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PREAMBLE

This topical report is part of a series of reports that will document the Midland
Independent Design and Construction Verification Program (IDCVP) review
process and conclusions. Verification activities are ongoing and this report
represents partial fulfillment of the objectives of the IDCVP. An integrated
assessment wi!! follow which will combine the specific topical report reviews
into general conclusions, considering both the specific and potentially broader
implications of documented Findings.

TERA Corporation has not reviewed all aspects of the Midland Energy Center

design or construction as the approach selected relies upon sompling. The IDCVP

methodology has been structured to provide increased confidence that safety-
significant deficiencies are detected within the scope of review. Other
verification programs provide oversight of essentially all elements of the
Midland project completion cycle. Accordingly, the. complete set of programs
and the NRC regulatory program are collectively directed to verify that the
Midland plant has been designed and constructed in conformance with NRC
regulations.

x

TERA CORPORATION



1.0 EXECUTIVE SUMMARY

The Control Room Heating, Ventilating, and Air Conditioning (CR-HVAC)
System Performance Requirements Report is the second of six topical reports
that document the Midland Independent Design Verification Program (IDVP),
The report desci ibes the review process and resuits of the review related to the

primary functional requirements such as operating limits, pneumatic design,
filtration, and instrumentation and control.

The review process followed the requirements set forth in the Project Quality
Assurance Plan (PQAP) and Engineering Program Plan (EPP) that had been
previously accepted by the NRC staff. This review process sampled the design
adequacy using a set of important design topics, each representing typical
engineering design areas. Each topic was, in turn, reviewed to levels of detail
appropriate for verifying a comprehensive sample of CR-HVAC system design
activities.

No Findings were identified during this review. Confirmed Items (i.e., apparent
design errors) that were noted during execution of the IDVP were resolved after
further review. The potential generic implications of these items were evalu-
ated collectively with noted Observations. Observations are minor discrepan-
cies, such as mathematical, transposition, or referencing errors in calculations
that do not obviously affect quality of the design product or constitute design
errors.

Based on the collective evaluation of Confirmed Items and Observations one
concern remains: the concern regarding the nature and extent of calculational
errors.,

This concern and a second generic issue, the lack of centralized design criteria
documents, were noted in the previously completed Auxiliary Feedwater (AFW)
System Performance Requirements Report, Although no centralized design
criterio other than the Final Safety Analysis Report (FSAR) existed for the
CR-HVAC, the implications were not as significant as those in the AFW review,

B-84-148 Il
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Further evaluation is required h. sibsequent phases of the review to resolve
these two items. Verification activities are ongoing, and conclusions will be
docunented in the future report on the IDVP Integrated Assessment. These
activities are focused on o determination ot whether the two issues could result
in safoty-significant deficiencies in other areas of the Midiond plant design.

Based upon the Independent Uesign and Construction Verification Program
(IDCVP) review aid independert confirmatory evaluctions, it is concluded that
confidence exists that the CR-HVAC systern has met its design requirements and
will perform its intended safety function,

B-84-148 1-2
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2.1  SUMMARY

The Control Room Heating, Ventilating and Air Conditioning System (CR-HVAC)
Performance Requirements Report is the second of six topical reports that
document the Midland Independent Design Verification Program (IDVP). The
first report covered the auxiliary feedwater (AF W) system. This report describes
the review process and results of the review related to CR-HVAC system
performance requirements such as operating limits, pneumatic design, filtration,
and instrumentation and control design. Future reports will be issued to address
similar system performance requirements for the standby electric power (SEP)
system, review topics associated with system protection features and structures
housing the systems that are generic to all three systems. A final report will
provide an integrated ascessment of the IDVP results. A subsequent set of
reports will address the Midland Independent Cunstruction Verification Program
(Icvp).

The IDVP review process followed the requirements set forth in the Project
Guality Assurance Plan (PQAP) and Engineering Program Plan (EPP) that had
been previously accepted by the Nuclear Regulatory Commission (NRC) staff.
This review process sampled the design adequacy using a set of important design
topics, each representing typical engineering design areas. Each topic was, in
turn, reviewed to levels of detail appropriate for verifying a comprehensive
sample of the CR-HVAC system design activities.

