increase the frequency of his settlement
monitoring from the originally proposed rate of once every 90 days (March 16,
1982 letter) to monthly readings for the first 6 months after markers have been
installed. This increased frequency is intended to develop background and
trends until readings have stabilized (no more than 0.10 in. settlement from
previous monthly reading.. If after 6 months the settlements have not
stabilized, monthly readings are to continue until stabilization has been
reached.

On the basis of its review of the information presented in the FSAR and techni-
cal reports and on the basis of the above commitments by the applicant, the
staff concludes that the settlement monitoring program for underground piping
is acceptable and, in conjunction with the strain monitoring program and pipe
flow measurements, will provide a suitable verification of the safe functioning
of seismic Category I piping.

2.5.4.6.3 Long-Term Settlement Monitoring

The applicant will provide in the Fall of 1982 a Technical Specification covering
long-term settlement monitoring during plant operation. The Technical Specifi-
cation will include identification of total and differential settlement action
and alert levels, with remedial measures to be implemented if these levels are
reached. The settlement monitoring Technical Specification will address all
seismic Category I structures and piping systems.

2.5.4.7 Remaining Review Items

The remaining operating license safety review items are listed in Table 2.8 of
this SSER. These items are related to the development of operating Technical
Specifications and the future submittal of confirmatory information normally
required by FSAR documentation to record as-built construction conditions.
Information such as a graphical summary of actual difrerential settlement
records during underpinning and the results of the completed pier load tests
are examples of the anticipated as-built records to be provided in future FSAR
amendments.

In addition to the items listed in Tabie 2.8, the staff in SER Section 2.5.6.8
identified the need for the applicant to provide a monitoring plan to visually
inspect the dike system during plant operation. The monitoring plan, when
approved, will be required to meet the applicable requirements given in RG 1.127,
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Table 2.8 Remaining review items

Involved structures Review items

All seismic Category I Technical Specification covering

structures and piping long-term settlement monitoring

CT, EPAs, SWPS, BWSTs, FSAR documentation on as-built

underground piping condition

Underground piping and Technical Specification covering

conduits restriction on placement of heavy
loads over buried piping and
conduits

FSAR documentation on design
modification at freezewall
crossings

"Inspection of Water-Control Structures Associated With Nuclear Power Plants, "
for the portions of the cooling pond dike slopes whose failure could
adversely impact seismic Category I structures and components.

2.5.4.8 Conclusions

In summary, on the basis of its review of the information provided and
identified in the preceding sections, the starf concludes that the site and
plant foundations are acceptable and will be adequate to safely support the
seismic Category I structures, underground piping, and conduits at the Midland
Plant, Units 1 and 2.

This conclusion is subject to the satisfactory evaluation by the staff of the
remaining review issues identified in Section 2.5.4.7 and to the results of
the structural analysis of the DGB being performed by a staff consultant using
a settlement profile that represents the actual measured settlement values.
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3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS
3.7 Seismic Design

3.7.1 Seismic Input
3.7.1.1 Spectra

As discussed in Section 2.5.2 of the SER, the staff determined during the OL
review that the original seismic design spectrum used in the design of
structures, systems, and components at Midland was not as conservative as
current staff practice would require. (This original spectrum was presented
in the applicant's FSAR and will be referred to in this SSER as the "FSAR
spectrum.") The major structures, systems, and components designed to the
FSAR spectrum have been constructed or fabricated and are in place at the
plant.

To provide an appropriate representation of maximum seismic motion at the
Midland site by current standards, the applicant developed site-specific
spectrum. Staff review and approval of this spectrum are also addressed in
Section 2.5.2 of the SER. The site-specific spectrum provides a standard of
comparison for seismic adequacy of existing structures, systems, and compo-

nents as well as a basis for evaluating the proposed design of new construction.

By letter dated July 14, 1982, the applicant requester that the staff accept
higher seismic damping values for cable trays, conduits, piping, tubing, and
their respective supports. This SSER section will address cable trays and
conduits. The evaluation of the piping and tubing will be addressed in
Section 3.9 of a future SER supplement.

The applicant cited available experimental test data in support of the request
for higher seismic damping values. The main report cited to support test
results for cable trays and conduits is "Cable Tray and Conduit Raceway Seismic
Test Program - Release 4 (Final)," Test Report 1053-21.1-4, December 15, 1978,
Anco Engineers, Inc. The applicant requested, for the cable trays and their
supports, the use of 4% damping for the operating basis earthquake (OBE) and 7%
damping for the SSE in lieu of the FSAR vaiue of 2% damping for bcth the OBE
and SSE. For the conduits and their supports, the applicant requested the use
of 2% to 5% damping in lieu of the FSAR value of 2%. Based on the above-stated
test results, the staff has approved similar requests (see, for example, SSER 1
of NUREG-0830; SSER 1 of NUREG-0831). Therefore, on the basis of previous
similar reviews, the staff finds the propcsed higher seismic damping values

for cable trays, conduits, and their supports acceptable for the Midland Plant.
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3.7.2 Seismic Analysis
3.7.2.1 Remedial Measures

Although many of the foundation remedial measures discussed in SSER Section
2.5.4.4 and below (8WST foundation rings, underpinning for the auxiliary build-
ing, and underpinning for the SWPS) represent significant new construction, the
new and old structures will be integral at the completion of the program. To
avoid speculation on the acceptability of the new construction, in recognition
of the ongoing development of the site-specific spectrum and the trend toward
more precise design methods, the staff took the position that new construction
should be designed explicitly to the site-specific spectrum. The staff also
required that a review program be developed for existing structures, systems,
and components to ensure that safe shutdown and continued heat removal could be
accomplished under the seismic loading of the site-specific spectrum. The
applicant has agreed to this approach and, as discussed below, has developed an
overal) seismic program acceptable to the staff.

At the time design of the remedial measures was initiated, the staff and the
applicant had agreed that the development of a site-specific spectrum was an
appropriate step and sufficient work had been done to approximate an acceptable
spectrum. However, the final spectrum development and staff approval were
known to require considerable additional time. In order to proceed with design
of the remedial measures while the final site-specific spectrum was developed
and approved, the applicant used the FSAR spectrum to calculate structural
forces; the applicant then increased those calculated structural forces by a
factor of 1.5 to compensate for anticipated increases in seismic input. As
noted in SER Section 3.7.2, the applicant committed to demonstrate, before
actual construction, that the final design was adequate with regard to the
site-specific spectrum. This demonstration was to be made by comparing
structural responses calculated by employing the 1.5 factor with structural
responses calculated using the final approved site-specific spectrum. The
applicant provided for staff inspection during the July 27-30, 1982 design
audit comparative displays that indicate that typical floor response spectra
for 1.5 times the FSAR spectrum envelop those using the site-specific respcnse
spectrum. The applicant plans to provide additional supportive information as
part of the seismic safety margins evaluation.

3.7.2.2 Seismic Margin Study

The applicant has initiated a study of the margins above original design
requirements that are available to accommodate increased seismic loading from
the site-specific spectrum. Similar margin studies have been conducted for
several nuclear power plants (e.g., North Anna, Diablo Canyon, Byron, Wolf
Creek, and Sequoyah) over the past decade. The experience gained from these
studies has shown that nuclear power plants typically have seismic capacities
well in excess of the basic seismic design requirement. These margins occur
as a result of conservative design requirements (e.g., assumed minimum strength
for various classes of materials) and because service requirements, other than
seismic loading, usually control final configuration of the various structural
elements. The controlling service requirements include pressure and tempera-
ture, in the case of containment structures and primary systems; impact loads
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an earthquake include the use of dewatering to reduce the potential
for soil liquefaction. We recommend that all systems and components
important to decay heat removal be carefully evaluated for their
ability to accomplish necessary functions in the unlikely event of
lower-probability, more severe earthquakes in order to previde the
necessary degree of assurance. This matter should be ress ved in a
manner satisfactory to the NRC Staff. We wish to be kept informed
about the resolution of this matter. We believe that any recommen-
dations for changes in the plant resulting from this evaluation
should be implemented by the end of the second refueling outage.

Recognizing this recommendation, the staff will require that the seismic margin
program as presently constituted be expanded to address all systems and components
important to decay heat removal. The schedule for this extended program will
allow recommendations for changes in the plant--beyond those, if any, found neces-
sary prior to operation--to be implemented at least by the end of the second
refueling.

Based on its review of the program criteria and the structural and mechanical
audits cited above. the staff concludes that the applicant's seismic margin
review program is acceptable and will provide assurance of the seismic capa-
bility necessary for compliance with GDC 2 and Appendix A to 10 CFR 100.

3.7.2.3 Soil=Structure Interaction

By letter of May 7, 1982, the applicant has provided a report, entitled "Rela-
tive Soil Impedances Beneath Electrical Penetration Wings of the Midland Auxil-
jary Building," describing the techniques used to caiculat. soil-impedance
functions (i.e. equivalent soil springs). The staff reviewed this report and
found the techniques were equivalent to those identified in Bechtel Topical
Report BC-TOP-4/A, Revision 3, which had been approved by the staff. However,
the staff asked the applicant to demonstrate that the three peaks in floor
response spectra resulting from a variation of + 30% of the soil stiffness
would be enveloped by the design spectra. The applicant's response in Sec-
tion 3.7.2.9 of the FSAR indicates that the flnor response spectra are
broadened using the equation recommended in Parcgraph ( of RG 1.122. The fre-
quency shift as a result of the % 10% variation in mass, * 20% variation in
structural stiffness, and + 50% variation in so’] modulus of elasticity is
considered. Also the three peaks are enveloped. Therefore, this item is
closed.

3.7.2.4 Structure-to-Structure Interaction

The applicant has evaluated possible structure-to-structure interaction between
the SWPS and the circulating water intake structure (CWIS), and interaction
between the turbine building (TB) and the auxiliary building. The applicant's
analyses and construction drawings show that no interaction between structural
members can be expected between these two sets of buildings for the postulated
load conditions. The separation of structural members between the SWPS and the
CWIS is about 12 in. for the structural components at the top of the SWPS, el
656 ft, and 1 in. at el 634 ft.; the maximum separation of structural members
between the TB and the auxiliary building is 8 in. at the CT and 6 in. at the
EPAs. Based on staff inspection of the applicant's dynamic analyses during the
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July 27-30, 1982 design audit (see discussion under "Dynamic and Static Anal-
yses" in Sections 3.8.3.1 and 3.8.3.2 of this SSER), the staff concurs with

the applicant's analyses and results that show that interaction of the struc-
tural members between the SWPS and CWIS and between the TB and the auxiliary
building will not occur. The results of the applicant's controlling analyses
indicated a 0.518-in. relative movement at e] 634 ft for the interaction between
the SWPS and the CWIS, and a 3.1-in. movement between the TB and C1 at el 704 ft.
The calculated relative movement between the TB and the EPAs was 2.6 in. at el
695 ft. These results were developed for SSE loading.

The SWPS is separated from the cooling pond retaining wall by about 1 in. The
applicant's dynamic analysis demonstrates that the maximum combined east-west
seismic movement of the SWPS and the retaining wall is about 0.25 in., which is
less than the 1-in. gap. Hence there is no contact during a seismic event.

3.8 Design of Seismic Category I Structures

3.8.3 Other Seismic Category I Structures

As discussed above, the applicant has proposed remedial actions for the auxil-
iary building and FIVPs, the SWPS, and the BWSTs, and has completed most of
the remedial action for the DGB. For all of these structures, the applicant
has performed acceptable analyses considering near-term and long-term condi-
tions, and has proposed acceptable monitoring plans and repair plans te ensure
the integrity of the structures during and after the necessary construction.
The following discussion provides a description of these analyses and moni-
toring programs, including staff findings.

3.8.3.1 Auxiliary Building and Feedwater Isolation Valve Pits

The underpinning operation for the auxiliary buildingy is the most complex
operation to be executed in the remedial repair work. It requires several
stages of construction and, if not properly executed, these could effect the
containment buildings, the turbine building, and underground utilities. The
applicant did not achieve adequate soil support beneath portions o: the auxil-
iary building. These portions are the CT, both EPAs, and the two adjacent
feedwater isolation valve pits (FIVPs). The inadequate soil support under the
CT and EPAs is to be corrected by underpinning, and the FIVP is to be corrected
by replacing the existing fill with compacted granular fill and concrete. As
discussed in Section 2.5.4.4.1 of this .ER, the underpinning scheme proposed
by the applicant will result in support of the auxiliary building on competent
glacial till. Based on the staff review of s0il parameters and dynamic struc-
tural calculations, the staff finds that the auxiliary building, through the
permanent underpinning walls and the FIVPs with replaced fill, will have a
foundation which will provide acceptable structural support.

The app'icant is providing both temporary .nd permanent underpinning systems.
The temporary support will be used during the construction of the permanent
foundation; it was designed by use of engineering analyses before implementa-
tion to avoid damage to existing structures.

Principal features of the temporary support system include
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Steel frames that support the FIVPs from above: These frames are
supported by the turbine building on one end and by the containment
buttress access shaft on the other end.

. Thirty-six concrete piers at the north end of the turbine building:
These piers support the column load of the turbine building along its
north side, and they retain soil under the turbine buildina basemat.
These piers are permanently left in place, The piers are braced
with struts and tie rods to transmit lateral loads to the
containment wall,

. Three frame supports under each EPA: Each frame support consists of a
concrete pier, needle beams, and steel columns supported on the reactor
building foundation slab or on another concrete pier. These frames also
support part of the turbine building load.

. Ten concrete piers under the south side wall of the control tower: These
piers are a part of the underpinning wall for the control tower. Struts
are provided to transmit lateral loads from the soil under the turbine
building to the auxiliary building.

. Additional concrete piers under each cf the three existing steel columns
inside the control tower: These piers are part of the permanent
underpinning.

. Two concrete piers below each buttress access shaft: These support the

reaction load from the temporary steel frames that support the FIVPs and
retain soil under the buttress access shaft. These piers are permanently
left in place.

. Tunnels under the turbine building and access drift tunnels: These
tunnels and drifts are constructed by the usual construction methods
utilizing lagging and steel frames.

. Temporary post-tensioning: The temporary dewatering system removes the
buoyancy force normally provided by groundwater unde: the EPAs. To
compensate for this effect during construction, a temporary system of
post-tensioning ties is installed to apply a compressive force to the
upper part of the east-west walls of the EPAs. The post-tensioning ties
are removed when the temporary supports are installed and jacking loads
are applied under the EPAs.

Principal features of the permanent underpinning include

Underpinning for the Units 1 and 2 EPAs that is a 6-ft thick, reinforced
concrete wall 38 ft high, belled out to 10-ft thick at the bottom: The
belling limits bearing pressures to the allowable values. The under-
pinning walls unaer the control tower are 6-ft thick, 41 to 47 ft high,
and are belled out to 14-ft thick. The walls are constructed to act as a
continuous member under the perimeter of the structures. Individual piers
are provided to underpin interior columns of the building. The entire
wall and pier system is foundec on undisturbed natural material.
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. Design jacking forces that are applied to the existing structure to provide
adequate load transfer from the structure to the permanent underpinning:
These jacking forces transmit the structural loads through the permanent
underpinning wall to the bearing stratum.

. Dowels that connect the underpinning walls and the existing structure at |
the vertical and horizontal interfaces: The dowels are designed to
transfer shear and tension forces between the structure and the under-
pinning wall. These dowels are connected after the permanent load
transfer is accomplished.

A permaneit wall jacking sequence, a load transfer jacking sequence table, and
the othes auxiliary building underpinning construction sequences plan and logic
are shrwn in Mergentime/Hanson Engineers drawings 5-74 and S5-74a and Bechte]
drawirg SK C-0101, respectively. These drawings were provided for information
purposes during the staff design audit of July 27-30, 1982 and portions of them
al,o are shown in Appendix I to this SSER. These preliminary drawings, which
had not been approved by the applicant, provide details of the temporary and
permanent underpinning walls, construction sequences, and details on values of
loads and sequence for the application of the jacking forces.

The staff identified the following concerns as licensing conditions during the
review of the auxiliary building and FIVPs: (1) effects on the structure of
the post-tensioning system currently in place, (2) the proposed jacking opera-
tion, with regard to the forces to be placed on the existing structures, (3)
load transfer schemes, (4) analyses of the structures and evaluation to accept-
ance criteria, and (5) evaluation of cracks.

