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1- PURPOSE 

The purpose of this report is to summarize the final results of a 
Plant Systems/CCMupoaents Modularization Study based on Stone 6 
Webster•s Pressurized Water Reactor Reference Design and 
performed for the U.S. Energy Research and Development 
Administration (ERDA) under contract No- EY—76-C-02-4039-

To fully evaluate the practj-cability and desirability of the 
identified preassembly laodules and recommend a basis for 
application to a new nuclear power plant. Stone & Webster has 
identified the Sundesert Nuclear Plant presently planned for 
southern California for possible implementation of modular 
construction techniques- The program has been modified to 
include evaluation of the most prtxnising areas for modular 
consideration based on the level of the Sundesert Project 
engineering design completion and the feasibility of tAeir 
incorporaticMi into the plant construction effort- A final report 
supplement will be prepared for the Sundesert evaluation. 

The specific objectives of the overall study are: 

1 - Development of criteria against vdiich to judge the 
vicibility or the application of modularizataon concepts 
to systems and components- These criteria address such 
areas as construction installation time, size, total 
cost, vendor availability and capability for shop 
modularization, operaQjility, and maintainability, 
shipment size limitations, etc, that are needed to 
distinguish promising candidates for modularization. 

2. Detailed review of the Stone B Webster Reference Nuclear 
Power Plcint (RNPP) general arrangement drawings and 
piping and instjrumentation drawings (P&IDs) to determine 
which systems and/or subsystems have potentiial for 
f cibrication by either shop or site modularization or 
possibly a combination of both- Associated with this 
task is defining the need for development of more 
detailed designs e-g-, piping arrangements-

3- Having determined tliat the preassembly of a grouping of 
compontints is reasible, an evaluation is being made as 
to thfe practicality and desirability of such methods-
This will be accomplished by utilizing the criteria 
developed in tJie initial task for each eligible grouping 
of components. The results include, as appropriate, the 
quantification ot tiie einticipated economic incentives 
and/or construction schedule advantages of 
modularization, with the supporting bases-

This evaluation will develop for the Sundesert Nuclear 
Plant drawings, erection sequences, and models for the 
modulair construccion of the mat reinforcing and liners 
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in the COntainment/Annulus Building- The evaluation 
will also identify and summarize cost savings in labor 
and material, and time savings in the construction 
schedule for the mat reinforcing and liners including 
factors such as module size limitations, shop 
constraction capability, erection sequencing and time 
scheduling, installation fit—up time, transport costs, 
welding techniques, and cost benefit analysis ccxnpcurison 
to past methods. Cancliisions regarding the feasibility 
and application of mat reinforcing and liners, 
recommendea subsequent phases for implementation in the 
Sundesert Plant and a generic application of these 
modules to other plant designs including those by other 
architect/engineers will be developed-

Appendix A, which is a reproduction of portions of a previous 
r£;port, provides preliminary criteria and savings for the RNPP to 
meet objectives 1 and 3- The £>ame appendix reports oonpletion of 
objective 2 by providing a review of the general arxang^nent 
drawings and P&IDs. 

This repoirt, which utilizes a functional approach, provide 
revised criteria and detailed analyses of modularization concepts 
which were previously identified on a building—by—building or 
system—by—system basis in Appendix A-
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2. SUMMARY 

Appendix A. contains portions of a previous report which described 
the development of preliminary criteria against vdiich 
modularizatioa concepts oould be evaluated and the preliminary 
review of P&IDs and general arrangement drawings from 
Stone & Webster's Pressurized Water Reactor Reference Nuclear 
Power Plant Safety Analysis Report (SWESSAR-P1) - Reactor 
Reference Nuclear Power Plant Safety Analysis Report 
fSWESSAR-PI) -

That report contained copies of the P&IDs and general arrangement 
drawings which are not reproduced in Appendix A of this report-

Final criteria (Section 3-1) developed included road, rail, and 
barge size and weight limitations for establishing a basis for 
and savings required for module recommendation for 
implementation. 

The following modularization concepts are recommended for 
industry implementation since potential cost and schedule savings 
far exceed the established criteria: 

Reinforcing steel 
Structural steel 
Polcur crane si:qpports 
Pipe modules 
Pipe racks 

The following modulaurization concepts fure recommended although 
the cost and schedule benefits can vary and may not stibstantially 
exceed the established criteria. 

Liners (containment and fuel related) 
Skid-mounted modules (sun^s, demineralizers, and filters) 
Condenser 
Tanks 
Cable installation 
Cable trays 

The following modularization concept should be considered 
following appropriate regulatory review since it substantially 
exceeds both cost and schedule savings criteria-

Precast concrete 

The following modularization concept is not recommended since 
neither cost or schedule criteria are met-

Skid-mounted modules (moisture separator/reheater, feedwater 
pump/turbine package, compressed air system, and oond^isate 
polishing components) 
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3- ANALYSIS 

3-1 Final Criteria for Evaluating Modules 

3-1-1 Savings Criteria 

Tb estciblish a basis for evaluating various modxilarization 
concepts, the following savings criteria were established. 

Savings of 5 percent (minimum) of material or labor costs 
based on previous jobs, with a minimum of $75,000. All cost 
savings were based on îarch 1, 1976 dollars (present day)-

Savings of one day on the critical path- Savings of one day 
on the critical path is defined as any module of systems, 
components, or structures knovnti or assumed to be on the 
critical path that could decrease the in-place erection time 
by one day; or any module of systems, components, or 
structures which would delay the start of in—place 
construction by one day and allow some other critical path 
activity to be performed, or the aurea used for some other 
critical purpose. 

3-1-2 Weight and Size Limitations 

The following weight and size limitations were developed for 
determining whether module fabrication could take place in the 
shop or in the field- Shop fabrication guidelines have both 
weight and size limitations. Field fabrication guidelines have 
only weight limitations-

Envelope A includes shop fabricated assemblies that meet the 
weight and size limitations for road and rail. Tliese are 
described in Table 3.1-1. Two road limitations are given. 
The second is for oversize loads and requires a permit. TWo 
or more of these shop assemblies could be combined in the 
field before installation. 

Envelope B includes shop fabricated assemblies that meet the 
weight and size limitations of barges used on most inland 
waterways- These are also described in Table 3.1-1- Note 
that not all sites have navigable water access-

Envelope C includes shop fabricated assemblies that fall 
within the envelc^e required for the movement of the reactor 
pressure vessel and reactor vessel support structure- This 
is described in Table 3-1-1. Special provisions and plans 
are required for these types of moves- Assemblies falling 
within this envelope were carefully reviewed because of the 
problems involved-
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Envelope D includes field-fabricated ass^nblies that can be 
moved and installed with normal construction equipment. This 
is described in Taible 3-1-1. 

The weight and size limitations described are a general guide 
only and are the same as those provided in the previous report-
Exceptions could be taken to these limitations for any given 
modularization concept investigated if warranted-

3-1-3 Crane and Site Transportation Requirements 

For the purposes of this study, major cranes reqiiired to erect 
modules recommended for implementation should not exceed, in 
capacity and number, those currently contemplated for 
conventional construction. These requirements are affected by 
site conditions, equipment availability, and utility preferences. 

It was assumed that two 350-ton class crawler cranes, each 
equipped with a 600 ton lift attachment, would be available to 
place large structural modules in the containment and annulus 
buildings. Each of these cranes has typical capacities ranging 
from 240 tons at an effective radius of 105 feet to 150 tons at 
an effective radius of 165 feet. These cranes have the capacity 
either individually, or iin tandem, to lift and place all the 
major modviles identified in this study. Other types of large 
construction cranes currently in use such as stationary or mobile 
ringer cranes and stiff-legged derricks of comparable capacity 
could also be used-

Both standard truck—mounted and hydraulic cranes cure available 
with capacities ranging oetween 5 to 140 tons. Hydraulic cranes 
have telescoping booms which enable them to enter into confined 
areas, not accessible to conventional cranes equipped with 
standard type booms. Either type can be utilized for 
installation of smaller modules and for materials handling in the 
preassembly areas, and were assvmied to be available. 

For modules exceeding 100 tons, special crawler and hydraulic 
multiwheeled transporters would be considered for module 
movement. Crawler transporters are self-propelled and can 
operate under varying ground conditions %*ith an ability to turn 
within their own radius. Single unit crawlers are available that 
are capable of carrying 1,600 ton payloads. 

Where specific requirements for large capacity cranes or 
transports have been identified, they are discxissed in the 
section for that modularization concept. In many instances, 
however, smaller weight modules oould be handled in any number of 
ways and requires an individual assessment for each site. 
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3.1.4 Modularization Fabrication Shop 

A decision to locate the modularization fabrication shqp either 
offsite or onsite is directly dependent on the following 
variables: 

1- Barge, rail, or roadway access to the site. 
2- Geographical location of the site. 
3. Area jixcisdictional labor contracts. 
4. Temporary or permanent stop facility consideration. 
5. Force account or subcontracted job. 

6- Structural integrity dixring transport-

3.1.4.1 Offsite Considerations 

Advantages ctre: 

1- Independent craft jurisdiction-
2- Greater utilization of lower wage crafts-
3- Possible use of existing contractors facilities 

(if modularization fabrication is subcontracted 
to a local vendor). 

Disadvantages are: 

1- Greater distance frcMi installation area resulting in 
increased shipping costs and potential schedule delays. 

2- Adequate shop facilities not always available locally. 
3. Possible land use problem in transporting completed 

modules if in close proximity to site area, or highway 
use problem if distant from site. 

3.1.4.2 Onsite Considerations 

Advantages are: 

1- Crafts jinrisdictional contracts same as site. 
2- Use of shop facility in futtire by o%#ner-
3. Close proxxmity to installation area. 
4. Easier material traceability and control ot documenta-

txon. 
5- Better control of material delivery from offsite 

vendors-
6 . Site rxggxag eqiixpment already available -

Disadvantages are: 

1. Craft disputes may affect shop progress. 
2- Possible restrxcted craft types usable in site shop 

due to labor contract. 
3. Possible sxte construction layout and space limitations. 
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3.1-4.3 Conclusions 

In general, the location of the fcdborication shop whether it be 
onsite or offsite necessitates the transportation of modules to 
the instcLLlatxon area- The distance a module is transported frcxa 
the modularization shop to the installation area is not a strong 
governing factor once rigging equipment is available for loading 
cuid unloadJLng if other than highway use is required. In any 
case, control of material and equipment must adhere to government 
regulations and procedures- For the purposes of this study, an 
onsite module fabrication shop has generally been assumed since 
it would be applicable to a larger number of sites-
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TABLE 3.1-1 

SHOP AND FIELD LIMITATIONS 

Envelope A 

Road 

Height of Load 
Width of Load 

Length of Load 
Net Weight 

(Using 

No Permit 

"Lowboy")10'-6" 
8«-0-

50«-0" 
20 Tons 

Permit 

11•-6" 
10'-0" pnay go 

to 16 ft 
m some 
states) 

50'-O" 
30 Tons 

Note: 

Rail 

These limitations vary between states and between 
interstate and state highways. 

Normal Special 

Height of Load 
Width of Load 
Length of Load 
Net Weight 

Envelope B 

Barqe - Inland Waterway 

Width 
Length 
Net Weight 

Envelope C 

Height 
Width 
Length 
Net Weight 

11"-0" 
10'-S" 
60"-O" 

125-200 tons 

30«-0" 
180«-0" 
1,000 tons 

21«-6" 
21»-0" 
100«-0" 
500 tons 

13»-0" 
12»-0" 
1,0'-O" 
300 tons 

1 of 2 
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TABLE 3.1-1 (CONT) 

Envelope D - Field Fabrication 

Inside Containment Structure 

Other Structures 

Group 1 - using one or two 
crawler cranes as guyed deznricks 

Group 2 - using crawler 
transporters and jacks 

500 tons (polar creuie 
capacity) 

240 tons/crane 

1,000 tons 

2 of 2 

3.1-6 



3-2 Structural Modules 

3.2.1 Reinforcing Steel 

3.2.1-1 Current Construction Methods 

The most prevalent metiiod of assembling the reinforcing steel 
used in nuclear power plant structures is to place and tie 
inaivxdual bars in specified positions within walls or floors. 
Forms are constructed before or after reinforcing is installed 
and concrete is placed within the form, creating an integral 
structure. 

3-2-1.2 Proposed Module Description 

3.2-1-2.1 General 

To reduce the length of time required to place and tie the 
individual bars, preassembled reinforcing steel modules may be 
used to facilitate construction of structures. The wall or slab 
reinforcing is placed and tied in a horizontal position at an 
onsite preassembly area. Wooden templates are used to control 
the placement of the reinforcing and to ensure that the 
reinforcing of one module interfaces properly with that of 
another. Some additional or stronger ties are required, as well 
as oracxng, to prevent racking of the module as it is moved and 
lifted. In tlie light modules, reinforcing bars are used to 
provide module bracing. Structural steel members are used to 
brace the heavier modules. Reinforcing steel modules are 
adaptable for use in mats, walls, and floors as delineated below. 

3.2.1.2.2 Mats 

The top and bottom faces of reinforcing are placed separately and 
the structural steel lifting support framework is designed to be 
reusable to optimize placement of the modules consistent with 
rigging and crane requirements. Placement of both top and bottom 
faces of reinforcing in a module was determined to be more costly 
and difficult than placing each face separately. 

3.2-1-2.3 Walls 

The modules are assembled and haul€?d in the horizontal position 
and are then upended just prior to installation in the structure. 
Some of the lighter modiiLes are held in place with a crane while 
the lower ends of the vertical bars are tied to the reinforcing 
extending up frcxn the concrete below. The heavier modules have 
structural steel support framing which provides support and 
riyidxty to the reinforcing. When lifted into place, these 
modules are supported on structural steel columns which extend 
down from the bottom of the modixLe. Additional reinforcing bars 
are placed in areas where one module is spliced to another, forms 
are set, and concrete is placed up to an elevation sufficiently 

3.2-1 



below the top of the module to allow for splicing to the module 
above. 

3.2.1.2.4 Floor and Roof Slabs 

Floor and roof slab module assembly is similar to that for walls. 
Slab modules are assembled, hauled, and installed in the 
horizontal position. Structural steel support members are 
required only for the heaviest modules. In general, these 
structural steel support members, unlike those for most of the 
walls, are removed prior to concrete placement. The slab module 
IS placed on conventional reinforcing supports-

3.2.1-2.5 Assembly and Weight Considerations 

In assessing the use of reinforcing steel modules, the following 
factors were considered: 

1. The maximum weight of any one module would not exceed 
150 tons based on assumed available crane capacity. 

2. Individual reinforcing steel modules would be assembled 
onsite and wovild oe available prior to the scheduled 
time for their inclusion in the permanent structure. 

3- An effort would be made to standardize the modulariza
tion construction technique by selecting repetitive 
types of reinforcing steel modules-

3.2.1.3 Specific Modules 

A summary of each module type is provided in Table 3.2-1-1. 
Information provided includes the size and maximum weight of each 
module type, the total weight for all modules of the same type, 
cUid cost savings for modular versus conventional construction-

3.2.1.3.1 Containment 

Mat 

Fifty—four reinforcing steel modules can be used to facilitate 
construction of the mat- The first module to be installed is a 
circular module placed at the center of the mat, containing two 
layers of bottom reinforcing. Additional modules are placed 
around the first module forming two overlapping circular rings. 
A similar placing sequence is used for other modxiles as shovm in 
Figure 3.2-1-1, each consisting of two layers of reinforcing-
The modules are lifted into place, by large capacity cranes, with 
structural steel support framing attached. The structural steel 
support framing is tlien de^ched from the reinforcing and is 
removed. The reinforcing is attached to the bottom flanges of 
the structural steel support members by means of J-bolts- The 
reinforcing steel modules are joined to each other with cadwelds 
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placed loose betore setting module. The reinforcing bars of the 
last module are individually installed and field cut to assure 
proper fit-

lipper layer reinforcing steel modules are placed in a manner 
similar to the lower reinforcing steel modules described above. 
Vertical and/or shear reinforcing steel between the upper and 
lower modules are placed in a conventional manner. Embedments 
are also placed in a conventional manner due to the high 
toiercmces required. 

Exterior Wall 

Forty-five reinforcing steel modules can be used to facilitate 
construction or the exterior wall. The inner modules include all 
the circular and veirtical bars on that face. The outer modules 
include two vertical layers and a circular layer. The remaining 
four diagonal layers and one circular layer cannot be reasonably 
installed in modular units because adjacent layers cannot be 
broken into the same geometric shapes without adding cadwelds. 

Structxxral steel suppoirt framing is attached to the reinforcing 
steel module witii J—bolts to give the modxile rigidity. The 
support framing consists of vertical columns with baseplates 
attached and cixrved horizontal members to which the reinforcing 
is connected. A typical module is shown in Figure 3.2.1-2. 
«nchor bolts are embedded in the wall concrete beneath the final 
locatxon of each reinforcxng steel module or concrete footing 
below the mat. Leveling plates, approximately the same size as 
those attached to the columns, are placed over the anchor bolts 
and are grouted to predetermined elevations. The modules, with 
structural steel suppoirt framing attached, are lifted with large 
capacity cranes and the columns with baseplates are set onto the 
grouted leveling plates. The anchor bolt nuts are tightened to 
provide support for the structural steel framing. The 
rexnforcing is attached to the structural steel framing in such a 
way that, when the columns are set, the reinforcing will be 
properly aligned for cadwelding- Cadweld sleeves are placed 
loose before setting the module. Cadwelds are staggered 
approximately 4 ft, as this is the customary practice for 
xndxvidual plac«nent of reinforcing. 

After a module is set and the cadwelds have been installed, the 
J—bolts which attach the reinforcing to the structural steel 
support framing and the anchor bolt nuts are removed. The 
structural steel support framing is then removed with a crane. 
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The structural steel support framing is rexxsed for the 
installation of other similar modules-

Primary Shield Wall 

The primary shield wall reinforcing can be installed in two 
modules: the inner and outer face reinforcing. Structural steel 
support framing systems are attached to the reinforcing as shown 
in Figure 3.2-1-3. The structxiral steel support framing systems 
are composed of wide flange columns and cixrved channel sections. 
The support framing system renains attached to the reinforcing 
after installation and is buried in the wall when the concrete is 
placed. The structural steel support framing system is designed 
to facilitate lifting with a large capacity crane and to help 
maintain the shape of the module. 

Unlike the installation of the containment wall reinforcing steel 
modules, the ends of the vertical bars in the primary shield wall 
modules are set directly into B—series cadweld sleeves attached 
to plates embedded in the mat- The module is self-supporting and 
does not require the structural steel columns for vertical 
stabxlity. This difference in installation technique results 
because each of the primary shield wall modules consists of a 
complete circular reinforcing segment, whereas each containment 
wall module covers only a section of the much larger 
circvimference of the containment. Therefore it requires more 
precise alignment to ensure proper fit-up. 

Cubicle Walls 

The cubicle walls within the containment which form a continuous 
octagonal airrangement, adjacent to the steam generators, can be 
constructed using four reinforcing steel modules and four 
sections of conventionally placed reinforxring, joining the 
modules. Steam generator installation is completed prior to 
cubicle wall completion- However, steam generator replacement 
can be made following full power operations if required- Each 
module is composed of both the inner and outer reinforcing with 
interconnecting ties attached. The structural steel suppoirt 
framing system is composed of wide flange columns and transverse 
channel sections attached to the columns extending to both tlie 
inner and outer reinforcing- Reinforcing is attached to 
longitudinal channel sections at each end of the transverse 
channels. The arrangement is shown in Figure 3.2-1-4. 

The structiiral steel columns cure set on baseplates embedded in 
the concrete below in a fashion similar to that used for the 
containment wall reinforcing modules. After the modules are set 
with a large capacity crane, they are joined directly to the 
reinforcing below with cadwelds and are joined horizontally with 
field-cut lengths of reinforcing and cadwelds. The support 
framing system remains attached to the reinforcing after 
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installation and is buried in the wall when the concrete is 
placed. 

3.2.1-3.2 Annulus Building 

Exterior Wall 

Most of the annulus building exterior wall is potentially 
composed of precast concrete panels; however, that portion 
between tne mat and the level of the first precast panels, 
approximately 25 ft, consists of reinforcing steel modxxles and 
cast-in-place concrete- Eight reinforcing steel modules, 
ooa5)osed of both faces of wall reinforcing and the mat edge 
rexnforcing, are placed around the circumference ot the mat. 
These wall modules are placed prior to the placement of the 
exterior top face mat reinforcing modules, simplifying their 
in stailation -

The structural steel support framing system is shown in 
Figure 3.2.1—5, and is composed of wide flange columns and 
transverse and curved longitudinal channel sections. The 
transverse sections attach to the columns and extend to both 
inner and outer wall reinforcing. The curved longitudinal 
channel sections are locatea at each end of the transverse 
channels, and the reinforcing is attached to them. The columns 
are set on leveling plates, embedded in concrete column support 
pads, in a fashion similar to that used for the containment wall 
reinforcing. The concrete coliinn support pads are provided 
exclusively for modular construction. After the modules are set, 
they are joined to each other horizontally by lap splicing 
reinforcing bars. The support framing system remains attached to 
the reinforcing after installation and is buried in the wall when 
the concrete is placed. 

Interior Walls 

Most of the anniiLus building interior walls are potentially 
composed of precast concrete pamels; however, where it is not 
feasible to use precast panels, reinforcing steel modules are 
used if there is a sufficient quantity of reinforcing to justify 
such modixLes. (Average module weight estimated to be 2 tons.) 
Ttnese reinforcing steel modules consist of two faces of 
rexnforcing and are fabricated in the horizontal position. They 
are braced with a small amount of additional reinforcing bars. 
No internal structural steel suppoirt frame is used. The modules 
are placed witnin the structure and are lap spliced and tied to 
the adjacent reinforcing. No cadwelds are used in these modules 
as none of the bars are larger than No. 11. Most bars in these 
modules are No. 8 or smaller. 

Simxlar modules are fabricated and used in precast wall panel 
modules described in Section 3.2.2- If precast concrete is not 
used, additional wall modules could be constructed with rebar-
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Floor Slabs 

Floor slab reinforcing steel modules are used where at least 1 
ton of floor reinforcing steel can be assembled into a single 
unit. The modules consist of two faces of ireinforcing and are 
fabricated in the horizontal position without any internal 
structural steel support framing. A module is placed on standard 
reinforcing supports set on the concrete form within the 
structure and is joined to adjacent reinforcing by means of lap 
splices as all bcirs are No. 11 or smaller. 

Similar modules are fabricated and used in precast floor slab 
modules as described in Section 3.2.2. If precast concrete is 
not used, aaditional floor slabs could be constructed with reoar 
modules. 

3.2.1.3.3 Tttrbine BuLldinq 

Ground Floor Slao 

For the concrete floor slab at grade level, reinforcing steel 
modules of approximately 600 sq ft in plan area are recommended 
due to smaller sizes of reinforcing steel and inherent 
flexibility of the lighter modules. Each module consists of only 
one face of the slab reinforcing. It is estimated that the slab 
reinforcing for 75 percent of the gross floor area of the turbine 
building, excluding the area of the turbine pedestal, can be 
assembled into modules- (The turbine pedestal is currently 
constructed using preassembled reinforcing steel and, as such, 
was excluded from this study.) Each module weighs less than 1 
ton. Reinforcing bar development is accomplished by means of lap 
splices between modules. 

Spread Footings and Grade Beams 

The reinforcing steel for grauie beams and spread footings can 
also be preassembled. Each module is given rigidity by 
additional reinforcing bars tied within the modiile. Structural 
steel support framework should not be required for emy of the 
modules. The spread footing modules cure placed in their final 
locations and forms installed around them. Concrete is then 
placed, forms are removed, and the area is backfilled. Ihe grade 
beam reinforcing modules are then placed and forms are 
constructed. All bar developonent is accomplished by means of lap 
splices. Each module weighs less thain 3 tons, and no special 
hauling or lifting equipment is required for modxile installation. 

Condensate Polishing Shield Walls 

If precast concrete is not used, reinforcing steel modules could 
be used for the shield walls- Savings associated with these 
modules are not included in Table 3-2-1—1-
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3.2.1.3.4 Control Building 

Walls and Floor Slabs 

If precast concrete is not used, walls can be broken up into 
reinforcing steel modules similar to those described for the 
annulus building. Savings associated with these modiiLes are not 
included in Table 3.2.1—1. 

3.2.1.4 Site Reguirements/Assumptions 

An adequate laydown area must be available on the site to set up 
the preassembly operation-

Major modules are assembled adjacent to the structures in which 
they will be used to facilitate placement by crane without 
haixling. Design of the structural steel support framework and 
rigging is performed by field construction forces. 

3.2-1-5 Engineering Impact 

Preassembly operations can begin earlier than with individual bar 
placement- Reinforcing steel must be delivered two months 
earlier. Specifications and drawings must be available two 
months earlier. This should not have any significant adverse 
effect on engineering activities. In addition to the reinforcing 
drawings, structural steel drawings related to the installation 
support framework will be required in sufficient time to have the 
structural steel delivered to the jobsite at least one month 
before the reinforcing installation stcurt date. 

i»dditional design drawings must be prepared indicating installa
tion sequence and module connection details. These drawings must 
be prepared in conjunction with and at the same time as the 
normal design drawings. 

This will require additional engineering and design man-hours 
over that required for conventional construction and is taken 
into consideration when establishing total savings in 
Table 3.2.1-1-

3.2.1-6 Cost Savings 

Tlie estimated differential costs for modular construction com
pared to conventional construction are shown in Table 3-2.1-1. 
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3-2.1.7 Schedule Savings 

Structural schedule savings attributable to reinforcing 
modularization are listed below for each applicable building: 

Building 

Containment Biiilding 
Mat 
Primary Shie ld Wall 
Cubicle Walls 

Annulus Btiilding 
Exterior Wall 
Interior Walls & Slabs 

Savings 

10 weeks 
7 weeks 
4 weeks 

2 weeks 
3 weeks 

Expected plant 
conta inment. 

critical path savings of 21 weeks occurs in the 

Deferring construction of the containment exterior wall may 
result in additional critical path savings which cannot be 
readily identified without a detailed schedule analysis. 

Other modules do not result in critical path schedule savings. 

3.2.1.8 Savings Criteria 

Reinforcing steel modules meet both the cost and schedule savings 
criteria. 

3.2.1.9 Recommendations 

The modules identified in Table 3.2.1-1 should be utilized for 
future construction. If precast concrete is not used in the 
annulus and control buildings, reinforcing steel modules should 
be evaluated for all wall and slab systems in these structures. 
Potential savings for these modules have not been considered in 
this report. 

3.2.2 Precast Concrete 

3.2.2.1 Cixrrent Construction Method 

Currently, reinforced concrete structures are cast-in-place. 
Cast-in-place concrete proviaes complete structural continuity 
between slabs and walls throughout the entire structure. Cast-
in-place concrete is placed in forms in the exact location where 
concrete elements are required in the structture. 
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3.2.2.2 Proposed Module Description 
n 111 

3.2.2.2.1 General 
Structural integrity of concrete structures may be obtained by 
using a combination of precast concrete panels and cast-in-place 
closure pours- This technique requires the reinforcing to extend 
beyond the limits of the precast concrete so closure pours can be 
utxlized to tie the precast panels together and ensinre structural 
integrity. This technique is acceptable for both walls and 
slabs. The rexnforcing used in these modules will be modules in 
themselves and follow the method described in Section 3-2-1. 

During the precasting phase, wall modules are formed with rein
forcing bars extending beyond the edges of the concrete. Dxxring 
the constructxon phase, the precast module is erected into place 
such that the protruding reinforcing bars lap with similar 
protruding reinforcing bars in the surrounding structure to form 
the necessary splice length. The structure is completed by 
placing additional cast-in-place concrete in the lap spliced 
regions forming one continuously reinforced concrete structure. 
During erection and placement of concrete in the closure pour, 
wide flange shapes embedded in the pr^ecast module and affixed to 
wide flanges in the existing structure serve as a temporary 
support mechanism for the precast concrete module. This vertical 
support system is shown in Figure 3.2.2-1. Precast walls require 
two vertical supports per panel. Depending on the size of the 
concrete module, additional support may be required to add to the 
lateral stabilxty of wall modules until the surrounding closure 
pours have had an opportunity to set. 