Design criteria and commitments for the CR-HVAC system were systematically
reviewed and compiled for all safety-related design activities associated with
the CR-HVAC system.

A Consolidated Criteria and Commitments L ist was prepared by the IDVP and
was used in the evaluation of selected design activities. These evaluations were
directed into specific design topics and resulted in identification of design
concerns in the form of Open Items, Observations, and Confirmed Items. Open
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items are concerns requiring additional review; Observations are minor dis-
crepancies not constituting design errors but needing correction or further
review by the Midle- * ..oject; Confirmed !tems are apparent design errors.

There were no Findings, i.e., verified design errors.

The 1DVP review methodology and scope for the CR-HVAC System Performance
Requirements report parallels the review for the AFW system which has been
documentea in an earlier Independent Design and Construction Verification
Program (iDCVP) report. Reference should be made to Appendix A of the AFW
System Performance Requirements report for a detailed discussion of the review

methodologv.

Figure 2-1 shows the interre'ationship between the design and construction
process and corresponding categories of review within the IDCVP scope. When
these cotegories of review are combined with a listing of design/construction
topics, a matrix is formed which is used to provide direction for the IDCVP. A
key element in the conduct of the CR-HVAC system evaluation is the IDVP
sample review matrix. The IDVP sample review matrix is divided into three

major divisions: System Performance Requirements, System Protection

Features, and Structures that House the System (see Figures 2-2 and 2-3). The

development of the design review matrix and the scope addressed by this report

as well as the interface between the IDVP for the CR-HVAC system and the

ICVP are presented in Section 3.0.

The scope of this report addresses the system performance requirements for the
CR-HVAC system. System performance requirements include elements of the
desiyn specificaliy related to how the primary functional requirements such as
system operating limits, pneumctic design, filtration, and instrumentation and

conirol are met.

2.2 APPROACH TO VERIFICATIOM

The sample review matrix for the CR-HVAC system consists of five categories

of review, which are discussed in detail in Appendix A of the AFW System
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INTER-RELATIONSHIP BETWEEN THE MIDLAND DESIGN AND
CONSTRUCTION PROCESS AND THE MIDLAND IDCV PROGRAM
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INITIAL SAMPLE REVIEW MATRIX FOR THE CONTROL ROOM HVAC SYSTEM
MIDLAND INDEPENDENT DESIGN VERIFICATION PROGRAM

SCOPE OF REVIEW j

DESICN AREA

/
§

CONTROL ROOM HVAC SYSTEM PERFORMANCE
REQUIREMENTS

SYSTEM OPERATING LIMITS

ACCIDENT ANALYSIS CONSIDERATIONS
SINGLE FAILURE

TECHNICAL SPECIFICATIONS

SYSTEM ALIGNMENT/SWITCHOVER

SYSTEM ISOLATION/INTERLOCKS
COMPONENT FUNCTIONAL REQUIREMENTS
SYSTEM PNEUMATIC DESIGN
COOLING/MHEATING REQUIREMENTS

PRESERVICE TESTING/CAPABILITY FOR
OPERATIONAL TESTING

POWER SUPPLIES
INSTRUMENTATION/DETECTION
CONTROL SYSTEMS
ACTUATION SYSTEMS

NDE COMMITMENTS
MATERIALS SELECTION
FAILURE MODES AND EFFECTS
FILTRATION

PRESSURIZATION
VENTILATION

¥ X X X X X X X X X
X X X X X X X X X X

X X X X X X X X X X
¥ X X X X X X X X X

FIGURE 2-2

INITIAL SAMPLE REVIEW MATRIX FOR THE
CONTROL ROOM HVAC SYSTEM
MIDLAND IDCV PROGRAM

%
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INITIAL SAMPLE REVIEW MATRIX FOR THE CONTROL ROOM HVAC SYSTEM

MIDLAND INDEPENDENT DFSIGN VERIFICATION PROGRAM (CONTINUED)