The staff has since reviewed details of the building post-tensioning system to
evaluate the applicant's position that the post-tensioning scheme compensates
for the reduction in buoyancy force under the EPAs of the auxiliary building.
The staff has also reviewed the proposed jacking operation for implementation
of the underpinning scheme on the FIVPs and auxiliary building and conne *ing
details for the CT and EPAs to the main part of the auxiliary building ensure
that the underpinning scheme could transfer the loads to the till without over-
stressing the existing structure. The staff has reviewed the analyses and
design calculations, including related drawings, to determine acceptability of
the proposed design and construction procedures in relation to current staff
acceptance criteria. The staff required an evaluation of the existing cracks
in these reinforced concrete structures to ensure that the structure had not
been overstressed to a level that would reduce its function under normal opera-
tional and accident loadings. Monitoring programs were reviewed to verify that
appropriate performance data for structures during and at the conclusion of the
underpinning operation 2re provided for. Further details on the review are
given below.

Tenporary Post-Tensioning

The temporary dewatering system (Section 2.4.6 of this SSER) removes the buoy-
ancy force normally provided by groundwaler under the EPAs. To compensate for
the loss of the buoyancy force during construction, a temporary post-tensioning
system is installed to apply a compressive force to the upper part of the east-
west walls of the EPA. The post-tensioning system consists of two tendons that
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are located at approximate el 704 ft and run through the CT. They are anchored
to the outer walls of the EPA structures both on the inner and outer faces.
Each post-tensioning tendon is manufactured using 10 0.5-in.-diameter strands
and has an ultimate capacity of 410 kips. These tendons will be removed when
the temporary supports are installed and jacking loads are applied under the
EPAs.

The applicant's analysis for determining the post-tensioning loads and his
evaluation of the supports were based upon the American Institute of Steel
Construction (AISC) Code and the American Concrete Institute (ACI) Code 349,
which are acceptable to the staff. The staff reviewed the post-tensioning
system design and analysis, which showed that the compressive loads imposed on
the higher levels of the east and west walls of the EPAs by this system are
sufficient to compensate for the loss of buoyancy force and impose no detrimental
effect on the structure. Therefore, based on the results of the staff's

review and on the applicant's use of codes acceptable to the staff, the staff
finds the applicant's post-tensioning scheme to aid construction acceptable.

Jacking Forces

The jacking forces are applied to the existing structure to provide adeguate
load transfer from the structure to the underpinning. Static analyses for the
construction sequence of the underpinning scheme, including jacking loads, are
discussed later in this section. The values of the jacking forces are deter-
mined from the analyses described below (Dynamic and Static Analyses). These
jacking forces are transmitted from the structure through the permanent under-
pinning wall to the bearing soil stratum.

Installation of permanent load-carrying piers under the CT and details of con-
struction sequence and values of loads and sequence for application of the
jacking forces are identified in Mergentime/Hanson Engineers drawings S-74 and
S$-74a and Bechtel drawing SK-C-0101 (see Appendix I). Specifically, the loads
from the EPA, CT, and portions of the TB are considered during the underpinning
work by providing an effective transfer mechanism, as follows:

. EPA

Initial loads will be transferred to a system of grillage beams supported
on deep-seated reinforced concrete piers and steel columns that are sup-
ported by the containment mat. After fill material is removed, a permanent
wall will be constructed on undisturbed natural soil (till). The initial
loads will then be transmitted to the underpinning structure.

CT1

Loads will be transmitted to a series of deep-seated reinforced concrete
piers that will subsequently be incorporated into a permanent wall that
follows the perimeter of the existing structure.

. l:

Loads will be directly transferred to the permanent deep-seated reinforced
concrete piers.
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The transfer of loads described above will in all cases be accomplished by the
use of hydraulically actuated steel jacks that are incrementally increased to
the specific loads determined by the structural analyses. The analyses consider
dead loads, including block walls and equipment loads, and 25% of the estimated
live loads to account for construction live loads. When the predetermined loads
have been developed by the jacks, the loads will be maintained and locked off
provided that the following criteria are met:

(1) The pier wiil be loaded to 125% of its specified jacking load and continued
at that load until the relative movement between the top of the pier and
the underpinned structure is less than 0.01 in. in a continuous i-hour
period. When this condition is satisfied,

(2) The pier load will be reduced to 110% of its specified jacking load and
continued at that load until the relative movement between the top of the
pier and the underpinned structure is less than 0.01 in. for a continuous
24-hour period. When this condition is satisfied, the pier will be locked
off.

(3) Jacking loads for the permanent underpinning will be maintained at the
specified value for at least 30 days.

(4) A semilogarithmic plot of settlement versus time will show that secondary
consolidation has been reached.

(5) The settlement increment in the last 30 days of sustained load will not
exceed 0.05 in.

(6) The settlement in the last 10 days of sustained load will not exceed
0.01 in.

(7) Wedges to be used for the permanent wall will be driven tight and perma-
nently welded in place. In case a predicted jacking load is not obtained
(when a 0.03-in. upward movement of the existing structure occurs) jacking
loads should be reduced to 80% of the load at which the movement occurred
and this load will be used in the analyses to determine subsequent jacking
loads.

Details of the pier load tests for one representative pier, along with the
location and time for performing this test, are discusced in Section 2.5.4.6.1.2
of this SSER.

Based on its review of design drawings and calculations (see discussion under
"Dynamic and Static Analyses" below), the staff concludes that the jacking
forces have been determined so that the structure will not be stressed above
the allowables as specified in American Concrete Institute (ACI) Code 349 under
dead load and live load conditions. The staff, therefore, finds the results
relevant to jacking forces acceptable.

Dowel and Rock Anchor Load Transfer Scheme

The connection of the underpinning walls and the existing structure under the
CT and EPAs is accomplished through the use of embedded dowels. However, rock
bolts are used for the vertical connection of the underpinning wall and the
existing structure under the CT. The design loads for dowels and rock bolts
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The model using long-term loading without connection between underpinning and

building investigates the effects of long-term loads with the underpinning dis-

connected from the superstructure. This model represents the construction

stage when the superstructure and underpinning are separated by a series of

hydraulic jacks, with the jacks totally supporting the underpinned areas.

Structural interaction is produced by placing upward jacking loads on the

superstructure and placing equal and opposite loads on the underpinning. The

boundary springs have spring constants based on the predicted soil response to

long-term loads. The load cases applied to this model are: dead load, live

load, external hydropressures, soil pressures, settlement, jacking loads, and

wind loads.
|
\
\
|

The model using long-term loading with full connection between the underpinning
and building investigates the effects of long-term loads with the underpinning
fully connected to the superstructure. The boundary springs have spring con-
stants based on the predicted soil response to long-term loads. The load cases
applied to the model include differential settlement loads.

The model using short-term loading with full connection between the underpin-
ning and building investigates the effects of short-term loads with the under-
pinning fully attached to the superstructure. The spring constants for the
boundary springs are based on the predicted soil response to short-term loads.
The load cases applied to this model are: east-west earthquake, north-south
earthquake, vertical earthquake, tornado, and pipe rupture loads.

The results of the analyses based on the above models and loads were combined
using the load combinations specified in the FSAR. The combined forces or
stresses were then used to evaluate the structural adequacy of the existing
structure and the underpinning structure as a whole. The information on these
analyses was provided in part by Enclosure 2 of the applicant's letter of
September 30, 1981, and Enclosure 2 of the applicant's June 7, 1982 letter.
Details of the above-referenced results were audited in February and July 1982.
The staff reviewed the results of the dynamic analyses and ascertained that
proper outputs from these analyses were used as inputs to the static analyses.
In addition, the results of the static analyses were compared to code allow-
ables (ACI-349) and the staff determined that adequate safety factors have
been provided. The results audited by the staff will be summarized and
presented by the applicant in a future revision to the FSAR.

The staff has reviewed and audited the applicant's static and dynamic analyses
and finds that the assumptions used to define the models, loads, and load
combinations are adequate. The models adequately represent the structures, and
the results of the analyses are acceptable because they meet the requirements
identified in SRP Sections 3.7.2, 3.8.3, and 3.8.5.

Monitoring Program

The monitoring program considers differential settiement and strain for the
structure as well as a crack monitoring and repair program. Critical locations
for monitoring on the structures were identified from the results of the analyses.
Three locations of high stresses were identified as critical structural loca-
tions: a slab at el 659 ft, the structural area adjacent to the post-tensioning
cable anchors at el 704 ft, and a shear wall at approximate el 600 ft. The

final details of the monitoring pian are identified in Bechtel drawings C-1490
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5.4.6.1.1 of this SSER). Acceptance criteria are
4.6.1.2 of this SSER.

and C-1491 (see Section 2.
identified ir. Section 2.5.

Crack Evaluation and Repair

The crack evaluation and repair program is discussed as a general item for all
structures in Section 3.8.3.5 of this SSER.

3.8.3.2 Service Water Pump Structure

As discussed in Section 2.5.4.4.1 of this SSER, the soil support intended for
the north portion of the SWPS, which is located on fill material, was not
achieved. The applicant has proposed underpinning similar to that under the
auxiliary building, and the approaches presented by the applicant are generally
equivalent to those identified in Section 3.8.3.1. “e underpinning operation
for the SWPS, however, is much smaller in scale and complexity than that for
the auxiliary building and does not require a temporary underpinning scheme.
Also, because of the limited area of concrete, embedded dowel anchors rather
than rock anchors will be used at the vertical interface between the existing
structure and the underpinning wall.

The proposed SWPS remedial underpinning is approximately a 4-ft-thick reinforced
concrete wall that is approximately 30 ft high with a flared base. The under-
pinning wall is constructed to act as a continuous member under the perimeter
of that portion of the structure originally founded on fill (i.e., the "over-
hang" portion located tc the north). To preserve the structural integrity of
the building, the individual piers are constructed in a predetermined sequence.
The piers are tied together with th-eaded reinforcing bar couplers provided by
Fox-Howlett Industries, Inc. (see Section 3.8.3.6 of this SSER) and shear keys
to form a continuous underpinning wall. The final underpinning scheme and
construction sequence for the SWPS are identified in Figure 2.9 of this SSER
and Bechtel specification 7220-C-194.

The areas of concern identified during staff review of the structural engineer-
ing aspects of the SWPS addressed in this SSER included the following: (1) the
temporary post-tensioning system and effects on the structure, (2) jacking
loads, (3) load transfer schemes, (4) analyses of the structures and evaluation
to acceptable criteria, and (5) evaluation of existing cracks.

Temporary Post-Tensioning

A temporary post-tensioning system is designed to apply a compressive force to

the upper part of the builiding along the east and west exterior walls. This post-
tensioning system is provided to compensate for the loss of bouyancy, which
results in additional forces on the overhang, when the construction site de-
watering is implemented. The post-tensioning system consists of two tendons

on each side of the building in the north-south direction, and contributes a
compressive ferce of 100 kips. These tendons are located on the outside of the
building and are anchored to the exterior walls with heavy steel brackets.

The staff reviewed the post-tensioning system and concluded that the compressive
loads imposed at the higher levels of the structure by this system are suffi-
cient to compensate for the loss of bouyancy force and impose no detrimental
effect on the structure. Use of the post-tensioning scheme to aid in construc-
tion is, therefore, acceptable to the staff.
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Jacking Forces

Predetermined jacking forces will be applied between the underpinning wall and
to the full perimeter of the SWPS overhang foundation during the construction
of the underpinning wall to provide adequate load transfer from the structure
to the underpinning wall.

The staff reviewed the methodology for transferring loads from the jacks to
permanent wall and the locking-off procedure to be used for the underpinning
operation. Details of the construction sequence and the values of the loads
and sequence for application of jacking were identified in documents submitted
to the staff (specifically Bechtel drawing C-2035-Q, Rev. 2 and Bechtel speci-
fication 7220-C- 194(0)) These values were determined from the static analyses.
Load transfer to the piers will be completed and the jacks will be locked off
when the following criteria are met:

(1) The pier will be loaded to 125% of the specified jacking load and continued
at that lecad until the relative movement between the top of the pier and
the underpinned structure is less than 0.01 in. for a continuous l-hour
period. When this condition is satisfied,

(2) The pier load will be reduced to 110% of the specified jacking load and
continued at that load until the relative movement between the top of the
pier and the underpinned structure is less than 0.01 in. in a continuous
24-hour period. When this condition is satisfied, the pier will be locked
off.

(3) Final load transfer to the completed underpinning system will be controlied
by the following acceptance criteria:

(a) The jacking load for the permanent underpinning will be maintained
at the specified value for at least 30 days.

(b) A semilogarithmic plot of settlement versus time must approach a
straight line.

(c) The settlement increment in the last 30 days of sustained load will
not exceed 0.01 in.

(d) Wedges to be used for the permanent wall will be driven tight and
permanently welded in place. In case a jacking load, as predicted
by the analyses, is not obtained (when a 0.03-in. upward movement of
the existing structure occurs) jacking loads should be reduced to 80%
of the load at which the movement occurred and this load will be used
in the analyses to determine subsequent jacking loads.

Details of the pier load test for one representat1ve pier, along with location
and time for performing this test, are discussed in Section 2.5.4.6.1.2 of this
SSER.

Static analyses for the construction sequence of the underpinning scheme,

including jacking loads, are discussed later in this section. These jacking
forces are transmitted from the structure through the permanent underpinning
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wall to the bearing soil stratum. Based on its review, the staff concludes
that the jacking forces are limited so that the structure will not be unduly
stressed under dead load and live load conditions. Therefore, the staff finds
the results relevant to jacking forces acceptable.

Dowels and Anchor Bolts Load Transfer Scheme

The permanent conrection between the underpinning wall and the existing struc-
ture is made by dowels consisting of no. 9 steel reinforcing bars (rebars) at
the vertical interfaces and 2-3/4-in.-diameter anchor bolt assemblies at the
horizontal interfaces. The connectors are designed to transfer shear and ten-
sion forces to the underpinned wall. The connectors are not subjected to
stresses during the jacking procedures because the connectors wil' not have
been installed and the anchor bolts will not have been tightened. After the
underpinning wall is connected to the existing structure, the connectors begin
to resist the applied structural loads.

The connectors for the vertical interface between the underpinning and the
side of the SWPS are designed to resist the combined effects of a shear force
of 1668 kips, an axial furce of 1144 kips, and a moment of 736 ft/kips, with a
safety factor of 1.23. For the horizontal interface, anchor bolts of varying
lengths are provided for the connections with the base slab and the north

wall. For the base slab connection, the anchor bolts are designed to resist
the combined effects of a shear force of 1646 kips, an axial force of 885 kips,
and a moment of 261 ft/kips, with a safety factor of approximately 2.4. For
the north-wali interface, the anchor bolts are designed for the combined effects
of a shear force of 2198 kips, an axial load of 3515 kips, and a moment of
1834 ft/kips, with a factor of safety of approximately 4.5.

These values were obtained during the audit conducted in July 1982. The staff
finds the above-stated values acceptable because the stresses resulting from

these loads meet the allowable limits specified in ACI-349 with conservative
safety factors.

Dynamic and Static Analyses

The SWPS is represented by a three-dimensional lumped-mass stick model with
individual sticks located at the center of shear resistance. The mass of the
structure is lumped at the major floor elevations. The center of mass is estab-
lished for each floor level and the eccentricity between the center of mass and
the center of rigidity is included in the model. Rigid beam elements are used
to connect the center of stiffness and the center of mass. The propesed under-
pinning of the building has been accounted for in the section properties below
el 620 ft. Soil/structure interaction is represented by equivalent spring con-
stants and damping coefficients based on elastic half-space theory. Torsion

effects from structural eccentricities are considered. Embedment considerations
also have been included.