Similar to the wall modules, the precast slab modules have 
reinforcing bars extending beyond the face of the concrete to 
provide a continuous connection with the existing structure. 
During erection of the precast module, the concrete slab is 
supported at the intersection points with walls by wide flanges, 
similar to the wall panels; however, four are required for each 
module. 

in assessing tiie various structures for sizing precast panels, 
the following were considered: 

1. The maximum weight of any one module would not exceed 
300 tons hased on assiomed available crane capacity. 

2. Individual reinforced concrete precast modules would be 
built onsite and would be available prior to the 
scheduled time for inclusion in the permanent structirre. 

3- An effort has been made to standardize the modulariza
tion construction technique where possible by: 

a. Selecting a modixle size which may be used many 
times over, 

or 
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b- Selecting modules from a range of sizes, each one 
of which may be easily built, using a single 
versatile form arrangement easily adjustable for 
widtn-

Precast panels are poured in a designated precast and storage 
area. This area is close to the batch plant and approximately 
1/4 mile from the major plant structtures. The precast operation 
vgould start at the same time as the containment - annulus 
building mat pour. This will allow one month for precasting the 
interior walls required at the mat elevation for the annulus 
building, the first precast structure to be started. 

Using high early strength cement, the concrete panels will have 
reached sufficient strength to be moved to storage in three days. 
Considering two reusaole forms for each module type, a sufficient 
number of panels can be precast and stored to keep the precasting 
operation off the critical path. 

The precast and storage area is set up to minimize the required 
movement of the precast panels. Storage will be directly 
opposite the precasting location. Sufficient storage area is 
provided to holu one-third of the total number of panels at any 
one time. 

As precast panels are needed in the construction sequence, cranes 
at the storage area will place each panel on three crawler 
transporters. These will take the panels to the structure where 
erection cranes will lift each panel into place. The erection 
crew will then secure the panel. When a group of panels has been 
erected, closure pours will be made completing the construction 
operation. 

3.2.2.3 Specific Modules 

A sximmary of each module group is provided in Table 3.2.2-1, 
giving the total yardage and numiser of similar modules, maximum 
weight, and dimensions as well as associated cost savings. 

3-2.2.3.1 Annulus Building 

The structxiral elements in the annulus building which can be pre
cast are shown in Figure 3-2.2-2 (10 sheets). These consist of 
the exterior wall, the interior circumferential walls, selected 
radial and ciibicle walls, and floor and roof slabs. Structural 
elements witn numerous penetrations will not be precast to 
prevent erection problems in the field. 

The exterior wall is divided into three different module groups, 
with 12 modules in each group. The dimensions and weights are 
shown in Figvure 3.2.2-3 representing a rollout of the exterior 
wall. These panels are poured in the horizontal position. The 
circular shape of the precast panels is established by using 

3.2-10 



special precastxng beds and screeds. The reinforcxng and 
structural steel sections extend beyond the confxnes of the 
concrete in all directions as previously described. 

During the erection of the structure, the precast modules are 
lifted into place by cranes. Connections are then made between 
the structural steel shapes embedded in the modixLes. Lateral 
support is provided by structural steel knee braces and struts. 
The remainder of the reinforcing for the closure pour area is 
installed, forms erected, and the closure pour made, completing 
the module erection- The erection sequence is shown in Figixre 
3.2.2-4. 

The interior circumferential wall modules are similar to those in 
the exterior weill; the precasting and erection sequence is tne 
same. The raaial wall panels are precast in a horizontal 
position. £jrection sequence is integrated with the exterior and 
other interior circumferential walls. 

Use of precast slabs is restricted to large cvibicles. This 
avoids supporting the slab at locations other than the edge, thus 
simplifying the closiire pours. Erection support, consisting of 
embedded structural steel, attaches to the two interior 
circumferential walls rather than the radial walls, thus allowing 
flexibility in the width of the slab panel. This allows a 
certain amount of standardization in form requirements. Each 
slab would have the same length; the width could be adjusted by 
moving the two radial forms to the desired angle. 

Embedded plates, pipe sleeves, and/or blockouts are cast with the 
slabs during the precasting operation. These plates are used for 
the attachment of pipe supports, restraints, and cable trays. 

After a series of precast elements are erected, closure pours are 
made to tie the structure together and maintain structural 
continuity. Figure 3.2.2-5 shows a typical closure pour in the 
annulus building interior. These are located on the truck aisle 
and pipe or electrical tunnel floor slab at each floor elevation. 
Before placing the truck aisle closure pour, a minimum of five 
precast panels are erected. 

3-2-2-3-2 Control jtuildinq and Diesel Generator Building 

Precast panels in the control building and diesel generator 
building are similar to those previously discussed in the annulus 
building. Figures 3-2-2-6 (3 sheets) and 7 show the location of 
the various panels m fciese two structures. The upper floor and 
roof of the control building are erected from structural steel 
modules, not precast concrete, and are discussed in Section 
3-2-3- The large spans and extensive use of steel columns at 
these elevations preclude the use of precast slabs-

3.2-11 



Precast panels are temporarily supported with embedded structural 
steel. Closure poxirs are then made to join the panels and ensure 
structural continuity. The number of panels in the control 
building and diesel generator building as well as a sximmary of 
the cost information and potential savings are described in Table 
3.2.2-1. 

3.2.2.3.3 Turbine Building 

The shield walls in the condensate polishing area are readily 
broken up into 17 similarly sized panels. These modules and 
their cost advantages are summarized in Table 3.2.2-1. Closure 
pours are similar to those previously discussed. 

3.2.2.4 Site Reguirements/Assumptions 

1. One additional large capacity crane will be required at 
the precast area to move panels from the casting bed to 
storage and from storage to the transporters. No 
additional cranes will be required at the site. Panels 
will be erected using cranes normally required for this 
job. 

2. Two precast panels can be erected per day-

3. The precast area is located approximately 1/4 mile from 
the site in the vicinity of the batch plant. Panel 
storage is adjacent to the precast bed. 

4- Two sets of three transporters and one prime mover are 
available to move the panels from storage to the site. 

3.2-2-5 Engineering Impact 

The precasting operation woxild begin while the large mat is 
poured. Design drawings of precast elements at the lower 
elevations must be completed early enough in the schedule to 
allow the necessary reinforcing steel to be fabricated and 
delivered to the jobsite. 

With the use of precast concrete, an engineering and design 
effort will be required to eval\iate rebar lap splices in 
conjunction with closure pour locations, determine shear 
capability of the concrete at closure pours and design shear lugs 
to withstand these loads, develop closure pour details, erection 
details, and erection sequences. Additional engineering and 
design man-hours are required to resolve these concerns. This 
has been taken into consideration in establishing total cost 
savings in Table 3-2-2—1-

Nuclear Regulatory Commission (NRC) approval of this 
modularization concept would be required prior to implementation. 
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3.2.2-6 Cost Savings 

After developing schemes for breaking up each structure into 
acceptable precast modules as previously described, costs 
associated with the precasting operation were determined. 
Consideration was given to developing a semipermanent precast 
area with room for panel storage. Costs associated with moving 
the panel from precast form to storage and from storage to the 
erection location have been included-

Man—hour rates for fabrication of panels in the precast area were 
determined by breaking down the naan-hour rates for similar items 
in a cast-in-place operation and attributing savings for the 
ability to do work at graae rather than at the elevation of 
installation. Man-hour rates for closure pours were 
suDstantially increased due to the difficxilty and lack of 
continuity. 

In the annulus building there is a substantial amount of concrete 
which is cast-in-place but is not considered as clos\ire pours. 
The volume of cast-in-place concrete is distributed among the 
precast panels as shown in Figure 3.2.2-2. The difficulty in 
placing this concrete is greater than if the entire structure was 
cast-in-place. Forms, equipment, etc, have to be removed from 
the structure and then re-setup in "leap frog" fashion. If the 
structure were entirely cast-in-place, concrete placement would 
be a continuous uninterrupted operation as in the conventional 
manner. Where precast concrete and closure pours are mixed with 
cast-in-place concrete, this process is broken up. Taking this 
into consideration, man-ho\xrs required for pours in the range of 
100 to 400 cu yd were, in general, p>enalized approximately 10 
percent. Pours smaller than 100 cu yd were considered the saune 
as closixre pours and were penalized approximately 40 percent. 
Table 3.2.2-1 summarizes the cost data developed through the 
above analysis. 

3.2-2-7 Schedule Savings 

Structural schedvile savings attributable to the precasting of 
concrete panels is xtemxzed below: 

Structure Savings 

xumulus BuLlding 36 weeks 
Control Building 13 weeks 
Diesel Generator Building 6 weeks 
Turbine Building 6 weeks 

Critical path savings are limited to two weeks for the annulus 
building. 
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Deferring construction of other structures may result in 
additional critical path savings which cannot be readily 
identified without a detailed schedule analysis. 

3-2-2-8 Savings Criteria 

Precast concrete modules meet both saA/ings criteria. 

3.2-2-9 Remarks 

Means of preventing plastic flow of concrete as circular panels 
continue to cure in storage must be resolved. Lifting heavy 
panels such as those in tlie exterior wall of the annulus building 
will require a detailed evaluation of the load transfer mechanism 
in the panel. Shear pullout must be considered in conjunction 
with the strength of concrete at the time of the first lift. 
This may even limit tne maximum weight of panel that can be 
successfvilly precast. As the structure is analyzed, 
consideration must be given to shear transfer between precast 
panels and closure pours. In areas of high shear load, shear 
lugs will be required to effect this transfer. 

The precast concrete modules discussed in this section have been 
sized for the maximum lift capacity of commercially avail̂ tble 
cranes. This makes some of the modules extremely heavy and large 
and was intentionally done so that potential cost savings would 
be maximized. Man-hours used in determining savings trom 
precasting concrete were based on judgment vrtiereas material costs 
were based on actual experience. Precasting of power plant 
structures is relatively new and actual cost data is difficvilt to 
find. 

3.2-2.10 Recommendations 

Although tlxese modules meet the savings criteria, further 
investigation should be made into the problems discussed in 
Section 3-2.2.9-

This modularization concept should be considered following NRC 
approval for this technique-

3.2-3 Structural Steel 

3.2-3.1 Current Construction Method 

The current method of structural steel erection consists of 
placing individual beams and columns and attaching them to other 
steel members with bolted or welded connections. Beams are 
attached to columns or other beams, typically, witli double angles 
on the webs of the beams. Column sections are joined with web 
and flange splice plates. Roof trusses are preassembled and are 
installed as single structural elements-
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3.2.3.2 Proposed Module Description 

3-2-3.2-1 General 

Preassembled structural steel modules may be used to facilitate 
construction of the structures. The structural steel modules are 
fabricated at an onsite preassembly area assumed to be 
approximately 1/4 mile from the structures in which the modules 
will be located. After the structural steel of a floor or roof 
module is assembled at grade in the preassembly area, the metal 
deck or gratxng is attached to the top of the steel. Tlie steel 
modules whxch support concrete floors or roofs have reinforcing 
placed on supports attached to the metal deck. After a modxile is 
assembled, it is haxiled to the appropriate structxire and set into 
place with a crane. Modules are attached to previoxisly installed 
colxixnns as depxcted in Figxire 3.2.3—1. 

In additxon to the typical modules described above, roof support 
trusses, where xised, may be shop fabricated to the maximxim extent 
possible and may be preassembled in the field. The fully 
assembled trusses may then be installed in their final locations. 
Thxs technique is cxirrently used to facilitate construction. 

The majority of structxiral steel modules, with appxirtenant items 
attached, will weigh between 50 and 80 tons with a few modules 
weighing as much as 120 tons. The modules will be hauled from 
the preassembly area approximately 1/4 mile to the appropriate 
structures on flat-bed trailer trucks. 

3.2.3-2.2 Specific Modxiles 

Turbine Building 

Forty-six modules will be xised for the construction of the 
mezzanine floor level and the condensate polishing area roof. 

Colximns, where used, are installed in the conventional manner. 
Modules are then lowered between the colximns and the webs of the 
module header beams are attached to colximn flanges as shown in 
Figure 3.2-3—1. Shim plates are used between colximn flanges and 
beam webs as excess clearance is provided to facilitate 
installation-

In the condensate polishing area, where colximns are not used, 
modules are set directly into beam seat pockets in the concrete 
walls. 

After the modules are installed, grating or metal deck and 
reinforcing is placed between the modxiles to provide continuity. 
Edge forms are installed as reqxxLred for concrete floors and the 
condensate polishing area roof eind concrete is placed and 
finished. 
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Thirty-seven modules in the operating floor are placed above the 
mezzanine floor modxiles- Installation is similar to that 
described above for the mezzanine floor and condensate polishing 
roof level. 

A typical example of the steel framing as it currently exists in 
the turbine building is shovm in Figure 3.2.3—2. Structxiral 
steel modules for the same area are as shown in Figxire 3-2.3—3. 

The remainder of the steel framing in the turbine building is 
placed in the conventional manner. The turbine bay roof trusses 
are preassembled and installed as single strxictxiral elements as 
is the current practice-

Annulus Building 

As described in Section 3.2.2, floor and roof slabs over large 
cubicles could be precast. Structural steel floor framing which 
remains does not appear amenable to modularization. If precast 
floor and roof slabs are not used in the annulus building, 
structural steel modxiles with metal deck and reinforcing attached 
can be used to facilitate construction- The structural steel 
modules are assembled in a fashion similar to those of the 
turbine building. The modules are supported in beam pockets in 
the concrete walls, are attached to columns, or are attached to 
plates embedded in the walls. 

After modules are installed, metal deck and reinforcing is placed 
between the modxiles to join them- A typical example of the steel 
framing as it currently exists in the annxilus bxiilding is shown 
in Figure 3-2-3—4- Structural steel modules for the same area 
are shown in Figure 3-2-3—5- Floor or roof concrete is placed in 
a fashion similar to that for the turbine building-

Control Building 

The majority of the control building roof and floor framing can 
be modxilarized with some modifications to the present framing 
scheme- In order to facilitate modularization, the number of 
interface points oetween a structural steel module and other 
similar modules or concrete walls must be minimized. To minimize 
the interface points and to ensxire structural integrity when 
using structural steel modules, concrete haxinches are provided on 
which module header beauns are supported. The haxinches are 
similar to those cxirrently used in the control buildJLng to 
support the roof girders- Additional haxinches are reqxiired at 
the roof level to support the header beams reqxiired when xising 
the structxiral steel module concept- A typical example of the 
steel framing as it currently exists in the control room floor is 
shovm in Figure 3-2-3-6- Structxiral steel modules for the same 
area are shown in Figxire 3-2-3—7- The modules are joined to 
colximns as shown in Figxire 3.2-3—1- At the exterior concrete 
walls the modules are supported on concrete haxinches; at the 
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interior concrete walls the modules are supported in beam 
pockets. After the modxiles are installed, metal deck and 
reinforcing is placed between the modules to structurally join 
them. Floor and roof concrete is then placed in a fashion 
similar to that for the turbine building. If precast concrete is 
not xised, an additional floor can be constructed out of steel 
modxiles. This has not been included in the savings of 
Table 3.2.3-1-

3-2-3-3 Site Reguir«nents/Assximptions 

Adequate laydown area is available on the site to set up the 
preassembly operation-

Sufficient hauling eqxiipment is available to haxil the modules 
frcmi the preassembly area to the structures in which they will be 
installed- Hauling costs are included in the data presented in 
Table 3.2.3-1. 

Rigging design will be performed by field construction forces or 
the structural steel erector. 

3-2.3-4 Engineering Impact 

Construction of both the control building and turbine building 
can be delayed in order to facilitate construction of the annxilus 
building. Therefore, engineering information and structxiral 
material deliveries for those structxires will not be reqxiired any 
earlier than required for conventional construction. 

Modularization of the structxiral steel in the annulxis building 
will require that engineering information and structxiral material 
be available approximately two months earlier than in the 
conventional construction sitxiation. 

Additional design drawings will have to be prepared indicating 
erection sequence, erection details, and module connection 
details. These drawings will have to be prepared in conjxinction 
with and at the same time as the normal design drawings. 
Engineering and design man-hoxirs over those reqxiired for 
conventional construction are included in the savings shown on 
Table 3.2.3-1. 

3-2-3-5 Cost Savings 

The estimated total construction differential costs for modular 
construction compared to conventional construction are shown in 
Table 3.2-3—1. Additionally, this table sets forth the nximbers, 
sizes, and weights of each type of module considered- For all 
modules there is a relative cost saving compared to conventional 
construction techniques. 
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3-2-3-6 Scheaxilfe Savings 

Schedule savings for activities in each applicable bxiilding is 
sximmarized below-

Building Savings 

Turbine Bxuldxng 18 weeks 
Control Building 2 weeks 

No critical path sciiedxile savings were identified. 

3.2-3.7 Savings Criteria 

Structural steel modules meet the cost savings criterion. 

3.2.3.8 Recommendations 

Structxiral steel modxilarization should be utilized wherever 
possible. Additional engineering and design analysis to maximize 
this techniqpie is required. 

3.2.4 Liners 

3.2.4.1 Containment Liner 

3.2.4.1.1 Cxirrent Construction/Fabrication Method 

The cxirrent practice of fabricating and erecting a containment 
liner is to fabricate the following: 

1/4 in- bottom mat liner plates 
3/8 in. rolled shell plates 
1/2 in. and 1 in. spherically dished dome plates 
Personnel access locks 
Equipment hatch 
Piping and electrical penetrations (individual as well 
as grouped in common 1 in. plate) 
Shell base assembly with anchoring reinforcing bars 
Bottom mat liner reinforcing steel penetration 
assemblies 

All these items are shipped to the construction site in the 
sequence reqxiired by the erection schedule. 

At the construction site, the shell base assembly and all of the 
bottom mat liner reinforcing bar penetration assemblies are 
positioned and levelea with the greatest possible accuracy, and 
then the bottom reinforced concrete mat is poxired. 

After the concrete has set xip adeguately, the 1/4 inch thick 
bottom mat liner plates are welded to the bottom mat liner 
rexnforcing bar penetration assemblies and to the shell base 
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assembly, forming an xininterirupted bottom mat liner. All of 
these welds are dye—penetrant examined-

Goncxirrent witlx the above, the shell is constructed by fastening 
shop-rolled shell plates to the shell base assembly and to each 
other by means of erection strong—backs to form a complete shell 
ring. After making all necessary adjustments to bring the ring 
to specified roundness and girth seam levelness, a wjind girder is 
attached to the xnside diameter of the ring, and the vertical 
seams are welded. Following completion of vertical seam welding, 
the girth seam joining this first ring to the shell base assembly 
is welded. 

Because the vertical reinforcing bars of the concrete containment 
have staggered cadwelded joints in a prescribed pattern, it is 
necessary to erect approximately 30 ft of vertical reinforcing 
bar at the time that the bottom mat is poured. The presence of 
these reinforcxng bars physxcally prevents double-butt welding of 
all shell ring welded joints located within the first 30 ft of 
the shell base- These joints are then, of necessity, welded 
agaxnst a backing strip and are magnetic-particle examined -

*U.l shell rings up to the dome springline are erected in a 
sxmxlar manner wxth the exception that all joints located greater 
than 30 ft above the mat are double-butt welded and random 
radiographed- All girth seams located above the first 30 ft of 
the shell are automatically welded. 

The hemispnerical dome is constructed by doxible-butt welding 
together two or more spherically dished plates on the groxind, and 
then fastening this sxibassembly to the shell or previously 
completed spherxcal zone and to adjacent plates or sxibassemblies 
in the zone being fabricated, by meems of erection strong-backs 
to form a complete spherical zone. All piping and electrical 
penetrations are installed at the time that the shell ring in 
vrtiich they are located is erected. 

When the liner snell has been completed (end of Phase I) , the 
erection effort ceases for a period of eight to twelve months to 
allow completion of the erection of all the reinforced concrete 
structures located within the containment, and to allow 
completion of the erection of the containment polar crane and its 
support. 

The personnel access locks, and the equipment hatch, are 
installed dxiring the Phase I effort. 

At the completion of the above construction activities, erection 
of the containment liner resximes (Phase II) and continues to 
completion. 

3.2-19 



3.2.4-1.2 Proposed Modxile Description 

Foxir cylindrical shell liner assemblies, consisting of four rings 
each, and three dome liner spherical zone assemblies complete 
with spray piping, are constructed CMI an assembly foundation 
located within crane operating radius of the containment- Upon 
completion, each assembly is lifted into place by two ringer-
mounted cranes. 

^approximately ten weeks prior to the scheduled start of 
containment liner erection, the erector begins construction of a 
foxir ring high shell liner on the foundation. A center point is 
established, and a line scribed in the bearing plate embedded in 
the foxindation to indicate the inside diameter of the sliell 
liner. Permanent reference points are established inside of the 
theoretical diameter tor the pxirpose of measxiring "as-bxiilt" 
dimensions throughout construction. 

The shop fabrication of all the components of the containment 
liner, and the construction of the mat liner and the first shell 
ring, are identical to that described under Section 3.2.4.1-1-
The first ring of each foxir ring shell liner assembly is erected 
on the assembly foundation on the line scribed on the theoretical 
inside diameter, and secured to the bearing plate embedded in the 
foxindation. It is fit-up and double-butt welded so that the top 
of the ring is level, and that the mectsured circximference is 
within tolerance. On completion of welding, a wind girder is 
erected to provide lateral stiffening and roxind out the 
circximference of the ring. The second, third, and foxirth rings 
are each eicected in a similar manner. All girth seams are 
automatically double—butt welded. All vertical seams are 
manua3J.y double-butt welded. All welds are random radiographed. 

An additional stiffening member is added to the assembly at the 
lift point, and the assembly is lifted and set in place on the 
first shell liner ring that has been previoxisly erected in the 
conventional manner. The girth seam at the junctxire of the 
assembly, and the first shell liner ring, is hand welded against 
a backing strip, and is magnetic-particle examined. 

The remaining three shell liner assemblies are each erected and 
welded to the preceding assembly with the exception that the 
jxinctxire girth seam is automatically double-butt welded and 
random radiographed. All assembly lifts are made during weather 
periods when the wind velocity is less than 10 knots. 

Piping and electrical penetrations are installed in the assembly 
in which they are located, as erection progresses on the 
foxindation, whenever possible. 

When the liner shell has been ccanpleted (end of Phase I) , all 
work on the containment liner by the erector ceases for a period 
of eight to twelve months to allow conpletion of the construction 
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of containment internal structxires and to allow completion of the 
erection of the containment polar crane and its support. 

Dxiring this period, the liner erector fabricates the tliree dome 
liner spherical zone assemblies on the foxindation in a manner 
similar to that described above for the shell assemblies. 
Periodic frequent measureoents are made, and appropriate actions 
taken, to assure that each dome liner spherical zone assembly is 
within tolerance, and fits its mating section and the completed 
shell properly. 

At the completion of the above construction activities within the 
containment, erection of the containment liner resximes (Phase 
II) . The dome liner spherical zone assemblies with contaijiment 
spray piping attached are each lifted, hand doxible-butt welded 
into place, and ramdom radiographed. As witii the shell ring 
assemblies, all jLifts are made and dxiring weather periods when 
the wind velocity is less than 10 knots. 

The personnel access locks, and the equipment hatch, are 
installed dxiring the Phase I effort. 

Figxires 3.2-4—1 and 3-2.4—2 illustrate the proposed method of 
fabricating and erecting a containment liner. 

3.2-4-1.3 Site Requirements/Assximptions: 

All equipment and facilities reqxiired for the fabrication, 
transportation, lifting, and ass«nbling at the constiruction site, 
and testing are available. These include a fabrication area, 
automatic welding eqxiipment, and large capacity cranes. 

3-2-4.1.4 Engineering Impact 

This modularization concept does not reqxiire any early pxirchasing 
or other engineering requirements beyond that required for the 
current fabrication and construction method. 

3.2.4.1.5 Cost Savings 

A review of this modularxzation concept with two leading 
containment liner erectors xndicates that the total time at the 
constiruction sxte requxred to complete a containment liner could 
be reduced by as much as sxx months under the twenty months 
required for the cxirrent method. Although thxs time saving is 
substantxal, additional work and material required for extensive 
stxffenxng of the shell rings and the dcxne spherical zones, 
additional personnel required at the construction site combine to 
make the prediction of a cost decrease difficxilt. However, 
because of increased efficiency, both on the part of the lxner 
erector and the other construction activities occxxrring 
sxmultaneously at and within the containment, overall cost 
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savings can be einticipated but must be evaluated on a site 
specxfic basis. 

3.2.4-1-6 Schedule Savings 

The containment liner itself does not occupy a posxtion of 
importance on the critical path- However, the six montlis 
reduction in the time required for completion will result in 
increased efficiency in the construction of other critical path 
activitxes, such as the containment wall, the shield and cxioicle 
walls, and other major reinforced concrete internal structures, 
the polar crane supporting structure and ring girder, and 
xnstallation of the polar crane. A decrease in the in-place 
erection time ot one or more of these activities by at least one 
day may reasonably iie anticipated, thus meeting the schedule 
savings criterion established for this study. Additional 
critical path savings due to reduced congestion could result but 
requires a detailed schedule analysis. 

3.2.4.1.7 Savings Criteria 

Containment liner modularization meets the schedule savings 
criteria. 

3.2.4.1.8 Recommendations 

It is recommended that the techniques described be utilized as 
the basis of design, fabrication, and erection of all subsequent 
containment liners. 

3.2.4.2 Liners for Spent Fuel Pit, Fuel Transfer Canal, and 
Refueling Cavity 

3-2.4-2.1 Cxirrent Construction Method 

The cxirrent practice of procuring liners for the spent fuel pit, 
fuel transfer canal, and refxieling cavity is to have the liners 
fabricated and assembled in the shop, then disassembled and 
shipped to the construction site in the largest sized 
subassemblies possible- At the construction site, an equipment 
mounting pads are cast into a concrete floor and then the liner 
floor is installed as an overlay, fitted and welded to the 
mounting pads. Tne subassemblies are then hand-welded to each 
other and to the floor plates, forming a ccwaplete free-standing 
liner. The con^lete liner assembly is then braced and xised as a 
form for the surrounding building concrete- The major 
construction site fabrication difficulty lies in the area of fit-
up- Becaxise of the inherent flexibility of the subassemblies 
resulting from their great size, coupled with the distortion 
resulting from fillet welding structural section stiffeners to 
the plates, it has proven difficxilt and time-consuming to fit-up 
the mating edges of the sxibassemblies for adequate welding. 
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Figxire 
Figxire 
F i g u r e 
F i g u r e 
Figxire 
Figxire 
Figxire 
F i g u r e 
Figxire 
F i g u r e 
Figxire 
F i g u r e 
Figxire 
Figxire 
Figxire 
F i g u r e 

3 . 2 . 4 - 7 
3 . 2 . 4 - 8 
3 . 2 . 4 - 9 
3 . 2 . 4 - 1 0 
3 . 2 . 4 - 1 1 
3 . 2 . 4 - 1 2 
3 . 2 . 4 - 1 3 
3 . 2 . 4 - 1 4 
3 . 2 . 4 - 1 5 
3 . 2 . 4 - 1 6 
3 . 2 . 4 - 1 7 
3 . 2 . 4 - 1 8 
3 - 2 . 4 - 1 9 
3 . 2 . 4 - 2 0 
3 . 2 . 4 - 2 1 
3 . 2 . 4 - 2 2 

3-2.4.2.2 Proposed Module Description 

Tne following is a tabulation of sketches made part of this study 
illustrating the proposed modular method of fabricating and 
erecting liners: 

Transfer canal liner Figxire 3.2.4-3 
Transfer canal liner Figure 3.2.4-4 
Transfer canal liner Figxxre 3.2.4-5 
Transfer canal liner Figure 3-2.4-6 
Transfer canal liner 
Transfer canal liner 
Transfer canal liner 
Transfer canal liner 
Transfer canal liner 
Spent fuel pit liner 
Spent fuel pit liner 
Spent fuel pit liner 
Spent fuel pit liner 
Spent fuel pit liner 
Spent fuel pit liner 
Fxeld erectxon xnside comer brace 
Field erection braces 
Field erection module braces 
Field erection module braces 
Field erection modxile braces 

Although specific sketches were not prepared for the refueling 
cavity line modules, they are similar to the sketches for the 
spent fuel pit liner. Savings are reflected in Sections 
3.2.4-2.5 and 3-2.4-2.6 for the refueling cavity liner. 