/ / SCOPE OF REVIEW /
/ 5 7
X
s /& /8 /5 /%
so [ & [ KRy 8’ v
82 | §. /3858 | €
DESIGN AREA 33 [ 32 g? S< / 25
@ oF | §F )33 >3 & o
3 8 (] N & -~ : W & ~
¢ g3 /8°/82/85)§ $
Y
£ £ /¥ [&/8
U -
CONTROL ROOM HVAC SYSTEM PROTECTION
FEATURES
1.1-3 | SEISMIC DESIGN X
112-3 |@ PRESSURE BOUNDARY x x X
I1.3-3 | DUCT/PIPE/EQUIPMENT SUPPORT X x X x
I14-3 |e EQUIPMENT QUALIFICATION X X X *
1.5-3 | HIGH ENERGY LINE BREAK ACCIDENTS X
.63 | PIPE wHIP X
I1.7-3 | @ JET IMPINGEMENT ¥
11.8-3 | ENVIRONMENTAL PROTECTION >
119-3 1 & ENVIRONMENTAL ENVELOPES x v X X X
11.10-3] ¢ EQUIPMENT QUALIFICATION x N X x
i1.12-3| FIRE PROTECTION x X
11.13-3] MISSILE PROTECTION X
I1.16-3] SYSTEMS INTERACTIONS x
STRUCTURES THAT HOUSE THE CONTROL
ROOM HVAC SYSTEM «
H11-3 | SEISMIC DESIGN/INPUT TO EQUIPMENT ¥ - X
111.5-3 | CIVIL/STRUCTURAL DESIGN CONSIDERATIONS X
1.7-3 | ¢ CONCRETE/STEEL DESIGN X X
i.9-3 | @ LEAK TIGHTNESS X x x
FIGURE 2-3
INITIAL SAMPLE REVIEW MATRIX FOR THE
CONTROL ROOM HVAC SYSTEM
MIDLAND IDCV PROGRAM %
(CONTINUED) :
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Performance Requirements report., The application of these categories of
review to the CR-HVAC system is discussed below.,

Review of Design Criteria and Commitments

All of the design areas listed in the matrix were reviewed for design criteria and
commitments. The principal sources of criteria and commitments are the FSAR
and 10 CFR 50. These documents, related correspondence, and other subtier
documentation were reviewed and criteria and commitments applicable to the
CR-HVAC system were extracted, listed on topical checklists, and later
compiled by the IDVP into a Consolidated Criteria and Commitments List. The
Conzolidated Criteria and Commitments List is presented in Appendix B to this
report. No overcll CR-HVAC system design criteria document exists other than
the FSAR,

Review of Implementing Documents

For the purposes of this report, the primary implementing documents were the
piping and instrument diagrams (P&IDs), the flow diagram, and electrical logic
diagrams. These implementing documents were reviewed against the previously
evaluated design criteria and commitments. Additionally, where appropriate,
the implementing documents were checked for internal consistency and for
consistency between the documents, Although the IDVP is not intended as a
process (QA) review, the reviews of impiementing documents, calculations, etc.,
made note of quality assurance discrepancies such as a lack of cpproval

signatures,

Check of Calculations and Evaluations

Selected Midland project calculations and evaluations were reviewed using the
design criteria, commitments, and implementing documents as standards against
which the calculations were verified; e.q., a calculation would be reviewed for
consistency with the design criteria. Calcuiational inputs, which were obtained
from implementing documents, and calculational outputs, which appear on imple-

B-84-148 2-6
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menting documents, were checked to verify that such information was appro-
priately transferred. Other calculation review considerations include those
identified in N45.Z.1 1.

Confirmatory Calculations and Fvaluations

In some cases, it was decided to prepare confirmatory calculations or evaluo-
tions. The purpose of performing such calculations or evaluations was to provide
an independent method for verifying the appropriateness of the results of
calculations and evaluations performed in the design process. The person
performing the confirmatory calculation or evaluations selected the calcula-
tional method of evaluation, certain input data, and assumptions that he consid-
ered appropriate. The conclusions reached in performing the confirmatory
analyses were then compared against the results obtained in the original design

calculations and evaluations.