The static structural analysis uses a finite-element analytical model to repre-
sent structure behavior. The interface between the existing structure and the
underpinning wall is modeled to transfe: loads. The soil media are represented
by springs of appropriate stiffness at the base of the structure.
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The analysis uses two different analytical models and appropriate springs. The
two analytical models that the applicant has developed include a "disconnected
model" and a "connected model." The disconnected model, in which the under-
pinning wall is not connected to the structure, is used to investigate various
construction stages. This model also is utilized in combination with the con- |
nected model to determine preload effects on the existing structure that result
from jacking. The same level of analysis described in Section 3.8.3.1 of this
SSER for the auxiliary building is provided for the SWPS.
|
\
|

The connected model, in which the underpinning wall is connected to the struc-
ture, is used to investigate the effects of long-term loading such as differen-
tial settlement and short-term loading such as seismic forces. The differential
settlement is considered in the model by calculating appropriate spring con-
stants based on settlements of the underpinning and the existing structure.

A summary of the results of structural analyses for the major construction
stages was provided in the applicant's April 22, 1982 submittal. The specific
calculations were audited in July 1982. The staff ascertained that the con-
trolling stresses due to the jacking loads were combined with other applicable
loads identified in the design load combinations. This validation assured the
staff that the applicant has considered all relevant loads in the design of

the underpinning structure. The results for these analyses, at the critical
section, are identified in Table 3.8-22 of Revision 44 to the FSAR. The staff
finds these results acceptable because they meet the allowable limits specified
in ACI-349.

The staff also reviewed the sliding and lateral soil pressure calcuiations
under dynamic loading during the audit. Seismic loads equal to 1.5 times SSE
loads were used. These exceeded the SSRS seismic ioads. Factors of safety
against sliding were determined to be 1.45 in the north-south direction and
1.50 in the east-west direction. These vaiues exceed the staff requirements
of 1.1. Therefore, this issue is considered closed.

The staff has reviewed and audited the applicant's static and dynamic analyses
and finds that the assumptions used to define the mcdels, loads, and load com-
binations are adequate. The models adequately represent the structures, and
the results of the analyses are acceptable because they meet the requirements
jidentified in SRP Sections 3.7.2, 3.8.3, and 3.8.5.

Monitoring Program

The monitoring program includes differential settlement, strain, and crack monitor-
ing. The monitoring measurements and criteria are discussed in Section 2.5.4.6
of this SSER.

Crack Evaluation and Repair

The crack evaluation and repair program is discussed in Section 3.8.3.5 of this
SSER.

Conclusions

The general uncerpinning scheme proposed by the applicant will effectively
transfer support of the SWPS to the competent undisturbed natural material,
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as described in Section 2.5.4 of this SSER. The staff concludes that successful
implementation of this program will result in an acceptable foundation for the
SWPS. The structural aspects proposed for the underp‘nning scheme and design
(use of a temporary post-tensioning system, jacking ioads, load transfer scher«s,
dynamic and static analyses, and monitoring program) are acceptable because they
meet acceptable code requirements as specified in Sections 3.7.2, 3.8.4, and
3.8.5 of the Standard Review Plan (NUREG-0800).

3.8.3.3 Borated Water Storage Tanks and Foundations

Each unit of the Midland Plant has a 500,000-gal, stainless steel, borated
water storage tank (BWST). These tanks are 32 ft high and 52 ft in diameter.

Each BWST has a flexible, flat bottom. The tank shell, roof, and part of the
water in the tank are supported by a reinforced concrete ring wall. Compacted
granular fill lies inside the ring wall, and a 6-in. layer of oiled sand is be-
tween the tank bottom and the granular fill. Approximately 25 ft of compacted
fill lies under the foundation structure. The tank bottom is flexible and most
of the vertical pressure from the weight of the water and the tank bottom is
transferred directly to the soil inside the ring wail. This vertical pressure
also causes a lateral pressure, which is resisted by the ring wall. Forty
1-1/2-in.-diameter anchor bolts, which are evenly spaced and embedded around
the periphery of the foundation ring wall, provide anchorage to the tank for
resisting overturning loads caused by externally applied lateral forces.

The existing ring wall mecsures 4 ft 6 in. high and 1 ft 6 in. wide with foot-
ings that are 4 “t wide and 1 ft 6 in. thick. Each valve pit is 10 ft 8 in.
high and extends 4 ft 8 in. below the bottom elevation of the ring wall founda-
tion. The valve pit wal s,are 1 ft 6 in. thick, and the top and bottom slabs
are 1 ft 6 in. and 2 ft ‘hick, respectively. A depth transition is located at
each ring wall and valve 1t intersection to provide a continuous ring wall
through each valve pit. The valve pit provides access to the piping connection
to the tank and houses tre valves for the fill and drain lines.

The original design of the reinfor~ced concrete BWST foundations included the
load of two other small tanks located on the top slab of each valve pit. The
applicant relocated these tanks but did not reevaluate the foundation design

for this change, nor potential settlement because of the site soil condition.
Differential soil settlement developed as a result ¢f a water load test; the
valve pit rotated relative to the ring walls and induced bending moments. These
additional bending moments were not considered in the original design.

The 2WST foundation design deficiency was confirmed by a structural analysis
that indicated that the allowable moment capacity for the dead load and the
differential settlement condition was exceeded in several locations in the
foundation structure. A visua! inspection at the predicted overstressed loca-
tions during the water load test showed cracks in the Units 1 and 2 founda-
tions, which indicated large strains and potentially overstressed reinforcing
steel.

The applicant adopted a three-phase corrective action consisting of
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(1) a surcharge program to reduce or eliminate the effects of differential
settlement. Staff evaluation of the surcharge program is discussed in
Section 2.5.4.4.3 of this SSER.

(2) construction of a new ring wall around the periphery of the existing ring
and designed to carry all of the postulated loads. Shear connectors would
transfer the shear forces from the existing ring wall to the new ring beam.

(3) establishment of a releveling program for the Unit 1 tank.

A monitoring program will also be conducted during and after construction of
the new ring.

New Ring Beam Design

The new reinforced concrete ring beam to be added to each tank foundation as a
foundation design correction is shown in Figure 3.1 of this SSER. The ring
beam will be 2 ft wide and 4 ft 6 in. deep and will be located on top of the
exterior footing projection. A depth and width transition will be located
adjacent to the valve pit that is similar to the transition zone of the ring
wall. A portion of the ring beam 1 ft 6 in. wide and 3 ft 6 in. deep will
extend through the valve pit. A portion of the reinforcing bars will extend
through the valve pit embedded in a 5-in.-thick slab added on top of the
original valve pit floor slab. The 5-in.-thick slab will connect to the floor
slab by 1-in.-diameter anchor bolts grouted into holes drilled in the floor
slab. The portion of the ring beam reinforcing bars that does not extend
through the valve pit will be grouted into holes drilled in the valve pit
slabs. Steel bolts with nuts will be used to connect the ring beam to the ring
wall and the valve pit.

Dynamic and Static Analyses

The staff has examined the applicant's dynamic and static analyses of the BWST
design proposal and finds that the applicant has used a satisfactory method of
evaluation. In these analyses, the existing ring wall was modeled with curved
shell elements; the ring wall footing and valve pit were modeled with plate
elements; the new ring beam was represented by thickening the curved shell ele-
ments representing the ring wall and affected plate elements; and the soil sub-
grade was modeled by brick elements. Two sets of elastic moduli were used in
the analysis, one set for long-term loads and the other set for short-term loads.
Long-term loads include differential settlement loads as well as dead and live
loads.

The applicant has modeled the tanks by considering the horizontal impulsive
mode, the sloshing mode, and the vertical mode of the fluid-structure inter-
action. Each of these modes is modeled with its own individual model, and the
seismic forces imposed upon the tank shell ring foundation from each of these
models was added by the square-root-of-the-sum-of-the-squares (SRSS) method.

In the impulsive mode the tank shell stiffness is modeled by vertical beam ele-
ments between mass points distributed up the tank shell. The beam elements
represent the shear and flexural stiffness of the tank. The roof weight is
lumped at the roof level, and the shell wall weights are lumped at discrete
points of the tank shell. The effective weights of impulsive fluids are adiad
to the tank shell weights at each of these node poi s at and below the iop of
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Load Combinations and Design Criteria

Before the SER was issued, the applicant had not clearly identified the load
combinations and respective evaluation of the foundation rings. The applicant
has since stated that the new ring beam interface shear connectors and the new
ring foundation are designed to the requirements of ACI 349-76, as supp lemented
by RG 1.142, "Safety-Related Concrete Structures of Nuclear Power Plants Other
Than Reactor Vessels and Containments." These criteria agree with the staff
requirements identified in SRP Section 3.8.4 and are acceptable.

Releveling

The staff agrees that releveling of the Unit 1 tank should be performed as
identified in the applicant's letter of April 22, 1982. The proposed technique
is acceptable to the staff. Releveling of the empty tank wil! be accomplished
by jacking the tank after the anchor bolts are disconnected, leveling the
existing ring wall by grout, releveling the oil-sand layer below the tank
bottom nlate, and reattaching the tank to the foundation by anchor bolts.
Strain gages will be installed on the tank walls and bottom. The releveling
process will be stopped and the condition evaluated if measured stress (from
strain data) exceeds 1.25 times anticipated stress level as follows:

Location Anticipated
stress, psi

Bottom nlate 4328

Tank wall, 7000

first stage lift (about 18 in.)

Tank wall, 6200

second stage lift (about 3 ft)

The applicant has not proposec, and the staff does not require, that the

Unit 2 tank be releveled. The applicant has not elected to relevel the Unit 2
BWST based on the results of the measurements taken on the ring wall and on the
measured loads in the bolt supports following the water load test. With the
submittal of January 11, 1982, the applicant enclosed a report prepared by his
consultant, Structural Mechanics Associates (SMA) entitled "Evaluation of
Midland Nuclear Power Plant Borated Water Storage Tanks for Non-Uniform Support
Loading Resulting from Ring Settlement.” This report provided information
Jjustifying the decision to not relevel the Unit 2 BWST.

Although the two tanks were loaded with the same loads durina the water test,
the Unit 2 BWST was subjected to much lower displacements than Unit 1 BWST.
Also, the relative displacements between various points along the circumference
of the ring wall were much less for the Unit 2 BWST than those for the Unit 1
BWST. The values of relative displacements for the Unit 2 BWST met the American
Petroleum Institute (API) Standard 659, "Welded Steel Tanks for 0Qil Storage,"
which provides leveling criteria for ring foundations supporting storage tanks.
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Finally, measurements of loads impacted on the tank through the anchoring bolts
indicated that, for the worst location, the measured loads for Unit 2 BWST were
lower than those for the Unit 1 BWST by approximately a factor of 10. Based

on the above justifications, the staff agrees with the applicant that no signifi-
cant benefit would result from releveling the Unit 2 BWST.

Crack Repair Program

Based on prior staff approval in a letter dated March 26, 1982, the applicant
has applied epoxy under pressure to cracks larger than 0.01 in. in the old
foundation ring in preparation for construction of the new ring beam.

Crack Monitoring Program

The new ring beams will be monitored for cracks in critical areas (i.e., near
the depth transition zones of the ring beam) for at least 6 months after the
tanks are filled initially with water. If any crack in these areas reaches
0.03 in., the tank will be emptied and the condition evaluated. At the end of
the 6-month period, an evaluation of the zifect of any existing cracks will be
made and submitted to the NRC.

Conclusion .

-,
Adding a new ring to the periphery of eac: existing ring and releveling of one
tank, as proposed by the applicant, will recult in an acceptable foundation for
the BWSTs.

3.8.3.4 Diesel Generator Building

The DGB is a reinforced concrete structure with three crosswalls that divide

che structure into four cells. Each cell contains a 6 ft-6 in.-thick concrete
pedestal to support a diesel generator unit. The building is supported on
continuous footings that are founded at el 628 ft and rest on backfill that
extends down to approximately el 603 ft. This rectangular boxlike structure
covers an area of approximately 70 ft by 155 ft. The exterior walls are 30 in.
thick, and the interior walls are 18 in. thick. The foundations of the exterior
and interior walls of the DGB consist of continuous reinforced concrete footings,
10 ft wide and 2 ft 6 in. thick, with their base at 628 ft. The walls rise from
an elevation of 628 ft (bottom of footing) to 680 ft (top of roof slab).

Soil-related structural problems were first identified during early construction
stages in July 1978 when excessive settlement of the DGB was detected. After a
review of settlement observations and the results of an exploration program,
surcharging and a subsequent permanent dewatering program were implemented as
the remedial action plan, as discussed in Sections 2.5.4.4.2 and 2.5.4.6.2 of
this SSER.

An early investigation also showed that the four electrical duct banks that
were supported on the deeper, more competent, natural clay were providing
resistance to DGB settlement in localized areas, thus resulting in formation of
cracks. To eliminate this problem, a positive clearance between the building
foundation and the duct bank was provided before placement ¢f the surcharge.
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The staff review and evaluation of the remedial action proposed and completed
for the DGB focused on the cause and elimination of the excessive differential
settlement condition, the applicant's structural acceptance criteria, the deter-
mination of proper soil and structural models to be used for additional analyses
and evaluation of present and future conditions of the structure, the evalua-
tion of the cracks developed during differential settlement and duct impinge-
ment loading, and the establishment of an adequate differential settlement

and crack monitoring and repair program. The surcharge of the DGB accelerated
settlement and produced soils with improved engineering properties. These pro-
perties have been used in both the static and seismic reanalyses of the DGB.
Differential settlements, both measured and 40-year predictions, have been in-
cluded in the applicable Midland load combinations.

The applicant has performed both static and seismic reanalyses using soil proper-
ties acceptable to the staff (Section 2.5 4.2 of this SSER). For the seismic
analysis, the structural stiffness of the existing lumped mass model was not
revised; only the treatment of the soil structure interface was changed. Because
no modifications have been identified for this structure, the staff finds this
approach acceptable. In addition to horizontal and torsional acceleration, the
weight of soil and concrete base slabs, together with the diesel generator ped-
estals within the building, was included in the reanalysis. The responses devel-
oped from this analysis were used as input to the static reruns as required.

For the static reanalysis, a new set of springs with varying properties (one
vertical and one horizontal at each foundation boundary node point) representing
the nonhomogenous nature of the existing soil conditions was developed and used
in the finite element model. Sets of springs were developed for the long-term
settlement (40 years) and short-term (tornadoes, earthquake) loadings. Once

the finite element model was completed, the Midland load combinations (ACI 318)
for the DGB were applied to the structure and the static analyses rerun.

Stresses and displacements at each of the nodal points for each of the load
combinations were obtained. The applicant also reanalyzed the DGB in accord-
ance with ACI 349 as supplemented by RG 1.142. The staff finds these methods
acceptatle.

During a July 27-30, 1982 design audit, the staff and its consultant reviewed
four analv<es of the DGB, two for each of the configurations and loadings exist-
ing before surcharge, one during surcharge, and one after surcharge. The staff
and its consultant also reviewed the applicant's analysis of a surcharge, an
extreme hypothetical case in which part of the foundation support has zero spring
stiffness and the remaining part supports an equivalent spring stiffness. This
latter condition is considered an upper bound on the differential settlement
calculations for the foundation structure. The staff review of the settlements
used for this analysis is discussed in Section 2.5.4.4.2 of this SSER. In addi-
tion, the applicant has committed to crack monitoring and mapping programs, a
displacement measurement program, and a crack evaluation program (SER Section
3.8.3.5).

The staff has reviewed and evaluated the analyses and design calculations, in-
cluding related drawings, to determine their acceptability in relation to the
current staff acceptance criteria. This review has been accomplished through
various submittals and during structural design audits at Bechtel offices.
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The analytical models used for the original seismic analysis and for the seismic
reanalyses described in this report are one-dimensional, stick-type, lumped-mass
models using beam elements to represent the structural stiffness and impedence
functions of the foundation medium.

The effect of soivl-structural interaction is accounted for by coupling the struc-
tural mode! with the feundation media. The foundation media are represented by
impedence functions that represent the equivalent spring stiffness and radiation
damping coefficients as specified in Bechtel Topical Report BC-TOP-3/A, “Seismic
Analysis of Structures and Equipment for Nuclear Power Plants."

The structural stiffness of the lumped-mass mode! was not revised in the new
dynamic analysis. The difference in the new model was confined to the treatment
of the soil-structure interface. The revised analysis developed the impedance
functions based on the building's foundation dimensions and modification in the
soil properties. In addition, for the horizontal accelerations, the weight of
the soil and the concrete pedestals and diesel generator pedestals within the
building were included in the revised model.