ALl bottom plates (modxiles 1, 3, 5, 7, and 17)) are 1 inch thick 
consisting of 3/4 inch carbon steel plate with 1/4 inch stainless 
steel cladding to eliminate the necessity of field fitting 1/4 
inch plate to the nximerous bottom mounting inserts as is 
presently required. The plates are stiffened on the concrete 
side with structxiral tee sections of a size and spacing 
sufficient to aictintain the plate in a minimxim distorted condition 
both during handling and welding. The tee sections also fxinction 
to anchor the bottom plates to the concrete- Grout openings are 
furnished uetween each row of stiffeners for proper placement of 
concrete. The bottom plates are fabricated of the largest 
possible sections and are butt welded at the construction site by 
the automatic sxibmerged arc process for minimxim distoirtion- The 
tee stiffeners are all shop welded to the bottom plates employing 
gas metal arc tlxxx core semi-automatic welding (GMAW) . All 
panels are stiffened for their full length with flanged 
stiffeners formed trom plate of the same tliickness and 
specification as the panel- These stiffeners are welded to the 
panels xn the shop. Resistance spot pxilsation welding is 
employed to provide dxstortion free panels. (See P'igxires 3.2.4—7 
and 3.2.4—8.) The large amoxint of welding required to assemble 
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the liners at the construction site dictates that, if time and 
money are to be savea, automatic welding must be xised to the 
xnaximxim possible extent- All vertical seams are welded using 
pulsed gas txingsten arc welding (GTAW) and all horizontal seams 
are welding xising gas metal arc vî ld flux core welding (GMAW) . 
Automatic welding is employed both in the shop in the fabrication 
of the modules, and at the construction site in the assembly of 
the modules. 

The automatic welding at the construction site is performed with 
automatic welding machines which can deposit weld metal at 
42 5 amperes at a travel speed of up to 11 inches per minute (at 
least 5 times faster than manual welding) for 1/4 inch butt welds 
and at 450 amperes at a travel speed of 8 inches per minute (at 
least 30 times faster tnan manvial welding) for 1 inch fxill 
penetration welding. 

This high rate of travel coxipled with the high arc ampage, 
insures minimxim welding distortion. Figure 3.2-4—3 illustrates a 
transfer canal liner assembly. Figxires 3.2.4—4 to 11 inclxisive 
illustrate the details of the transfer canal modxiles. Modules 1, 
2, 3, 4, 5, 6, and 12 are rigidly braced for shipping and 
hcindling at the construction site. The braces are not removed 
xintil the entire assembly has been fit-up and clamped together, 
as illustrated in Figures 3.2.4—18 to 22 inclxisive, in 
preparation for welding. 

All comers, except those formed at the jxincture of panels to the 
1 inch thick bottom plate, are prepared by bending the plate as 
illustrated m Figxires 3.2.4—7 and 8. This allows the use of 
automatic welding machines described above. Figure 3.2.4—12 
illustrates a spent fuel pit liner assembly. Figxires 3.2.4—13 to 
17 inclusive iUxistrate the details of the spent fuel pit 
moaules. Modxiles 13, 14, and 15 are rigidly braced for shipping 
and hcuidling at tiie construction site. The braces are not 
removed xintil the entire assembly has been fit-up and clamped 
together, as illustrated in Figures 3.4.2—18 to 22 inclusive, in 
preparation for welding. 

These modxiles can be assembled and welded into complete pool 
liners in place or in an onsite assembly area and lifted in place 
using large capacity cranes. 

All welds are vacuxim box tested to assure freedom of leaks before 
concrete is poxired. Dxiring the concrete placing operation, each 
panel stiffener is tied to the outer concrete form-work on 60 
inch centers- This allows the concrete to be poxired in 5 foot 
lifts without enaangering the liner-
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3.2.4-2.3 Site Reguirements/Assximptions 

All equipment and facilitxes required for the fabricatxon, 
transportation, assembly at the construction site, and testing 
are available-

3.2.4.2.4 Engineerxng Impact 

This modularization concept does not require any early pxirchasing 
or other engineerxng requirements beyond that requxred for the 
cxirrent fabrxcation and construction method. 

3.2.4.2.5 Cost Savxngs 

It is estimated that the liners can be completely assemoled and 
welded at the construction site cost at an estimated total cost 
savings of $470,000 thus meeting the cost savings criterion. 

3.2-4.2.6 Schedule Savings 

rii though liner erection can be completed in approximately 
one—tenth of the time presently required, no plant crxtxcal path 
savings were identxfied. 

3-2-4-2.7 Recommendations 

It is recommenaed that the techniques in Figures 3.2.4—3 to 22 
xnclxisive, be utilized as the basis of design, fabrication, and 
erection of all subsequent liners. 

3.2.5 Polar Crane and Supports 

3.2.5-1 Current Construction Method 

After installation of interior concrete walls and structxiral 
steel to the operating floor, erection is started of the polar 
crane support steel from the operating floor to the box girder-
Support steel is erected piece—by—piece, using conventional 
structural steel erection techniques. The curved box girder is 
shop—fabricated m the largest sections that can be shipped to 
the site via raxlroad. Therefore, a total of nxne box girder 
sectxons, with the largest section weighing approximately 60 tons 
and havxng an arc length of 60 ft, are shop—fabricated and 
shxpped to the construction site. Each girder section is lilted 
by crane over the containment liner at the bendline and placed 
atop the support colximns. After all sections are set in place, 
they are accurately aligned and then permanently welded to each 
other and bolted to the support colximn cap plates. As shown in 
Figure 3.2.5—2, openings are provided at one end of each section 
to allow access for welding of girder sections. Following 
erection of the box girder, the crane rail is set, aligned, and 
fastened to the top of the girder- The support structxire is now 
ready to receive the polar crane. 
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3.2-5-2 Proposed Module Description 

Prior to the scheduled erection of the polar crane support steel, 
modules consisting of three colximns and two bays of support steel 
with cap plates attached are preassembled in a horizontal 
position at a preassembly station remote from the containment 
area. The preassembly station consists of a slab on grade with 
steel support framing on which one module is constructed at a 
time. After a module has been assembled, it is transported to a 
storage area until reqxiired and assembly of the next module is 
begun. 

A total of five modules are reqxiired, as shown in Figure 3.2.5—1, 
with the largest l>eing approximately 70 ft long and 85 ft high 
and weighing 136 tons. 

Preassembled modules will be transported from storage to the 
containment using foxir crawler transporters. Once at the 
containment, a module is upended, lifted over the liner at the 
bendline using large capacity cranes, and set and bolted to 
preset baseplates- Anchor bolt nuts are tightened to provide 
support for the structxiral steel module- After two adjacent 
modules are in place, the horizontal and diagonal bracing members 
tying the modules together are erected piece-piece-

Nine curved box girder sections will be shop-manufactured and 
shipped to the site, as described in Section 3-2.5.1- Three of 
these sections will be welded together to form a module on a 
preassembly pad located adjacent to the containment mat. There 
will be a total of three modules (see Figure 3.2.5—2) with the 
largest one having an arc length of 125 ft and weighing 
approximately 147 tons- Each module will have the crane rail 
installed on top of the box girder with rail clips prior to the 
installation of the modxile. A large capacity crane will lift 
each module from the preassembly area over the liner and set it 
atop the support columns- After all three modules are set in 
place, they are aligned so that the ends of the modules can be 
welded together and bolting of the box girder to the colximn cap 
plates can begin. See Figxire 3-2.5—2. As in Section 3.2.5.1, 
openings are provided at one end of each section to allow access 
for welding. The crane rail is adjusted into final position and 
permanently fastened to the girder with steel rail clips. See 
Figure 3.2.5-3. 

The polar crane is then erected atop the support structure. 

3.2.5.3 Site Requirggents/Assumptions 

Adeqxiate areas are available onsite for preassembly and storage 
of modxiles. 
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3.2.5.4 Engineering Impact 
The preassembly of support steel modules eind box girder modules 
is required to begin earlier than would be required using current 
construction methods. Therefore, design drawings for the support 
steel and box girder will have to be ccwipleted eeirly enough to 
allow fabrication and deliveiry fca: preassembly. In order to 
begin erection of the support steel modules on the start date for 
conventional construction, the steel must be delivered one to two 
months earlier than otherwise would be reqxiired. In general, 
this will require that specificaticMis and drawings be available 
one to two months earlier than reqxiired for current construction 
methods. 

Engineering and design man—hoxirs will increase only a minor 
amount. 

3.2.5.5 Cost Data 

The estimated differential total construction costs for modular 
construction methods compared to cxirrent construction methods 
showed no significant cost savings. 

This does not meet the cost saving criteria. 

3.2.5 .6 Schedxile Data 

This modularization method meets the schedxile savings criterion 
since five weeks critical path savings are expected primarily due 
to preassembly of the box girder. 

3.2-5.7 Savings Criteria 

Polar crane modularization meets the schedule savings criteria. 

3.2.5.8 Recommendations 

The size and number of modules have been selected such that no 
one module will exceed 150 tons in weight- The principal 
difficulty expected is the precise alignment and interface 
required to ensure proper closxire and roundness of the polar 
crane box girder. 

The techniques described should be xitilized as the basis of 
design, fabrication, and erection of the polar crane supporting 
structures and box girder. 
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TABLE 3.2.1-1 

PREASSEMBLy OF REXNPORCING STEEL 

I 
00 

Module Description 

Containment 

Eyterior wall 

Mat 

Cubicle walls 

Primary shield wall 

Annulus Buildinq 

Exterioar wall 

Interior wall 

Floor and roof slabs 

Turbine Buildinq 

Ground floor slab 

Spread footings 

Grade beams 

No. ot 
Modules 

45 

54 

4 

2 

8 

132 

110 

179 

80 

50 

Module 
Weiqht, Tons 

97 

145 

108 

95 

143 

2 

4 

1 

1.5 

2.1 

(max) 

(max) 

(max) 

(max) 

(max) 

(avg) 

(avg) 

(avg) 

(avg) 

(avg) 

Module 
Dimensioa. Ft 

61 X 68 

162 X 62 

64 X 50 

34 diam x 50 

120 X 35 

12 X 26 

12 X 30 

20 X 30 

12 X 12 

4 X 29.4 

Total Weight 
of Modules, 

Tons 

3,378 

5,781 

432 

190 

1,016 

246 

624 

179 

120 

104 

Module 
Cost Savinqs^ 

$540,000 

191,000 

162,000 

38,000 

76,000 

32,000z 

75,000« 

-

21,000 

34,000 
$1,169,000 

Additional rJigineering 
and Desiqn Requirements 

Total 

(70.000) 

$1,099,000 

^These are total construction cost savings with present day at 3/1/76. 

^Savings would increase if precast concrete is not used. 
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I 

# 

Modtile 

Annulus Building 
1. Exter ioi- Circuni-

ferential Wall 

2. Interior Circum
ferential Walls 

3. Kadial and Cubicle 
Walls 

Total 
Yardage 

in Structure 
(yd) 

9,200 

7,500 

13,800 

Total. 
Yardage 
Similar 
Module 
(yd) 

4,400 

4,800 

6,900 

TArtl.F. 

PKKCAST 

Maximum 
Module 
Weiqbt 
(tons) 

285 

225 

240 

3.2 .2-1 

CONCRETE 

Number of 
Similar 
Modules 

36 

91 

113 

4. Cubicle Slabs 9,900 

Turbine Building 

1. Shield Walls 1,900 

3,100 290 
(41,850 SF) 

Control Building 

1. Walls 

2. Slabs 

Diesel Generator Building 

1. Walls 

2. Slabs 

6,800 

4,800 

1,100 

700 

3,500 

1,100 
(14,800 

600 

500 
(6,800 

SF) 

SF) 

170 

130 

215 

200 

1,500 200 

38 

56 

16 

6 

6 

Maximum 
Dimensicns 

62" X 31' 

58* X 23' 

68« X 23' 

Precast-* 
Total 
Cost 
Savings 

$660,000 

780,000 

1.408,000 

Remarks 

45' X 48' 

20* X 56* 

25* X 35' 

27« X 52* 

33* X 40« 

Savings for interior cix-
cuaf erential, raaial, and 
cubicle walls are oased 
on total yardage in struc 
ture. (Penalt;̂  placea 
on cast-in-piace concrete 
when mixed witn precast.) 
All other savings are 
based on total yardage 
of similar moaules. 

(209,000) Cast-in-place construc
tion is less expensive 
than precast. 

300,000 

No c o s t d i f t e r ence 

51,000 

No cost ditterence 

17 28" X 48* 360,000 Large savings a r e 
due t o high man-hour 
r a t e s t o r cons t ruc t i on 
i n - p l a c e . This a rea o t 
t he t u rb ine b tu ld ing i s 
very conges ted . 
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TABLE 3.2.2-1 (COOT) 

Additioncil Engineering and 
Design Requirements (250,000) 

Total $3,100,000 

^Dollars r^resent total construction costs with present day at March 1, 1976 

N) 
I 
U> 

o 

2 of 2 



to to 

TABLE 3-2.3-1 

PREASSEMBLY OF STRUCIURAL STEEL 

Module Description 

Turbine Buildinq; 

Mezzanine Level 

Operating Level 

^Tiimiiig B u i l d i n q : 

Floors and Roof 

Control Buildinq; 

Floor and Roof 
(Edge Module) 

NO. of 
Modules 

46 

37 

68 

2« 

Floor and Hoof 10 
(Interior Module) 

Artditinnal Bnqineerinq 
and Desiqn Reguirenienta 

Total 

Module 
Weight 
(Avq tons) 

47 

53 

12 

Module 
Dimensions 

30» X 36" 

30» X 36' 

27« X 43" 

25 

25 

26* X 36* 

26* X 36' 

Module - Total* 
Coat Savings 

$174,000 

$167,000 

$170,000 

$117,000 

$ 24,000 

($ 78.000) 

$574,000 

Reaarks 

Floor cmd roof slabs have been oon-
sidered as precast concrete as described 
in Section 3.2.2. Therefore, this 
cost saving is not inclnded in the 
total. 

^Dollars repzesent total constmction costs with present day at March 1, 1976. 
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to 
I u 
10 DETAIL A 

CIRCUMFERENTAL 
BARS IN OVERLAP 

REGION ARE PLACED 
IN CONVENTIONAL MANNER 

CIRCUMFERENTAL/ 
BARS ON TOP OF -
RADIAL BARS 

DETAIL A 

TYPICAL OVERLAP 
BETWEEN MODULES 

MODULE C 

MOOUIJS B 

BOTTOM OF MAT A 

SECTION 1-1 

CADWELDS (TYP) 

t COBTAINMINr 

MODDLE A 

) ^B5|wV^r 

FIGURE 3.2.1-1 
CONTAINMENT MAT 
REINFORCING MODULES 



7 

WU COLUMMS (TYP) 

WU CURVED BEAMS (TYP) 

REINFCRCIMG (TYP) -

(FAR SIDE OF STRUCTDRAL STEEL) 

NOTKS: 

!• Vertical rebars attached tenporarily to flanges of curved 
beams with J-bolts. 

2. Inside face reinforcing has structural steel aiipport 
attached to the convex side of the module. 
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4 

REINFCHCIMG 
LIMITS 

iTz: 1 
1 — 1 

1—^":: 1 
1 3 

c ; — 1 

1 FT 

1 

C T—) 
t Z^ 

1 H 

r — 1 
1 1 

_- _ 
1 — - - -« 

L J. 

^ 

1 
^ BASE PLATE (TYP) 

PLAN (OOTSIIE PAC3E REINFCRCING) 

FIGURE 3 . 2 . 1 - 2 
CONTAINMENT WALL 
REINFORCING MODULES SECTION 1-1 



WIIE PXANGE COLUMN (W8) 

OUTER FACE REINFCRCING 
MODULE 

INNER FACE REINFORCING 
MODULE 

CO 

^̂  
I 
w 

8 COLUMNS PER MODULE 

CHANNEL - TO SUPPORT VERTICAL REBARS (TYP) 

CIRCULAR CHANNELS (TYP) 

VERTICAL REBARS - TYPICAL BOTH SIEES 
ATTACHED TO CHANNELS WITH U-BOLTS. 

HCEIZONTAL CIRCULAR REBAR - TYPICAL 
WIRED TO VERTICAL REBARS. 

PLAN SECTION A-A 
FIGURE 3.2.1-3 
PRIMARY SHIELD WALL 
REINFORCING MODULES 



KEY 

to 

03 

6 y ^ 

< - ^ 

REINFORCING 
MODULE 

(TYP) 
{K REQ'D) 

INDIVIDUALLY PLACED BAR8 
(ii PLACES) 

VERTICAL REBAR - ATTACHED TO 
CHANNELS WITH J-BOLTS 

HORIZONTAL REBAR - TIED TO 
VERTICAL REBAR 

K'U COLUMN 

TRANSVERSE CHANNEL (TYP) 

LONGITUDINAL CHANNEL (TYP) 

SECTION A-A 

PLAN 

FIGURE 3.2.1-4 
CUBICLE WALL 
REINFORCING MODULES 



RADIUS 1 5 3 ' t 

REINFCRCING (TYP) 

MODUI£ LIMITS ( T I P ) 

CURVED SUPPCRT CHANNEIfi BETWEEN COLUMNS 

VERTICAL REBARS ATTACHED TO 
CURVED CHANNELS WITH J-BOLTS 

SUPPCRT COLUMN (TYP) 

TRAIBVERSE CHANNEL SECTION 
(CURVED CHANNELS TO COLUMN) 

^ 

- CURVED LONGITUDINAL 
CHANNEL SECTIONS 

v_ BASE PLATE (TYP) 

SECTION A-A 

PLAN 

FIGURE 3.2.1-5 
ANNULUS BUILDING 
EXTERIOR WALL 
REINFORCING MODULES 



PRECAST PANEL 

IS3 

WIIE F U N S E S EMBEDDED 
IN PRECAST PANELS 
( 2 REQUIRED TO SUPPORT 
EACH WALL PANEL) 

FIGURE 3.2.2-1 
TEMPORARY VERTICAL 
SUPPORT 
PRECAST WALL PANEL 



EQun«PlT UH 

• MMK. UP/NWM » W S M M I HURTHM njMP 
fe CaMMCNI OXIUNC WtlEH HtAT [XOMNUH 

10 lOWtCOWITn SKMUCf TMK 
I I CMfMUl MOlTKM TMK 
12 CH(l«..Ai AOfHUON MNN n>M^ 
» MCSIflfll WC1HC<JI.*TICM HlH* 
It OKMirifo •luwtirr cwHAMCcn 
21 OCGOiFiEliftCDmCMfMTtll 
2* TNM COOLfK 
10 MUCfK. CAS C M K M . VD MaOWK* 
U HRK AClOlli^ 

40 AMULUt i U i M * ^MrtMSf HV-B » N K . P 4 M P , W T T 4 

PL>W ELH50-0 ' PRECAST WALL PANELS 

PRECAST SLABS 

r^rr I I 1 1 i 
! TRUCK AISLE FIGURE 3 2 . 2 - 2 (SH I OF 10) 

ANNULUS BUILDING 
PRECAST PANELS 



MATCH LINE 

fQLJP1K.Nl LlGT 
I AUXILIARY r£EOMMTER PUMP (MOTOR OWVEN) 
i tXCM MCAT R C M O W U . / LOW PRESSlJAE IHJLC1K3H PUMP 

3 C O N M M C M T S P A « P u W 
d MAKE U P / H G H PRESS HJECTION P I J I » 
* O V O W M T COOLHG V M T U »C*T EXCMAMGD) 

4 AuViLlAR-f fUOmitH STOMGC TMNK 
rb bC SATED nMTER STOBWC D M K 

13 bORON fV»PORAT0(t 

l « &OOCN F A P O d A I O R QEBOt.ER PUMP 

i ; nr.ar»t E A P ^ J R A T O R R C B T H U I ) 

I 7 fl (,-iN I ^ P ' I O A T ' . B BOl TOMS P i W * 

U « * ^ T f tv^KJ^ATCA H teO l l ER H j t » 

16 *»STE EW«P0«A70fi R E B O I L E R 

18 HASTE EVAPOftATOli ElOTTOMS f u r ' U 

4 ^ H>G»I LEVEL tMSTE ORAIN WNK 

4 6 l IMS'E EMPORATOR FEED P I M P 

4T LOW L E V E I W S T E CfKAPM lAMK 

«ft L ( W ( E V F . W- ITE Cj^Am PLMP 

i l HE&EMtfiANT fM*MltAL tVAPORAIOR 

&^ WGEfaEOANT CHEMICAL FMPORATrM PE90n.ER PUMP 

5J tfECENFfcAVI CMEMKAL fWPOBATOR PEBOI-ER 

• , ; (reCFMtftAhr (MFMNJtL FWAC'OÎ ATOR SCDTOWS PUMP 

Cii AIJ/ILIACcf FEiDvMrER P i M P lURKINf ORIVEN, 

BO ( iMTAiniMENT 

M ' H ' L L E ^ i»A7Ft> MJMP 

t O REdRf iN-ATIM C O W ^ V i M wMTER PuMP 

PLAN EL HSC^O" 
FIGURE 3 .2 .2 -2 (SH.20FI0) 

ANNULUS BUILDING 
PRECAST PANELS 

http://fQLJP1K.Nl


SOLID HMTI 4 
N ILOC 

^MATCH LINE 

» t t U K M U a t a o m . cooufi 

7 coMPONCMi o n j W M T n n i i » 
•0 M U T U m T » STOMCI TANK 
I I CMIMKAL AMHTON tANN 
24 DCMMIC* 
25 pfCASirirR CONOENSfR 
31 PKOCHS CAS COMPRESSM HlfniTER Af TERCOOtlR 
M PMCtU CAS WCEfVER TANK 
64 C«KCNTtAICI> tOAC ACIO ^TORAOf tANK 
M PURiriCATlOM DCMINCRAI.IZIII 
K PEMMATMC MMMtKALIZER 

Tl OEHMCtlAllZFt MCrLTEIt 
'2 UAL WMCTIIM riLTfR 

Titxtauktm. MMNMHALIZIO fKitn 
M PlNVKAIMW riLTIt 
n Urn i i ¥ U mm tnwon ruMm 
n W M C A C » ruTca 
rr H M M CMPMATOR WTTOM rilTCIt 
Tt M « M MCQvtrr r a u * 
r t ClMtM HMOMl KM tKitWKia 
i O M A i nCTuM COOLtn 

39A1WAUS WKDrWItKmMjM NMn 'fAMc}- NOT» 

PUW EL t-) 25-0 
ftxciPT Atneicfl) 

FIGURE 3 2 2 - 2 (SH 3 0 F I 0 ) 

ANNULUS BUILDING 
PRECAST PANELS 



I 

E»iJIPMENT LIST 
S OECW MEAT P E M O * L COOLER 
fo COMPONENT COOLING "^AIER MEAT EXCHANGER 
? COMPONENT 'OOllNC WATER PUMP 
% t u x ^ IART T 'l*Mitl STORAGE TANK 

10 BO«*T£t MtATER 5T0fi*GE TANK 
(J bOPON EVAPORATOR 
15 aOAON £wU>&RATOQ nEBOlLEH 
ie BORON O-jTlLLATE PUMP 
fl BORON OiSTiLkAtE COOLER 
^ wA£T{ EVAPORATOR 
% <««S1E EVAPORATOR r^EBOiLEP 
4 ! *»4TE fiiSHUATE f-uVP 
44 w K f E DtSIiLLAU COOLER 
*h M»OM lEwEL WA^TE C/RAIN JANK 
b REGCNERANT CHEMICAL EVAPORATOR 
W pec^«£fiANT CMEMlCAl E^PORATOR RtSOlLEB 
60 » £ & E N £ R A N T CMEMCAL DISTILLATE PuMP 
61 RCGEN'RANT CHEMITAL CM^TILLATE TOOLER 
Bl HVDPOTEN nE''OWBlKl(l( 
M REACTOR P L A N T SAMPLE S I W 
W CONTAINMENT 
m (H>LlE(< MATEa P MP 
90 RECIfi'LILAT ^C C0N0fN$l'.4G tvATf ft OIJMP 

PLAN E L i - ' ? b 0 
FIGURE 3 2 2 - 2 (SH 40FIO) 

ANNULUS BUILDING 
PRECAST PANELS 



I 

ISJ 

a—9rf 

FIGURE 3 . 2 . 2 - 2 (SH.5 0FI0) 

ANNULUS BUILDING 
PRECAST PANELS 



^ A T C H LINE 

1 
1 ^ 

CONTBOL flu LDWC 

EOmPMCNT LIST 
S OECW >CAT RCMOWM. P I W COOUR 
e coiwowENT C O O L M ; »#OER mn E X C M A H M R 

10 BORATEO mrtn STORAGE TANK 
13 BOflON E\*POftATOfi 
20 B0*»ON P*PORATOP CONDEWEq 
? BORON o i s T n i A n TANK 
14 M S T E EWPORAIOR 
41 mSTE EWPORATOP CONDENSER 
42 HHSIE D6TILATF TANK 
^1 RE&ENEHANT CHEMCAL E * P 0 H A T 0 R 
56 REGCNtRANI CMEMKAL EWPOBATOH CONOENSEH 
» RECOiBANT CMEMKAL DISTILLATE TAWC 
82 COtWXMT COOLING WATER CHEMKAI ADDITIOM T 
U PROCESS VENT aOWEO 
a r poocEss vtm F LTER ASSEMBLY 

LOUVERED-

•CLEAR OPENNC 

"T: MAM STEAM T U M L 

PLAN EL 0 6' 
EXCEPT AS NOTtD 

FIGURE 3 2 

ANNULUS 
2 - 2 (SH 6 OF 10) 

BUILDING 
PRECAST PANELS 



MAIN STfAM 
VINT SPACI 
DRAIN PlPINftlTtp) 

to 
I 

LOWReo 
OPtNINC , 
•OT EL5( -» 

PLAN EL 29-3 
NOTE ROOF MNELS SIMILAR TO FLOOR 

PANELS IN THIS QUADRANT 

EOUI'MCNT LIST 

M flCMNlKIOHIX Wm 
»3 iiimm HYDMKint H 

FIGURE 3 .2 .2 -2 (SH.TOFtO) 

ANNULUS BUILDING 
PRECAST PANELS 



NOTE ROOF PANEL SIMILAR TO FLOOR 
PANEL IN THIS QUADRANT 

L O U V E R E D -

OPEN I NT, 
I^OT EL Ifc I 

- L C U V E R E D 
OPENING 
BOT E L 5 J 3 

PLAN EL?9-3 
FIGURE 3 .2 .2 -2 (SH. 8 OF 10) 

ANNULUS BUILDING 
PRECAST PANELS 



N3 
I 

— NOTE ROOF PANELS SIMILAR TO FLOOR 

PANELS IN THIS QUADRANT 

PLAN EL V-ff 
(tKtPTAftNDTEO) 

FIGURE 3 . 2 . 2 - 2 (SH 9 OF 10) 

ANNULUS BUILDING 
PRECAST PANELS 



<1 

NOTE ROOF PANELS SIMILAR TO FLOOR 
PANELS IN THIS QUADRANT 

PLAN EL -IS-O 

FIGURE 3 .2 .2 -2 (SH. 10 OF 10) 

ANNULUS BUILDING 
PRECAST PANELS 



821'-0" 

30>-9" 
CLOSURE POUR 

/ , 
" ^ ^ 

GRAIE 

FIGURE 3.2.2-3 
ANNULUS BUILDING 
EXTERIOR WALL 
PRECAST PANELS 

KEY PLAN 



PERMA-nEMT FLOOR FRAhaMJ 

to 

® 

r 

® 

^ 
PERMANEST FLOOR FRAMIIG CR 
TEMPCRAHY SUPPCRT - KPENES 
UPON LOCATION 

E ® 

ELEVATION 

TEMPCRARY KNEE BRACE 

n 

n 

EXTERIOR VMLL NOTES I 

NUMBERS INDICATE ERECTION SEQUENCE OF PRECAST 
PAMEI5 & TEMPCRARY SUPPCRT STEEL 

FIGURE 3.2.2-a 
TYPICAL PRECAST PANEL ERECTION 
SEQUENCE, 

ANNULUS BUILDING 



EXTERICR WALL dRCUMFEREOTIAL WALL 

PRECAST WALL 
PAIffiL 

PRECAST WALL 
PANEL 

TRUCK AISLE 

PRECAST WALL 
PANEL 

CUBICLE 

ELEVATION 
HiECAST WALL 

PANEL 

FIGURE 3 . 2 . 2 - 5 
ANNULUS BUILDING 
TYPICAL CLOSURE POUR 



-Z 

I 
,CAST-IN-PLACE *> 

CONCRETE 

SECTION A - A 

SCALE j ' = l ' - 0 " 

TYPICAL DETAIL FOR FLOOR AND WALL SUPPORT 
PRIOR TO PLACEMENT OF CAST-IN-PLACE CONCRETE 

WALLS WITH CAST-IN-PLACE CONCRETE SLABS 
ON ONE OR BOTH SIDES EXTEND UP TO EL ZZ'-S". 