Confirmatory calculations were performed to determine the effects of locally
non-uniform concentrations of toxic gases in the vicinity of the supply ducts in
the control room. These pneumatic and ventilation aspects had been simplified
in the design calculations and therefore, the confirmatory calculation had the
purpose of quantifying the effect of the simpiifying assumptions. System heat
loads and carbon dioxide buildup under isolated conditions were the subjects of

confirmatory calculations.

Check of Drawings and Specifications

Selected drawings and specifications were reviewed in verifying aspects of
CR-HVAC system performance requirements. Drawings included HVAC layout,
electrical schematics, electrical single-line diagrams, and equipment arrange-
ments. The purchase specifications for air handling units, dampers, filters, and
the hazardous gas monitoring system (HGMS) were reviewed. The drawings and
specifications were compared against each other to determine the consistency of
these documents. They were also reviewed against design criteria, implementing

B-84-148 2-7
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documents, and calculations, as appropriate, to evaluate the implementation of

the output of those steps in the design process for the purchased components.

Knowledge of organization interfaces is important to effective execution of the
IDVP to ensure that representative products from principal design organizations
are sampled. The major organizational interfaces which affected the CR-HVAC

r

system design were between Bechtel and Consumers Power Company (CPC). No

significant interfaces occurred with Babcock & Wilcox (B&W). An example of an
area involving a CPC/Bechtel interface which was reviewed was the specifica-
tion of the HGMS. Bechtel wrote the technical specification for procurement
and interfaced with the vendor. CPC contracted with consultants to provide
data as indirect input to the specification, and both Bechtel and CPC participat-
ed in the interface with Dow which was important to developing the

specification.

The scope of the IDCVP has been structured primarily to review the end products
of the design process. Consequently, the scope did not specifically focus on an
investigation of the processes by which interfaces between design organizations
were controlled; however, the effectiveness of these interfaces was tested by
the IDVP review. For example, the IDVP revicws whether the outputs of the
transmitting organization ure properly received and interpreted by the receiving
organization. In the process of performing the |IDVP end product reviews, if a
potential breakdown is identified, appropriate interfaces are examined in greater

detail.

This report has been transmitted to the IDCVP Service List providing an

opportunity for CPC, NRC, and the public to review its contents. The report
will be finalized upon receipt of CPC's comments, which will be appended in
unedited form as Appendix A. CPC's review and comments are intended to
verify and clarify facts and source data. Any changes to the body of the report
resulting from CPC clarification of facts and source data will be identified in

the margins of the final report.
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3.0 CONTROL ROOM HVAC SYSTEM SELECTION AND DESCRIPTION
3.1 SELECTION OF CR-HVAC SYSTEM

The Nuclear Regulatory Commission (NRC) selected the conitrol room HVAC
(CR-HVAC) system and standby electric power (SEP) systems to increase the
sample size of the overall Independent Design and Construction Verification
Program (IDCVP). The inclusion of the CR-HVAC was considered after the NRC
requested that Consumers Power Company (CPC) identify candidate systems for
scope expansion based upon the contribution *n plant risk as quantified by the
Midland plant probabilistic risk assessment (PRA). The selection was compared
against the same criteria used by the IDCVP in the selection of the auxiliary
‘eedwater (AFW) system. These criteria are defined in Section |.3 of the
Engineering Program Plan (EPP). The profile against the selection criteria was
judged to be high and to improve the IDCVP by extending the sample into other

engineering disciplines or construction areas.

Based upon the Midland PRA, control room habitability is sufficiently important
to safety to merit inclusion of the CR-HVAC system in the IDCVP, The
proximity to the site of the Dow Chemical Company facilities with its large
volume of chemicals demonstrates the importance of the system and results in a
unique design interface and design consideration involving the hazardous gas
monitoring system (HGMS), The interfaces included the complex acquisition of
design data from the offsite facilities and a procurement interface in the

technology development stage of the monitoring system.
J P g

Inclusion of the CR-HVAC significantly enhanced the ability to extrapolate

results, beccuse it extended the sample to areas of design that were not of major

significance in the other systems. In particular, the implementation of HVAC
criteria was performed by Bechtel organizational units which had little role in
the AFW design (for example, the group responsible for HVAC mechanical

design).