The original (presettliement) DGB seismic analysis was based on the underlying
till material, which has a shear wave velocity value of 1359 fps. The f,rst
seismic reanalysis accounted for the soil properties of the fill by averaging
the measured shear wave velocity of the fill and underlying till over a depth

of 75 ft, which is the smaliest dimension of the building. This resulted in

the value of 796 fps, which was used in the seismic reanalysis. However, the
effect of decreasing shear wave velocity to a iower bound estimate of 500 fps
was also analyzed. Both the measured shear wave velocity value of 796 fps and
the lower bound shear wave velocity value of 500 fps are acceptable to the staff.

The floor spectra at all elevations of the diesel generator building were gene-
rated using a shear wave velocity value of 796 fps. The resulting floor response
spectra were combined in an enveloping fashion with the spectra developed in

the original analysis, which used a shear wave velocity value of 1359 fps. The
floor response spectra were further broadened to account for a lower bound shear
wave velocity of 500 fps. The staff concludes that use of this broad range of
input ensures that conservative floor response spectra were generated. The
results of the seismic reanalysis indicated that the seismic forces at all eleva-
tions of the DGB were somewhat higher than the forces determined in the original
analysis. The highest se.smic acceleration was derived from an analysis using

a shear wave velocity value of 796 fps. This increased seismic load was cen-
servatively simulated by applying the maximum acceleration occurring in the
dynamic model to the finite-element model in north-south, east-west, and vertical
directions. The combined effect of the three directional responses was assessed
using the SRSS method recommended in RG 1.92, "Combining Model Response and
Spatial Components in Seismic Response Analysis."

The DGB structural (static) reanalyses use a finite-element model consisting of
an assemblage of plates, beams, and boundary elements. The structure is defined
by a set of 853 nodal points and 1294 elements. Of these elements, 901 are
plate elements, and 252 are boundary elements (translational springs, in both
the vertical and horizontal directions) representing varying soil conditions.
Ver.ical springs were used for dead load, live load, and settlement load in the
analysis. To represent the soil-structure interaction, various horizontal and
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vertical springs representing the ncnhomogeneous nature of the existing soil
conditions beneath the DGB were used. (oads were then applied to the model as
either surface loads on the elements or nodal loads at specific nodal points.
The loads applied are consistent with FSAR Section 3.8.6.3.

The settlement effects were modeicd into the structure with vertical springs as
boundary elements representing varying soil conditions. At 84 locations along
the building footing, springs with varying properties were applied to represent
the nonhomogeneous nature of soil conditions existing beneath the DGB.

Values for vertical springs were developed for two general cases: those springs
calculated for long-term loading (dead load, live load, surcharge load, and
differential settlements) and those springs calculated ar short-term loading
(wind, tornado, and seismic).

For long-term loading, the settlement analysis aodresses four cases, each cover-
ing a distinct time period. A unique set of measured or estimated settlement
values then corresponds to each of the following:

(1) March 28, 1978 to August 15, 1978: Although construction of the DGB began
in Spring 1978, survey data on the DGB were available only as of March 28,
1978. August 15, 1978 represents the closest survey date prior to the
halt of DGB construction.

August 15, 1978 to January 5, 1979: DGB construction resumed and the duct
banks were separated from the structure during this period. January 5,
1979 is the last survey date before the start of surcharge activities.

(3) January 5, 1979 to August 3, 1979: Surcharge activities occurred within
the structure during titis period. August 3, 1979 is the last survey date
available before the start of surcharge removal from the )GEB.

Forty-year settlement estimates: This estimate is comprised of the fol-
lowing:

(a) Actual measured settlements from September 1979 to December 1981.
These settlements are small when compared with the predicted settle-
ments and occurred mainly because of dewatering.

(b) Predicted secondary consolidation from December 1981 to December
2025. These values are based on the conservative assumption that the
surcharge remains in place over the 40-year life of the plant, thus
exceeding the settlement which will actually occur.

To determine forces resulting from settlement, the applicant performed an anal-
ysis separately for each of the above four cases. Analysis results were first
combined with each other to form one settlement term, then combined with other
load cases (e.g., tornado, seismic, etc.) to form the required load combinations
of a Midland position, given in the applicant's letter of June 1, 1982, and of
ACI 349 as supplemented by RG 1.142.

For settlement Case 1, a longhand analysis was performed to account for stresses
in the partially completed structure. With the actual settiement values from
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survey data imposed on the partially completed structure (represented as a
grade beam up to el 656.5 ft), this calculation indicated that the measured
displacements would result in a maximum rebar stress of 11 ksi. For the other
three settlement cases, individual finite-element models were used. For settle-
ment Case 2, the finite-element model represents the structure as built to

el 662 ft 0 in. For settlement Cases 3 and 4, the finite-element mode! rep-
resents a fully constructed structure. For Cases 2, 3, and 4, springs were
typically calculated at each nodal point along the foundation by dividing the
structural load represented at the selected point by the measured or predicted
settlement at that point. The finite-element analysis of each case then in-
volved several iterations in which the soil springs were varied until the de-
flected shape of the DGB, as calculated by the model, approximated the "best
fit" settlements, as discussed in Section 2.5.4.4.2 of this SSER. As far as
that one aspect of the analyses is concerned, the staff believes that a better
characterization for analytical purposes would have been to consider that the
deflected shape of the DGB was consistent with the measured settlements. How-
ever, this difference has not had a significant impact on the staff's conclusion
as discussed below.

The calculated moments an. forces resulting from settlement as characterized by
the applicant have been combined with the required load combinations and the
results presented to the staff. A review of these results showed ihat the allowable
stress 1imits were not exceeded, and, in fact, the great majority of structural
elements were under very low stress. A more conservative analysis in which
deflection to the measured settiements were assumed would result in some changes
in calculated reinforcing bar stress with some local regions very possibly ex-
ceeding original design values. However, the staff's review of the extensive
analyses perfo-med to assess this matter indicates that such local regions,

were they to exist, sould have no significant impact on the functional quality
of the DGB under all operating and environmental conditions. In addition, staff
consultants are performing an independent analysis of the DGB using measured
settlements as a confirmatory measure.

The staff also requested that a finite-element analysis of the DGB be performed
for the 40-year dead load case, modified with zero and near-zero soil spring
constants (i.e., little or no support from soil) in areas to represent poten-
tial bridging. The primary purpose of this analysis would be to investigate
the structure's ability to span any soft soil condition. Specifically, the
value of zero was used at the junction of the south wall and east center wall,
while soil spring values would then be linearly varied so that springs returned
to their original 40-year values within a distance of approximately 15 ft from
the zero spring. The results from this analysis (maximum rebar stresses) were
compared with the previous analysis. This comparison showed that, except for
some increases in the south wall, the footings, the box missile shield, and the
south shield wall, the maximum rebar stress values remained essentially unchanged.
Typically, stress level increases were limited to approximately 5 ksi except in
the south shield wall, where the modeling technique caused the rebar stress
value to increase approximately 18 ksi, and in the footings where the nature of
the analysis causes the rebar stress value to increase approximately 20 ksi.

As a result of the analysis performed, the staff concludes that the DGB can

successfully span an assumed soft soil spot introduced into the analysis with-
out significantly increasing rebar stress levels.
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3.8.3.5 Cracks

The staff, during the course of its review, identified a concern about the cracks
mapped for the siesmic Category I structures fullv or partially founded on fill
material. The apgplicant has shown, by example where necessary, that existing
cracks do not significantly affect the strength in tension, compression, and
shear of properly reinforced concrete elements. Evidence from the field and
from the laboratory has been presented to indicate that reinforced concrete
structures will develop their design strength even if they have "precracks,"
provided the structure has been proportioned and detailed to resist design load
combinations. In addition, the applicant proposed a monitoring plan to detect
differential settliement of the structure and the propagation and enlargement of
new and existing cracks, along with an independent evaluation of conditions
which exceed predetermined limits acceptable to the staff and a crack repair
program acceptable to the staff.

Evaluation of Cracks

Originally, the applicant identified all cracks in seismic Category I struc-
tures as shrinkage cracks. Accordingly, the applicant planned to identify only
these cracks, without performing any evaluation of the effects of the cracks on
the structure. The staff agreed that some of the cracks might be shrinkage-
type cracks, but, based on the differential settlement records, on impingement
loads, on recorded sizes and patterns of cracks, and on predicted values of
settlement for the life of the plant (40 years), the staff required an evalua-
tion of the effect of cracks on the respective structures.

The applicant has evaluated the existing mapped cracks and plans to evaluate
future sizes and patterns of cracks that may develop during the underpinning
operation and during the life of the plant. Initially, the applicant attempted
to resolve this staff concern with an evaluation of a single through-crack
within the DGB. A crack was analyzed using the Automatic Dynamic Incremental
Non-linear Analysis (ADINA) computer program. A subsection of the east wall of
the building was isolated and modeled using truss and three-dimensional solid
elements. The prescribed boundary displacements were taken from an analysis
using the Bechtel Structural Analysis Program (BSAP) computer code described

in FS5AR Sectioin 3.8.4.4. The most critical design load combinations (tornado/
seismic) were applied to the model. The model was evaluated for the following
conditions: (1) a model without precrack, (2) a model! precracked without
initial stress, and (3) a model precracked with initial stress in the
reinforcement.

Although the staff concluded that the ADINA program is capable of evaluating
residual strength of a precracked reinforced conrrete element, the results

could not be extrapolated for muitiple through-crack regions. The modeling of
the element around the crack tips was not fine enough to show possible stress
concentration. Therefore, the analysis cannot predict possible crack propaga-
tion under unfavorable loading conditions. Subsequently, the applicant sub-
mitted the following reports as an evaiuation of cracks in the seismic Category I
structures affected by the soil fill material at the Midland site:

(1) "Evaluation of Auxiliary Building Cortrol Tower and Eiectrical Penetra n
Areas at Midland Plant," W. G. Corley and A. E. Fiorato, January 1982.
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(2) "Evaluation of Feedwater Isolation Valve Pits at Midland Plant," W. G.
Corley and A. E. Fiorato, January 1982.

(3) "Evaluation of Cracking in Service Water Pump Structure at Midland Plant,"
W. G. Corley and A. E. Fiorato, February 1982.

(4) "Evaluation of the Effect on Structural Strength of Cracks in the Walls of
the Diesel Generator Building, Midland Plant Units 1 and 2, Midland,
Michigan," M. A. Sozen, February 1982.

These reports discuss the significance of cracks in general and as applicable

to the specific structure addressed in the report. The evaluation stresses
critical location and location with largest through-cracks. The general
criteria used ir these evaluations for the determination of the significance of
developed cracks include the following: (1) geometry of member, (2) amount and
distribution of reinforcement in the member, (3) material properties of the
member, (4) function of the member, (5) magnitude and distribution of loads on
the member, (6) construction technique, (7) sequence of construction, (8) crack
location and distribution, (9) crack size, and (10) interaction of multiple
cracks. As a measure of significance of observed cracks relative to future
integrity of the “tiucture, the tensile stress that uncracked concrete is as-
sumed to carry was compared with available tensile capacity provided by struc-
tural reinforcement crossing the cracks. This calculation was made for sec-
tions in the vicinity of cracks that had a measured width of 0.10 in. or greater.
Available structural reinforcement was determined from Bechtel drawings. In the
calculation, concrete is assumed to carry a principal tensile stress of 4 J?Z

where f'c is spe ified concrete compressive strength. This assumption is con-

sistent with Section 11.4.2.2 of the ACI Building Code. Resistance of rein-
forcement was calculated as Asfy where AS equals area of reinforcement and fy

2quals specified yield stress of reinforcement. If calculated resistance pro-
vided by reinforcement crossing the crack exceeds 4 J?Z. there is sufficient

reinforcement to carry the stress attributed to the concrete. Failure to meet
this criterion would require additional detaiied analyses in the form of a limit
analysis. The results presented in the above references indicate compliance
with the combination of all general and specific criteria as stated above,
except for four locations within the SWPS where Timit analyses were used to
resolve failure to meet the 4 J?Z, criterion.

The basic approach ised in the limit analysis of the SWPS was to determine if
forces that can be induced in the structure are sufficient to exceed capacity
of walls, assuming the existence of cracks. Inplane shear capacity of cracked
walls was of primary concern in these analyses. Results indicate that these
four walls have sufficient inplane shear capacity to resist the hypothesized
limiting forces.

Based on the review of the results of the above evaluations, the staff finds

the applicant’'s evaluation of cracks in the applicable Category I structures
acceptable.
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Crack Monitoring and Repair Program

The applicant has identified a crack monitoring and evaluation program to be
used during the underpinring operation and the life of the plant, as applicable.
Also, details of the crack repair program have been established by mutual agree-
ment between the applicant and the staff after a series of discussions. The
program that applies to the DGB, SWPS, CT, and EPAs of the auxiliary building
and FIVPs will be completed before the first refueling of the plant. It con-
sists of the following:

(1) Repair by epoxy injection any cracks in the structures which are below the
permanent groundwater table and which exhibit weeping characteristics.
ihis repair will be performed from the inside of the structures.

(2) Coat the splash zone of the exterior surface of the south wall of the SWPS
that is in contact with cooling pond water with waterproofing compounds.

(3) Renair by epoxy injection ..isting cracks that are 20 mils and larger and
apply a sealant to the surfaces of the concrete walls in the accessible
areas discussed below (i.e., areas where removal of soil or installed
equipment or installed components is not necessary to perform the repair).
The extent (length) of the crack that will be injected with epoxy will be
limited to a crack width of 10 mils or larger. Before the initiation of
repairs, ali cracks 20 mils and larger and weeping cracks in the applic-
able areas wili be identified. A verification of this identification to a
tolerance of + 5 mils will be performed. This verification and subsequent
repair will be in accordance with the applicant's quality assurance pro-
gram. The material for structural epoxy adhesive will be "Concresive-1380,"
manufactured by Adhesive Engineering Company, or equivalent.

The areas to be repaired for each applicable building are as follows:
- DGB

all accessible interior reinforced concrete walls

all accessible exterior concrete walls

CT and EPAs

all accessible exterior concrete walls

SWPS

all accessible exterior walls

The staff finds the applicant's commitments on crack monitoring acceptable
and the repairs for the applicable Category 1 structures acceptable.

3.8.3.6 Fox-Howlett Mechanical Tapered Threaded Splices

Steel for tension elements in reinforced concrete requires direct, positive
coupling of adjoining elements in conformance with standards defined by the
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American Concrete Institute (ACI), the American Society of Mechanical Engineer-
ing (ASME), and staff positions. Currently, the splice system used in such
applications is the cadweld system.

The applicant has proposed to use mechanical tapered threaded splices manu-
factured by Fox-Howlett Industries, Inc. to connect the reinforcing bars in
the construction of the underpinning walls for the auxiliary building and SWPS.
These splices have not previously been used in a seismic Category I structure
for a nuclear power plant.

The Fox-Howlett splice system is used to positively connect steel reinforcing
bars to develop the minimum ultimate tensile strength of the concrete rein-
forcing steel on which they are used. The coupler design concept consists of
taper threading the ends of a standard rebar and connecting the rebar ends with
a threaded coupler. The Fox-Howlett coupler is furnished in three types (the
standard coupler, the position coupler, and the structural connector) and comes
in several sizes to accommodate nos. 9, 10, 11, 14, and 18 rebar.

The staff, with the assistance of a consultant from Science Applications, Inc.,
(SAI) has evaluated the data obtained from Fox-Howlett and a number of users of
the couplers, as well as applicable codes and regulations. The SAI report
includes a description _f coupler design features, the process used to manu-
facture the couplers, installation procedures, quality assurance/inspection
procedures, engineering analyses, and performance tests conducted by Fox-Howlett
to substantiate the coupler design.

The staff is conducting a generic review of all splice systems. A report dis-
cussing the detaiis of the staff's findings will be issued at the conclusion
of this review.

Based on the review and evaluation of all available data prepared by SAI for
the Fox-Howlett coupler, the staff accepts the use of only the standard coupler
for nos. 9, 10, 11, and 14 rebar. This acceptance criterion meets the needs
identified by the applicant for the construction of the underpinning structures
for the auxiliary building and the SWPS.

The staff has not approved use of the Fox-Howlett position coupler because
sufficient test data have not been provided. The applicant will therefore use
cadweld splices in place of Fox-Howlett position couplers.