<i Kaor cc. 21 s 

WALLS UP TO EL 2 7 - 6 

« WALLS U P T 0 E L 3 5 6 
CONNECTION SIMILAR 
TO SEC A - A 

/loor tl 4l'-e' 

FIGURE 3.2.2-6 SH. 1 of 3 
CONTROL BUILDING 
PRECAST PANELS 

EL. 24'-6" 



CA3 

IS3 
I 

U i 

EL. 48'-fe" 

FIGURE 3 . 2 . 2 - 6 SH. 2 o f 3 
CONTROL BUILDING 
PRECAST PANELS 



I 
Ol 
00 

EL. 75-6" 
FIGURE 3.2.2-6 SH. 3 of 3 
CONTROL BUILDING 
PRECAST PANELS 



62'-o 

\ 

N 

?^EC^ST WALLS - EL. O-C TO 
PKeCA^T -HOOF SkABS AT EL. 3 G 

tL. 27-€ 
•-C" (TOP). 
FIGURE 3.2.2-7 
DIESEL GENERATOR BUILDING 
PRECAST PANELS 

3.2-54 



BOLT LINES 

NOTE: PLAN 
Beam flanges are coped as required to allow d i r ec t connection between 
column flanges and beam webs. Shim p la tes are used betvreen the webs 
of module beams and the colximns i n order to provide erection 
clearance. 

Beam webs are bolted to column flanges. 

Columns are erected in the conventional manner pr ior to module 
i n s t a l l a t i o n . 

FIGURE 3 . 2 . 3 - 1 
STEEL MODULE TO 
COLUMN CONNECTION 
DETAIL 

3 . 2 - 5 5 



Til T13 

TJ 

TH j 

TG 

— H TF 

FIGURE 3.2.3-2 
TURBINE BUILDING, EXISTING 
FLOOR STEEL ARRANGEMENT 

3.2-56 



T10 @ T12 T13 

1 1 
1 
1 
1 
ll 

_ _ _ J _ a » <a .v • » • •— 

1 

ll 
1 
1 

' L 

ir^' 

>• 

— -— — — — — J— 

1 
1 

-̂  -— ] —— T 

ll 
1 

|l 
W __ _S . — — T _3 -

1 
i 
1 

1 
1 
1 1 

ll 
1 

|l 
|| :p - - - - F - T 

i 
1 

1 
1 

1 
1 
1 

1 

1 
1 

TJ 
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COLUMMB NOT PART OF MODULES 

— MODULE LIMITS 

FIGURE 3.2.3-3 
TURBINE BUILDING, PROPOSED 
FLOOR STEEL MODULES 

3.2-57 



NOTE: 

Beams set in wall pockets unless otherwise noted. 

-—- Embedded plate for beam support 

Primary members W36 x . 

FIGURE 3.2.3-4 
ANNULUS BUILDING, EXISTING 
FLOOR STEEL ARRANGEMENT 

3.2-58 



K^ 

315'*-OG' 

NOTE: 

Beams se t i n wall pockets 

Column not pa r t of e i the r mcxiule 

Module l imi t s 

FIGURE 3.2.3-5 
ANNULUS BUILDING, PROPOSED 
FLOOR STEEL MODULES 

3.2-59 



/ ? 

T H H H-

H H- H 

26'-e" 
4 ^ 

261-6" 
-• 9-

"FIGURE 3.2.3-6 
CONTROL BUILDING, EXISTING 
FLOOR STEEL ARRANGEMENT 
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Hi 

i_ _-
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I 
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I 
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H» 

I 
lil 
I 
I 
I 

I 
I 

I 

I 

26'-6« 26•-6" 

MODULE LIMITS 

COLUMNS NOT PART QF MODULES 

FIGURE 3.2.3-7 
CONTROL BUILDING, PROPOSED 
FLOOR STEEL MODULES 
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Cm-^') 

^^='if^nfW'iii^iii'iHruiSM?'K-'ih-l»snisiiif,»?i,^lilkiM^s/ggillffitf,,tlii^iuiiitfMgM»/»^»: 

Note: See legenca. 
Figure 3.2.4-2 

FIGURE 3.2.4-1 
CONTAINMENT LINER 
MODULES 

3.2-62 



© 

LEGEND 

VJciahi of rr\odul<.% m Tons 
he. modules 3,4,si^ ' /6oloni 

Liner shell ring No. 3 
eoch nno has o heiqhr o/ 
Ao'-o" and q fhickncss, <y 

BL (o'-o") Elcvoiicn of ^rade. 

FIGURE 3.2.4-2 
CONTAINMENT LINER 
MODULES 
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ALL DIM. TO IWSIDf OF PLATt 

FIGURE 3 . 2 . 4 - 3 
TRANSFER CANAL LINER 

3 . 2 - 6 4 



^^"^r,^ 

MODULE WEIGHT 
37,200 lbs. 

FIGURE 3.2.4-4 
TRANSFER CANAL LINER 

3.2-65 



ALL p^eus svrFSHeo on .zj.- MAK cfiA/rJUM ^r< stenon 

MODULE WEIGHT 
20,100 lbs. 

FIGURE 3.2.4-5 
TRANSFER CANAL LINER 
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-̂'̂ -̂ t̂fk 

^U PAMEI-S 
sriFFcuEO on 
£ « • MAX. CTKS 

FIGURE 3.2.4-6 
TRANSFER CANAL LINER 
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MODULE WEIGHT 
6,800 lbs. 

FIGURE 3.2.4-7 
TRANSFER CANAL LINER 

3.2-68 
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WtlP 
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i^FJS.iS'mvce SPOT 
nJLSATION lA/ELD 
^/4rpifi rus£o 
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wt< 

Ll MttW 

6 ^ 
•y y Y 111—^mjr 

1 ^ 
MCTOMATIC 

k 
Li, 

i^^=-^-7 
~3E2:i3-B' 

! ^ 
C-nfi 

IZ-0 IHS 

C,tlA*/ Fl-i" cone AOTOMArlC V. i . 

^ z 

25-% S.S. 

. % K 7 - C /gHflW 

\ SCHI

S T 9 1 7̂ 7,3$" CnP^ 

AifTO 

5ECT/^- / ) " 

;^e 

i » i * 
3-^4 

FIGURE 3.2.4-8 
TRANSFER CANAL LINER 
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IZ-O IHS. 

3 h ^ GMAV^FLUX COKf JCM^. /WT» 

JS*iAV^ nxjx COST AirroMATrc H-S. 

y t 
% \^-^ydiMAW Ft-ux 

Sr<il Z7.7S CT^) 

Ih'-O" 

SLCTC-C 

^MAw FLUX can£ sim-Aom^ 

SECT D-D 
2S%SS 

FIGURE 3.2.4-9 
TRANSFER CANAL LINER 
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SECT E'E 

FIGURE 3.2.4-10 
TRANSFER CANAL LINER 
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1 ^ 

f K / Qr<AAl^ FLUX^ t^K£ SEIi>-Amo F.S. 
. 4««tflV FUJX COK€ fiuTO 

S'-O IHS. 

N.S. 

M 

ZayiAM f^lUX COK* AV^ 
OMAw Fi.i/yc loom sFHi-AL TO FS. 

SECT 'r-F 

,yi.s. 

FIGURE 3.2.4-11 
TRANSFER CANAL LINER 
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vUX DM. TO INSlOa OF PLATE 

FIGURE 3.2.4-12 
SPENT FUEL PIT LINER 
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^ - ^ 

SEE SECT B-B Fid SZ.-H^d foA S>Ci,-,,i, 
OF PANEL STIFFENE/^S 

MODULE WEIGHT 
13,000 lbs. 

FIGURE 3.2.4-13 
SPENT FUEL PIT LINER 
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MODULE IS iDENT/CJtL TO 
MOPULM 13 EXCMPfAS A/OTED 
SME /V« 3 , i . t - / J 

MODULE WEIGHT 
16,200 lbs. 

FIGURE 3.2.4-14 
SPENT FUEL PIT LINER 
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s e e SECT. BB FliS,3,2.'1-B 
Foa, DETAIL OF 
PAMIL STIFFEHEAS 

MODULE WEIGHT 
16,100 lbs. 

FIGURE 3.2.4-15 
SPENT FUEL PIT LINER 
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SEE SECT B3 FIG. 9.2,4-8 l^>/( 
OfT/tfL OF PAHFL ^TlFFfNeKS 

MODULE WEIGHT 
9,200 lbs. 

FIGURE 3.2.4-16 
SPENT FUEL PIT LINER 
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T i P 

^ 1/ y Cjf^AW FLUX COhiC Ai/To yv s-
Gf^Ai/^ Flux ^:t')fl£ sent-Ai'To Fi 7 • ^ ^ . ' 

53 
lYR PANEL TO BOTTOM miO 

Z'j(^ BACXI/iC, 5TPiP 

^PULSeP AUTC 
C3)TAyi/ 

TYP WELD /ST ^11 
)/ERTIC/?L ^B/fM5 

AUTO MAT/C 

MODULE WEIGHT 
71,900 lbs. 

\-^*K\j^ y Xif^AW FLUX eoee 

ST91. 27 3 5 

FIGURE 3.2.4-17 
SPENT FUEL PIT LINER 
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^. S»m FOR BACH BOLT 
r Pjfil^ (TYF) 

FIGURE 3.2.4-18 
FIELD ERECTION 
INSIDE CORNER BRACE 
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10' C2.0 BO IT AUO SHIM MAX. QFi/iCE SP/^cifJO 6-<. 

HELD ERECTION PANEL BF/iCS 
JOINS MOCi I TO MOP Z 

II ro 
8 TO 

^^J 
SLOTTEP HOUi 
IN YE^T. L£<i . 

« » e ;i'l3UMCA/t 
CFF HIIIO STE'L 

SHIM FOR EACH ^'"^^ ^ ^ " ^ 
t^CLT PAIR ^j^j_j^ ^f^^^j- ^yj^^l^ ^1^^^ 

JOINS MOD. s TO MOD. 3 
AMD MOO. 7 
TWO ^iSbefS EACH END 

' ytp.s 
ALSO JOINS MOO. z 70 hrtOfi 
IJ. USE 4- eJfACES 

FIGURE 3.2.4-19 
FIELD ERECTION BRACES 
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FIGURE 3,2.4-21 
FIELD ERECTION 
MODULE BRACES 
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S6" ON cr^S 3 
stctcs 

JOINS MOP IZ. TO MOD. I3 

i-l3UfJC x/i CFF 
MiLo sreri. y^^^i 

SHiH Fo/Z BAO* ST(/t> 

FIGURE 3.2.4-22 
FIELD ERECTION 
MODULE BRACES 
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V ' ' ' ^ ^ L E T T ^ 

MEWetRS 
« t t € 6 TO TIC JAObVAES 

Z4,ri::^^^ 

hODVJLE i 
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3-3 Me chani cal rtoduies 

3.3.1 Skid Mounted 

3.3-1.1 Sumps 

Building sumps collect equipment drainage and leakage. i:;ach simp 
consists Ol two pumps mounted on a baseplate and located over a 
rectangular depression in the rloor-

3 .3 .1 .1 .1 Current Constiruction Method 

The sumps, pumps, and piping are presently assembled in place. 
Assembly procedures include attaching a baseplate over a portion 
of tne sump, mounting the sump ptnnps on the baseplate, and 
installing and %ielding the piping. 

3.3.1.1.2 Proposed Module Description 

The proposed m.odule (Fig- 3.3.1—1) consists ot two sump pumps, 
piping, and valves, mounted on a common baseplate and fabricated 
as a single unit in an onsite fabrication shop. Sump depth 
varies from 2 to 7 ft and is accommodated by varying the length 
of each pump column. The same size baseplate is provided for all 
aoaules. Taule 3.3-1—1 lists the space envelope and weight o± 
the proposed module-

3.3.1-1.3 Site Reqiiirements/Assumtpions 

Handling time assocxatea with the modular concept is no greater 
than that associated with the cxirrent aethod of construction. An 
onsite fabrication shop is available. 

3.3.1-1.4 i^nqineerinq Impact 

Standaraization ot the baseplate size for all sumps can be 
accommodated in the present building designs with a miniiaum ot 
engineering effort and design changes. 

Purchasing and engineering of sump components is required earlier 
than tor current construction methods because of the following 
sciiedule requirements: 

1. Depending on each aiodule*s location and the congestion 
due to surrounding equipment, placement of the module is 
required prior to the installation of nearby components 
and piping-

2. Placement ot tiie sump modules must occur prior to 
placement ot concrete for the floor above-
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3.3.1.1.5 Cost Savings 

Cost savings result from the man-bour differential between shop 
and field welding. All piping and valves in the module are 
2 inch, 150 lb, stainless steel with 14 nonnuclear safexy socket 
vields per moaule. Table 3.3.1—2 lists the cost savings of the 
suxBfi modules in each building. 

3„.3„1.1.6 Schedule Savings 

Use of the proposed module does not affect the plant critical 
path construction schedule. 

3.3.1.1-7 Savings Criteria 

The sump modti 1 ar ization concept does not meet the schedule or 
manpower savings criteria established for iir5)lementation. 

3.3.1.1.8 Recommendations 

Although cost and schedule savings do not meet the criteria for 
implementation, modularization of the samps is recommended for 
fabrication convenience on a case—by-case basis. 

3.3.1.2 Demineralizers and Filters with Associated Piping 
and Valves 

Demineralizers and filters in the annxilus bxiilding cire located in 
separate cxibicles with piping extending through floors to valve 
areas and pipe txinnels on successive levels below. The filter 
and demineralizer cxibicles in the fuel building and the solid 
waste and decontamination building are served by a common valve 
and piping area on tlie level below. 

3 .3 .1 .2 .1 Cxirrent Construction Method 

The d«nineralizer/filter vessels are installed in their cubicles, 
and the associated piping and valving are welded in place. 

3.3.1.2.2 Proposed Module Description 

I t i s proposed t h a t separa te sxibassemblies be fabr ica ted for each 
l eve l of t h e demineralizer and f i l t e r configxirations. Ttiree 
l eve l s in the annxilxis bxiilding contain sxibassemblies: 

Level I - Deminera l i ze r / f i l t e r vesse l with associated piping 
piping i n the cxibicle (two sxibassemblies) 

Level I I - Piping and valves i n the valve area (six piping 
modxiles) 

Level 111 - Piping i n the pipe txinnel (five piping modxiles) 
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For the fuel building and solid waste and decontamination 
building, two levels contain sxibassemblies: 

Level I - Demineralizer/tilter vessel with associated piping 
in the cxibicle (tvgo sxibassemblies) 

Level II — Associated piping and valves on the level Pelow 
the cubicles (five piping modxiles) 

The subassemblies are constructed in an onsite tahr ication snop 
and installed with a crane. Final welds between subassemJalies 
are performed at their ouilding locations. Figxires 3.3.1—2 and 
3.3.1.3 show typical sxibassemblies and Table 3.3.1—3 lists their 
weight and space envelope. 

3.3-1.2.3 Site Requirements/Assumptions 

An onsite fabrication shop is available-

Kach sxibassemoly is installed prior to placing concrete for tlie 
floor above- Intermediate floors are constructed prior to 
placement of the sxibcissemblies above. 

3.3.1.2.4 Engineering Impact 

Tne construction schedxile must be revised to reflect installation 
of piping modules prior to placement of concrete for the floor 
above- Therefore, pxirchasing and engineering analysis of these 
modules must occxir earlier than for cxirrent construction methods. 

3.3-1.2.5 Cost Savings 

The current installation methods for the demineralizers and 
filters require extensive welding of piping in compact cubicles, 
valve areas, and pipe txinnels- The proposed modularization 
concept allows a majority of these welds to be performed in an 
onsite fabrication shop- Cost savings result from the reduced 
man-hours associated witti shop versus field welding and 
inspection and are dependent on the vield size and resjuired safety 
class designation. Each deminerailizer is identified in 
Table 3.3.1-4; each filter is identified in Table 3.3.1-5. 
Analyses of the cost savings for a module of two purification 
demineralizers, including piping, and various filter modules are 
presented in Tables 3.3.1—6 and 3.3.1—7- Similar analyses of all 
moQularized demineralizers and filters result in total plant cost 
savings ot *120,000-$210,000 for demineralizers and $75,000-
4>b5,000 for filters, dependent on the NSSS vendor. 
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3.3-1.2.6 Schedxile Savings 

jE<«vision of the construction schedule to allow installation of 
piping modxiles prior to placcHuent of the floor above does not 
resxilt in cuiy savings since installation of these modxiles is not 
on the critical path. 

3-3.1.2.7 Savings Criteria 

li,̂  total estimated cost savings associated with the 
ojoauiarization of the demineralizers and filters and associated 
piping meet the cost savxngs criteria. 

3.3.1.2.8 Recommendations 

Use of tlie proposed modxilarization concept is recoojnended. 

3.^.1.3 Moistxire Separator/Reheater 

Large nuclear plant steam turbines have either two or four 
moistxire separator/reheaters (MSR) , depending on txirbine 
manutactxirer. The MSRs are located on the txirbine bxiilding 
operating floor on either side of the txirbine. A drain tarik is 
provided for each moistxire separator shell and each reheater txibe 
bxindle. Drain piping connects to the moistxire separator and 
reheater drain tanks and large bore steam piping to ttie high and 
low pressure txirbines. 

3.3.1.3.1 Cxirrent Construction Method 

Current construction methods include separate operations to mount 
the MSKs on the operating floor and to hang the drain tanks below 
the hiSKs. Interconnecting piping is then installed and welded. 

3.3 .1 .3 .2 Piroposed Module Description 

The proposed modxile can be utilized only for the MSRs of a 4-*lSR 
plant design. The MSR size in a 2—MSR plant design resxilts in 
excessive module weights and dimensions. 

The i^R is moxinted on a large structxiral steel skid using 
conventional MSK supports. The reheater drain tank is located 
above the skid beneath the MSR and the moistxire separator drain 
tank IS hxing below the skid. Both drain tank locations are 
dictated by the required elevation differentials for proper 
drainage from the MSR. Steam and drain piping are supported on 
or hxing from the skid. 

151*; module, shown in Figure 3.3.1—4, is approximately 65 long by 
y.5 wide by 25 ft high (14 ft above the skid and 11 ft below) and 
.'.'eiîhs in excess of 200 tons. 

3.3-4 



Tlifc l a r g e s t crane i d e n t i f i e d i n Section 3.1.2 of the Phase I 
repor t l i r t s the modxile onto t he tu rb ine bui lding operating t l oo r 
a t the south end of the bu i ld ing . The module i s tiien t ra i i s t e r rea 
to the txiroine bxiilding t r a v e l i n g crane for placement on the 
operat ing t l o o r . 

3 .3 .1 -3 .3 Sitie Kequirejtents/twssxiinptions 

di. crane of the reqxiired capaci ty i s ava i lab le when requi red . 
Sections ot piping a re pxirchased as spools or welded in to spoolii 
in an ons i t e f ab r ica t ion shop, regardless of module 
implementation. 

3 .3-1 .3 .4 Enq ineerxnq Imp act 

The DLajor ijtpacts are xn the s t r u c t u r a l design since port ions of 
ttie operat ing f loor mxist. be redesigned t o accommodate tiie 
t>roposed module s ince a la rge opening i s reqxiired in tiie 
operat ing f loor for placement of the s t r u c t u r a l s t e e l sk id . 
Components of the module extend above and below the sk id . 

3 .3 .1-3 .5 Cost Savings 

Cost: savings result from tlie man-hoxir differential between shop 
and in-place field welding. The present constiruction inetJiod 
maximizes shop welding ot piping spools. 

Therefore, use of the module will resxilt in only 10 additional 
shop welds, most of which are pipe-to-vessel welds. The total 
cost savings due to this additional shop welding is estimated as 
approximately »4,400 (present day, March 1976) per module. 
However, this savings is outweighed by the increased costs 
associated with the redesign of the operating floor, design, and 
taijrication ot the skid, and the more complex hauling procedures 
and rigging necessitated by a larger and heavier lift. 

3.3.1.3.6 Schedxile Savings 

Since tiie turbine bxuloing is not on the plant critical path and 
ijecause the increased costs associated with the implementation of 
tJie luoclule will outweigh any schedule savings, tne impact on tlie 
turbine buiiidng construction schedule was not evalxiated. 

3.3.1-3.7 Savjjiqs Criteria 

Tlie I'lSK modularization concept does not meet the savings 
criteria. 

3.3-1-3.8 Recommendations 

L.se ot the proposed modxile is not recommended. 
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3.3.1.4 Feedwater Pximp and Txirbine 

^iOdularization of the main feedwater pximps, txirbine drives, and 
associated equipaient has been evaluated. 

3.3.1-4,̂ '! Cxirrtgit Coaxstruction Method 

Varying degrees of preassembly are presently used in the shipping 
and installation of large feedv.'ater pua^s, txirbine drives, and 
associated eqxiipment. The degree of preassembly ranges from 
individxial shipments ot pxxKp, txirbine drive, and auxiliary 
systeuiS, requiring complete assembly in the field, to complete 
manufactxirer packaged xmits, shipped and installed in one piece. 

All pximp and turbine manxif acturers have the capability ot 
proviaing the completely "hroken-down" option. In addition, the 
major txirbine manufactxirers can provide the txirbine and its 
accessories a& a preassembled xinit. Hovever, only one 
manufacturer has the capability to offer a single preassembled 
package of the pximp, turbine, and auxiliary eqxiipments. 

3.3.1.4.2 Proposed Module Description 

The turbine and xts auxxlxary systems are pxirchased, shipped, and 
installed as one package. This txirbine package consists of the 
following: 

1. TxirbdLne with baseplate 

2. High and low pressure stop valves 

3. Lubricating oil system, including tank, piping, and 
pumps 

4. Turbine protectxon equipnent 

5. Txirbine supervisory equipment 

6. Instrximent console 

Tliti txirbine package is assembled, aligned, flxished, and shop-
tested prioo: to shipment. 

Placement of the package is accomplished with the turbine 
nuilding overhead crane. Field work to be perforiued after 
placement of the txirbine package and the pump consists of: 

1. Connection, leveling, and alignment of pximp and txirbine 

2. Wiring of electric power supplies 

3. Connection of remote instrumentation and controls 
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4. Connection of steam seal piping with the main txirbine 
generator, oil piping with the oil conditioning system, 
and steam inlet and exhaust piping. 

The txirbine package is approximately 30 long by 12 1/2 wide by 
12 1/2 ft high. Weight of the package is approximately 50 tons. 

3.3-1.4.3 Site Reguirements/Assximptions 

Special permits, allowing road or rail transportation of 
oversized loads, allow travel of the module load. (See 
Envelope C, Table 3.1—1.) 

3.3.1.4.4 Engineering Impact 

There is no engineering impact involved with this modxilarization 
concept, since all techniques are cxirrently used by industry. No 
early scheduling of engineering is reqxiired. 

3.3.1.4-5 Cost Savings 

Cost estimates from turbine manufactxirers indicate that a 
packaged txirbine costs approximately $20,000 more than a 
completely "broken-down" xinit due to the increased work performed 
in the manufactxirer"s shop. However, increased shop work results 
in a decrease in field assembly work. Therefore, use of a 
packaged txirbine resxilts in a cost savings of $27,500 per turbine 
package. 

3-3-1.4.6 Schedule Savings 

Use of a packaged txirbine shortens field installation time by 
approximately 10 days, but does not achieve critical path time 
savings. 

3.3.1.4.7 Savings Criteria 

Based on three feedwater pumps and txirbine drives per plant, xise 
of the proposed modxilarization concept results in a total cost 
savings of approximately $82,500, which meets the cost savings 
criteria. 

3.3.1.4.8 Recommendations 

Tne turbine drives for all main feedwater pximps shoxild be 
purchased, shipped, and installed as packaged xmits. These 
packaged xmits have been supplied by txirbine manufacturers for a 
large percentage of feedwater pximp drives purchased in the past 
few years. 

Preassembly of the punp and txirbine as one package is not 
recommended tor the following reasons: 
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1. Only one manufactxirer cxirrently offers a pximp/txirbine 
package-

2. A pximp/turbine package results in negligible cost 
savings over the recommended package, since field labor 
savxngs resxilting from shop mounting and alignment of 
the pximp are offset by the increased cost of the larger 
skid. 

3. A single skid for the pxmp and turbine does not have the 
reqxiired rigidity and stiffness to prevent costly 
misalignment of the pxin4)/turbine package resulting from 
piping forces and moments. 

3.3.1.5 xtodxilarization of Compressed Air System Components 

Two compressed air systems are provided: one located in the 
ooutainment structure cuid one in the txirbine buildiiig. Each 
system consists of compressors, air receivers, aftercoolers, 
dryers, and filters, grouped together in their respective 
buildings. 

3 .3 .1 .5 .1 Cxirrent Construction Method 

Tlie components of the compressed air system are presently 
pxirchased separately and assembled at their building location. 

3.3.1.5.2 Proposed Modxile Description 

Packaged xinits, each cons i s t ing of a compressor and associa ted 
eqxiipment with the exception of t h e d r y e r s , a r e cxirrently 
ava i l ab l e from severa l manufactxirers. lliese u n i t s a re i n s t a l l e d 
by a f o r k l i f t t ruck and reqvixre a minimum of f i e l d piping and 
ins t rumentat ion connect ions . The dryers a r e not included in the 
package s ince these are xisually pxirchased from a separa te 
manufactxirer . 

3 . 3 .1 .5 .3 S i t e Requxrements/Assximptions 

It was assximed that the cost savings associated with the txirbine 
building compressed air system were typical for both systems. 

3.3.1.5.4 Jî nqineering Impact 

There is no engineering impact involved with the pxirchase, 
shipping, and installation of packaged conqpressors, since the 
packages are cxirrently xised for other applications. However, 
packaged compressors historically require mare complex 
maxntenance procedures. 

3.3-8 



3.3-1-5.5 Cost Savings 

Modularization of the compressed air system results in fiela 
labor cost savings due to the relative ease of installing a 
packagea xmit. However, these savings are outweighed by the 
increased cost of a packaged xmit. Table 3.3.1—8 compares 
typical pxirchase and installation costs of a packaged versus 
comi->onent compressed air system. 

3.3.1-5.6 Schedule Savings 

There is no critical path schedule savings for the proposea 
module. 

3.3.1-5.7 Savings Criteria 

Neither cost nor sciiedxile savings are achieved with this concept. 

3-3.1-5.8 Recommendations 

The compressed air system modularization concept is not 
re commended. 

3.3.1.6 Conden.sate Polishing Components 

TTie condensate polishing system, located in the turbine building, 
consists or tanks, pximps, filters, demineralizers, and blowers. 

3-3.1.6.1 Cxurrent Construction Method 

"Hie condensate polishing system is presently constructed 
utilizing several modules of regeneration components, which aire 
preassembled in the manxitacturer*s shc^ and installed as 
individual pacxages- The remainder of the condensate polishing 
equipment and associated instrumentation and piping is 
inaividually installed. 