The selection criteria also included consideration of previous experience. Ques-
tionable control of the fabrication and installation processes for HVAC compo-
nents, rotably ductwork and supports had been previously observed. This
particular criterion is more applicable to the Independent Construction Verifica-
tion Program (ICVP) and to the design aspects associated with seismic qualifica-
tion which are both being addressed in subsequent reports.

The last selection consideration is the ability to test as-built installations.
Substantially all of the major components for the CR-HVAC are currently
installed. Some duct installation remains, but the majority is complete. The
HGMS is not complete; however, the critical design aspects were not expected to

be influenced in a major way by as-built considerations.
3.2 CR-HVAC SYSTEM INTERFACE WITH OTHER ASPECTS OF THE IDCVP

The CR-HVAC system shares interfaces with the two other systems in the
Independent Design Verification Program (IDVP). The SEP system provides the
ac and dc power required to operate CR-HVAC components and to allow control
of the system. The SEP also st pplies essential power to the AFW system. The
control room and CR-HVAC are located in the auxiliary building, as are the AFW
system and portions of the SEP system. Thus, the CR-HVAC system shares
interfaces with both of the other systems within the IDVP.

The existence of these interfaces improved the effectiveness of the IDVP by
allowing the review to consider the design interfaces between systems and
structures more directly than would have been the cas= had other systems been
selected. In the sample selection process for the CR-HVAC systems, due
consideration was made of review areas that would be adequately covered in the
AFW system review. In such cases the review was limited to a confirmation of
the applicability of the AFW review to the other systems. This allowed
concentration on those topics that were unique and those topics for which the
AF W review indicated the need for a larger or more focused sample.

B-84-148 3.2
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Two major segments in the interface between the IDVP and ICVP which affect
the CR-HVAC system evaluation are the component interface and construction/
installation interface. The component interface was consiructed so that design
verification activities at the component level (e.g., reviews of specifications,
environmental qualification, and seismic qualification) made use of the same
sample of components that are used in the ICVP. This approach creates a
common thread between the two programs such that the |[DCVP can determine
the adequacies of inierfaces in the design/construction process of a component

from conception through testing for service.

The construction/installation interface provides a method for establishing feed-
back to the IDVP for verification of identity, dimensional verification, inspec-

tion, and testing in the field.
3.3 CR-HVACSYSTEM DESCRIPTION

The CR-HVAC system, as defined within the IDCVP, is a part of a system
designated as control room area ventilation system (CRAVS). CRAVS services
the control room habitability envelope (i.e., physical boundaries) and certain
other nearby spaces that are not part of the control room habitability envelope,
e.g., battery and switchgear rooms. The boundaries of the CR-HVAC system
include that portion of CRAVS that services the control room envelope and
isolates it from the remainder of the system under postulated accident condi-
tions. This corresponds to the portion of the system that is seismic Category |.

Beyond these boundaries, the system does not perform a safety function.

The system consists of two independent trains with separate flow paths intercon-
nected at the air distribution system in the control room. Each train is designed
to meet the systemn requirements without reliance on the other train. Air
handling units, filter units, and fans in each train are sized for the entire system

requirements.

The air handling units include a fan, electric heating coils, chilled water cooling

coils, and a dust removal filter. The filter units are a combination of roughing
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filters, high efficiency particulate air (HEPA) filters, and charcoal absorbers for

removal of radioactive particulate and gaseous substances.

A simplified process diagram for the CR-HVAC system is provided in
Figures 3-1 through 3-3. Only the major components ar~ included to facilitate
understanding of the most important aspects of the system. Table 3-1 summar-
izes pertinent process data for accident and normal alignments, and Table 3-2

tabulates the valve or damper positions for those system alignments.