3.8.3.7 Conclusion

The criteria used in the analysis, design, and construction of the auxiliary

building, SWPS, BWSTs, and DGB to account for anticipated loadings--including
past and future settlement and postulated conditions that may be imposed upon
each structure during its service lifetime--are in conformance with criteria,
codes, standards, and specifications acceptable to the staff.

The use of these criteria as defined by applicable codes, standards, and speci-
fications; the loads and loading combinations; design and analysis procedures,
the structural acceptance criteria; the material, quality control, and special
construction techniques; and the testing and inservice surveillance requirements
provide reasonable assurance that, in the event of winds, tornadoes, earthquakes,
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and various postulated accidents nccurring within the structures, the structures
will withstand the specified design conditions without impairment of structural
integrity or the performance of required safety functions. Conformance with
these criteria, codes, specifications, and standards, pending resolution of one
confirmatory item, will constitute an acceptable basis for satisfying, in part,
the requirements of GDC 2 and 4

Long-term settlement monitoring plans as applicable to the structures are to be
provided in the Technical Specifications As-built conditions, as well as re-

sults from short-term monitoring requirements during the underpinning operatior
will be incorporated in the FSAR at the appropriate time
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Conformance with these criteria constitutes an acceptable basis for satisfying,
in applicabie part, the requirements of GDC 2 and 4. Accordingly, confirmatory
item 3 in SER Section 1.8 is closed.

3.9 Mechanical Systems and Components

3.9.3 ASME Code Class 1, 2, and 3 Components. Component Supports, and Core-
Support Structures

3.9.3.1 Loading Combination, Design Transients, and Stress Limits

The staff review of underground seismic Category I piping has been performed
with the assistance of a consultant, Energv Technology Engineering Center
(ETEC), Canoga Park, California.

Sections 1.12.10 and 3.9.3.1 of the SER identified the underground seismic
Category I piping at the Midland Plant and discussed the status of staff con-
cerns pertaining to the effects of past, current, and future differential soils
settiement on the structural integrity and functional adequacy of the buried
piping throughout the life of the plant. These SER sections noted that proposed
remadial actions were under staff review. The staff review is now complete.
Section 3.9.3.1.1 of this SSER describes the proposed remedial actions that
address these staff cuncerns. The status of the underground seismic Category I
piping, acceptance criteria, and the resolution of staff concerns are also
discussed.

The staff finds that the remedia’ actions for underground piping proposed by
the applicant, as described in various submittals and meetings including a
design audit on July 27-30, 1982, are acceptable. However, as a confirmatory
item, the documentation provided in these submittals and meetings shouid be
combined and submitted as a single document.

3.9.3.1.1 Status of Seismic Category I Underground Piping

The seismic Category I piping in the Midland Plant fill is identified in
Figure 2.11 and Table 3.1 of this SSER.

The applicant's letter of March 16, 1982 identified 2 48-in.-diameter line (48"-
OHBC-2/48"-0JYY-1) between the SWPS and cooling tower which, at that time, was
indicated by the applicant to be seismic Category 1 for approximately 10 ft

from the SWPS. SER Sectiun 1.12.10 noted that staff review of this 10-ft length
of 48-in.-diameter piping from the SWPS was continuing.

Inside the SWPS there are two seismic Category I butterfly valves isolating the
line (48"-0HBC-2/48"-0YJJ-1 on FSAR Figure 9.2-2) from the normal routing to the
cooling pond. Functionally, a class change occurs at the butterfly valves;
however, the applicant's design practice, as noted by his letter of April 15,
1982, was to extend the pipe class to the first anchor point beyond the safety/
nonsafety isolation valves. In this case, the anchor point was the soil to
about 10 ft outside the SWPS. At the class change, the line also changed from
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Table 3.1 Seismic Category I underground piping

Service water lines Diesel fuel o0il lines

8"-1HBC-310 26" -0HBC-54 1-1/2"~1HBC-3 2"-1HBC-497
8"-2HBC-81 26"-0HBC-55 1-1/2"-1HBC-4 2"-1HBC-498
8"-1HBC-81 26" -0HBC-56 1-1/2"-2HBC-3 2"~-2HBC-497
8"-2HBC-310 26" -0HBC-15 1-1/2"-2HBC-4 2"-2HBC-498
8"-1HBC-311 26"-0HBC-16

8"-2HBC-82 26"-0HBC-19 Borated water lines

8"-1HBC-82 26" -0HBC-20

8"~2HBC-311 36"-0HBC-15 18"-1HCB-1

10"~0HBC-27 36"-0HBC-16 18"~-1HCB-2

10"-0HBC-28 36"-0HBC-19 18"-2HCB-1

26" -0HBC-53 36"-0HBC-20 18"-2HCB-2

Penetration pressurization lines Control room pressurization lines

1"-1CCB-45 4"-0DBC-1
1"-2CCB-46 1"-0CCC-1

carben steel to concrete. The applicant has riow reclassified the 48-in.-diameter
line downstream of the valves to a nonseismic category. Section 9.2.1 of this
SSER presents the staff finding that failure of the 48-in.-diameter line would
not cause loss of the essential SWS cooling. The staff, therefore, concurs in
this reclassification of the 48-in.-diameter line downstream of the butterfly
valves.

The seismic Category I SWS piping consists of Code* Class 3 SA-106 and SA-155
carbon steel piping in various diameters (8, 10, 26, and 36 in.).

All the 36- and 26-in.-diameter SWS piping was subjected to extensive profile
and pipe ovalization measurement programs in November 1981. Profile data were
obtained at 5-ft intervals along the pipe length and at welds and are accurate
to 1/16 in. These 1981 data supersede the 1979 data, which were accurate only
to 1/4 in. The 1982 data show that the piping is, on the average, approximately
5 in. below its design elevation with deviations of up to 8 to 12 in. These
deviations are outside the scope of the 2-in. deviation permitted by the appli-
cant's construction specifications. The 1982 data also show that, in general,
pipe ovalizations were between ! and 1.5%, with some locations of 2% and
greater, with a maximum of 3%. Both the initial profile and ovality are unknown.
Measurements of rattlespace annuli were also made at all building penetrations.

A1l the 8- and 10-in. SWS piping is located in the vicinity of the DGB. Ail
these lines were installed before the soils settlement problem was recognized

*ASME Boiler and Pressure Vessel Code, Section III, 1980 Edition, including the
Winter 1981 addenda.
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and they were in place during the DGB surcharge loading program. These lines
were profiled in 1979, and the data indicated that they were, on the average, 6
to 8 in. below their design elevation with a maximum of up to 21 in. The two
longest lines that exhibited the greatest deviations are located north of the
CGB and were rebedded after removal of the DGB surcharge. Additionaily, pipe-
diameter verification has been conducted on four 30-ft lines. Verification
indicated that these four lines were acceptable in accordance with American
Waterworks Association (AWWA) requirements (i e., less than 5% ovality). These
rebedded and diameter-verified lines are presently disconnected at the bolted
connections at or near their DGB penetrations and will be recentered in their
rattlespace annuli.

The borated water lines are 18 in. in diameter and are comprised of ASME SA-358,
Grade 304 stainless steel. The piping was instal'ed and fabricated in accord-
ance with the requirements of the Code, Class 2. Profile data obtained in

1979 and 1981 show that these lines are below their design elevation by up to

2 in., the construction installation limit. The differential settlement
effects for these lines have been evaluated, and the staff finds them to be
acceptable.

The diesel fuel oil lines are 1-1/2- and 2-in.-diameter Code Class 3 piping.
These lines were installed in June 1980 after completion of the DGB surcharge
program. They are attached to unistrut frames embedded in concrete piers.
These supports are located at approximately 20-ft intervals. Both piping and
supports are covered with approximately 2 ft of compacted fill and, as noted
in SSER 1, are to be provided with tornado-missile protection. As noted in
SER Section 1.12.10, these small-diameter lines are flexible and were con-
nected after completion of the surcharge for the DGB. Thus, the applicant has
shown that present and future settlement stresses should not be excessive.

The staff agrees.

The control room pressurization lines are 1- and 4-in.-diameter Code Class 3
piping and were installed in 1981, after major fill settlements had occurred.
The 1-in.-diameter penetration pressurization lines are Code Class 2 and have
not yet been installed. The differential settlement effects in either type of
pressurization line are, therefore, expeciad to be negligible and hence
acceptable.

3.9.3.1.2 Staff Concerns Regarding Underground Piping

Initial staff concerns regarding the effects of differential soils settiements
on buried piping were expressed in written questions pursuant to 10 CFR 50.54(f).

These questions and the applicant's responses are given in the applicant's
"Responses to NRC Requests Regarding Plant Fill," which was incorporated into
the FSAR by reference by Amendment 72. The questions requested information
on the following:

loss of continuous support under buried piping and resulting stresses not
accounted for in the design (Question 16)

adverse effect on safety-related structures, foundations, and/or equipment
as a result of failure of buried piping (Question 17)
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. assurance of compliance with Code criteria throughout the life of the
plant and measures necessary for this assurance (Question 17)

. evaluations planned for the assurance of the previous item (Question 18)

. effects of the DGB surcharge program on piping in the vicinity of the DGB
(Question 19)

. assurance that stress levels on seismic Category I piping components
(e.g., pumps, valves, vessels, and supports) will be within their Code-
allowable limits and that deformations on active pumps and valves are
within operability limits (Question 20)

. protection of buried piping from heavy vehicular loads during construction
and operation (Question 34)

. minimum rattlespace criteria and adequacy of actual rattlespace dimensions
at building penetrations (Question 45)

In addressing the above concerns, the staff and its consultant reviewed data
transmitted by the applicant in various submittals, meetings, and telephone
conversations. During the course of the review, two site visits (one on
February 27-28, 1980, and on July 29, 1982) were made and independent or con-
firmatory analyses and literature searches were conducted Additionally,
several of the analyses performed for the applicant by Bechtel were audited
during the July 29, 1982 audit.

3.9.3.1.3 Design Criteria for Underground Piping

Section 3.9.3 of the SRP defines the design criteria and load combinations to
be employed in the design of Code Class 1, 2, and 3 items.

Stresses in piping as a result of soil settlement are not addressed in SRP
Section 3.9.3 or the ASME Code. The applicant proposed a design criterion
of 3 S‘:’l that would have provided an acceptable conservative limit for their

evaluation. Stress analyses based on the assumptlior that the existing deviations
from the design configurations are due solely toc differential settlement effects
give stresses in excess of this 3 SC criterion. However, sufficient uncertainties

regarding the as-built configuration rendered these results inconclusive and,
therefore, a combination of acceptable design criteria and remedial action was
required. The criteria that were accepted were based on engineering judgment

and consideration of adequate margins of safety. The remedial actions *‘hat were
proposed by the applicant and accepted by the staff were reviewed to ensure that
the underground seismic Category I piping is adequate to withstand adverse load
combinations including soil settlement effects without loss of structural integrity
or functional adequacy throughout the life of the plant.

To this end, the following design criteria were reviewed:

Strength Criteria: These criteria provide assurance that the overall cross-
sections of piping are capable of resisting the forces and moments due to all

*SC = basic material allowable stress at minimum (cold) temperature, psi
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Sss = stresses due to differential soil settlement only.

(b) If equation (1) cannot be satisfied, the total ovality due to an SSE plus
soils settlement must be less than the maximum allowable ovality permitted
for the diameter to wal! thickness (D/t) ratio of the pipe (see "Buckling
Criteria" below).

(€) Sg * Sy < 1.558, (2)
where
SO/B = stress due to overburden loads.
SSL = stress due to sustained loads, as defined in the Code.
Sh = basic material allowable at operating temperature, psi.

(d) SOL <18 Sh (3)
where
S0L = stress due to occasional loads, as defined in the Code, except

that it includes bending or other stresses due to traffic loads.

Buckling Criteria: These criteria provide assurance that the underground
piping will perform its intended function throughout the life of the piant.
Buckling data were obtained from theoretical and experimental sources available
in the current technical literature (see Appendix B, Ades, Bouwkamp, Bushnell,
Jirsa, Reedy, Rodabaugh, Sorenson, Wood). These data were reviewed in depth by
the staff and adapted for specifiying buckling criteria for underground piping.
For this type of piping, these criteria are experessed specifically in terms of
ovality and strain criteria. Ovality of a pipe is defined as

Dmax » Dmin

Ovality = 0

where D = outside diameter of unovalized pipe
Dmax = maximum outside diameter of ovalized pipe
Dmin = minimum outside diameter of ovalized pipe

Based on these data, the allowable ovality adopted for the underground piping
over the life of the plant is 4% based cn a pipe with a ratio D/t equals 69,
where t is the nominal wall thickness of the pipe, and a factor of safety ot
1.5

Where monitoring of pipe ovality is to be specified, the ovality will be deter-
mined by measuring pipe strains. The strains will be converted to ovality by
means of certain formulae that the applicant has presented and the staff has
accepted. For pipes with D/t less than 69, the permissible maximum ovality is
greater than 4%, but the applicant has agreed to this limit.

Minimum Rattlespace Criterion: The conditions in the piping at building pene-
trations or other structural penetrations are dependent on the proposed remedial
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action for the associated piping in the plant fill and on the configuration of
the piping at the penetrations. These conditions are therefore quite variable
and required case-by-case studies for their resolution.

In general, assurance that minimum rattlespace will be adequate over the life
of the plant was provided by the following methods:

Analytical! Method

T
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(2) The existing fill in which all of the 36-in.-diameter and portions of con-
nected 26-in.-diameter piping is located is to be replaced with 250 psi
K-KRETE down to elevation 610 ft. Settlement over the life of the plant
for the K-KRETE fill is estimated to be 1.5 in., which is less than the
3.0 in. estimated for the existing fil) This fill replacement therefore
reduces the adverse effects of differential soils settlement. Transition
piping between the existing fill and the K-KRETE fill will be encased in
6-in.-thick Ethafoam 220 compressible material. The traasition piping
will further minimize the effects of differential settlement between the
existing fill and the K-KRETE fill. Strain gage and settlement monitors
will be located near the ends of two of the four transition piping runs to
verify their effectivity

Analyses of the piping described in (1) and (2) above have been performed
The analyses were based on modification of existing designs involving
installation of expansion joint assemblies in lines 36"-0HBC-19 and
36"-0HBC-15 located inside the SWPS near the SWPS penetrations and
modified pipe support designs These analyses were comprehensive and
extended from 30 ft in the existing plant fiil beyond the transition
piping described in (2) to the first 30 ft of piping in the cooling pond
for unanchored piping extending throughout the SWPS or to nozzles anchored
to pump strainers within the SWPS These analyses answer many of the con-
cerns that were the subject of the July 1982 audit The results of these
analyses demonstrate compiiance with (1) all applicable Code criteria.

(2) the 3 S_ soils settlement criterion, (3) the analytical ttlespace
. rattlespace
criterion, 'd (4) the applicable interface or nozzle loads requirements.

Addition: , the adequacy of the transition piping design was demonstrated
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of the plant. Current minimum rattlespace dimension ard maximum ovality
at these penetrations are 1 in. and 2%, respectively. The minimum rattle-
space dimension and total ovality over the life of the plant will be
limited to 0.5 in. and 4%, respectively. In the case of lines 26"-0HBC-15
and 26"-0HBC-16, strain (ovality) monitoring will be implemented past the
first elbow on the lines outside the penetrations.

Review of the continuation of the piping within the auxiliary building
shows that no anchors or load-sensitive equipment is near the penetrations.

(6) Similar minimum rattlespace and strain monitoring will be implemented at
26-in.-diameter SWS piping valve pit penetrations. These lines were cut,
refitted, and recentered in their penetrations; hence, current ovality can
be assumed to be zero in satisfying the limits of (5) above.

(7) Strain monitoring programs only will be impiemented at the lines 8"-1HBC-81,
8"-1HBC-2, 8"-2HBC-310, and 8"-2HBC-311 DGB penetrations of SWS piping
lines. These lines will be or have been cut, refitted, and recentered in
their penetrations as part of the rebedding program, hence the ovality
assumption of (6) is also applicable to these lines. The current minimum
rattlespace dimension for these lines is 1-1/8 in.