3.3.1.6.2 Proposed Module Description 

Modularization ot the condensate polishing system consists only 
or those modules cxirrently available from the equipment 
maauractxirers and presently utilized in plant construction. 
Those modules include preassemblies of tanks and connecting 
piping, pumps with valves and piping, and otiier clojely relatea 
components- Extent ot the modularization is based on 
arrangement- The modules are individually placed and the 
interconnecting piping is installed after module placement. 
Table 3.3-1—9 lists the proposed modxiles, all or which are 
currently available frcwa manuf actureirs-

The remaining system con^xanents are individxially installed in the 
field. 
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3 .3 .1 .6 .3 S i t e Reguiremfcnts/Assximptions 

No special sxte reqxiirements or engineerxng assximptions were xised 
in evaluating the proposed concept. 

3.3.1.6.4 Engineering Impact 

Since the extent of the proposed modxilarization is limited to 
that implemented on previous plants, there is no additional 
engineering impact. 

3.3.1.6.5 Cost Savings 

No changes are proposed to the current purchasing, shipping, and 
installation methods tor the condensate polisliing system 
components. Therefore, there are no cost savings evaluated. 

3.3.1.6.6 Schedule Savings 

No clianges are proposed to the current purchasing, shipping, and 
installatxon methods for the condensate polishing system 
components. Tlierefore, there are no schedule savings. 

3.3.1.6.7 Savings Criteria 

No savings are met. 

3 .3 .1 .6 .8 Recoataendations 

The degree of modxilarization implemented on previous plants 
siiould be continued. 

Further modxilarization of the system is not reccxmnended since 
tliere are no cost savings associated with the fabrication of 
larger modxiles than those described din Table 3.3.1—». larger 
modules woxild require increased support and more complex handling 
operations. In addition, the equipment is presently arranged in 
cxibicles and the consolidation of equipment from several cubicles 
onto one skid woxild require the addition of shielding between 
components. 

Jjuplementation of a modular concept for piping would not 
significantly affect cost of manpower expenditxires since the 
majority of piping is Saran-lined steel with screwed and flangea 
connections. 
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3.3-2 Condenser Modxilarization 

3.3.2-1 Cxirrent Construction Method 

Steam sxirface condensers for large present-day power generating 
plants are too large to consider complete shop fabrication and 
one—piece shipment to the jobsite. They must be fabricated in 
pieces small enough to transport. 

Various manxif actxirers have different philosophies regarding the 
extent to whicn condensers should be shop fabricated, and the 
size ot the shop fabricated pieces. Some prefer to ship 
condensers completely "broken down." Others prefer to maximize 
shop assembly, and to ship assembled condenser sections as large 
as can be shipped to the jobsite. 

Condensers are bought and shipped both ways. Condenser 
specifications cxirrently invite bids for both total field 
fabrication and varioxis degrees of shop fabrication. Bids are 
evaluated on the basis of installed costs. 

3.3.2-2 Proposed Modxile Description 

The condenser should be designed from the start with shop 
fabrication in mind. The ccwidenser would be fabricated in 
sections that could be accommodated by transportation modes 
available to the specific jobsite xmder consideration. 

3.3.2-2.1 Transverse Condenser - Barge Shipment 

The condenser is a transversely tubed condenser of the 
conventional triple shell, single pass, divided water box design. 
Each condenser shell can be conveniently shop fabricated in the 
following modules: 

Two txibe bundles with hotwell sections, txibe sheets, tube 
sxipport plates, and shell sides 

One steam inlet assembly 

Four water boxes 

Each tube bundle modxile will be approximately 16 wide by 36 ft 
high and will not exceed 60 ft in length. The steam inlet 
assembly tA>uld be approximately 32 wide by 24 ft high and will 
not exceed 60 ft in length. Each water box will be approximately 
9 by 12 by 21 ft high-

3.3-2-2-2 Transverse Condenser - Truck or Rail Shipment 

Design changes to obtain modxiles of lesser width and height 
necessary to accommodate truck or rail transport can be 
accomplished by txrio different methods. 
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Method 1: Each condenser shell retains its basic form. However, 
to reduce nodxile size, the sides of the shell must be shipped 
separately, and txibe sheets and txibe sx:̂ pport plates mxist be exit 
vertically cmd horizontally. The shell, txibe sheets, and txibe 
support plates would then be xiielded or otberwise joined in the 
field. As cm alternate to welding, the tnbe support plates can 
be installed with spacers connecting sections together and to the 
shell. In addition, the steam inlet assembly must be fabricated 
in foxir smaller pieces for transport. 

Method 2: lî ach condenser shell would be designed with a 
multiplicity of smaller tube bxindles and header—like water boxes.. 
j:ach txibe bundle woxild be considerably smaller than those of a 
conventionally designed condenser, and %iOxild be easily 
transportable by either truck or rail. Similarly, the steam 
inlet assenbly woxild be fexbricated in smaller transportable 
pieces. 

With either method, the condenser sides and hotwell sections can 
be assembled in a site assembly area adjacent to the txirbine 
building, thus minimizing the amount of work that mxist be 
performed in close proximity to the turbine pedestal legs. These 
sections woxild then be installed prior to in-place assembly of 
the rest of the condenser. 

3.3.2.2.3 Longitudinal Condenser 

A longitudinally tubed condenser oould be designed for either 
barge or rail transport. However, because of the excessive 
length of the longitudinal condenser, approximately 120 ft long, 
shop fabrication might necessitate intermediate water boxes 
depending on site—related, access clearance limitations. 

3.3.2.2.4 Condenser Installation 

For any of the above condenser configxirations, the modxiles can be 
installed directly into place between the turbine pedestal legs 
xising the txirbine bxiilding traveling crane. If for any reason it 
becomes necessary to place major txirbine c<Mif>onents before the 
condenser, modxiles can be installed either by skidding into place 
or by using yard cranes. 

3.3.2.3 Site keqxiirements/Assximptions 

Shop fabrication and shop txibing of condoisers are currently 
within the capabilities of all domestic large steam sturface 
condenser manxif actxirers . 

For modxiles that are larger an<Vor heavier than normal road and 
rail limitations, but still %irLthin the actual clearances and load 
limits associated with the specific transit route, special 
permits allowing transportation can be obtained. 
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3.3-2.4 Engineering Impact 

A shop tubed condenser would require delivery of the txibes 
approximately six to nine months earlier than a field tubed 
condenser, assximing the completion date for the installed 
condenser remains the same. This would reqxiire an earlier 
engineering effort for the bid specification for the condenser 
tubes-

For all shop txibed condensers, cUid especially for a condenser 
design with tube sheets and txibe support plates cut vertically 
and/or horizontally, field welding or joining is required in 
proximity to the txibe bxindles. Tube sheets form barriers between 
circxilating water and steam/condensate, and must be welded 
continuoxisly across each end of the condenser shell. Tube 
support plates are surrounded by steam/condensate and need not be 
continuous; but can be installed using spacers to connect the 
tube support plates to the shell. The spacers would be welded 
both to the shell and to the support plates to ensxire txibe 
alignment and to minimize the possibility of txibe vibration. 
These txibe sheet—to-txibe sheet and sx:qoport plate-4x>-spacer welds 
must be performed with great care to protect the txibe bundles 
both rrom weld spatter and from distortion. 

For condenser design with a multiplicity of small tube bxindles, 
extensive analyses axist be performed to ensxire effectiveness of 
the innovative design. In addition, scale model testing woxild be 
required to ensxire proper flow distribution through the 
circulating water piping and the water boxes. 

3.3.2.5 Cost Savings 

When barge shipment is available from the manxif act xirer̂ s shop to 
the site, the shop txibed, shop fabricated condenser, even though 
its purchase price will be greater, will frequently have an 
installed cost lower than that of a field erected condenser. For 
some sites thxs cost differential may be as great as a few 
hundred thousand dollars in favor of shop fabrication, thus 
meeting the cost savings criterion. 

When barge shipment is not possible, the cost comparison is 
reversed and tlie totally field fabricated condenser may be foxmd 
to saMe considerable dollars when compared with the partially 
shop fabricated condenser. 

Actual cost savings associated with one method or the other 
cannot be evalxiated without knowledge of cooling system 
configuration and available modes of transportation. 
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3.3.2.6 Schedxile Savings 

Becaxise 6f the extensive analyses and/or scale model testing that 
woxild be required for an innovative condenser design, the 
condenser bid evalxiation and pxirchase shoxild remain schedxiled at 
the very beginning of the plant schedxile. To allow shop txibing, 
the condenser tube specification mxist be schedxiled earlier than 
at present. 

Bie possibility of significantly delaying the start of txirbine 
bxiilding construction due to vcurious modularization techniques 
has been identified. This possibility is facilitated since the 
turbine building constrxiction need not be dependent on condenser 
installation. As discxissed above, whether the condenser is 
entirely shop fabricated and shop txibed or field assembled, 
placement of the condenser between the txirbine pedestal legs can 
occur at any tiaie during building construction. 

If a condenser is of the conventional design described above, 
either shop or field fabricated, there would be no impact on 
desxgn or engineering activity schedxiling. However, if a 
longitudinal condenser or a transverse condenser of innovative 
design is provided, the additional desxgn and engineering 
activities discussed above mxist be factored into the overall 
plant schedule. 

M.though some bxiilding schedule savings can be achieved, no 
overall plant critical path savings were identified. 

3.3.2.7 Recommendations 

No change shoxild be made in the %*ay the condenser is cxirrently 
purchased. Both shop and field fabrication are evaluated on an 
installed cost basis, and consideration is given to the 
site-related influence of the modes of transporation available to 
the site. 

When barge shipment capability does exist, total shop fabrication 
and shop tubing are reoommended; otherwise, an evalxiation on a 
case-by-case basis is necessary before a recommendation can be 
made. 

3.3.3 Tanks 

3.3.3.1 Cxirrent Construction Method 

Cxirrent and past construction practice is, and has been, to bxiild 
most field fcibricated tanks on their permanent foxindations. In a 
few instances, however, small to moderate size field—fabricated 
tanks have been erected on teoporary foxindations and then moved 
to their permanent locations. This has been made necessary by 
space restrictions in permanent foxindation areas. Predicted 
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interference between construction disciplines would have caused 
schedxile delays. 

Some large tanks that have been constructed and moved thxis far 
have been 30 ft—0 in. QD by 41 ft—7 in. high, weighing about 30 
tons- None of the tanks have reqxiired temporary bracing. The 
tanks were lifted by crawler crane and moved across the yard. 
Lifts were made xising four tenqporary lifting lugs per tank, 
welded to the top of the cylindrical sides. An orthogonal 
arrangement of spreader beams ensxired that the lifting forces on 
the tank remained essentially vertical. Moving %*as accomplished 
by site construction personnel. The manufacturer * s warranty was 
not prejudiced. 

3.3.3.2 Proposed Modxile Description 

Tanks larger than about 12 feet in diameter are usxially 
fabricated at the power plant site due to the ditticxilties of 
transporting shop-fabricated xinits. Of the 12 RNPP tanks in this 
category, 10 may be erected on their permanent foxindations since 
none of the 12 tanks are on the critical path. However, in the 
case ot the attxiliary feedwater storage and the refueling 
(borated) water storage tanks, their large size and the 
restricted space aroxind them in their annxilxis bxiilding cxibicles 
suggests that a possible savings could be made by building them 
outside the building and then moving into place. 

The proposed modxile consists of a cc»i5>leted tank, except for any 
protruding nozzles, constructed on a temporary foxindation 
adjacent to the annxilus bxiilding. Each tank bottom would be 
temporarily braced to prevent over stressing dxiring moving. Each 
tank would be lifted by a construction crane xinder the 
supervision of the tank manxitactxirer. The tanks woxild be lifted 
over the aimulxis bxiilding walls and lowered to their permanent 
foundations at an elevation of approximately —50 ft. Lifting 
would be via a cable slingspreader beam arrangement and temporary 
lirting lugs at the top of the side walls. 

Dimensions and estimated weights of the two tanks proposed for 
modularization are as follows: 

Auxiliary Feedwater Refueling Water Storage 

Diameter, ft 35 37 

Tank height, ft 44 78 

uverall height, 
including 
rigging, ft 85 120 
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Estimated 
weight, in
cluding rigging, 
tons 50 110 

Both tanks %<ould be erected on temporary foundations adjacent to 
the outer wall of the annxilus bxiilding. The temporary 
foundations would be located far enough away from the outer wall 
to provide easy access for all erecting operations (inclxiding 
automatic welding of seams) , but also near enough that each tank 
ooxild be swxmg into final position withoxit walking the crane. 

Schedxile estimates show that the tanks coxild be erected in the 
area to be provided for prefabrication of the containment dome. 

Ijifting tanks of this diameter would entail reinforcement of 
their flat bottoms to prevent overstressing the peripheral welds 
and possibly collapsing the side walls. The reinforcement would 
consist of a nximber of radial beams tack welded or bolted to the 
bottom plates on the inside of the tank. In one scheme, an 
appreciable percentage of the bottCMn weight would be taken by a 
simple central vertical cable x̂ ) through the tcuik top, with the 
lifting force distributed equally to each radial bottom beam 
through a conical sling arrangenaent. Side %iall and roof weight 
would be taken through several eqxially spaced lifting lugs, 
welded to the tank outer walls at the bendline (intersection of 
walls and roof) . Vertical Ccibles woxild lead up to the periphery 
of a ring shaped spreader beam. A wire configuration would thai 
connect with the crane hook. A representative lifting 
arrangement is shown in Figure 3.3.3—1. The tank manufactxirer 
woxild be responsible for the engineering calcxilations and 
sketches for reinforcement. 

The water—fill leak test would be performed after the tanks have 
been moved and are installed on their permanoit foundations. 

3.3.3.3 Site Reguirements/Assximptions 

It is assxmied that the erecting area provided for fabrication of 
the containment dome can be scheduled for tank erection also. 
The tanks would be erected on wood cribbing. 

Schedxiling of tank erection can be coordinated with the annxilus 
building construction. In general, the axixiliary feedwater 
storage tank woxild have to be ready for moving before the annxilxis 
building walls are up to groxind grade and the floor slabs poxired. 
The refueling water storage tank woxild have to be ready before 
the building walls are up to the 29 ft—3 in. elevation and the 
floor slabs poxired. 

It is also assximed that the crane and operator would be furnished 
by site construction forces. Moving the tanks would reqxiire the 
crane sezrvices for part of a day for each tank. The entire 
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moving operat ion xiioxild be xmder t h e d i r e c t sxipervision of the 
tank manxif actxirer and woxild be covered xinder the tank 
manufactxirer•s guarantee . 

Engineering Impact 

The f a o r i c a t i o n and e r e c t i o n s p e c i f i c a t i o n must include a s e c t i o n 
on the procedxire amd requirements of modxilarization i n s u f f i c i e n t 
d e t a i l t o ensxire compliance by the e r e c t o r . 

3 . 3 . 3 . 4 Cost Savings 

Detailed cost data are displayed and sximmarized in Table 3.3.3—1 
for one xmit. Resxilts of the three bxidget estimates received 
from the tank manufactxirers contacted indicate that savings range 
from $25,000 to $109,000 for the two tanks in the annulxis 
building. 

It should be noted that figures presented in budget estimates are 
developed from a generalized basis and are therefore not 
conclusive. Results from actual bids may well be different. 

All estimates are based on Section III, Division 1, Class 2 tanks 
constructed of carbon steel, but with no painting or linings. 
The tank manxifactxirers state that there Xfirill be no significant 
difference in cost savings due to modxilarization %ihether the 
tanks are built of carbon steel, stainless steel, or alximinium. 

3 . 3 . 3 . 5 Schedxile Savings 

The tanlcs are not on the critical path. Schedule estimates show 
6 weeks of slack time if the tanks are bxiilt on their permanent 
foxmdations in the annulus bxiilding and 17 weeks if bxiilt on a 
temporary foxindation and then moved to their permanent 
foxmdations . 

The schedxile indicates that there is sufficient time to erect the 
tanks in the area adjacent to the annxilxis bxiilding that will be 
provided for prefabrication of the containment dome. 

3.3.3-6 Savings Criteria 

Hie schedule savings criterion is not met. 

Savings xinder the cost criterion are doubtfxil- Only one of the 
estimates received showed a definite cost saving by modularizing; 
two indicated savings less than $75,000-

3.3-3.7 Re commendations 

Modxilarization of the two tanks cannot be recommended at this 
t:ime since they do not meet either criteria uneqxiivocally. 
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It is reoommended, however, that more accxirate data be obtained 
on possible cost savings on a case—by—case basis before any final 
decision is oade. 

3.3.4 Piping 

3.3.4.1 Current Construction Method 

The cxirrent practice of fabricating and erecting large—bore 
piping systems is to fabricate lengths of pipe, up to 40 ft long, 
in a pipe fabricating shop, and to erect the ccmplete piping 
system at the construction site by rianually welding each pipe 
length in place. These pipe lengths are designated as "spools," 
and include all bends, elbows, flanges, etc as specified. 

Ohe ̂  spools are unloaded and stored in a laydown area at the con
struction site until reqxiired. They are then picked up and 
transported to their installation area in a specific seqxience, 
fit-up and manxially xi«elded to adjacent spool pieces, valves, tank 
nozzles, pximp nozzles, etc to form a completed piping system. 

It is difficxilt, at best, to minimize the total elapsed time and 
the total man-hoxir effort required to fabricate and erect a 
piping system to cxirrent practice becaxise of the repetitious 
handling, scaffolding, shoring, aligning, and clamping of each 
spool and component, all under congested working conditions, in 
the installation area at the construction site. Fxirther, it is 
often difficult to anploy welders, fitters, supervisory, and 
inspection personnel in an efficient manner becaxise of these 
congested working conditions. 

anal 1—bore piping modxilarization concepts are already utilized in 
the construction of many nuclear power plants. 

3.3.4.2 Proposed Modxile Description 

In order to redxice the total elapsed time and man-hoxir effort and 
cost, the following modxilar approach is proposed for the 
fabrication and erection of piping systems. 

A fabrication shc^/area for piping modxilarization is erected at 
the construction site. Spools are delivered to the construction 
site by the fabricator according to a pre-scheduled sequence, and 
are unloaded and stored in a laydown area xintil required. They 
are then picked up and tramsported to the fabrication shop/area, 
along with valves and other components, where assembly and 
automatic welding occur, and the module is completed. 

Fit-up tolerances for large bore butt welded piping limit both 
mismatch and gap to 1/32 in. To maintain these tolerauices, 
eqxiipment will be located and accxirate measurements taken before 
the modxile is fabricated. In order to achieve proper pwap 
alignment, the modxiles will be fabricated with provisions for 
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adjustment, so that in this instance, the fit-xip will be exact. 
Modules that are to be welded or flange bolted to eqxiipment other 
than pximps, will be allowed the above 1/32 in. tolerance. 

All modxiles will be supported on their permanent hangers wherever 
possible. Where permanent hangers cannot be xised, temporary 
bottom supports made of timber or structural shapes will be 
employed- After the permanent hangers or sxipports have been 
installed, the temporary supports will be removed. 

Welded anchor attachments will be installed on the modxiles in the 
fabrication shop/area, requiring that all anchor locations be 
established at the time that the piping drawings are completed. 

While the modxile is being processed through the fabrication shop/ 
area, it will be sxipported on layoxit tables, jigs, fixtxires, and 
other supports made of rolled structxiral shapes and/or plate as 
required. 

A module is assonbled by bringing the required pipe spools from 
the laydown area to the fabrication shop/area by means of mobile 
crane or flat-bed truck- The spools are brought into the fit-up 
bay, along with the reqxiired valves taken from the valve storage 
area in the shop, eind the module is assembled by tack welding all 
oonqponents in position. After verification of all dimensions, 
the modxile is welded and all required nondestructive tests are 
performed. 

The completed modxile is then either held in an outside storage 
area or transported to its bxiilding to be installed. 

In the bxiilding, at installation, the modxile is set in position 
on its temporary bottom supports. Wherever possible, permanent 
hangers are installed and the modxile is tack-welded or flange-
bolted where provided- When all modules conqprising a particxilar 
system or system segment are thxis positioned, all modxile 
locations are given a dimensional check, followed by welding. As 
welding progresses, freqxient dimensional checks are made to 
assure that welding distortions have not violated the tolerances. 

Generally, floor slabs mxist be constructed later so that piping 
moaxiles may be lowered into place withoxit hinderance- Wall 
sections may have to be left open at specifically designated 
areas for placement of modxiles. 

In some instances eqxiipment will have to be schedxiled for instal
lation after a particxxLar modxile, because of late delivery. 

Total elapsed time, man-hoxir effort, and cost can be reduced by 
this modxilar ^proach becaxise in the fabrication shop/area, 
positioners, automatic welding eqxiipment, and other production 
type tooling lend themselves to a closely regulated production 
atmosphere. 
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Figures 3.3.4-1 through 3.3.4-12 illxistrate a few of the more 
complex piping modxiles. These modules are located in the annulus 
building with the exception of Fig. 3.3.4—8 and 3.3-4—12 which 
are located in the containment. 

Each piping module figxire tabulates the total linear footage of 
piping reqxiired, the total nximber of field v#elded joints that 
woxild be reqxiired if the module were fabricated to cxirrent 
practice, the total number of field welded joints required by the 
module, the total nximber of spools required to assemble the 
module, the approximate weight of the module, the approximate 
weight of the modxile lifting rig, and the maximxim lift. 

3.3.4.3 Site Reguirements/Assximptions 

The modxile fabrication shop/area that is reqxiired at the con
struction site consists of a 40,000 sq ft structxire eqxiipped to 
handle structxiral components, large pipe modules, small bore 
piping fabrications, and cable tray sxibassemblies- In order to 
effect the greatest economy, the building is designed such that 
it can be xised by the owner as a x«arehouse and/or maintenance 
facility once construction is completed. In addition, the 30 ton 
overhead crane that will be used in the solid waste 
decontamination bxiilding is installed and used in the modxile 
fabrication shop/area for the duration of modxile assembly. 

3.3.4.4 Engineering Impact 

In order that the fxill advantages of piping modxilarization be 
recilized, it is necessary that every engineering effort be 
exerted to assxire that all valves, piping, and fittings, as well 
as all modxHe terminal eqxiipment such as pumps, tanks, heat 
exchangers, etc be at the constrxiction site in time to coordinate 
with their respective modxiles. In many instances, this will 
require engineering activity at least 18 months earlier than in 
the conventional method. Planning networks reqxiire revision to 
reflect the impact of the modularization of piping systems. 

In addition, coordination between constiruction and engineering is 
required to establish the extent of, and to identify, each module 
so that modxile drawings, including specifications for lifting and 
transporting for assxired freedom of any damage, are prepared cUid 
are at the construction site in ample time to comply with the 
construction schedule. Additional costs for this effort, are 
reflected in Section 3.3.4.5. 

A priority list must be prepared so that the pipe fabricator can 
furnish the spools in the proper sequence. Finally, all anchor 
locations and hanger designs are required at the construction 
site before any work is initiated on a modxile. 
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3-3-4-5 Cost Savings 

The estimated cost differential to fabricate, transport, and 
erect each modxile is as noted below: 

Module Differential Cost 

151 $45,000 
254 19,000 
258 19,000 
262 63,000 
264 50,000 
294 27,000 
342 61,000 
370 (Primary loop) 146,000 
390A & C 25,000 
390B 15,000 
391 67,000 
410 55,000 

These estimates illustrate differential costs only for the more 
complex modxiles. These estimates do not include material and 
commercial shop fabrication of spool pieces. 

There are an estimated 539 modxiles in the reactor building, 
annxilus building, and txirbine bxiilding of the Reference Nuclear 
Power Plant (RNPP) -

On the basis of a field fabrication shop eqxiipped with automatic 
welding machines and utilizing assembly line methods, the 
estimated construction cost savings woxild be approximately 
$1,500,000. The automatic welders would be positioned on the 
joint and deposit weld material as it rotates aroxind the pipe and 
the spool piece which would be held in a fixed position. An 
additional $2,000,000 saving would be realized in erection 
operations for a total construction labor cost savings as of 
March 1, 1976, of $3,500,000. 

It is believed an additional savings of $2,000,000 to $3,500,000 
is attainable; however, this would require a detailed review of 
the field shop operations involved for the proposed 539 modxiles-

The comparative construction costs for a field piping fabrication 
shop, fxilly eqxiipped for fabricating pipe modules, compared to 
cxirrent practice, are as follows: 

Difference 

Bxiilding $300,000 

Equipment 100,000 

Total Construction Cost $400,000 
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Additional engineering, design, and construction non-manxial costs 
woxxLd be approximately $100,000. 

Net savings of at least $3,000,000 is, therefore, anticipated. 
Possible net savings could exceed $6,000,000. 

3.3.4.6 Schedxile Savings 

Since the Critical Path is "floating," it is not possible to 
determine decreases with assxirance that the CriticaJL Path will 
not "jximp" to another activity, resxilting in a "no-gain" 
situation. 

It has been determined, however, that there is a possible 16 week 
decrease of the Critical Path resxilting from piping 
modularization with the reactor building and the annulxis bxiilding 
coo^lex. Of eqxial importance is the total coiDbined activity 
duration reductions which do not always follow Critical Path but 
can resxilt in man-hoxir savings. The following is a breakdown, by 
building, of possible activity duration reductions: 

Reactor Bxiilding 36 weeks 
Annulxis Bxiilding 28 weeks 
Control Bxiilding 8 weeks 
Txirbine Bxiilding 42 weeks 
Service Bxiilding 10 weeks 
Miscellaneous Strxictures 12 weeks 

A detailed schedxile analysis for a specific project is desirable 
for a better evalxiation of schedxile savings. 

There is a possible 16 week decrease of the Critical Path 
resulting from piping modxilarization within the containment and 
cuinulxis bxiilding complex. 

3.3.4.7 Recommendations 

It is recommended that the modxilarization techniques described be 
utilized as the basis of design, fabrication, and installation of 
all RNPP piping systems provided all engineering schedule 
requirements can. be met. 

3-3.5 Pipe Racks 

3.3.5.1 Cxirrent Construction Method 

The cxirrent construction method of installing pipe racks and 
piping in the pipe tunnels of the cuinxilxis building consists of 
the followdLng. 

Install pipe rack vertical steel and building colximns piece by 
piece. Install pipe rack horizontal steel becuas that are needed 
to support piping, leaving out members that may interfere with 
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the installation of piping spools. Beams are attached to colximns 
typically with doxible emgles on the i«ebs of the beams. Piping is 
fabricated in spools of up to 40 ft in length in a pipe 
fabricating shop. The spools are shipped to the site, xinloaded 
and stored at a laydown area on the constrxiction site xintil 
required. They are then picked x;̂) and transported to the annulxis 
building and placed on the racks. Next, the remaining horizontal 
suppoirt steel is installed. Pipe spools are fitted xip and 
manually welded together and fastened to the rack by U-±x>lts. 

3.3.5.2 Proposed Module Description 

In order to redxice the total elapsed time, man-hoxir effort, cost, 
ana to minimize congestion in the annxilus building, 
modularization is proposed for the fabrication and erection of 
pipe racks with piping in the nonradioactive and radioactive pipe 
txinnels. Two such modxiles are shown in Figs- 3.3.5—1 and —2. 

Prior to the schedxiled installation of pipe racks and piping, 
modules consisting of piping supported on the pipe rack 
horizontal beams will be preass«nbled on a foxmdation which 
encircles the preassembly area for modxilarization of the 
containment liner- The preassembly foxindation consists of a 
circxilar slab on grade, approximately 14 ft wide and having an 
arc length of 480 ft, with steel support colximns on which modxiles 
are constructed- Each elevation of pipe rack consists of a 
maximxim of five oaodules, having an arc length of approximately 
90 ft and weighing xip to 35 tons including lifting beam and 
rigging. 