The protection of control room personnel from toxic gases, which is one of the
functions of the CR-HVAC, is influenced significant!y by the proximity of
industrial facilities near the Midland site. In particular, Dow Chemical, Dow
Corning, and the railroad shipments associated with them provide a large number
of potential sites for release of toxic substances. Table 3-3 is a reproduction of
FSAR Table 2.2-7, which tabulates the chemicals that are present and pose a
potential hazard. The design of the CR-HVAC system incorporates unique
features to address the presence of these substances. The HGMS uses mass
spectrometry to monitor continuously the incoming air for concentrations of
these substances. Using a microprocessor, the concentration of each substance
is compared to limits established as part of the CR-HVAC design. The HGMS is

also equipped with automated calibration and test circuitry.
3.3.1 NORMAL SYSTEM ALIGNMENT

In the normal mode of operation the system performs the following functions:

o Temperature and humidity controi
o Replenishment of fresh air
o) Maintenance of control room positive pressure

The system also provides cooling in the normal mode for spaces that are not part
of the coatrol room envelope; i.e., the switchgear rooms, battery rooms, and

cable spreading rooms. The system has two independent |00 percent trains. The
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TABLE 3-1
SUMMARY OF DESIGN PARAMETERS

Peak Control Room Temperature (LOCA) 80oF *
Control Room Pressure +1 /b-inch water gauge
System Flow Rates (cfm) Mode
Post
Normal Isolated  Pressurization

Total Recirculation 23,000 23,000 23,000
Makeup 2,000 0 2,000
Recirculation Filter 0 4,000 4,000
Makeup Filter 0 0 2,000
Pressurization System F low Rate 350 cfm
Pressurization Systern Supply Duration 3 hrs
Makeup Air Conditions

Winter Temperature -100F

Summer Temperature 6°F

Summer Wet Bulb Temperature 799F

* Refer to Section 4.2.3.3 for an explanotioﬁ of the difference between the
stated peak temperature and the FSAR value.
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TABLE 3-2

(CONTINUED)

NOTES

The position stated for the valve or damper is the position when the train is in
service. Only one of two trains is required to meet performance requirements
in any operating mode.

Normal operation refers to the system alignment when toxic substances or
airborne radiological hazards are not present.

The isolated alignment is utilized to eliminate all makeup air supply.

After expending the air supply from the pressurization system tanks the
system, at the operator's option, can be realigned to provide makeup air with
all flow passing through the makeup air filter unit.

All electrohydraulic valves shown in Figures 3 | to 3-3 are used to modulate
flow.
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TABLE 3-3

GASES HAZARDOUS TN THE CONTROL ROOM*

Maximum Concentra-
tion at Control
Room Air Intakes
(mg/ n3)
Toxicity Display
L.imit Range
Chemical Source | Puff Continuous (mg/m3) (mg/m?3)

Acetic onhydride' ' . - 5856 Note 10
A(:ryloni?rile“ : - 7013 Note 10
Ammonia® f 35,000 740 692 o
Benzene ! ! : - 90( 1,3606  Note 10
Butane! ! | 8,800 N 1,9008  Note

Bromine - 02 2612 0-13
Carbon tetrachloride' R - ) 12,5002 Note
Chlorine 84,000 530 452 0-15
Chlaroform! ! - 2,6 10,0006  Note
Dimethylamine : 44,000 8( 452 0-36

E thylene oxide! ! 4 37,800 ) 3, 600 Note
Hexane ! ! -- s BOA Note 10
Hydrogen bromide M 6,160 [ ( 35 0-670
Hydrogen chloride 89, 500 90 24 0-14
Hydrogen fluoride 1,340 : 0-8

Methy! bromide 4,500 6,010 0-200
Methyl chloride , 87,500 4,230 0-405
Methylene chloride! ! - - 11,800 Note 10
Oxygen® -- -- 0-25%
Propylene oxide 12,800 |, 580 0-500

Sulfuric acid» 1 - - 1,370 16 Note 10
Sulfur dioxide R 17,000 2,120 252 0-12.5
Viny! chloride R 92,000 5,070 10,0002 0-800
Vinylidene chloride!! R 15,800 3,290 |,6606 Note 10

Numbered notes are explained on following page.
This table is a reproduction o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>