(8) Minimum rattlespace and pipe strain monitoring programs similar to those
of (5) are also to be implemented at the 8"-2HBC-81, 8"-2HBC-82, 8"-1HBC-310,
and 8"-1HBC-311 lines. These lines were pigged for diameter verification.
Maximum additional ovality and minimum rattlespace dimension will be
limited to 4% and 0.5 in., respectively. The current minimum rattlespace
dimension for these lines is 5/8 in.

BWST Piping

(1) The portions of the four 18-in.-diameter BWST piping lines between the
valve pits and the dike wall will be rebedded. No remedial actions are
planned for the remaining portions of these lines. Stress analyses based
on the profile data for these lines indicate that stresses satisfy the
3 Sc criterion. However, monitoring programs are to be implemented at the

ends of the piping to address rattlespace concerns. Specifically, these
are as described in (2), (3), and (4) below.

(2) Pipe strain will be monitored only at the valve pit penetrations. The
lines will have been cut, refitted, and recentered in these penetrations.
Maximum future ovality is therefore limited to 4%.

(3) Pipe strain and minimum rattlespace dimension will be monitored at the
auxiliary building penetrations. The maximum additional ovality and
minimum rattlespace dimension will be limited to 4% and 0.5 in.,
respectively, throughout the life of the plant. The current minimum
rattlespace dimension is 1-7/8 in.

(4) The monitoring programs in (2) and (3) will address rattlespace concerns.
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Other Lines

No remedial actions are planned for the remaining lines because they were or
are to be installed after the most significant settlements have occurred.

3.9.3.1.5 Staff Conclusions

Based on review of Section 3.9.3.1.2 above, the staff finds that the proposed
remedial actions for the safety-related buried piping designed to meet seismic
Category I standards are such as to provide assurance that the effects of soils
settiement will not impair the ability of the piping to withstand an earthquake
affecting the site, or an upset, emergency, or faulted plant transient occur-
ring during normal plant operation. The resulting combined stresses imposed
will not exceed allowable stress and strain limits of the material as defined
in the Code and modified by the special criteria defined in Section 3.9.3.1.3
of this SSER, for the materials of construction. The limits for the loading
combinations considered provide a conservative basis for the piping to with-
stand the most adverse combination of loading events without loss of structural
integrity or functional adequacy. The design load combinations and associated
stress and strain limits imposed constitute an acceptable basis for design in
satisfying applicable portions of GDC 1, 2, and 4.

3.9.3.1.6 Technical Specifications and Reporting Requirements

The applicant has committed to incorporate various items in Technical Specifi-
cations and procedures as a result of this review. Specific items are related
to the following:

Demenstration Solution

1) Pipe Strain and Settiement Monitoring: These requirements are discussed
in Section 3.9.3.1.5 above. Additional pipe ovalization and settlement
limits are to be incorporated in Technical Specifications.

(2) Soil Settlement Monitoring: Similar to (1).

(3) Yard Exclusion Zones: These zones will be desianated on yard piping draw-
ings along with maximum allowable loads and laydown times for heavy lay-
down luads or other heavy loads for these zones.

Reporting Requirements

(1) The alignment and ovality of the piping to be rebedded or replaced is to
be documented and reported to the staff before and after these operations.

(2) Reporting requirements relative to Technical Specification limits are to
be documented.

3.12 Corrosion Control on Buried Piping

This staff evaluation has been performed with the technical assistance of a
staff consultant from the Brookhaven National Laboratory.
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3.12.1 Protection of Carbon Steel Service Water and Diesel Fuel Piping From
External Corrosion

A1l carbon steel piping used in the service water and diesel fuel lines is
protected from corrosion by a combination of a primer paint and a wrapping to
provide electrical insulation (as well as a physical barrier) between the pip-
ing and the corrosive environment. Procedures for both shop coating of piping
and field coating of field welds are carefully specified to ensure that this
piping will be protected from external corrosion. Furthermore, the completed
piping was 100% inspected by Bechtel for defects in th: coating and found by
Bechtel quality control inspectors to be acceptable. The wrapping material
consists of reinforced fiberglass followed by a Tapecoat Co. "CT" Tape Coat for
the field-coated material. Both techniques are standard commercial practices
for protecting carbon steel piping from groundwater attack. Field installation
and backfill techniques were carefully specified toc minimize damage to the
coatings. These were also monitored by the Bechtel quality assurance depart-
ment. An independent check of the condition of the pipe wrappings will be

possible when the 36-in. pipes are excavated and replaced before startup of the
plant.

The entire Midland site is protected by a galvanic protection system design to
maintain all buried piping to a potential of 0.85 V negative to the copper/
copper sulfate reference electrode. This is stand.rd practice and ensures that
should any defects develop in the protective coatins of these pipes, localized
corrosion will not occur. This galvanic protection system consists of an array
of buried electrodes charged from a central rectifier, as well as zinc protec-
tive anodes that can be used both for controlling corrosion and for monitoring
the effectiveness of the applied galvanic current protection system. The com-
bination of a protective coating on the pipe surface and a sitewide galvanic
prot, -tion system represent, in the staff's opinion, sound practice for mini-
mizi:g the corrosion of the outer surfaces of the buried piping. Leaching
tests on sand samples from the backfill used at the Midland site have shown
only trace amounts of chlorides and a pH greater than neutral (8.6 to 8.9).
This combination should minimize the extent of corrosion that might occur

sho | the galvanic protection system or the pipe wrappings not perform their
job. “terefore, the staff concludes that external corrosive attack on the

buriei carbon steel piping is unlikely to be significant at the Midland Plant
§its

3.ﬁ2:2 Effects of Settling on External Corrosion of Buried Carbon Steel Pipe
The pipe-coating materials, such as fiberglass wrap or a coal tar paper wrap,
are inherently flexible and should not fail as a result of the amounts of
strain that have occurred on the buried piping. The NRC has set maximum
acceptable limits of 4% ovalization and approximately 0.5% strain on the
piping. The protective wrap can "give" within these limits. Further, should
flaws develop in this protective wrap, the galvanic protection system is
specifically designed to prevent corrosion at such flaws. Therefore, it is not
anticipated that significant localized corrosion of the carbon steel piping

will occur as a result of the settling, this system would be protecting them
from corrosion at the present time.
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3.12.3 Pitting Corrosion of Buried Stainless Steel Lines

Buried stainless steel piping at the Midland site is not coated on the outside
but is protected from corrosion through the galvanic protection system. During
construction, the applicant reported that pitting had been observed in the
stainless steel piping from the condensate storage tank. The utility's con-
sultants examined this piping, and concluded that this corrosion was a highly
localized pitting, present on only one side of the piping. In view of the good
soil chemistry (cited in Section 3.12.1 of this SSER) at the Midland site, it
seems unlikely that this pitting would have been caused by interaction between
the piping and the soil before the galvanic protection system was activated.
Subsequently, the utility's consultants suggested that these corrosion pits
were caused by stray currents resulting from improper grounding during field
welding of other components at the Midland site. The staff concurs that this
is a likely explanation for the pitting attack. Selected lengths of buried
stainless steel piping in the borated water storage tank injection lines are
being excavated and examined to determine the condition of the external surface
of this piping before the start of operation of the plant. Portions of the
condensate storage !l)es have already been examined during the applicant's
investigation. The staff concurs that this proposed inspection followed by
replacement of any defective piping will ensure the integrity of these systems.
The staff also concurs that the galvanic protection system now in effect will
prevent any future external corrosion by the groundwater. The applicant also

advised that proper grounding of field welding equipment is now in practice at
the Midland site.

The settling stresses should not have an effect on the corrosion behavior of
stainless steel piping, both because of the galvanic protection system and be-
cause stainless steels are inherently resistant to stress corrosion cracking in
water (pH 8.5 to 9) low in chlorides at ambient temperatures.

Should the galvanic protection system become inoperative, corrosion at hypo-
thetical flaws in the coating on the carbon steel pipes would not be serious
for periods up to at least 6 months, because pitting depths would not exceed
half the 1/16-in. corrosion allowance in this period of time. As noted above,
the staff also would not anticipate significant corrosion of Type 304 stainless
steel to occur in backfill material used at Midland in the same 6-month period.
In addition, during any periods the galvanic protection system is inoperative,
some protection would continue to be provided by the buried zinc anodes.
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5 REACTOR COOLANT SYSTEM AND CONNECTED S\>STEMS

5.4 Component and Subsystem Analysis

5.4.4 Decay Heat Removal System
5.4.4.2 Cold Shutdown Capability

Manual Action Outside the Control Room

Section 5.4.4.2 of the SER provided the staff's conclusions regarding manual
actions outside the control room necessary for achievement of cold shutdown

at Midland. The SER noted that the Midiand decay heat removal (DHR) system
design requires local operator action to align the DHR suction valves from the
reactor building sump to the reactor coolant system (RCS) hot leg before the
system can be brought into service. The staff's review of the Midland DHR
design was performed recognizing that manual action outside the control room in
the absence of a postulated single failure is, in general, not consistent with
RSB BTF 5-1 for Class 2 plants (i.e., plants with construction permits docketed
before January 1, 1978 and operating license issuance scheduled on or after
January 1, 1979). Two of the more significant factors of the staff's evaluation
are (1) the time available for the action and (2) accessibility of the operator
to the valve. The SER noted that review of the latter consideration was continuing.

Time Consideration

The design of the DHR system requires manual operator action outside the con-
trol room between € to 30 hours during a cooldown sc the DHR suction valves can
be aligned. Once the DHR syztem is aligned, it can be operated from the control
room without further remote manual action. In view of the ample time available
for operator action and the ability of the DHR system to be operated remotely
once properly aligned, the staff concluded in the SER that the system meets the
requirements of BTP RSB 5-1 and is therefore acceptable, subject to resolution
of the accessibility item below.

Accessibility

The manual DHR valves are locaied in the lower level of the auxiliary building,
six levels below the control room. The valves are equipped with reach-rods that
pass through a concrete wall between the auxiliary building hallway and the room
housing the manual valves to reduce the radiation exposure to the operator from
radioactivity which might be contained in the DHR water. The SER noted that the
applicant is required to provide an evaluation of the environment that might
exist in the vicinity of the valve hand wheels and in the passages that must be
traversed between the control room and the manual [PHR valves.

This evaluatior was pro.ided in the applicant's letter dated June 7, 1982. The

applicant evaluated the flooding hazard from failure of all water-containing
tanks on the 568-ft level where tiie handweels are located.
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These tanks were determined to produ.> a water depth of 10 in. in the corridor.
The water could be drained using the suxiliary building sump located in the cor-
ridor, although the DHR valve handwheels would be accessible even for the flooded
condition. The maximum radiation field within the corridor to which an operato-
might be exposed is 8.5 rems/hr. This condition is postulated for degraded core
conditions in one unit 6 hours after Lhe accident. Sufficient time would be
available, however, for an operator to open the suction valve in one of the
redundant DHR trains of the other unit to permit it to be brought to cold shut-
down, if required, without exceeding the dose guidelines of 10 CFR 20.101 (i.e.,
3 rems/quarter total whole-body dose). In the event of a fire in the auxiliary
building, the flexibility in the required time for DHR actuation (6 to 30 hours)
provides ample time to deal with any postulated fire and then to actuate the DHR
system, if required.

The staff concludes that the Midland DHR system meets the cold shutdown reqguire-
ments of BTP RSB 5-1 for Class 2 plants. This confirmatory issue, identified

as item 8 in SER Section 1.8, is therefore closed with respect to manual action
outside the control room. However, confirmatory item 7 identified in SER
Sect:on 1.8 and also discussed in SER Section 5.4.4.2 relative to required

tests ar' analysis of the approach to cold shutdown under natural circulation
remairs open; it will be addressed in a subsequent SSER.
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these values are estimates, subject to the uncertainties of the computer models
and actual initial and boundary conditions, they are nevertheless useful in
demonstrating the relative margin that is provided by Append.x K conservatism.
They also help confirm that these Appendix K assumptions provide the conserva-
tism they were originally intended to provide.

Although the above assessment indicates that an acceptable margin is provided
for the limiting small-break accicent, the staff is still reviewing the B&W

small-break model for less limiting small breaks that interrupt natural circu-
lation and that are sufficiently small so that natural circulation decay heat

removal is required. Section 6.3.4.1 of SSER 1 addresses the staff's concerns
in this area.
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AUXILIARY SYSTEMS

Water Systems

Service Water System

SER Section 9.2.1 presents staff acceptance of the Midland service water system
(SWS). Details of the SWS design are described in FSAR Section 9.2.1, including

<

SAR Figure 9.2-2, Sheets 1 and 2 The SWS design includes provisions for supple-

mental cooling by a cooling tower during periods of high summer temperature. A

48-1in.-diameter underground line is used to route the returning service water to
the cooling tower in lieu of discharge to the emergency cooling water reservoir

Inside the service water pump structure (SWPS) there are two seismic Category 1

butterfly valves that isolate the line (48"-0HBC-2/48"-0YJJ-1 on FSAR Figure 9.2-

from the normal routing to the cooling pond

SER Sections 1.12.10 and 3 3.1 identified the seismic Category I underground
iping that was being > i by the staff because the plant fill supporting

hese pipes was 11 tely compacted and is settling. Section 3.9.3.1.1 of

) |

his SSER note the undergrou seismic Category I piping at the Midland

n.-diameter service water system
ified this segment nonseismic because

ot represent a safety problem

of either the supply or return
taff finds
essential
'her 11ne
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level ithin the pump pit
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16 TECHNICAL SPECIFICATIONS

This section of the SER identified 21 issues that must be included in the Tech-
nical Specifications as a condition of staff acceptance. Section 1.9 of the
SER also identified several issues which may become license conditions, either
in the form of a statement in the body of the Operating Licenses or as a Tech-
nical Specification appended to the licenses. Additional issues to be

included in the Technical Specifications have been identified in this SSER.
These additional issues are listed below and are discussed further in the sec-
tions of this SSER as indicated.

SSER
Item Sections
(22) Long-term monitoring of all seismic 2.9.4.7, 3.5:.3.5, 3.8.3.7

Category I structures

(23) Long-term settlement and strain monitoring 2.5.4.7, 3.9.3.1.6
of seismic Category I underground piping
and supporting soil

(24) Restriction on placement of heavy loads &.5.4.7. 3.9%3.1.6
over buried piping and conduits
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QUALITY ASSURANCE

17.3 Quality Assurance Program
17.3.1 Quality Assurance (QA) Program for Remedial Soils Activities

As identified ection 1.12 of this SSER, several remedial soils activities
have been and are being implemented to correct foundation support problems
resulting from inadequate compaction of safety-related ("Q") plant fille at the
Midland c<ite

For the safety-related and nonsafety-related remedial soils activities. the
applicant has committed to comply with the quality assurance requirements pre-
viously approved by the staff that are described in the applicant's report
CPC-1-A, "Quality Assurance Program Manual for the Midland Nuclear Plant. "
Bechte t ; report BQ-TOP-1, Revision lA. "Bechtel Power Corporation
H)"sipg)' Kepo

and
QF

The quality assurance (QA) program for the remedial soils activities is described
in two Midland Py 2ct Qualit lans (MPQPs) MPQP-2, Revision 0, "Quality
Plan for Remedial S s Activities and Soils Related Work in Q Areas." describes
the overall CPC i Bechtel QA } Tor remedia s01ls activities MPQP-

Revision 3, "Q ity Plan for ies,"” describes in more
the QA plans for the underpinning activities associated with the auxiliary b

'\g and SWPS. ese plians, both n € ctive date of July 26, 1982, were
e rwarded fo | | i 1 ) UV | 0 L i[ pl cant ' ) “’tt(’" of H
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programs include
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manent and temporary dewatery
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v p
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The Midlard Project Quality Assurance Department (MPQAD) is responsible for Lhe
review of design documents, procurement orders, and implementing procedures of
the applicant, Bechtel, and subcontractors to ensure that the necessary quality
requirements are specified, including quality control inspectiun call outs.
Throughout the implementation phase, MPOAD is also responsible for overviewing
and auditing the soils activities to verify that they are being carried out
correctly in accordance with previously approvad requirements.