Pipe rack horizontal members are placed on the support colximns on 
the preassembly slab. As in Section 3.3-5.1, piping is 
fabricated in spools, shipped to the site, and stored. Spool 
pieces are transported to the preassembly slab, set on the 
horizontal rack members and are automatically welded together and 
fastened to the rack with U—bolts- All modxiles for a rack 
elevation are preassembled on the preassembly slab at the same 
time to ensxire proper fit-x^ and alignment of modxiles when placed 
in the pipe txinnel. Concxirrently with preassembly of modxiles, 
pipe rack vertical steel, and building colximns are erected piece 
by piece. Pipe rack modules are lifted by crane, xising the rack 
horizontal members as part of the lifting rig, from the 
preassembly area to the annulxis building pipe txinnel- The modxile 
cross beams are set on and bolted to beam seats preattached to 
the rack vertical steel and building columns- Next, the pipes 
are manxially welded to adjacent modxiles. All modules at the 
lowest elevation in the txinnel axe completed before moving on to 
the next elevation. 
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3.3.5.3 Site Recrxiirements/Assumptions 

Adequate eorea around the preass«nbly slab for modularization of 
the containment liner is available for a preassembly slab for 
pipe rack modxiles. Preassembly of pipe racks and containment 
liner will not interfere. 

3.3.5.4 Engineering Impact 

The preassembly of pipe racks with piping is reqxiired to begin 
earlier than tioxild be required using current construction 
methods. Therefore, design draxifings for pipe racks and piping 
will have to be completed eairly enough to allow fabrication and 
delivery for preassembly. In order to begin erection of the pipe 
racks on the start date for conventional construction, the rack 
steel and piping must be delivered one to two months earlier than 
otherwise would be reqxiired. 

In addition, coordination between construction and engineering is 
required to establish the extent of, and to identify, each 
modxile- Lifting points and sequence of erection of modxiles must 
also be established. Sxich activities are reflected in a cost 
penalty described in Section 3.3.5—5. 

3.3.5.5 Cost Savings 

The estimated total construction cost savings based on 
fabricating, transporting, and erecting each modxile is as noted 
below: 

Total Construction 
Modxile Location Cost Savings 

A Radioactive pipe txinnel $17,000 

B Radioactive pipe tunnel 26,000 

C Non-radioactive pipe 
txmnel 18,000 

D Non-radioactive pipe 
txinnel 38,000 

*Modxiles are representative for 
cost analysis only. 

There are an estimated 39 pipe rack modxiles in the annulxis 
building pipe tunnels. An estimated $700,000 to $1,000,000 Ceui 
be saved by modxilarization of pipe racks and piping. These 
savings are offset by additional engineering, design, and 
construction non-manxial activities of approximately $25,000. 
Therefore, net savings of $675,000 to $975,000 are expected with 
the modxilarization technique. 
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3.3.5.6 Schedule Savings 

Since the Critical Path is "floating," it is not possible to 
determine decreases with assxirance that the Critical Path will 
nOt jximp to cutother activity, resulting in a "no-gain" sitxiation. 
It is estijnated that modxilarization of pipe racks and piping i 
the annxilxis building coxild result in a schedxile time savings 
28 weeks. This savings does not always follow the Critical Path 
but could result in up to 16 weeks Critical Path savings 
concxirrently with piping modxilarization schedxile savings. A 
detailed schedxile analysis for a specific project is necesseucy to 
fully evaluate schedule savings. 

3.3.5.7 Savings Criteria 

Pipe rack modules in conjunction with piping modxiles meet both 
savings criteria. 

3.3.5.8 Recommendations 

It is recoimnended that the modxilarization techniqpies be utilized 
as the basis of design, fabrication, and installation of pipe 
racks with piping in the pipe tunnels of the annxilxis building 
subject to a more detailed schedxiled emalysis for a specific 
project. 
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TABLE 3.3.1-1 

SUMP MODDLE DESIGN CHARACTERISTICS 

Maximum space envelope, ft 3 W x 4 L x 9.5H* 

Module weight, lb 

Pxin̂ s (2) 750* 

Motors (2) 100 

Baseplate 300 

Piping and valves 50 

Total 1,200 

•Assximing a 7 ft pximp colximn. 

1 of 1 
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TABLE 3.3.1-2 

TYPICAL COST SAVINGS - SUMP MODULARIZATION 

Building 

Annulus Building 

Containment Structxire 

Fuel Building 

Solid Waste and 
Decontamination 
Bxiilding 

Turbine Building 

Total 

No. of 
Modxiles 

6 

2 

1 

1 

3 

Total Nximber 
of Welds 

84 

28 

14 

14 

42 

Total 
Cost 
Savings' 

$4,200 

1,400 

700 

700 

2,100 

$9,100 

'Dollars represent total construction 
costs with present day at March 1, 1976 

1 of 1 
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TABLE 3-3.1-3 

DEMINERALIZER/FILTER MODULES 
TYPICAL DESIGN CHARACTERISTICS 

I 

nulxis 

Level 

Level 

Level 

lodule (Number) 

Bxiilding Demineral 

I 

II 

III 

(1) 

(3) 

C5) 

Maximum Weight 
Per Module, 

Ton 

.izers 

2 

1 

3/U 

Maximum 
Space 

Envelope 

10» W X 8« L X 25* H 

10« W X 20" L X 10» H 

10« W X 48« L X 10« H 

Level I (1) 

Level II (4) 

Annulxis Building Filters 

Level I (2) 

Level II (3) 

Level III (5) 

2 

1 

1/2 

1/2 

1/2 

Fuel B x i i l d i n g / S o l i d Waste and 
D e c o n t a m i n a t i o n B u i l d i n g 
D e m i n e r a l i z e r s 

8* W x 8" L x 20• H 

15* W X 20* L X 10» H 

8* W X 7» L X 10" H 

8« W X 15» L X 15* H 

8« W X 48• L X 10• H 

Fuel Building/Solid Waste 
and Decontamination 
Bxiilding Filters 

Level I (2) 1/2 8» W x 7» L x 10• H 

Level II (4) 1 8« W X 7* L X 20' H 

(1) Based on a 3,800 lb demineralizer vessel. 

(2) Based on a 700 lb filter vessel. 

(3) Based on piping modxiles serving two demineralizer or filter 
cxibicles. 

(4) Based on piping modules serving one demineralizer or filter 
cxibicle . 

(5) Piping modxiles consist of piping for all demineralizers/fli
ters served by the pipe txinnel. 
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TABX.E 3.3.1-l» 

MODUiAitlZED DEMINERALIZERS 

Demineralizer 

Mixed Bed 

Purification 

Cation Bed 

DeJooratincj 

Boron Thermal 
Regeneration 

IrMel Pool 

Cesium Removal 

Boron 

Waste 

Total 

Notes 

System 

eves 

eves 

eves 

eves 

eves 

FPS 

BRS 

BRS 

LWS 

Buildinq 

Annulus 

Annulus 

Annulus 

Annvilus 

Annulus 

Fuel 

Annulus 

Solid Haste and Decontcimination 

Solid Waste cind Decontamination 

W; 

2 

-

2 

-

5 

1 

2 

1 

_1 

14 

Number of 
Demineralizers 
-41 W-3S 

2 

-

1 

-

5 

1 

2 

1 

_1 

13 

CE 

-

2 

-

1 

-

1 

2 

1 

_1 

8 

B&W 

3 

-

-

3 

-

1 

2 

1 

_l 

11 

System Designations: CVCS - Cheancal and Volume Control System (Makeup and Purification 
System - B6W) 

FPS - Fuel Pool cooling eind Purification System 
BRS - Boron Recovery System 
IMS - Radioactive Liquid Waste System 
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V V 

I 
U) 
o 

Filter 

Reactor coolant 

Boric Acid 

Seal Water Injection 

Demineralizer 
Prefilter 

Fuel Pool Prefilter 

Fuel Pool Post Filter 

Boron Recovery 

Boron Demineralizer 
Filter 

Waste Demineralizer 
Filter 

Waste Effluent 

Spent Resin 

Total 

Notes 

System 

CVCS 

CVCS 

CVCS 

CVCS 

FPS 

FPS 

BRS 

BRS 

LWS 

LWS 

W.SS 

System Designations: 

TABLE 3-3.1-5 

M(»nLARIZED FILTERS 

Building 

Annulus 

Annulus 

Annulus 

Annulus 

Fuel 

Fuel 

Annulus 

Solid Waste and DeoontamJLnation 

Solid Waste and Deoontamination 

Annulus 

Solid Waste and Dec»ntaminatian 

W-41 

2 

1 

2 

2 

1 

2 

1 

Number of 
Filters 
W-3S 

2 

1 

2 

2 

1 

2 

1 

^ 

2 

1 

2 

2 

1 

2 

1 

sew 
2 

2 

2 

1 

2 

1 

2 

1 

2 2 2 2 

_1 _1 _1 _1 
15 15 15 17 

CVCS - Chemical and Volume Control System (Makeup and Purification System - BSW) 
FPS - Fuel Pool Cooling and Purification System 
BRS - Boron Recoveary System 
LNS - Radioactive Liquid Haste System 
WSS - Radioactive Solid Waste System 
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TABLE 3.3.1-6 

TYPICAL COST SAVINGS - DEMINERALIZER MODULARIZATION 

n«»-|ii nfT^^l i r.f^T^ ^ > 

Deborating 

Pipe 
Size, 
In. 

2 

3 

4 

2 1/2 

Pipe 
Safety 
Class 

3 

3 

3 

NNS 

Number of Welds 
Performed in Shop 
Rather than in Field 

34 

18 

31 

114 

Total Savings 

Estimated 
Cost 

Savings*'* 

$ 8,670 

5,400 

10,540 

5,130 

$29,740 

Notes 

1 All demineralizers in the plant are standardized as to the arreingement and size of the 
associated piping and vad-ves. 

Total savings stated above are present day March 1, 1976, and are for 14 assemblies of a 
typical set of tvK> demineralizers. 
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TABLE 3.3.1-7 

TYPICAL COST SAVINGS - FILTER MUDUUUaZATION 

w 
I 
CO 
to 

Filter 

Reactor Cbolant 
Filters 

Total Module 
Savings 

Boric Acid Filters 

Total hiodule 
Savings 

Fuel Pool Prefilters 

Total ttodule 
Savings 

Pipe 
Size, 
In. 

4 
2 

4 
2 

4 
2 

Pijje 

Safety 
Class 

2 
2 

3 
3 

NNS 
NNS 

Number of Welds 
Performed in Shop 

Rather than in Field 

56 
4 

5o 
4 

56 
4 

Estimated 
Cost 
Savings^ 

$23,240 
1,320 

24,560 

19,040 
1.020 

20,060 

3,080 
200 

$3,280 

Total savings stated above are present day Marcii 1, 1976 ana are for 8 subassemblies of a typical 
set ox two filters. 
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TABLE 3-3.1-8 

TYPICAL COST COMPARISON - PACKAGED VERSUS 
COMPONENT COMPRESSED AIR SYSTEM 

EQUIPMENT DATA 

Nximber of compressors per system 

Capacity, scfm 

D i s c h a r g e p r e s s x i r e , p s i g 

M o t o r , h p 

EQUIPMENT COSTS 

Eqxiipment P r i c e 

I n s t a l l a t i o n Cost<3> 

T o t a l C o s t 

3 

725 

125 

150 

PackaqedC * >< * >CompQnent< 2 > c•> 

$104,000 $88,000 

37,200 49,600 

141,200 137,600 

Notes 

<*> Includes three compressor packages. ' 

<2> Includes three compressors, each with motor, inlet filter, 
aftercooler, intercooler, starter, controls, and receiver. 

f > Installation man-hours for three conpressors: 

packaged - 1,800 hr 
component - 2,400 hr 

t •) Dollars represent total construction costs witii present 
day at March 1, 1976. 
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TABLi. 3.3.1-9 

TYPICAL eONDiJlSATji POLISHING EQUIPMENT MODULES 

Shipping 
Module Components (See Note 1) Size Weight. Lb 

1 Cation Regeneration Tank 9«-5" x 9«-1" x 17»-4 1/2" 21,000 

2 Anion Regeneration Tank 6»-10" x 6*-8" x 16»-9" 14.000 

3 Resin Mix and Storage Tank 8"-11" x 8»-0" x 14'-11" 19,000 

4 Acid Measuring Tank - i»cid 8»-8" x 5»-0" x 7'-7 1/2" 2,600 
Regeneration Feed Pumps 

5 Caustic Measuring Tank 11»-8" x 5'-0" x 7«-7 1/2" 3,100 
Caustic Regenerant Feed Pump 
Recovered Caustic Pumps 

6 Recycle Pump 8'-5" x 3»-4" x 11«-5" 5,000 

7 Lime Slurry Tank 7«-9" x 7«-8" x 9«-0" 3,600 
lume Dissolving Tank 

^ Lime Solution Filter 
Lime Slurry Puiqps 

I 
U) 8 Sluicing Mater Pumps 10«-0" x 5»-0" x 4»-8" 3,200 

9 Rotary Air Blower 6'-0" x 6»-0" x 5»-0" 2,950 

Note 1: Modules also include associated piping, valves, and instrumentation. 
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TABLE 3.3.3-1 

TiiNK COST AND TIME CC»CPARISON 
CONSTRUCTION IN ANNULUS BUILDING VS TEMPORARY 

FOUNDATION AND MOVING 

Vendor A Vendor B Vendor C 

Total constrxiction c o s t sav ings 
(2 tanks) as of March 1, 1976 $25,000 $109,000 $44,000 

Notes: 

1. Tanks erected on temporary foxmdations adjacent to 
annulus bxiilding. 

2- Crane cost considered a distribxitable expense. 

3- Rigging personnel moving cost for the two tanks, 
approximately $6,000, is included in the cost to 
erect on a temporary foxindation and move. 

T of 1 
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SUMP 
PUMP 

FIELD WELD 
TO REMAINDER 
OF SYSTEM 

LEGEND: 

BASEPLATE 

BASEPLATE PENETRATION 

SHOP WELD 

NOTES: 
1. ALL PIPING IS 2 I N . 
2 . PIPING FROM PUMP DISCHARGE 

AT A TO WELD AT B IS SUPPLIED 
WITH PUMP. 

FIGURE 3.3.1-1 

SUMP MODULARIZATION 
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VESSEL 

LEVEL H 

[HI-41I1 

LEVEL I 
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IHH-
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LEVEL n i 

t 

(MHI 

LEGEND: 

^ 3 -

NOTEST: 

FLOOR PENETRATION 
WALLS, FLOORS, CEILINGS 
FIELD WELD 

1. PIPING LAYOUT IS APPROXIMATE. 
2 . LEVEL nr EXTENDS , 

IN EITHER DIRECTION OVER THE 
LENGTH OF THE PIPE TUNNEL. 

FIGURE 3 . 3 . 1 - 2 

ANNULUS BUILDING DEMINERALIZER 
FILTER SUBASSEMBLIES 
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NOTES: 
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WALLS, FLOORS, CEILINGS 

FIELD WELD 

1. PIPING LAYOUT IS APPROXIMATE. 
2. LEVEL n EXTENDS IN EITHER 

DIRECTION OVER THE LENGTH 
OF THE PIPE TUNNEL. 

FIGURE 3 .3 .1 -3 

FUEL BUILDING AND 
SOLID WASTE AND 
DECONTAMINATION BUILDING 
DEMINERALIZER/ 
FILTER SUBASSEMBLIES 
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= FIELD WELD 

FIGURE 3 . 3 . 1 - 4 

MOISTURE SEPARATOR/ 
REHEATER MODULE 
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TOTAL LINEAR fOOT/fOE IN MODULE = SZ FT. 

TOTAL NUMBER OF FifLD \A/£LD£D JOINTS 

WHEN FA&RICATED TO CURRENT PRACT/CT = IO 

TDTAL NUMBEFi OF r/£LO i^ELPED JOINTS 

THIS MOPULF ~ 3 

TOTAL NUMBER OF FlANSE JOINTS = 11 

TOTAL NUMBER OF 3POOLS= 10 

APPROK)MA TE WEIGH T OF MCPUcE = 46, (>oo t a 

APPROKII^ATE Waiai^TOF UFTIN^ Rl(^^ 3^soo LS 
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FIELD JOINT *VW£W FABRICATED TO CURI^ENT PRACTICE 

FIELD JOINT THIS MODUU 

3®: 
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?4-. - '^ I 

'^fi^"-

FIGURE 3.3.4-1 
MAIN STEAM PIPING 
PIPE MODULE NO- 151 
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FIGURE 3.3.4-2 
REACTOR PLANT SERVICE 
WATER PIPING 
PIPE MODULE NO. 254 
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TOTAL NUMBER OF FIELD WELDEP jO/fJTS WHEN FABRICATED TO CURRENT PRACTiCf^ l^f" 
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TOTAL NUMBER OF FLANGED JOINTS = C, 
rOT/il NUMBER OF SPOOLS ' IS 

APPROXIMATE WEIGHT OF MODULE ^ 33, ZOO LB FIGURE 3.3.4-4 
APPROXIMATE WEIGHT OFUFTINQ H\G,-3^300LB REACTOR PLANT COMPONENT 

MAXIMUhn UFTr 2G500 LB COOLING WATER PIPING 
" PIPE MODULE NO. 262 

FIELD JOINT WHEN FABRICATED TO CURRENT PRACTICE 
FIELD JOINT THIS MODULE 
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TcTIMî  V10M6€.« OF FltLO ioi»4rC WHft*4 FM,e(tATt.e 

yst 

ToTKU. »>on8£.«. OF FifeLD -ioiviTJ T Ht S MoOov.6 

ToT<\V~ NOMBfc<^ oF FuhNGtD Joil>rri ; <2> 

TaT*sL NOMC4.V?. OF 5Poa\_i : \1 

AWCoAt̂ vs-TC VtlGHF OF \^c.uO*j£: I4;Z0S. 

AV>9t?oMMATt vvejCHr o F LiPTi 

0 

FIGURE 3,3.4-5 
DECAY HEAT REMOVAL PIPING 
PIPE MODULE NO. 264 
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CONTAINMENT SPRAY PIPING 
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DECAY HEAT REMOVAL PIPING 
PIPE MODULE NO. 342 
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TOTAL LINEAR FOOTACE IN MODULE - 9 3 FT. 

TOTAL NO. OF FIELD WELDED JOINTS WHEN 

FABRICATED TO CURRENT PRACTICE - 14 

TOTAL NO. OF FIELD WELDED JOIHTS THIS MODULE =S 

TOTAL NO. OF SPOOLS - 10 
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ysi^ 

C". 8"Id'AND 14" PIPE - 5TD. WOT. 

ISO LB. VALME AND FLAN6ES. 

/ \ 

FIELD JOINT WHEN FftBRiCfiTED To CURRENT PRACTICE. 

FIELD JOINT THIS MODULE. 
FIGURE 3 . 3 . 4 - 1 0 
REACTOR PLANT COMPONENT 
COOLING WATER PIPING 
PIPE MODULE NO. 39OB 
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FIGURE 3.3.4-12 
MAIN STEAM PIPING 
PIPE MODULE NO. 410 
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3-4 Electrical Modules 

3.4-1 Non-Seismic Cable Trays 

3.4.1-1 Current Construction Method 

The cable tray supports for non-seismic design are shown in 
Figure 3-4-1—1. The design consists of vertical 3/4 in- threaded 
rod attached to 3/4 in. bolts or studs that are welded to 
supporting steel or secxired to concrete as shown in Figures 
3.4-1—2 sheets 1 and 2- The horizontal support is a unistrut 
aiember with holes near each end. This horizontal si;̂ port manber 
is positioned at the desxred elevation on the vertical rods and 
secured by flat washers and nuts. 

The basic design is for a maximum of 10 trays vrith support spcuis 
not greater than 8 ft- The tray loading is 50 pounds per foot. 

3.4.1.2 Proposed Module Description 

A factory fabricated ladder type support would be used as shown 
in Figure 3.4.1-3, sheets 1 and 2. There would be no change in 
the anchorage details. The attachment to the anchorage is with 
a 3/4 in. coupling and a threaded 3/4 in. rod. A number 2 1/2 
clevis is threaded to the rod which is then pinned to the support 
side member. A Globe ladder type steel cable tray, used in a 
vertical position as a tray support, has been analyzed to 
the same criteria as used in current construction. The tray rung 
spacing is 18 in. with an inside rail dimension of 36 in. The 
rail of the horizontal tray is 30 in. and rests upon the rungs of 
the vertical supports. This ladder type vertical support is 
light duty 3 in. nominal depth but requires a heavy duty rung. 
Other supports were investigated and found to be adequate as a 
support system. These were Chalfant aluminum tray C55A with 
nximber 11120 or 11119 rung. Cbmmercially available structural 
tubing 1 by 1 by 1/8 in. ASTM A5010 36KS1 could also be used as 
an all welded support. 

3.4.1.3 Site Requirements/Assumptions 

Due to the limited cable tray support design data available, 
quantities were estimated based on more detailed information from 
an 850 MWe nuclear plant which was factored upward- The assumed 
quantities for cable tray suppoarts are shown in Table 3.4.1—1. 

3.4.1.4 Engineering Imptact 

All material is commercially available and does not require any 
advance purchases. Standard detail drawings will be required. A 
load capacity test using 10 trays should be conducted. 

3 . 4 •" • 



3.4.1.5 Cost Savings 

Cost savings are estimated to be $340,000 utilizing the proposed 
support system. 

3.4.1.6 Schedule Savings 

The cable support system is not on the critical path. 

3.4.1.7 Savings Criteria 

The cost savings criterion is met. 

3.4.1.8 Recommendations 

It is recommended that a ladder type tray support system be 
coiisidered on a case-by-case basis. It is not tlie intent to 
replace the present rod type tray support cooqpletely. However, 
%i»here greater flexibility is required, or space problems occxir, 
the rod type hanger cable tray support should be used. A fxirther 
study shoxild be conducted to determine the savings associated 
with longer span trays. 

3.4.2 Non-class IK Cable Installation 

3.4.2.1 Cxirrent CCmstruction Method 

The current electrical non-class IE cable installation method is 
to assign a separate control cable for each piece of equipment 
activated. This separate assignment is applied throughout the 
electrical design to include interlocks and alarm fxmctions. 
This design results in a large percentage, approximately 
95 percent, of control cables having 8 or less c<»iductors per 
cable that require identification, pxill tickets, and tags for 
installation. As an example the distribxition of types of No. 12 
AWG control cables pxirchased for an operating 850 megawatt 
pressxirized water reactor is as follows: 

No. of Conductors per Cable: 
Percent: 

This trend has been verified for an 850 megawatt boiling water 
reactor plant presently xinder design which has placed pxirchase 
orders for 1,000,000 ft of two-conductor No. 12 AWG control cable 
and an additional 500,000 ft of two-condxictor No. 14 AWG control 
cable. This represents 30 percent of the 5,000,000 linear feet 
of control cable pxirchased. 

Although more recent plants have been making wider xise of 
termination cabinets in conjxinction with control board designs, 
this has not changed the nximber of 8 or less conductor control 
cables required from actuated equipment to the termination 
cabinets. 

1 
1 

2 
37 

3 
10 

4 
13 

6 
22 

8 
12 

12 
4 

19 
1 
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The cabinets allow field cables to be terminated independeus. Î  vt 
the control board installation schedxile. The wires from the 
control board are connected to the termination cabinets by plug 
connectors xising 25 or 37 conductor cables-

3.4.2.2 Proposed Modxile Description 

To reduce the large nximber of individual cables, it is proposed 
ix> utxlize a larger nximber of conductors per cable, i.e., 25 or 
37 conductor cables for non-class IE control cables. Extending 
the termination cabinet concept to the electrically actxiated 
equipment permxts connecting cables from the control board 
termination cabinets to the electrical eqxiipment termination 
cabinets without regard for electrically actxxated eqxiipment 
delivery dates-

The comparison of the cxirrent to the proposed method was 
evaluated as 18 separate cases. Table 3.4-2—1 is a cable 
schedxile for the cxirrent design that identifies type of cable, 
qpiantity, to and from distance, and total point to point linear 
footage for each type of cable- Table 3-4.2—2 is a cable 
schedule for the proposed design which has information similar to 
Table 3.4.2—1. 

Cases 1 to 8 are a comparison for eight motor control centers 
(MCC) in the turbine bxiilding where the point of control is in 
the main control room. The cost evalxiation was for material and 
labor of cable installation and only material for the termination 
section associated with each MCC. 

Cases 9 to 17 are a comparison for switchgear and load center 
that are located in a normal switchgear building adjacent to the 
turbine buildxng where the point of control is in the main 
control buildxng. 

For the proposed design, a double door termination cabinet is 
located either midway to the rear of each bxis lineup or at one 
end. The cost evalxiation was for material and labor of cable 
installation plus the nine termination cabinets. Termination 
labor for 1,800 additional points was considered in the 
evaluation. 

Case 18 is a comparison for replacing 1,750 two-conductor cables 
with 95 thirty-seven conductor cables. T5ie cost evaluation was 
for material and labor of cable installation plus 48 termination 
cabxnets. Termination labor for 2,000 additional points was 
considered xn the evalxiation. 

3-4-2-3 Site Reqxiirements/Assximptions 

The labor installation time of 27 and 37 conductor cables was 
extrapolated from a cxurve plotted of known imilticonductor caLble 
-iistallation time. 
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3.4.2.4 Engineering Impact 

The overall engineering intact to design a cable system shoxiLd be 
a redxiction in engineering man-hours due to the decrease in the 
number of cables that require identification, pull tickets, and 
tags. No credit was assximed in the cost savings. 

3.4.2.5 Cost Savings 

The net cable installation cost saving is $535,000. This 
includes the addxtxon of 65 termination cabinets installed with 
the cost of terminations included. 

3 . 4 . 2 . 6 Schedxile Savings 

No critical path savings were identified since additional 
detailed design is reqxiired. 

3.4.2.7 Savings Criteria 

The cost savings criterion is met by this cable installation 
technique. 

3.4.2-8 ReccMPmendations 

Although no impact on overall plant availability is anticipated 
when using the proposed cable installation technique, additional 
analysis is recommended to verify this assumption. On this 
basis, non-class IE cable installation using a larger number of 
conductors per cable is recommended. 
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TABLE 3 w 4 . 1 - l 

NON-SEISI4IC CABLB TRAT SUPPORTS 

Nximber 
T r a y s 

p e r 
Sxipport 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

T o t a l 

Nximber 
o f 

S u p p o r t s 

135 

273 

471 

484 

2 9 6 

270 

129 

40 

7 

56 

2,161 

1 of 1 
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TABLE 3.4.2-1 

CDRRENT DESIGN CABLE SCHEDULE 

I 
ON 

Case 

1 

2 Note 1 

3 

4 Note 2 

5 Note 3 

6 

7 
Note 4 

8 

From 
control Board 
Termination 
Cabinet 

5N 
6N 
7N 

5M 
6N 

7N 

5N 

6N 

6N 
7N 

5N 
6N 

7N 

5S 

7N 

6N 
7H 

5N 

6N 

7N 

To 
Motor Control 
Center 

3A.1 
3A1 
3A1 

3A2 
3A2 

3A2 

3A3 

3A3 

3B1 
3B1 

3B2 
3B2 

3B2 

4A1 

4A1 

4B1 
4B1 

4B2 

4B2 

4B2 

Conductors 
Per Cable 

9 
7 
9 

12 
9 
7 
3 
9 
7 
5 

9 
7 
7 

7 
7 

9 
9 
7 
9 
7 
5 

12 
9 
12 
9 
7 
5 

7 
7 

12 
9 
9 
7 
3 
9 
7 

Distance 
Ft 

548 
554 
560 

648 
654 

660 

773 

779 

769 
775 

603 
609 

618 

878 

890 

779 
785 

868 

874 

880 

Ouantity 

4 
5 
1 

1 
8 
1 
1 
8 
1 
1 

2 
1 
3 

1 
4 

3 
1 
3 
2 
4 
2 

1 
3 
1 
4 
3 
1 

3 
1 

2 
5 
4 
1 
1 
3 
3 

Linear 
Feet 
Cable 

2.192 
2,770 

560 

648 
5,232 

654 
654 

5,280 
660 
600 

1,546 
773 

2,337 

769 
3.100 

1.809 
609 

1.827 
1.236 
2,472 
1,236 

878 
2,634 

890 
3,560 
2,670 

890 

2,337 
785 

1,736 
4,340 
3,496 
874 
874 

2,640 
2,640 
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TABLE 3.4.2-1 (CONT) 

I 

Case 

9 

10 

11 

12 

13 

14 

^b 

16 

17 

18 

Not«?s: 

From 
Control Board 
Termination 
Cabinet 

To 
Switchgear 

13-8 JcV SWG-1 

13.8 kV SWG-2 

13.8 kV SWG-3 

4 kV SWG-1 

4 kV SWG-2 

4 kV SWG-3 

480 V LC 1A & 3A 

480 V LC IB S 3D 

480 V IX: 1C 6 3C 

General 

Conductors 
Per Cable 

9 

9 

9 

9 

9 

9 

9 

9 

9 

2 

Distance 
Ft 

420 

440 

460 

420 

440 

460 

400 

420 

440 

420 

Quantity 

10 

12 

10 

7 

7 

7 

15 

15 

15 

1,750 

Linear 
Feet 
Cable 

4.200 

5,280 

4,600 

2,940 

3,080 

3.220 

60.000 

63,000 

66,000 

735,000 

1. Cable jumpered to 6N for proposed design in Table 3.4.2-2 
2. Cable jumpered to 7N for proposed design in Table 3.4.2-2 
3. Cable jumpered to 6N for proposed design in Table 3.4.2-2 
4. Cable jumpered to 6N for proposed design in Table 3.4.2-2 
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TABLE 3 . 4 . 2 - 2 

PROPOSED DESIGN CABLi. iJCHiiDULK 

C d s e 

I 
00 

From 
Control iiocurd 
l^ermxnatron 
Labiliet 

ba 
6N 
7N 

6.<l 
7N 

5N 
6N 

7N 
6N 

7N 

6N 
7N 

5N 
7a 

6N 

5N 

6N 

7N 

To 
itotot Control 
Center 

3A1 
3A1 
3A1 

3A2 
3A2 

3A3 
3A3 

3ii1 
3B1 

3b 1 

3ii2 
3B2 

HAt 
4A1 

4B1 

4B2 

4B2 

HaZ 

Conductors 
Per Cable 

37 
37 
25 

37 
37 
25 

37 
25 

37 
37 
25 
37 
25 

37 
25 

37 
37 

37 

37 
25 
37 
25 
37 
25 

Distance 
Ft 

548 
554 
560 

654 
t>60 

773 
779 

775 
609 

618 

609 

878 
890 

779 

868 

874 

880 

Ouantity 

1 
1 
1 

3 
2 

1 
1 

1 
1 
1 
1 
1 

1 
1 

1 
2 

1 

1 
1 
1 
1 
1 
1 

Linear 
Feet 
CdOle 

548 
554 
560 

1,962 
1,320 

773 
779 

775 
609 
609 
618 
618 

609 
609 

878 
1,78o 

77* 

868 
868 
874 
874 
880 
880 
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TABLE 3.4.2-2 (CONT) 

4:-
I 
U3 

Case 

9 

10 

11 

12 

13 

14 

15 

1«i 

17 

18 

From 
Control 
Termination 
Cabinet 

To 
Switchgear 

13.8 kV SWG-1 

13.8 kV SWG-2 

13.8 kV SWG-3 

4 kV SWG-1 

4 kV SWG-1 

4 kV SWG-1 

480 V LC lA & 

480 V LC IB & 

480 V LC 1C 6 

General 

3A 

3B 

3C 

Conductors 
Per 

37 
25 

37 

37 
25 

37 
25 

37 
25 

37 
25 

37 
25 

37 
25 

37 
25 

37 
2 

Cable 
Distance 
Ft 

420 

440 

460 

420 

440 

460 

400 

420 

440 

400 
20 

Ouantity 

2 
1 

3 

95 
1.750 

Linear 
Feet 
Cable 

840 
470 

1,320 

920 
460 

420 
420 

440 
440 

460 
460 

1,200 
400 

1,260 
420 

1,320 
440 

38,000 
15,000 
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CONCLDSIONS AND RECOHMENDATIMJS 

"SfJ Critical path schedule savings found in this study are solely 
from a reduction in the construction time required for the 
containment and annulus buildings. Even though savings were 
found in the construction of other buildings, these were not 
considered direct, critical path savings. By delaying the In 
construction of the other buildings, thus allowing increased 
access to the containment and annulus structures, it is expected 1 
that the increased access will reveal additional critical path 1' 
schedule savings. 

Table 4—1 summarizes the cost and critical path schedule savings 19 
identified for all modules investigated in this study. 20 
Modularization concepts which may permit offsite fabrication are 2.? 
also indicated in Table 4—1. Such modules must be capable of 23 
barge, rail, or road transportation to the construction site. 
Typical weight and size limitations are given in Table 3.1—1, but 24 
must be verified for each site- As indicated in Table 4—1, the 26 
modules showing the highest potential for cost savings, schedule 27 
savings, or both are: 

Reinforcxng Steel 29 
Structural Steel 31 
Polar Crane Suppoirts 33 
Pipe Modules 35 
Pipe Racks 37 

Some or all of these concepts should be implemented on a nuclear 39 
£lant during the construction phase to demonstrate the cost 41 
and/or schedule savings. Such implementation requires an early 42 
and continuing cocamitment during the engineering and design phase 43 
of the plant (s) . This is particularly important for the pipe and 44 
pipe rack modules since early design and procurement are 45 
necessary and a detailed scheduling analysis must be performed to 46 
maximize savings. 

Although the modules recommended for implementation could be 48 
utilized to some degree on any nuclear plant, the results of this 50 
study are most adaptable to plants utilizing the anniHus building 
and common mat concept. Such plants include the Greene County 52 
Nuclear Power Plant and Sundesert Nuclear Power Plant (two units) 53 
currently under design by the Power Authority of the State of New 54 
York and San Diego Gas and Electric Ccanpany, respectively. 55 

To fully evaliaate the practicability and desircibility of the 57 
identified preassembly modules and recommend a basis for 58 
application to a new nuclear power plant, the Sundesert Nuclear 
Plant £resently planned for southern California has been 59 
identified for possible in^ilementation of modilLar construction 60 
techniques- The program has been modified to include evalxiation 61 
of the most promising areas for modular consideration based on 62 
± e level of the Sundesert Project engineering design completion 

4-1 



12825-107 07/20/77 145 

and the feasibility of their incorporation into the plant 63 
oonstruction effort. Thxs evaluatlcm will develop for the 64 
Sundesert Nuclear Plant draicLngs, erection sequences, and models 
for the modular construcrtian of the mat reinforcing and liners in 65 
the Containment/Annulus Building. Conclusions regaicding the 66 
feasibility and application of mat reinforcing and liners, 
recommended subsequent phases for implementation in the Sundesert 67 
Plant and a generic application of these modules to other plant 68 
designs including those by other arcbitect/engineers will be 69 
developed. A final report supplement wxll be prepared for the 70 
Sundesert evaluation. 

Similar evaluations of application of other modules with 72 
potential for high cost savings, schedule savings, or both should 73 
be initiated. Pending favorable conclusions from these 74 
evaluations, d«nonstrations of the most promising modixlar 75 
concepts should be arranged during the design and construction 
phases. 
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TABLE 4-1 

SUMMARY OF COST AND SCHEDULE SAVINGS 

14 

lb 

Cost Critical Path 

Module 

Reinforcxng Steel 

Structural Steel 

Polar Crane Supports 

Piping* 

Pipe Racks 

4>-

,' Lxner .s 

Containment 

IfMel Related* 

Skid Mounted* 
StUD^tS 

Ueminerai izer & 
f i l t e r s 

Condesiser* 

Tanks 

Non-Seismic* 
Cable Trays 

Cable I n s t a l l a t i o n 

Discussxon 
Section 

3.2.1 

3.2.3 

3.2.5 

3.3.4 

3.3.5 

3.2.4 

3.3.1 

Savings 
(Dollars) » 

1,099,000 

574,000 

0 

3,000,000 
to 

6,000,000 

675,000 
to 

975,000 

Dndetermi ued 

470,000 

9,100 

195,000 

Schedule 
Savings 

21 weeks 

0 

5 weeks 

16 weeks 

Included in 
piping 

1 day (minimum) 

0 

0 

0 

Rpoommenriat i on s 

Use 

Use 

Ose 

Use 

Use 

Use 

Use 

Use 

Use 

3 .3 .2 

3 .3 .3 

3 .4 .1 

3 .4 .2 

t o 
275,000 

See resuxks. 

25,000 
t o 

109,000 

340,000 

535,000 

See remarics. Use on case-by-
case basis. 

Use on case-by-
case basis. 

Use 

Use 

Remarks 

cost savings greater if 
precast concrete modixLes 
cure not used. 

Detailed schedule 
juialysis reqixired. 

Detailed schedvile 
analysis regixxred in 
c»njunction with piping. 

1 of 2 

Site-related. Requires 
bids for evaluation. 

Requires bids tor 
evaluation. 

Additional detailed 
design reqixxred. 

Additional detailed 
design and 
reliability analysis 
required. 

19 
20 
21 

23 
24 
25 

27 

29 

31 
32 
33 

35 
36 
37 

39 

41 

43 

45 

47 

49 
50 
51 

53 
54 

56 
57 
58 

bO 
6'; 

64 

6 7 
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TABLE 4-1 (CONT) 

Module 

Precast Concrete 

Skid ^iounted 

Moxsture-Separator 
Reheater 

Conpressed Air System* 

Feedwater Puin>/Turbine* 

Cbndensate Polishing* 
Coaponents 

Dxscussxon 
Section 

3.2.2 

Cost 
Savings 
(Dollarsi * 

3,100,000 

3.3.1 

Critical Path 
Schedule 
Savings 

2 weeks 

Recommendations Renarks 

Future consideration Requires NRC review 
See remarks. 

4,400 

3,600 

82,500 

0 

0 

0 

0 

0 

Not recommended. 

Not recoomtended. 

Not reoQOBnended. 

No reccHonended 

70 
71 

73 

75 
76 

78 

Only one manufacturer. 80 

Already modularized to 82 
maYJmiM extent feasible. 83 

I 
4>-

IDollars represent total oonstructicm costs with 
present day at Harcfa 1, 1976. 
*0££site fabrication may be feasiole. 
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2. SUMMARY 

Preliminary criteria (Section 3.1) developed included road, rail, 
and barge size and wight limitations for establishing a basis for 
shop versus field fabrication. In addition, modules identified 
in Phase I for further evaluation during Phase II had to meet one 
of the following criteria: 

Savings of $50,000 

Savings of 5 percent (minimum) of material or labor costs 
based on previous jobs. 

Savings of one day on the critical path 

In some instances modularization is feasible, but insufficient 
information has been developed to establish definitely whether 
one or more of these criteria has been met. These cases are 
included for further study under Phase II. At that time, they 
will be either eliminated or retained, depending upon their 
conformance to the criteria. 

The review of P&IDs required knowledge of the location of the 
equipment, piping, and valves in the various structures. 
Therefore, the results of this effort are reflected in 
Section 3.3 for each building. Examples of potential modules 
identified during this review included skid-moimting of various 
diesel generator auxiliary components and instrument and service 
air system components in the diesel generator building and 
turbine building, respectively. 

The major effort during Phase I of this study involved the review 
of general arrangement drawings (Sections 3.2 and 3.3) by all 
engineering disciplines and construction personnel. Examples of 
modules identified during this review included reinforcing steel 
modules for the containment/annulus mat and reactor cavity shield 
wall, fuel pool and refueling cavity liners, shop tubing and 
fabrication of the main condenser and piping modules. 

Section 4 summarizes the concepts for modularization identified 
in Phase I that will be evaluated in more detail during Phase II. 

The il^pendixes to this report include copies of all general 
arrangement drawings and P&IDs from SWESSAR-^1 that were reviewed 
dui-ing Phase I of the study. 

Although several Stone & Nebster proprietary drawings were also 
utilized during Phase I of this study, only the specific drawings 
requested by iSRDA will be furnished upon request and then, only 
in accordance with the proprietary provisions of letter contract 
No. E(11-l)-4039. 
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3- ANALYSIS 

3.1 Preliminary Criteria 

3.1.1 Savings Criteria 

To establish a basis for evaluating various modularization 
concepts, the following savings criteria were established. 

Savings Criterion 1 - Savings of $50,000. 

Savings Criterion 2 — Savings of 5 percent (minimum) ot 
material or labor costs based on previous nuclear jobs. 

Savings Criterion 3 - Savings of one day ot critical path 
construction time. 

The interpretation of Savings Criteria 1 and 2 are straight
forward. To meet Savings Criterion 3, two definitions are used. 
First, any module of systems, components, oar structures known or 
assumed to be on the critical path that oould decrease the in-
place erection time by one day is considered an adequate basis. 
Second, any module of systems, ccMnponents, or structures which 
would delay in-place construction time by one day and allow some 
otner critical patb activity to be performed, or the area used 
for scune other critical purpose, is also considered an adequate 
basis. For example, it could be assumed that the annulus 
building is on the critical path and that precasting floor slabs 
in this building %#ould cost approximately the same as pouring 
thea in place. By precasting the floor slabs, however, in-place 
erection time is substantially reduced, thereby saving critical 
path schedule time in the erection sequence. 

3.1-2 Weight and Size Limitations 

The following weight and size limitations were developed for 
determining whether module fabrication could take place in the 
shop or in the field. Shop fabrication guidelines have both 
weight and size limitations. Field fabrication guidelines have 
only weight limitations. 

Envelope A mcludea shop fabricated assemblies that meet the 
weight and size limitations for road and rail. These are 
described in Table 3.1.2. Two road limitations are given. 
The second is for oversize loads and requires a permit. Two 
or more of these shop assemblies could be combined in the 
field before installation. 
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Envelope B included slx>p fabricated assemblies that meet the 
weight cuui size limitations of baurges used on most inland 
watemrays. These are also described in Table 3.1.2. Note 
that not all sites have navigable water access. 

Envelope C included shop fabricated assemblies that fall 
within the envelope required for the movement of the reactor 
pressure vessel and reactor vessel support structure. This 
is described in Table 3.1.2. Special provisions and plans 
are required for these types of moves. Assemblies falling 
within this envelope were carefully reviewed because of the 
problems involved. 

Envelope D includes field-fabricated assemblies that can be 
moved and installed with normal construction equipment. This 
is described in Table 3.1.2. 

The tieight and size limitations described axe a general guide 
only. Exceptions coula be taken to these liioitatians for any 
given modularization concept investigated if warranted. 
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TABLE A3.1.2 

SHOP AND FIELD LIMITATIONS 

Envelope A 

Road 

No Permit 

Height of Load (Using "Lowboy") 10•-6" 
Width of Load 8»-0* 

Length of Load 
Net Weight 

50»-0" 
20 Tons 

Permit 

11"-b-
10'-O"(may go to 

16 ft in 
some states) 

50'-O* 
30 Tons 

Note: These limitations vary between states and between 
interstate and state highways. 

Rail 

Height of Load 
Width of Load 
Length of Load 
Net Weight 

Normal 

1V-0" 
10'-S" 
60'-O" 

125-200 tons 

Special 

13»-0" 
12'-O" 
60'-0" 
300 tons 

Envelope B 

Barge - Inland Waterway 

Width 
Length 
Net Weight 

30»-0" 
180»-0" 
1,000 tons 

JeJivelope C 

Height 
Width 
Length 
Net weight 

21'-b* 
21»-0" 
100'-O" 
500 tons 

of 2 
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TABLE A3.1.2 (CONT) 

Envelope D - Field Fcdarication 

Inside Containment Structure 500 tons (polcir crane 
capacity) 

Other Structures 

Group 1 - using one or two 
crawler crcuies as guyed derricks 240 tons/crane 

Group 2 - using crawler 
transporters and jacks 1,000 tons 

2 of 2 
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3.2 Modularization Concepts Generally Applicable to All 
Structures 

Ttiis section discusses soiae general conclusions on the use ot 
various concepts or techniques applicable to most structures. 

3.2.1 Construction of Concrete Structiures 

For the containment and annulus buildings, the placement o± 
concrete is a critical path activity. Time for concrete 
placement can be reduced by using some form ot precast or 
prestressed concrete. However, the use of precast and 
prestressed concrete in Seismic Categoiry I structures poses some 
additional design considerations since they are usually heavily 
reinforced concrete structures that require complete structural 
continuity to carry large loads. 

The use of precast concrete modules emd connections between these 
elements must maintain continuity of the structture. Commercial 
type welded connections are considered incapable of providing the 
necessary strength and continuity and still be economical. The 
capability of these types of connections to stop postulated 
tornado missiles is not well understood or docvunented. It is 
concluded, therefore, that precast concrete elements should be 
used in conjunction with cast in-place concrete clostore pours. 
The size of these pours will be based on the length of the 
reinforcing steel splices recjuired to maintain structural 
continuity. With this type of construction technique, the 
closure pour should completely fill the void in the enclosed 
form. Some type of grouting may be required. 

Use of prestressed concrete in Seismic Category I structures has 
been previously limited to containment structure shells in light 
water reactor plants. In-service inspection is required for 
these types of structures. If prestressed concrete were used in 
other Seismic Category I structures, it is likely that regulatory 
agencies would establish in-service inspection procedtures for 
these structures as well. This would negate any economic 
advantage of prestressed concrete. 

Nuclear power plant structures do not normally contain several 
repeatable concrete elements of the same size. Therefore, the 
economic advantctge of manufacturing similar precast concrete 
elements is not the same as in many commercial buildings. The 
advantage of precasting is the shortened in-place construction 
schedtile time required to erect the structure. When these 
activities ctre on the critical path, there is the potential of 
decreasing the duration of the constrxiction schedule, thus 
meeting Savings Criterion 3 (Section 3.1). 

Specific applications of precast concrete in various structures 
are discussed in Section 3.3. 
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3.2.2 Field Shop Welding of Large Secrments of Piping 

Modularization of piping could be accomplished by three methods. 

1. Fabricating piping subassemblies larger and more complex 
than utilized previously. 

2. Fabricating modules of piping-component combinations 
prior to building installation (Section 3.2.3). 

3. Fabricating total cubicle modules with piping and 
components prior to installation. 

For the ptarposes of this sttidy, all the above methods were 
consiaered practical depending on the area of concern. Savings 
in man-hours were based on the following asstmiptions: 

1. Fully equipped piping fabrication shop onsite 

2. Availability of two 250 ton mobile cranes. 

3. Material available aS required 

4. Walls or slabs erected above working levels after 
modules are installed. 

A large percentage of the man-hours for field welding and piping 
installation could be saved. The reasons for these savings are 
small diameter pipe bending in the shop, welding operations tinder 
shop type conditions, more efficient material control, and 
assembly line efficiency. In addition, a stibstantial decrease in 
weld rejection and rework should be possible, a savings which is 
difficult to quantify, but which has historically required a 
large number of man-hotu:s. Use of these modularization 
techniques meet one or more of the three savings criteria of 
Section 3.1. 

3,2.3 Skid-Motuiting of Equipment and Closely Associated 
Piping and Valves 

Skid^notinting two or more pieces as a unit with associated 
interconnected piping, valves, and instrumentation, or skid-
mo tinting one large piece with closely associated piping, valves, 
and instrtsnentation can produce cost advantages. The advantages 
of skid-mounting equipment are twofold. First, modules can be 
assembled for lower cost in the shop because of savings in shop 
vs field welding (Savings Criteria 1 or 2 ) , although additional 
material costs would offset some of the savings. Secondly, the 
installation of many pieces of equipment can be on the critical 
path. Skid-raovmting can provide schedule savings in many 
instances (Savings Criterion 3 ) . 
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The details of various skid-mounting concepts are discussed n̂ 
Section 3.3 tinder each building evaluated. 

3.2.4 Cable Ptillinq 

Although not specifically a modularization technique, cabit-
pulling operations in nuclear plant construction currently 
require 0.025 to 0.04 man-hours per linear foot of installed 
cable. New methods could possibly be developed and evaluated to 
reduce total mem-hours required for cable installation. Such 
methods cotiLd permit a larger group to be pulled without 
exceeding existing tension limits. Savings Criteria 1 or 2 could 
be met. 
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3.3 BUILDINGS OR AREAS 

3.3.1 Containment 

3.3.1.1 General 

The applicable SWESSAR P&IDs (Appendix A) and the containment 
general arrangement drawings from Appendix B (Fig. 1.2—3) were 
reviewed for modularization concepts. Where available, 
proprietary structural, piping, electrical, HVAC, and composite 
drawings were also consulted. The results are discussed in 
Sections 3.3.1.2 through 3.3.1.4. 

3.3.1.2 Modulcurization Concepts for Phase II Evaluation (Table 

3.3.1.2.1 Containment Shell 

Tiie reinforcing steel in the shell could be made into cages and 
installed before placing the concrete. The containment erection 
procedtire could be as follows: 

1. Install liner modtiles (Section 3.3.1.2.6). 

2. Install inner face reinforcing steel modules. 

3. Attach anchor studs to liner. 

4. Install outer face reinforcing steel modules. 

5. Install outer face diagonal reinforcing steel and 
outermost layer of hoop reinforcing steel in individual 

bcLTS. 

6. Complete form work. 

7. Place concrete. 
The largest reinforcing steel module would be approximately 60 ft 
long (arc length) and 70 ft high, weighing 100 tons. The inner 
face modules wotild include all the hoop bars and vertical bars. 
TSie outer face modules would include the two layers of vertical 
bars and one layer of hoop bars. Modules would be prefabricated 
at the jobsite. 

This reinforcing steel modularization concept meets Savings 
Criterion 1. 
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3.3.1.2.2 Containment/Anntiltis Btiilding Mat 

One of the most promising areas for modlarization is the 
reinforcing steel in the contalnment/einnulus building coramcr. 
concrete mat. The reinforcement ccm be preassembled intc 
segments weighing from 65 to 145tons. Approximately 50 modules 
would be made, of vAiich 30 are critical to the installation 
schedule. Module assembly would begin during the excavation 
activities, allowing modvtles to be completed before they are 
required to be installed. After the excavation is complete, 
installation of the bottom layer reinforcing steel moduleswoulo 

start, followed by the top layer. Paralleling these activities allows 
for significant savings on the critical path meeting Savings 
Criterion 3. 

3.3.1.2.3 Containment Internal Structture 

Reinforcing steel could be modularized by making cages out of the 
reinforcing steel on each face of the wall. The largest steel 
module would weigh approximately 85 tons. This reinforcing steel 
module meets Savings Criterion 3. 

3.3.1.2.4 Polar Crane Supporting Structtires 

•nie polcu: crane support structtire comprises the creuie rtinway 
girder, the vertical steel frame supporting the girder from the 
operating floor, and the horizontal truss support of the crane 
runway near the bend line. The crane stipport girder could be 
modularized into 60 ft segments weighing approximately 150 tons 
apiece which could be welded together in place. The vertical 
steel frame and the horizontal steel truss could also be 
modularized into large tmits weighing about 150 tons. 

Since the polar crane is tised to install the NSSS equipment, the 
installation of the steel structure would save time on the 
critical path, thtis meeting Savings Criterion 3. 

3.3.1.2.5 Miscellaneous Structures, Shield Walls, Elevator 
Shafts, Etc. 

Miscellaneous structures, such as shield walls or elevator 
shafts, cotild be modularized by the use of precast concrete 
panels or prefeibricated structtiral frames. Maximum module 
weights would be less than 100 tons. Although these items are 
not on the critical path, delaying the construction of these 
items cotild provide more access inside the containment, thus 
facilitating other critical path constmction and meeting Savings 
Criterion 3. 
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3.3.1.2.6 Containment Liner 

It could be possible to prefabricate on the jobsite large 
cylindrical modules of the containment liner weighing 
approximately 140 to 170 tons. Following the placement of the 
itkit liner plate, the knuckle plate, and a small portion of the 
shell liner, the remaining portion of the wall section 
(approximately 160 ft) could be set in four to six stibassemblies. 
•Rie dome can be installed in about three subassemblies. The 
modules would be lifted from the bottom with spider shaped 
assemblies of stmictural steel members to keep the shape of the 
section circular. The anchor studs would not be attached to the 
liner tmtil the inside face reinforcing steel (Section 3.3,1.2.1) 
module is in place. 

Labor costs of fabricating the liner plates in modules outside 
the containment area should be less than the handling of 
individual plates amd erecting them in place. Contributing 
factors to reduced labor costs include less handling time, 
reduced welding time, better qtoality control, and easier repair 
of welds when required. Additional costs of handling large 
modules would offset some of this savings. Liner modularization 
meets Savings Criteria 1 and 3. 

3.3.1.2.7 Refueling Cavity Liner 

The refueling cavity liner has a conplex geometry. 
Modularization cotild require several modules. The liner could be 
fabricated at the jobsite or at the factory depending upon the 
site conditions, transportation facilities, and the fabricator. 
Maximum module weights viould be about 15 tons. Modularization of 
the refueling cavity liner meets Savings Criterion 3. 

3.3.1.2.8 Piping Modules 

Specific piping modules reoommended for fvurther evaluation dtiring 
Phase II are given in Table 4.1. 

3.3.1.3 Existing Modular ligation Concepts (Table 3.3.1.1) 

Stone & Webster "s ctirrent practice is to prefabricate the entire 
reactor vessel support structure in one piece prior to 
installation. 

Other portions of the NSSS support system are provided by the 
NSSS Vendor. These supports are comprised of very large 
strxictural members and snubbers that are already modtilarized. 

Variotis skid-mounted modules such as the charcoal filter train, 
fans euid motors for the containment atmosphere filtration system. 
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the air handling tinits for the containment purge system, and th? 
contaiiunent atmospheric recirculation system and water chiller-
are already modularized. 

3.3.1.4 Rejected Modularization Concepts (Table 3.3,1.2) 

It is not feasible to modularize the containment shell and the 
dome through the use of precast concrete panels, since the high 
density of reinforcing steel and required structural continuity 
make it impractical. 

The containment internal stmicture is comprised of 4 ft thick 
walls that are heavily reinforced. The reinforcing steel must be 
continuous and the walls contain a large number of embeciments. 
Therefore, the internal structure cubicles, slabs, and the 
primairy shield wall are not suitable for modularization by the 
use of precast concrete. 

In certain ctibicles such as the residual heat removal (RHR) 
cubicles in the design utilizing the Westinghouse 3,800 MWt NSSS 
design, all the piping, the heat exchanger, and the controls 
could possibly be modularized by supporting them from a self-
standing structural steel frame as shown in Fig. 3.3.1.4. The 
steel frame, which would form part of the permanent support 
system, could be built at a fabricating shop on the site with the 
equipment and piping placed inside. The entire module could then 
be lifted into place and the concrete shield wall attached to the 
structural steel support to form the permanent structure. Piping 
(x>uld then be welded to interfacing piping. This type 
modtilarization is not deemed feasible, however, because the 
modules wotild become too large to handle and connections to 
concrete structures which have to withstand very large loads and 
be continuotis are not practical. In addition, such modules would 
recjuire significant redesign of the existing containment internal 
structure. 

Boiling water reactors have been fabricated with reactor vessel 
internals installed in the shop. Such a technique does not 
appear to be feasible, however, for presstirized water reactors 
based on the design of the internals structural configuration. 
The only feasible way this could be achieved would be for the 
NSSS Vendors to redesign the reactor vessel internals. 
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3.3.2 Annulus Building 

3.3.2.1 General 

The applicable SWESSAR P&IDs (Appendix A) and the annulus 
building general arrangement drawings from Appendix B (Figure 
1.2-4) were reviewed for modularization concepts. Where 
available proprietary structtiral, piping, electrical, HVAC, and 
composite drawings were also consulted. 

3.3.2.2 Modularization Concepts for, Phase II Evaluation(Table 4.2) 

3.3.2.2.1 Precast Concrete Modules 

In reviewing the construction secjuence of the anntilus buildinq, 
some areas appeared to lend themselves to the use of precast 
concrete more readily than others. For example walls requiring 
large ntimbers of penetrations do not since repeatability of 
panels is limited and should be potired in place. Those walls 
and slabs which show a potential for modularization using precast 
concrete are the exterior wall above El -25 ft-0 in., the outer 
interior circtimferential wall, flexor slabs for cubicles, floor 
slabs for the inner circtimf erential tunnels, and the roof slab. 