The staff concludes that the QA program for the remedial soils activity meets the
requirements of Appendix B to 10 CFR 50 and is acceptable.
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APPENDIX E
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This supplement is a product of the NRC staff and its consultants. The staff
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APPENCIX H
CONTINUATION OF ERRATA TO MIDLAND PLANT SAFETY EVALUATION REPORT

SER

Section Page Change

2.4.4 2-20 In first sentence of sixth full
paragraph, change "erosion on"
"overtopping of."

15.5.5 15-25 In Section title, change "Instru-
ment" to "Small." In last sen-
tence of the first paragraph,
change "the accident and" to
"for this accident the."

Table 15.8 15-26 In title of table, change
"instrument" to "small."

15.7.6 15-33 Delete third paragraph (the sub-

ject is covered by Section 15.7.4).
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APPENDIX I
UNDERPINNING CONSTRUCTION PROGRAM

The purpose of this appendix is to summarize the construction steps planned to
achieve the remedial underpinning beneath the auxiliary building and the SWPS.
This construction summary is based on the applicant's letter of April 19, 1982,
and is supplemented by recent Bechtel and contractor drawings provided to the
staff during the course of its review. Although preliminary, these drawings
represent the planned approach on which staff review and approval have been
based.

1 AUXILIARY BUILDING

The auxiliary building underpinning work is to be accomplished in four construc-
tion phases, which are identified in the following paragraphs as Phases I

through IV. Construction support measures include control of groundwater and
preparation of vertical access shafts. Underpinning construction consists of in-
stalling temporary underpinning, followed by permanent underpinning. Upon com-
pletion of this work, certain structural strengthening will be performed.

1.1 Groundwater Control

At the start of underpinning work, the groundwater level will be at about e
600 ft. Because this work will extend at least 29 ft below that level, contro]
of groundwater level is necessary.

The underpinning work is in a location with limited access, bounded by the two
containment buiidings, the main auxiliary building, and the turbine building.
In the immediate construction area, groundwater will be removed by pumping from
dewatering wells.

To reduce recharge of groundwater into the underpinning excavation area, an
underground freeze curtain dam has been constructed. The layout of the dam can
be seen in the site photograph at the beginning of this SSER. The dam was
formed by drilling a line of boreholes at approximately 4.5-ft cpacing and
circulating a coolant at low temperatures through pipes in the boreholes. The
coolant freezes the soil in a narrow strip along the line from el 610 ft down
to the bottom of the borehole that terminates in the undisturbed glacial tiil.
The frozen soil acts as a dam and reduces subsequent seepage of groundwater
from the pond side toward the underpinning construction area. The freeze cur-
tain dam is formed in permeable sandy soils and clays and silts that exist above
the glacial till and below el 610 ft. The safety-related utilities crossing
the freeze curtain dam are isolated by an excavation that extends below their
foundation level to eliminate any potential heave of the ground due to freezing
operations. ‘
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The existing dike with the clay cutoff along the western edge of the power
block area forms a part of the underground dam The effectiveness of the
dewatering system will be monitored by measurements of the groundwater levels
using piezometers located on either side of the freeze wall and dike.

of the two FIVPs and adjacent to the turbine buildl

were wycted to provide access for workers and equipment

for the underpinning Each of the two shafts is about 16 ft . ‘
area

As indicated in | Ires ] 1 )f this SSER, the shafts w
in three stages A sent. they have been excavated to el 609 ft
tually permit insta on of the initial underpinning piers beneatt
cent turbine building basemat Th piers wi 11 constitute permanent
pinning for the turbine building along its northern boundary when t
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Pier E-8 will be completed as part of Phase II. At the start of Phase III, the
first excavation under the EPA will be begun to install the needle beams needed
to provide the first support for the EPA. The completion of Pier E-8 and the

needle beams is a significant milestone in the temporary underpinning operation

because once the weight of the EPA is supported, any loss of soil support under
the EPA is less critical. Pier E-8 and the needle beams must be in place before
the tunnel under the turbine building is extended easterly to access the first
corner Pier E-1 of the control tower. While the access tunnel ic being extended,
additional piers to support the turbine building columns are constructed.

The corner Pier E-1 of the control tower wil! be completed and jacked next.
After completion of the control tower corner piers, the remaining control tower
and EPA temporary underpinning piers are simultaneously constructed.

With completion of the temporary underpinning piers, the weight of the EPA and
control tower is completely supported and mass excavation under the EPA and
control tower will begin. For performing the mass excavation, the access shaft
will be extended to el 571 ft.

1.4 Permanent Underpinning

Upon completion of mass excavation, the permanent wall under the EPAs and the
permanent section of the wall in the control tower area will be constructed.
At this stage, compacted backfill will be placed below the FIVP area and a new
slab will be poured to el 600 ft. Construction of the permanent walls and
replacement of the FIVP foundation constitute Phase IV work.

After completior, jacks will be placed on the permane~c¢ wall. Jacking forces
will be transferred from the temporary to permanent walls in stages. Adjust-
ments will be made until all the load is transferred from the temporary to the
permanent underpinning and the wall has reached the final design jacking load.
The slab under the FIVP foundation also will be jacked against the FIVP to
transfer the load from the temporary steel support to the new slab.

The present plans for the permanent wall load transfer jacking sequence are
shown on Figures I.3 of this SSER. Variations in the present plan may be
implemented, subject to prior NRC approval, as early construction data are
obtained and assessed.

Jacking loads will be held on the permanent underpinning and the settlements
monitored. When the settlement rate has reached a predetermined value, the
jacking load will be locked off. The permanent underpinning walls will be
connected to the existing structure by grouting and the gaps filled with grout.
For the FIVP, the area between the new slab and the FIVP existing foundation
slab will be filled with lean concrete. At this stage, the excavation will be
backfilled with fill or lean cocncrete and the permanent underpinning will be
complete.

1.5 Building Modification

Upon completion of underpinning, and before fuel load, the applicant will
strengthen an existing slab at el 659 ft between the control tower and spent
fuel pool at the operating floor level. This strengthening is needed to resist
loads during a seismic event.

w
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2 SERVICE WATER PUMP STRUCTURE

The remedial action for the SWPS generally consists of installing a permanent,
continuous underpinning wall under the foundation of the overhang portion cf

the structure (see Figure 2.9 of this >5ER) The wall transfers the loads of
this part of the structure through the fill to the competent undisturbed natural
foundation soils. The wall is connected to the existing structure The sequen-
tial numbering of the wall's underpinning piers as shown on Figure 2.9 coincide
with the actual construction sequence that will be followed to complete the

SWPS underpinning work

Temporary Post-Tensioning
As the initial construction step, a temporary post-tensioning system, whose
desiagn was based on the American Concrete Institute (ACI) Code 318 and America
Institute of Steel Construction (AISC) codes, was installed to apply a compres-
sive force to the upper part « the building 3]HPQ the east and west exterior
walls This post-tensioning compensates for the loss of buoyancy, which results
in additional forces on the overhang, when the construction site dewatering 15

installed

At the start of the inning irk, grounds r level wiil be about
Because this underpinning will end at g 15 ft below this level,

trol of groundwater ? necess

he groundwater level will b owered belo | 58¢ L. by using approximately
b> temporary dewatering 1S )cated both inside the SWPS and the adjacent
CWIS and outside the S : ong its exterior perimeter As part of the tem-

porary dewatering pro e, piezometers will be installed to monitor the

)

groundwater level These wells will be sealed after the underpinning wall

comp leted

tion and operatior
letter dated April

] inderpinning piers, which

needed from the grade elevation

the building by open excavation for the
The access for the piers on the west
access shaft from the

r

U('}"t"l?' of the SWP

ructed in small
continuous wall 1@ plers are
them with cont 1 : e pier 1s complieted

transferred by jacking to a predetermined value




During the underpinning operation, to protect the existing structure, oniy small
ortions of supporting soil will be removed, and these portions will be replaced

P pp g ; £

with piers of greater load-bearing capacity In addition, the structure will

be monitored frequently for strains and differential settlement to ensure that
these remain below predetermined limits.

The first piers to be constructed are approximately 30-ft deep and 5 ft by

4 ft in cross-sectional area. These piers are constructed in hand-dug sheeted
pits located at each corner of the overhang After the subgrade for these pit
is inspected and approved by the resident geotechnical engineer, reinforcement
subgrade settlement and stress monitoring instrumentation, and anchor bolt
assemblies to tie the pier to the underside of the slab are installed The
piers are then ith concrete A [ al jacking load 1s applied t
the overhang ) jacks 3 i on the pi t o The completion of these pier
1s significan n, because at the end of this stage
the weight of t OVE ng c 1fe be supported on these pilers without
depending on the | | , '€ 'S f fi11 support woul

critical afte

After the ne | ! ire completed, the remaining piers, except ur sect

the eas na 2S5 1 ! comp ieted basel ) 4 predeterminea sequence

upported by initial jacking loads

(see Fig
to within 6 ft
lements caused by
engineer determines
te, the load 1
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NOTES FOR FIGURE I.1

PHASE I - CONSTRUCTION EAST AND WEST ACCESS SHAFTS TO ELEVATION 609.0

1.1 ACCCESS SHAFTS TO ELEVATION 626'0" (NON Q)
- .nd -

Q) 111 Drill and install soldier piles to elev. 561'-0"
(:) 3.3.2 Excavate incrementally and install lagging to elev. 626'-0"
(:) 1.1.3 Install access shaft bracing level "A" at elev. 629'-0"

1.2 EXTEND ACCESS SHAFTS TO ELEVATION 609'-0" (NON Q)
-1420 and C-1421

2) 1.2.1 Excavate incrementally and install lagging to elev. 609'-0"
<:> 1.2.2 Install access shaft bracing level "B" at elev. 613'-0"

PHASE II - CONSTRUCT PHASE II PIERS AND EXTEND ACCESS SHAFTS TO ELEV. 597'-0"

2.1 PIERS T/W 9

4)2.1.1 Excavate incrementally and lag approach pits adjacent to piers

E/W 11

<§> 1.2 Excavate, brace and lag approach drifts to piers E/W 9

6)2.1.3 Excavate incrementally and lag shafts for piers E/W 9
2.1.4 Place rebars and concrete piers E/W 9
9 Jack design loads into piers E/W 9

(j) NOTE: OPTIONAL ACCESS DRIFT NORTH TO REACTOR MAY PROCEED AT THIS TIME.
2.2 PIERS E/W 12

8) 2.2.1 Excavate incrementally and lag approach pits adjacent to
piers E/W 12
9) 2.2.2 Excavate, brace and lag approach drifts to piers E/W 12
<z:> . 2.3 Excavate incrementally and lag shafts for piers E/W 12
2.2.4 Place rebars and concrete piers E/W 12

2.2.5 Jack design loads into piers E/W 12

Midland 2 SSER 1-9
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NOTES FOR FIGURE I.3 Continued

2.9 PIERS E/W 10

2.9.1 Excavate incrementally and lag shafts for piers E/W 10
2.9.2 Place rebars and concrete piers E/W 10
2.9.3 Jack design loads into piers E/W 10

2.10 PIERS E/W 14

2.10.. Excavate incrementally and lag approach pits to piers E/W 14
<::> 2.10.2 Excavate incrementally and lag shafts for piers E/W 14
2.10.3 Place rebars and cencrete piers E/W 14

2.11 ACCESS DRIFTS EAST - WEST

é?b 2.11.1 Excavate, brace and lag access drifts between piers (W)KC2 and
KC3 and piers (E)KC11l and KC10

Extend E/W access drifts to limits of phase Il
2.12 PIERS E/W 13

<g§> 2.12.1 Excavate incrementalmly and lag approach pits to piers E/W 13
<g§> 2.13.2 Excavate incrementally and lag shafts for piers E/W 13

2.12.3 Place rebars and concrete piers E/W 13

Midland 2 SSER I-11



2 ¥3SS puepiy

3 #S-027L Buimerp 193098 133um0s5)
3 *Buuuidiapun Buip(ing Aaeyixny 271 unfyy

O

ekl W31
w0 00N
: #@ . @ " * w.!l:'
A = .1
- BB R = — | !
\‘ PR @..!ﬂ ¢ & :_ :3!
® - @ AT -
% 7 % w EUE
L) v LSSV
B i wowd e ! o} @
\
LA SSOW

57 e SR

.l sspow
SN




J X REACTOR BUILDING
\ UNIT 2

|

EPREISPICECN el . ""—I.!:‘
rhlu'.- f\lli

o
“@

ooooo

B ittt ST SRR

..M; o=

x T

il Rt

=l o

s oA i oo W P m———— L (0. el IS,

OO@@@@@@Q.@

- CONSTRX 10w -oa LT = CONSTRCTION  eaSE LA D

INE BUILDING

struction plan and logic, Phases 111 and IV
0101, Revision 0, preliminary)



NOTES FOR FIGURE 1.2

PHASE 111
3.1 Grillage at E/W 8
3.1.1 Excavate and lag drift @ and transforr to bulkhead@

1 19 Mass excavate shaft FIVP and edge EPA to bulkhead from el 609
to 601

3.1.3 Excavate and lag pit and install grillage columns from e' 601

to 591 @

3.1.4 Install grillage beams <§§> and jack design lcad

3.3.5 At EPA, excavate and lag shaft from el 601 to 597 and install
Level C wall

3.2 Drift from Column 3.25/9.75 to 5.27/7.82 with sets and lagging
(29 at el 601

3.3 Pier CT-1/12
3.3.1 Excavate and lag approach pit (é?» from el 601 to 594
3:3.2 Excavate and lag shaft CT-1/12 and excavate bell
3.3.3 Place rebar and concrete CT-1/12 to el 594

3.3.4 Install load transfer frame from el 594 to 602 and jack des i n
load

3.4 Pier and grillage at E/W 5
3.4.1 Excavate drift (§§> with steel sets and lagging
3.4.2 Excavate and lag shaft and excavate bell for E/W 5
3.4.3 Rebar and concrete E/W 5

3.4.4 Excavate and lag pit and install grillage columns from el 601

to 591 (32)

3:.8.5% Install grillage beams (33; and jack design load at °A and
turbine building e

Midland SSER 2 I-15



NOTES FOR FIGURE 1.2 Continued

3.5 Pier at E/W-2

3.5.1 Excavate drift with steel sets and lagging
3.5.2 Excavate and lag shaft and excavate bell E/W-2
3.5:3 Place rebar and concrete E/W-2

3.5.4 Jack design load to turbine building

3.6 Pier at E/W-3

3.6.1 Excavate drift

3.6.2 Excavate and lag shaft and excavate bell E/W-3
3.6.3 Place rebar and concrete E/W-3

3.6.4 Jack design load to turbine building

3.7 Grillage at E/W-2
. M Excavate drift <§?

3.7.2 Excavate pit and install grillage columns from el 601 to 591 <§9

3.7.3 Remove jack load at E/W-2 after Item 3.6.4 is complete

3.7.4 Install grillage at E/W-2 Qi@

3.7.5 Jack design load at EPA and turbine building

3.8 Pier CT-2/11

3.8.1 Excavate drift <§§> with steel sets and lagging
3.8.2 Excavate and lag shaft and excavate bell CT-2/11
3.8.3 Install rebar and concrete CT-2/11 to el 594

3.8.4 Install load transfer frame from el 594 to 602 and jack design

load
3.9 Pier CT-3/10

353 Excavate drift <§> with steel sets and lagging
3.9.2 Excavate and lag shaft and excavate bell CT-3/10

3.9.3 Place rebar and concrete CT-3/10

3.9.4 Jack design load
Midland SSER 2
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NOTES FOR FIGURE 1.2 Continued

3.10 Rebar and concrete piers CT-1/12 and CT-2/11 between el 594 and 600
3.11 Excavate drift (E?} with steel sets and lagging
3.12 Pier CT-13/15
3.12.1 Excavate drift (Eil with steel sets and lagging
3.12.2 Excavate and lag shaft and excavate bell CT-13/15
3.32.3 Rebar and concrete CT-13/15
3.12.4 Jack design load
3.13 Piers CT-5/8 and 6/7

3.13.1 Excavate and lag approach pit (;2 and excavate drift (gif in
steel sets and lagging ” —

3.13.2 Excavate and lag shaft and excavate bell CT-5/8

3.13.3 Rebar and concrete CT-5/8

3.13.4 Excavate and lag shaft and excavate bell CT-6/7
3:.13.5 Rebar and concrete CT-6/7
3.13.6 Jack design loads CT-5/8 then CT-6/7

3.14 pPier CT-14
3.14.1  Excavate drift (;§'
3.14.2 Excavate and lag shaft and excavate bell CT-14
3.14.3 Rebar and concrete CT-14
3.14.4 Jack design load

3.15 Excavate from el 609 to 602 hetween Column Lines 5.3/7.8 and 6.6, and
between H and K.5

3.16 Excavate from el 602 to 591 between Column Lines 5.3/7.8 and 6.6, and
between H and K.5, and lag between CT-Piers at K_

3.17 Support utility banks in control tower area as encountered in excavation

3.18 Install top level struts in control tower at el 598

Midland SSER 2 1-17



NOTES FOR FIGURE 1.2 Continued

3.19 Piers E/W 1, 4, 6, 7, 15, 16, 17
3.19 General
Excavate and lag shafts and excavate bells
Rebar and concrete
Jack design load
3.19.1 Install E/W 1
3.19.4 Install E/W 4
3.19.6 Install E/W 6
3.19.7 Install E/W 7
3.19.15 Instal) E/W 15
3.19.16 Install E/W 16
3.19.7"  Install E/W 17
3.20 Piers KC4. KCS, Kc8. KCQ
3.20 General
Excavate and lag shafts and excavate bel)
Rebar, as required, and concrete
Jack design load
3.20.4 Instali K 4
3.20.5 Install K5
8 Install Kc8
3.20.9 Install Kc9
3.21 Pier H 5.25/7.85
3.2 1 Excavate and 1ag approach pit {45/
3.83.2 Excavate and lag shaft and excavate bell HX5.25/7.85
3.2%.3 Rebar and concrete

3.21.

S

Jack design load

Midland SSER 2 1-18



NOTES FOR FIGURE 1.2 Continued

3.22 Excavate
A 4h Excavate and lag shaft from el 597 to 591
Excavate and lag under FIVP from el 600 to 591

Excavate and lag under EPA from el 609 to 591 between Column
Lines 3/10 and 4/9

Excavate and lag under EPA from el 609 to 591 between Column
Lines 4/9 and 5.3/7.8
Struts

Install ring system struts at el 599 from Column Lines 2.5/10.5
to 5/8.25

Tension ring system and preload struts

Excavate and lag shaft from el 591 to 581 and install level D

3

waie

Excavate and lag under FIVP and EPA from el 591 to 581

struts and ring system at el 589-6 from Column Lines

to 5/8.25
Tension ring system and ¢.0ad struts
vation
Excavate and la w el 581 to 571
Excavate and lag under FIVP anc EPA from el 581 to 572

Excavate and ] under control toewer from el 591 to 582 from
Column Lines 5.3/7.8 to 6.6 between H and KC

’iers according to Item 3.30, ex ~pt 30.3 and

Column Lines 5.3/7

Excavate and lag under control tower from el 582 to 571 from
7

8 to 5.9/7.2 between H and Kc

Midl and




NOTES FOR FIGURE 1.2 Continued
3.27 Install struts in control tower at el 583-6 between Column Lines H and KC
from 5.3/7.8 to 5.9/7.2

3.28 Install tie rods between CT-13, 13A, 13B, and CT-15, 15A, and 15B at el
581

Excavate and lag under control tower from el 571 to 563 from Column Lines
5.3/7.8 to 5.9/7.2

Excavate subgrade from el 563 to 562 and place mud mat from Column Lines
5.3/7.8 to 5.9/7.2

Piers CT-13A, 13B, 14A, 14B, 15A, 15B
3.31 General
Excavate and lag shaft
Rebar and concrete to el 582
Install 13A
138
Install
Install
Install

Install

Concrete between CT piers
Grout CT pier horizontal rebar tubes

Rebar and concrete between Piers C7-5 and CT-8

Concrete wall between Pier CT-13 and Column Line K( from
601-607 (varies)

Concrete wall between Pier CT-14 and Column
?:Hl—(ﬁ]/’ (\,"dri‘.,";)

Concrete wall between Pier CT-15 and Column _ from
601-607 (varies)

Midland




NOTES FOR FIGURE I.2 Continued

4.5 Concrete permanent wall

4.5. Rebar and concrete from el 562 to 571 in control tower between
Column Lines H.2 and K.2 from 5.3/7.85 to 5.6/7.6

Rebar and concrete from el 571 to 586 between Column Lines
and K.2 from 5.3/7.85 to 5.6/7.6

Rebar and concrete from el 571 586 between column lines
3.2/10.1 and 5.3/7.85

Rebar and concrete from el 586 between Column
and K.2 from 5.3/7.85 to 5. ]

Rebar and concrete from el 36 598 between Column
3.2/10.1 and 5.3/7.85

Backfill control tower from el 571 to 582 between Column Lines
5.6/7.6 and 5.9/7.2

Backfill EPA between permanent wall and containment from e
to 598

Backfill EPA between permanent wall and temporary wall from el

87% ~ )
571 to 598

Backfill access shaft and FIVP to el 600
Backfill access shaft from el 600 to 634

Restrut at el 585 and remove struts at el 583-6 in EPA
control tower

Restrut at el 597 and remove st at el 598 in EPA and
control tower

Load transfer to permanent wall
Transfer load to east/west wall
Remove grillages at Piers E/W 2, 5,
Load test permanent wall
Load test east/west wall

Load test control tower south wal

Verify and redistribute

Midland SSER 2




NOTES FOR FIGURE 1.2 Continued

4.9 Final connections
Install horizontal dowels at Column Lines H x 5.6/7.6
Grout horizontal dowels at Column Lines H x 5.6/7.6
Instal)l vertical dowels, east/west permanent wall

Grout vertical dowels, east/west permanent wall

Install vertical dowels, control tower permanent wall, Column
Line K_
C

Grout vertical dowels, control tower permanent wall, Column
Line K_
C

mplete turbine building

« 0. 1 Encase jackstands at all piers supporting turbine building

except Pier E/W 2, 5, 8

Encase jackstands at Piers E/W 2, 5, 8

» )

Backfill drifts and grout
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ADD 25% LO TO INCREMENT 1 PERMANENT JACKS, ADJUSTED I

M

REQUIRED.

F

REMOVE 25% LOAD FROM TEMPORARY GRILLAGE 2Y, 2Z, 8Y & BZ.

CHECX PRESSURE AT GRILLAGE S5Y & 5Z - SIMILAK TO 1.A.3.
CHECK CHANGE IN PRESSURE IN PERMANENT JACKS, IMILAR
TO 1.A.6.

DS A%
(STMILAR
CHANGE

4.

INCREMENT

75Y FROM TEMPORARY
E AT GRILLAGE 5Y &
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Al £ MAINTE
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Motes for Figure I,3 Continued

4.C.4 LOAD TRANFER COMPLETE. MAINTAIN SYSTEM PRESSURE. START
LOAD TEST OF ZAST OR WEST TRANSFERS. SEE SPECIFICA-
TONS FOR ACCEFT.ACI CRITERIA.

CONTROL TOWER REDISTRIBUTION

FINAL ADJUSTMENT OF LOADS ON SOUTH WALL OF CONTROL
TOWER CAN OCCUR AFTER EAST OR WEST LOAD TRANSFERS
COMPLETE.

STAGE A:

CTR.1 INSTALL WEDCE PLATES Al LOCATIONS 70 THRU 72
AS SHOWN. DRIVE WEDGES TIGHT.

CIR.2 ACTIVATE CT1 THRU CT12 JACKS AND LOAD VALUE AS
SHOWN IN TABLE S-74A.

TURBINE BUILDING - LOAD TRANSFER CRITERIA

WHEN GRILLAGE Y & Z JACKS ARE ACTIVATED, THE GRILLACE X
JACK SHALL BE ACTIVATED TO SPECIFIED LOADS AND MAINTAINED
BY BLEEDING JACKS TO COMPENSATE FOR SOIL REBOUND.

AUX. WING STRUCTURE MOVEMENT CRITERIA
1. DURING LOAD TRANSFER

A. IF DOWNWARD MOVEMENT OF GRILLAGE 8 END OCCURS, ENGAGE
X1 & X2 JACKS, IF EXCESSIVE MOVEMENT CONTINUES REINGAGE
GRILLAGE JACKS. IF DOWNWARD MOVEMENT OF GRILLAGE 2 END
OCCURS, ENGAGE X3 & X4 JACKS, IF EXCESSIVE MOVEMENT CON-
TINUES REINGAGE GRILLAGE JACKS.

B. IF DOWNWARD MOVEMENT OF THE STRUCTURE IN THE VICINITY OF
KC LINE AT THE CONTROL TOWER OCCURS, INCREASE ACTIVE SYSTEM

PRESSURE, IF EXCESSIVE MOVEMENT CONTINUES REINGAGE GRILLAGE
JACKS.

2. DURING LOAD TEST
A. IF DOWNWARD MOVEMENT OF GRILLAGE 8 END OCCURS, ADD LOAD
TO X1 & X2 JACKS. IF DOWNWARD MOVEMENT OF GRILLAGE 2
END OCCURS, ADD LOAD TO X3 & X& JACKS.
B. IF DOWNWARD MOVEMENT OF THE STRUCTURE IN THE VICINITY OF

KC LINE AT THE CONTROL TOWER OCCURS, INCREASE SYSTEM
PRESSURE.

Midland SSER 2 1-28




TABLE I.1 Permanent wall-load transfer jacking sequence

Reference
notes
Group Fig. 1.3 Loading

INCREMENT 1

[ncrement 1
Increment 1

Add 5% = 5¢ 1100 psi
Add 25% = 124" = 1100 psi

> >

Temp. Suppor Remove 25% = 850
Remove 2 = 200,
Remove ! 275,

Remove 25% = 125

Add 25% = sskkr 1100 psi
Add 25% = 124" = 1100 psi

Remove 25% = 850%
Remove 25% = 200
Remove 25% = 275&
Remove 25% = 125

Increment 1 acks C.1 Add 25% = 55° = 1100 psi
Increment 562-T ijacks C Add 25% = 124" = 1100 psi

p =3

Increment
Increment

o P>

Temp

co

D

(s oliw

0

Ie
O

Temp. Suppor ¢ 1. E. 2 Remove
/ Remove

Remove

Remove

1

. - a 3 K
Increment 230 ' Add 12% = 26
Increment 562-1 Add 12% 59

Temp. Support ' 1.D.2 Remove final 25%
27 Remove final 25%

Remove final 25%

Remove final 25%

INCREMENT 2

i e . , K
Temp. Suppor ) 2.A.2 Remove 25% = 550

. o .
Remove 25% = 225

[ncrement 2 230 jacks 2. A Add 25%

Increment 2 ols T g 2.A. Add 25%

Temp. Support 5 2. 81 Remove 25%
- y| Q9

Remove 25%

)

[ncrement 2 23 .8, 3 Add
Increment 2 2. 8.3 Add

source: Mergent
prel imin:
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TABLE 1.1 (Continued)

Reference
notes
Group Fig. 1.3 Loading
INCREMENT 3
Temp. Support - HK 3.A.2 Remove 25% = 575k
Increment 3 - 230-T jacks  3.A.4 Add 25% = 55%,= 1100 psi
Increment 3 - 562-T jacks 3.A.4 Add 25% = 124" = 1100 psi
Temp. Support - HK 3.8.1 Remove 25% = 575%
Increment 3 - 230-T jacks 3.B.3 Add 25% = IIOQ psi
Increment 3 - 562-T jacks 3.B.3 Add 25% = 124" = 1100 psi
Temp. Support - HK 3.C.1 Remove 25% = 575k
Increment 3 - 230-T jacks 3.6.3 Add 25% = 55kk= 1100 psi
Increment 3 - 562-T jacks 3.C.3 Add 25% = 124" = 1100 psi
Temp. Support - HK 3.0.1 Remove final 25% = 575k
Increment 3 - 230-T jacks  3.0.3 Add 12% = 26X = 530 psi
Increment 3 - 562-T jacks 3.0.3 Add 12% = 59k = 530 psi
INCREMENT 4
Temp. Support = 5Y 4.A.1 Remove 25% = 550:
57 4.A.1 Remove 25% = 225
Increment 2 - 230-T jacks 4.A.3 Add 25% = 55kk= 1100 psi
(Note ) 562-T jacks 4.A.3 Add 25% = 124" = 1100 psi
Temp. Support - 5Y 4.8.1 Remove final 25% = 550
52 4.8.1 Remove final 25% = 225
Increment 2 - 230-T jacks 4.8.3 Adjust as required
(Note 2) 562-T jacks 4.8.3 Adjust as required
Increments 1,2,3 K
- 230-T jacks 4.C.2 Add 2% = 4.4k = 90 psi
- 562-T jacks 4.C.2 Add 2% = 9.9" = 90 psi
(Repeat as necessary) (Note 3)
CONTROL TOWER LOAD VALIDATION
CT-1 - 2-560-T jacks CTv.1 650: = 5750 psi, each jack
CT-2 - 2-560-T jacks CTv.1 650k = 5750 psi, each jack
CT-3 - 2-560-T jacks CTv.1 550, = 4860 psi, each jack
CT-5 - 2-560-T jacks CTv.1 550k = 4860 psi, each jack
CT-6 - 2-560-T jacks CTv.1 550k = 4860 psi, each jack
CT-7 - 2-560-T jacks CTv.1 550k = 4860 psi, each jack
CT-8 - 2-560-T jacks CTv.1 550k = 4860 psi, each jack
CT-10 - 2-560-T jacks CTv.1 550" = 4860 psi, each jack
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TABLE 1.1 (Continued)

Reference

notes
Group Fig. 1.3 Loading
CONTROL TOWER LOAD VALIDATION (Cont.)
CT-11 - 2-560-T jacks CTv. 1 650} = 5750 psi, each jack
CT-12 - 2-560-T jacks CTv.1 650k = 5750 psi, each jack
CT-13 - 2-560-T jacks CTv.1 700k = 6190 psi, each jack
CT-14 - 2-560-T jacks CTv.1 700k = 6190 psi, each jack
CT-15 - 2-560-T jacks CTv.1 700" - 6190 psi, each jack
CONTROL TOWER REDISTRIBUTION
CT-1 - 2-560-T jacks CTR.2 463: = 4090 psi, each jack
CT-2 - 2-560-T jacks CTR.2 325k = 2870 psi, each jack
CT-3 - 2-560-T jacks CTR.2 550k = 4860 psi, each jack
CT-5 - 2-560-T jacks CTR.2 575k = 5080 psi, each jack
CT-6 - 2-560-T jacks CTR.2 400k = 3540 psi, each jack
CT-7 - 2-560-T jacks CTR.2 400k = 3540 psi, each jack
CT-8 - 2-560-T jacks CTR.2 575k = 5080 psi, each jack
CT-10 - 2-560-T jacks CTR.2 550k = 4860 psi, each jack
CT-11 - 2-560-T jacks CTR.2 325k = 2870 psi, each jack
CT-12 - 2-560-T jacks CTR.2 463" = 4090 psi, each jack

INCREMENT 1

Permanent Jacks - 230-T
562-T

INCREMENT 2

Permanent Jacks - 230-T
562-T

INCREMENT 3

Permanent Jacks - 230-T
562-T

38,5
4,7,34, and 36

(4 total each side)

3,9-19 (12 total each side)
8 (1 total each side)

40,41,42,46,50-59 (14 total each side)
43,44 45, and 47 (4 total each side)

CONTROL TOWER REDISTRIBUTION - 70-77

NOTES

(8 wedge piate
assemblies)

Activities within each box can be done in any order.

,5,6,20-33, and 35 (19 total each side)

2. This step not required if Increment 2 jacks are combined with
Increment 1 and 3 jacks.

3. Stop incrementing at jack pressure 4200 psi (approx 95% design
load). System design pressure is 4400 psi.
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Table I.,la Jack pressure conversion chart

Jack pressure Load (kips)

(psi) 30-T jack 562-T jack

200 i 23
400 20 45
600 30 68
800 90
1000 113

1200 136
1400 158
1600 161
1800 204
2000 226

249
271
294
317
339
362
385
407
430
452

475
498
520
543

| g
o] ode

Jack loads
for 230-1

for 562-T jack
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