T^e use of precast wall and slab panels asstimes that the 
necessary fabrication shops, transporters, rigging, lifting, and 
tilt-t;^ capacities to handle panels weighing up to 300 tons will 
be available. These precast concrete modularization techniques 
meet Savings Criterion 3. 

3.3.2.2.1.1 Circtimferential Walls 

The exterior wall could be constructed utilizing precast wall 
panels alternating with cast-in-place wall sections such that all 
structtiral elements are tvio-way continuous. The cast-in-place 
sections would be approximately 7 ft wide. Figtire 3.3,2.2,1,1 
demonstrates this procedure. The exterior annulus building wall 
could be cast in place from El —51 ft (top of mat) to El -25 ft-
0 in. due to the complexity of the radial shear bars. No. 14 
vertical reinforcing bars which require Cadweld connections, and 
a heavy 4 ft wide concrete wall section. The first set of 
precast panels would be placed between El —18 ft-0 in. and El -
1 ft-6 in. with the 7 ft section below El —18 ft-0 in. cast in 
place after panel erection. There will be approximately fifteen 
290 ton, 58 ft long precast panels, each abutting a 7 ft cast-in-
place section on each side of the panel. Panels would be 
supported vertically by embedded wide-flanged beams and by 
horizontal wall braces prior to clostire pours. Similar precast 
panel construction would continue above El -1 ft-6 in. with 
allowances for cast-in-place closure potirs at each floor level 
and between eibutting panels. This method of precast panel 
construction would also be utilized for the construction of the 
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outeriTost interior circumferential wall. The amount o± openinq^ 
and penetration in this wall, however, diminishes the potentidi 
for panel replication. 

3.3.2.2.1.2 Roof and Floor Slabs 

As with precast concrete wall panels, precast concrete slabir-
recjuire closure pours to tie the slab to the wall and maintain 
the continuity of the structtire. Slabs would be set on concrete 
haunches potired with the wall. This technique is illustrated in 
Figures 3.3.2.2.1.2 A and B. 

Precast concrete floor slabs eliminate the requirement for 
structural steel and decking to stipport poured-in-place slabs. 
However, provisions would have to be made to embed a series ot 
plates in these slabs so that pipe hangers and cable trays could 
be supported. 

The maximtim precast concrete slab should weigh approximately 300 
tons. This slab modularization concept meets Savings 
Criterion 3. 

3 .3 .2 .2 .2 Ctibicle Floor Framing 

An alternative to precast concrete slabs is the preassembly of 
cubicle floor framing with metal decking for forms, reinrorcmg 
steel, pipe supports, ducts, etc, attached. This technique can 
only be used in ctibicles where the steel framing has adequate 
secondary members to stiffen the assembly sufficiently so that it 
can be lifted without distorting. Figure 3.3.2.2.2 depicts a 
floor framing module. The maximum weight of such a module would 
be approximately 50 tons. This technique meets Savings Criterion 
2 and 3 . 

3.3.2.2.3 Preassembly of Reinforcing Steel (Poured in place 
concrete) 

Reinforcing steel for concrete walls and slabs could be assembled 
in a yard area and erected as a trnit. Each face ot reinforcing 
would be preassembled separately. Savings in labor costs are 
realized by assembling the reinforcing steel cages on the ground 
instead of in the air, e.g., for a wall. The maximum weight of 
such a module would be approximately 7 tons. These modules meet 
Savings Criterion 2, 

3.3.2.2.4 Preassanbly of Sections of Pipe Racks With Pipes 
and Restraints 

Pipe racks in the radioactive pipe tunnel, the nonradioactive 
pipe tunnel, and for the chemical voltime and control system 
(CVCS) could be prefabricated end installed as units. Each unit 
would include structtiral steel for the pipe rack, pipes, and pipe 
supports. 
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The ntimber of modules would be limited primarily by size and not 
the weight of complete modules. The fewest field welds could be 
obtained with the letrgest possible module. For Phase I the 
breakdown of the radioactive pipe rack into quadrants was 
assumed. A typical section of a pipe rack module is shown in 
Figtire 3.3.2.2.4. 

Modules cotild be nearly 90 degrees in curvature, 130 ft across 
diagonally, and approximately 20 ft high. The estimated weight 
of the heaviest module is 75 tons with structtiral steel 
accotinting for 50 tons and piping 25 tons. Pipe sizes would 
range from 2 to 24 in. in diameter. 

Modularization of the pipe racks asstimes the availability of 
necessary materials anc labor to complete module assemblies 
before the expected installation date. Steel erection would 
begin outside the pipe fabrication shop while pipe lines are 
assembled in the shop. Pipes wotild be installed in each layer of 
the rack after steel beams for that layer are installed. 

These modules would recjuire a crrane with lifting capacity ot at 
least 100 tons at a 100 ft radius to allow the modules to be 
moved into position in the radioactive pipeway. A greater crane 
range or other means of transporting modules would be required to 
move the modules from the fabrication area into position tor the 
final lift. The rigging for lifting modules would have to 
support each coltimn in the rack to avoid placing bending loads m 
the frame structure. Once in place, modules could be bolted with 
erection bolts until all piping is fitted up. Approximately one 
day would be required for placement of each module. 

T5iis modularization technicjue meets all three savings criteria. 

3.3.2.2.5 Tanks 

All tanks could be fabricated in the field shop and lifted into 
place. This would include the atnciliary feedwater storage tank, 
the refueling water storage tank, the high level waste drain tank 
as well as the smaller tanks located throughout the building. 
The maximtim module weight would be approximately 50 tons. 
Savings Criterion 2 would be met. 

3.3.2.2.6 Piping Modules 

Specif ic piping modules recommended for ftirther evaluation dtiring 
Phase I I a re given in Table 4 . 2 . 

3 .3 .2 .2 .7 Skid-Motinted Equipment Modules 

Several skid-mounted equipment modules were identified as being 
acceptable for modularization as listed below. These skids would 
weigh less than 10 tons and are generally repeating type modules. 
Savings Criterion 2 should be met for these modules. 
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Ion exchangers with associated piping 

Demineralizer with connecting piping and valves 

Filter tinits with connecting piping and valves 

Stimp ptimps with ptimps, piping, and instrumentation 

3.3.2.2.8 Preassembly of Cable Trays 

The majority of cable trays are run in groups of five or more. 
Groups of trays, five high by 12 feet long, could be 
prefabricated with their associated supp)orts and installed as a 
module weighing a maximtim of 1 ton. This technique meets Savings 
Criterion 2. 

3.3.2.3 Existing Modularization Concepts (Table 3.3.2.1) 

Stairs and miscellaneous platforms are ctirrently fabricated in a 
field shop. This has the advantage of assembling steel elements 
on the grotind instead of up in the air. 

Sample area panels, coolers, valves, and water lines associated 
with this area are ctirrently modtilarized and skid-motinted by the 
manuf acttirer . 

The hydrogen recombiner is ctirrently skid-motinted with the 
cooler, heater, ixnd. associated piping and instrumentation by the 
manufacturer. 

Various HVAC system components and charcoal filter assemblies are 
already modularized. 

3.3.2.4 Rejected ModularizatJ.on Concepts (Table 3.3.2.2) 

3.3.2.4.1 Preassembly of Reinforcing Cages with Both 
Faces of Reinforcing 

There is only a slight cost advantage in tying two faces of re
inforcing and lifting them as a unit compared to 
preassembling just one face. The additional design required to 
prevent the two faces from "racking" negates the cost savings. 

3.3.2.4.2 Precast Concrete Labyrinths 

Many cnibicles in the annulus building are radioactive. The 
entrances to these cnibicles are protected by concrete labyrinths 
to prevent radiation streaming. Although labyrinths could be 
precast, no potential savings could be identified. 
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3.3.2.4.3 Precast Concrete T-Beams to Support Floor Slabs 

•niis concept considers replacing the majority of the structtiral 
steel floor framing with precast concrete T-beams. These T-beams 
would ftincticm in a manner similar to the steel floor framing and 
decking. They %«otild act as a form for the slab and support all 
permanent vertical loads. However, the T-beams were fotind to be 
more costly than the structtiral steel, and therefore, not 
acceptable. No schedule savings could be identified. 

3 . 3 . 2 . 4 . 4 Skid-Motinted Equipment Modules 

The distillate pump, distillate cooler, evaporator condenser, and 
distillate tank cotild be modularized along with their 
interconnecting piping and all placed at one elevation. This 
module was not acceptcUsle since it would require major 
rearrangement of equipment and piping. Potential cost savings 
were also inadequate to justify this module. 

Other skid-motinted modules which could not be economically 
justified were: 

Redtindant components of the same system 

Auxiliary condensate ptimps 

Auxiliary feedwater ptimps 

Boron thermal regeneration system, chiller tank, chiller 
pumps, and surge tank 

Flash tank, ptimp, and piping 

Ammonia and hycirazine equipment for steam generator chemical 
feed 

The ccxnponent c(x>ling water surge tcmk with piping and 
instrtimentation 

Containment spray ptnap and piping 

Unit coolers including fans, pipe connections, and supports 

HVAC systems 

Portions of the control rod drive cooling system 

Low level waste ptinps, piping, and valves 

Evaporator condenser and connecting piping 

Refueling water chemic:al addition tank, ptimp, and piping 

Component cooling water ptmps and suction and discharge 
piping 
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3.3.3 Fuel Building 

3.3.3.1 General 

The applicable SWESSAR PSIDs (Appendix A) and the fuel building 
general arrangement drawings from Appenciix B (Fig. 1.2—8) were 
reviewed for modtilarization concepts. Where available, 
proprietary structural, piping, electrical, HVAC, and composite 
drawings were also consulted. Results are disctissed in 
Sections 3.3.3.2 through 3.3.3.4. 

3.3.3.2 Modtilarization Concepts for Phase II Evaluation 
(Table 4.3) 

The liners in the fuel transfer canal, spent fuel pool, and the 
new fuel pool can be effectively modularized. Each of these 
liners can be installed in one piece or the walls or the floor 
portions cotild be installed separately. The liner cx)uld be 
fabricated either at the fabricator's shop or at the jobsite 
depending upon the site location and the fabrication contractor. 
The approximate weight of such a module would be 50 tons. The 
primary considerations for liner modtilarization, however, would 
generally be the size and method of transportation. 
Modularization of the liners meets Savings Criterion 1. 

Piping modules have not yet been specifically identified. This 
will be accomplished dtiring Phase II. 

The fuel pool purification system demineralizers and filters 
could be preassembled at the factory. The maximtim weight should 
be less than 3 tons, and would meet Savings Criterion 1. 

3.3.3.3 Existing Modularization Concepts (Table 3.3.3.1) 

The fuel racks which are provicSed in the fuel pcxils are already 
modularized. 

3.3.3.4 Rejected Modularization Concepts (Table 3.3.3.2) 

The structural aspects of the fuel building were reviewed for the 
tise of prestressed or precast configurations. No significant 
savings were identified. 

The fuel handling crane can be assembled at the jobsite before 
installation. The frame support rtinway girders and their 
structtiral support could also be prefabricated. No savings were 
identified. 
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3.3.4 Solid Waste and Decontamination Btiilding 

3.3.4.1 General 

The applicable SWESSAR P&IDs (Appendix A) and the solid waste and 
decontamination building general arrangement drawings from 
Appendix B (Fig* 1.2—9) were reviewed for modularization 
concepts. Where available, proprietary structtiral, piping, 
electrical, HVAC, and composite c3rawings were also consulted. 
Results are discussed in Sections 3.3.4.2 through 3.3.4.4. 

3.3.4.2 Modularization Concepts for Phase II Evaluation 
(Table 4.4) 

Demineralizers are located in adjacent shielded cubicles. Their 
respective process lines and valves are located in separate 
shielded ctibicles below the demineralizers. This arrangement 
lends itself to preassembling of the demineralizer and piping in 
the demineralizer cnibicle and the preassembly of the process 
piping and valves in the ctibicles below. Such modules could be 
installed with a minimtim of field welds. Normally these cubicles 
have limited access during construction. Any decrease in the 
ntimber of field welds should reducae welding man-hours and 
increase weld quality. Such modtiles would weigh approximately 
3 tons. Savings Criterion 2 would be met using this concept. 

3.3.4.3 Existing Modularization Concepts (Table 3.3.4.1) 

The waste forwarding pump, waste sludge tank strainer, spent 
resin dewatering ptimp, and the process mixer are all located in 
one area, interconnecrted, and already skid-motinted. 

The urea-formaldehyde pun^s and the catalyst pump piping are also 
a skid-motinted module. 

Electrical eqtiipment such as control panels and motor control 
centers consist of cabinets cUid are preassembled in modules prior 
to intallation. 

3.3.4.4 Rejected Modularization Concepts (Table 3.3.4.2) 

Since many of the walls in this btiilding are for shielding and 
not structural support, they cotild possibly be modularized. No 
savings were identified, however. 

Modularization of the laun<ary distillate tank, pump, and piping 
on one skid is possible. However, the arrangement is a function 
of the Vendor's standard design and potential cost savings are 
not adeqtiate to justify ftirther study. 
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Small radioactive ptimps such as the boron test tank pumps and 
waste test tank ptimps oould be skid-motinted with their piping 
preassembled; however, no saving were identified. 
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3 . 3 . 5 Turbine Building 

3.3.5.1 General 

The applicable SWESSAR P&IDs (Appendix A) and the ttirbine 
building general arrangement drawings frcam Appendix B (Fig. 1.2-
7) were reviewed for modularization concepts. Where available, 
proprietary strucrtural, piping, electrical, HVAC, and composite 
drawings were also constilted. The results are discnissed in 
Sections 3.3.5.2 through 3.3.5.4. 

3.3.5.2 Modularization Concepts for Phase II Evaluation (Table 4.5) 

3.3.5.2.1 Precast Concrete 

Potindation piers and grade beams could be precast, set in place 
v^en the schedule requires, and joined to previously placed 
concrete or other modules by cast in-place clostire potirs. A 
typical detail is sketched in Fig. 3.3.5.2.1. 

Walls in the pits below grade, shield walls around the condensate 
polishing area and fire walls adjacent to the normal switchgear 
building could also be precast and joined together by cast in-
place clostire pours. 

Where cast in-place concrete is used, reinforcing steel modules 
could be prepared in advance and inserted in place when needed. 

The maximum weight of any precast module would be approximately 
150 tons. All the above precast techniques have a potential for 
meeting Savings Criterion 3. By decreasing the total time 
recjuired to construct the turbine building, the start of 
construction can be delayed, thtxs allowing critical path work in 
the annulus building to proceed at a more efficient pace. 

3.3.5.2.2 Structtiral Steel Framework and Trusses 

The rcxjf framing steel for the condensate polishing area could be 
preassembled. In this area, pipe supports could be attached to 
the roof framing steel prior to its placement. In addition, the 
roof metal decking could be preinstalled on the framing steel, 

Strucrtural steel fcxir systems with metal decking, reinforcing, 
and possibly drain piping could be preassembled and lifted into 
place in bays. 

The maximtim weight of any such modules would be approximately 60 
tons. The above structtiral steel concepts meet Savings 
Criterion 3. 

3.3.5.2.3 Main Condenser 

Shop fabrication and ttibing of the main condenser allow for 
significant time and dollar savings. Large sections of the 
condenser would be assembled in the Vendor's shop for rail or 
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kvj.rge shipment to the site. The sections can then be installed 
with the overhead turbine room crane directly in place between 
the pedestal legs or, if early setting of ttirbine ecjuipment is 
necessary, sections can be assembled and the condenser skidded 
into position. The maximtim weight of secrtions would be 250 tons. 
Savings Criteria 1, 2, and 3 could be met using this concept. 

3.3.5.2.4 Piping Modules 

Specific piping modules recommended for ftirther evaluation during 
Phase II are given in Table 4.5. 

3 .3 .5 .2 .5 Skid-Mounted Eguipment 

3 .3 .5 .2 .5 .1 Compressed Air EguiiJnent 

The compressed air system located at ground grade consisting of 
three air compressors, three aftercoolers, three air receivers, 
and dryer could be skid-motinted prior to installation with 
connecting piping on either one large skid or several small 
skids. Such skids could be moved in place by sliding them 
between the turbine building coltxnns. The maximtim weight of such 
modules would be approximately 5 tons. Savings Criterion 2 would 
be met using this concept. 

3 .3 .5 .3 .5 .2 Condensate Pol ishing Ecfuipment 

Equipment in the condensate polishing system consisting of 
repetitive water treating types of equipment could be 
preassembled on large skids with tanks, ptimps, piping, and valves 
set in the condensate polishing area prior to placement of the 
exterior concrete walls. There would be approximately 24 modules 
in all. The maximum weight of any module would be approximately 
15 tons. This technique meets Savings Criterion 2. 

3.3.5.2.5.3 Ttirbine Generator Equipment 

Potir moisture separator reheaters (two on each side of the 
turbine) have the potential for modularization. These modules 
would include the drain tanks for the moisttire separator and 
reheater and drain piping. Such modules would weigh 
approximately 75 tons. Savings Criterion 2 would be met using 
this concept. 

3 .3 .5 .2 .5 .4 Other Skid-Motmted Egvtipment 

The main feedwater ptimp, with turbine, could be skid-motinted with 
its associated support systems, such as Itibricating oil, steam 
seal, control oil, steam admission, valves, etc. The maximtim 
weight of any given module wotild be approximately 65 tons. 
Savings Criterion 2 would be met by utilizing these concepts. 



3.3.5.2.6 Preassembly of Cable Trays 

The majority of cable trays are run in groups of five or more. 
Groups of trays, five high by 12 ft long, could be prefabricated 
with their associated supports and installed as a mocSule weighing 
less than 1 ton. This technique meets Savings Criterion 2, 

3.3.5.3 Existing Modularization Concepts (Table 3.3.5.1) 

Stair towers are currently preassembled and lifted into the 
concrete shell that surrounds the stairs. 

Turbine building rcx>f trusses are assembled on the ground with 
cables and lighting already attaclied. The assembled trusses are 
lifted to the top of the building and attached to the wall 
framework. 

The majority of the equipment ptirchased with the ttirbine-
generator is already provided in modularized form. These 
typically include the electrohydraulic reservoir, lube oil 
reservoir with puiips, hydrogen seal oil tinit, and stator winding 
liquid cxx>ling unit. 

Ltibricating oil conditioner and carbon dioxide storage and 
vaporizing units are also provided in mcxSularized forms. 

In addition, much of the HVAC equipment is already provided in 
modularized form. 

3.3.5.4 Rejecrted Modularization Concepts (Table 3.3.5.2) 

Modularization of the condenser tube cleaning equipment, 
auxiliary condensate ptm^s, condenser air removal ptin̂ s, steam 
jet air ejectors, and vacuum priming pumps could also be 
modularized to some ciegree. These concepts are so insignificant 
that potential savings are considered negligible. 
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.>. :$.. C Control Buildinq 

3.i. 6 -1 General 

I'lifc applicable SW53SAA P&IDs (Appendix A> and the control 
building general arrangement drawings from Appendix B 
(Figtire 1.2—5) were reviewed for modularization concepts. Where 
available, proprietary strucrtural, piping, electrical, HVAC, and 
composite drawings were also consulted. The restilts are 
discussed in Sections 3.3.6.2 through 3.3.6.4. 

3.3.6.2 Modtilarization Concepts for Phase II Evaluation (Table 4.6) 

Most of the concrete wall sections and slabs could be precast 
tising techniques such as those outlined in the discussion on the 
annulus building (Section 3.3.2) . The maximtim weight of any such 
module would be approximately 200 tons. Savings Criterion 3 
would be met using this concept. By precasting, the start of 
construction can be delayed allowing critical path work in the 
annulus building to proceed at a faster pace. 

As an alternative to the above, prefabricated bays consisting of 
structtiral steel metal decking and reinforcing steel attached 
could be utilized. The maximtim weight of any given module would 
be approximately 50 tons. The use of this mociularization concept 
would meet Savings Criterion 3. 

Chilled water piping subassemblies weighing less than 1 ton and 
meeting Savings Criterion 2 could be provided. 

Prefabrication of cable trays in the spreading areas and 
electrical ttinnels could also be accomplished. The maximum 
weight of any such module would be approximately 1 ton. Savings 
Criteria 1 and 2 would be met utilizing this concept. 

3.3.6.3 Existing Modularization Concepts (Table 3.3.6.1) 

Electrical switchgear, control boards and panels, motor control 
centers, and stibstations are already modularized. 

Air conditioning units, charcoal filter assemblies, chillers, 
ventilation units, and fans are also modularized. 

3.3.6.4 Rejected Modularization Concrepts (Table 3.3.6.2) 

Preassembly of batteries, racks, and connectors could be 
provided. The maximum weight of such modules would be 
approximately 4 tons. This concept was rejected due to potential 
damage to the batteries. 

Prefabrication of each switchgear rocjm using steel instead of 
concrete construction with equipment installed and prewired was 
evaluated. Each mcxiule could be moved into place similar to 
e'̂ hniques now us€»d in the shipbuilding industry. Since no 
.. û . Ciuiicixa cxjuio i.j«̂  ne-c, this r-oncei v. was rejected. 
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3.3.7 Diesel Generator Building 

3.3.7.1 General 

O^e applicable SWESSAR P&IDs (Appendix A) and the diesel 
generator building general arrangement drawings from Appendix B 
(Figtire 1.2-6) were reviewed for modularization concepts. Where 
available, proprietary structural, piping, electrical, HVAC, and 
composite (drawings were also consulted. The results are 
ciiscussed in Sections 3.3.7,2 through 3.3.7.4. 

3.3.7.2 Modularization Concepts for Phase II Evaluation 
(Table 4.7) 

Precasting of the diesel generator building and fuel oil storage 
tank vault walls and rcx>f slabs oould be achieved. The maximtim 
weight of any given module %40uld be approximately 150 tons. 
Savings Criterion 3 would be met using this modularization 
technique. 

Skid-motinting of the air start system could be achieved. 
Interconnecrt:ing piping/between variotis components is frequently 
complex. Therefore, the design and labor involved should benefit 
by such preassembly. Savings Criterion 1 should be met tising 
this technique. 

TSie comlnistion air intake system, including the air silencer, 
ducts, and stipports could be prefabricated. The maximum weight 
would be approximately 4 tons. Savings Criterion 1 or 2 wotild be 
met. 

3.3.7.3 Existing Modtilarization Concepts (Table 3.3.7.1) 

•Hie diesel generator and atixiliary systems are s kid-mounted. 

3.3.7.4 Rejected Modularization Concepts (Table 3.3.7.2) 

Modularization of the exhaust system, including the muffler, and 
the ventilation air systems were evaluated. No significant cost 
savings could be identified. 
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3.3.8 Normal Switchgear Btiilding 

3 .3-8.1 General 

The applicable SWESSAR PSIDs (Impendix A) and the normal 
switchgear building general currangement drawings from Appendix B 
(Figtire 1.2—2) were reviewed for modularization concepts. Where 
available, proprietary strucrtural, piping, electrical, HVAC, and 
composite drawings were also consulted. The results are 
discnissed in Sections 3.3.8.2 through 3.3.8.4. 

3.3.8.2 Modularization Concepts for Phase II Evaluation 
(Table 4.8) 

Preassembly of various sections of cable trays is possible. The 
maximtim weight of any given module would be approximately 1 ton. 
Savings Criterion 1 would be met using this concept. 

The nonsafety diesel generator could be skid-motinted with the 
auxiliary lubrication, cooling, and starting equipment. The 
weight would be approximately 50 tons. Savings Criterion 1 
should be met. 

3.3.8.3 Existing Modularization Concepts (Table 3.3.8.1) 

Switchgear is already modularized at the facrtory. 

3.3.8.4 Rejected Modularization Concepts (Table 3.3.8.2) 

The prefabrication of the entire floor module with diverse 
equipment installed was also evaluated. Again, no significant 
savings could be identified. 
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3.3.9 Yard Area 

3.3.9.1 General 

The applicable SWESSAR P&IDs (Appendix A) and the yard general 
arrangement drawings from Appendix B (Figure 1.2—1) were reviewed 
for modularization concepts. Where available, proprietary 
strucrtural, piping, electrical, HVAC, and composite drawings were 
also consulted. The results are disctissed in Sections 3.3.9.2 
through 3.3.9.4. 

3.3.9.2 Modularization Concepts for Phase II Evaluation 

No areas were identified for potential savings. 

3.3.9.3 Existing Modularization Concepts (Table 3.3.9.1) 

Catch basins for the yard drainage systems are generally cast in 
a manufacrttiring facility and shipped to the jobsite. 

Prefabrication of yard tankage, such as the demineralized water 
storage tank, fuel oil storage tank, condensate storage tank, 
primary grade water tanks, and boron recovery tanks is already 
ac complished. 

3.3.9.4 Rejected Modularization Concepts (Table 3.3.9.2) 

The concrete fire wall between the transformers Icxiated in the 
yard area could be precast. No significant savings could be 
identified using this technique. 

The fire pump house could be skid—motinted with ptimps and 
associated piping in a vendor's shop cUid transported to the 
jobsite. The maximtim weight of any module would be 20 tons. No 
significant savings could be identified. 

Non-safety related electrical manholes could be precast in the 
manufacttirer's shop and shipped to the field. The maximtim weight 
of any module would be 8 tons. No significant savings could be 
identified. 
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lV3 

TABLE.'^3.3.1.1 

CONTAINMENT 
EXISTING MODULARIZATION CONCEPTS 

Module Identitication 
NSSS 
Vendor 

Reference 
Dwq from Appendixes 

EstimatJed 
Max 
Weight 
(tons) 

Manuf 
Shop (M) 
or 
Field (F) 

1. Reactor vessel support 
structure All 1.2-3 160 

2. Other NSSS component 
support systems 

3 . Skid-mot in ted HVAC 
equ ipmen t 

A l l 

A l l 

1.2-3 

1.2-3 

10 

M.F 

1 of 1 



TABLEA3.3.1.2 

CONTAINMENT 
REJECTTED MOroLARIZATION CONCEPTS 

Estimated 
Hcix 

NSSS Reference Weight 
Module Identification Vendor Dwq frtan Appendixes (tons) 

1. Use of preccist concrete All 1.2-3 100 
for containment shell, mat, 
and internal structure 

2. Large modules of equipment All 1.2-3 100 
and piping, and controls (RHR) 

3. Reactor vessel internals All 1.2-3 900 
installed prior to shipment 
to job site 

1 of 1 



TABLEA3.3.2.1 ANNULUS BUILDING EXISTING MODULARIZATION CX)NCEPTS 

Module Identification 

1. Stairs and miscellaneous 
platforms 

2. Sample panels, cooler valves, 
water lines 

3. Hydrogen recombiner 

4. HVAC components and charcoal 
filter assemblies 

1 of 1 

Reference Dwg Estimated Manut Shop 
NSSS Frxwi Max or 
Vendor Appendixes Weight (Tons) Field (F) 

All 1.2-4 30 F 

All 1.2-4, 9.3.2-1 H M 

All 1.2-4, 6.2.5-1 5 M 

All 1.2-4 5 M or F 



TABLEA3.3.2.2 ANNULIK 

NSSS 
Module IdentificaticMi Vendor 

1. Reinforcing steel cages with All 
two faces of reinforcing 

2. Precast concrete IcLbyrinths All 

3. Precast concrete T-beams All 

4. Skid-mount equipment and closely 
cissociated valves and piping 

a. Distillate punp and cooler All 

b. RedondcUit conponents of the All 
same system 

c. Auxiliary condensate pumps All 

d. Auxiliary feedwater puiq>s All 

e. Boron thermal regeneration W 
system chiller, two chiller 
pumps, and chiller surge tank 

f. Flash tank, punp, and piping All 

g. Ammonia and hydrazine equip- All 
ment 

h. Component cooling water All 
surge tank level instru
mentation and surge tank 
piping Inside cubicle. 
W - 3 modules 
BSW, C_E, W-3S - 2 modules 

i. Containment spray puiiq> All 
and piping 

J. Unit coolers including unit All 
cooler feins euid piping 

k. HVAC systems All 

Chorcoal filter trains 

REJECTED MODULARIZATION CONCEPTS 

Reference Dwg Estimated Manuf Shop (M) 
From Max or 

Appendixes Weight (Tons) Field (F) 

1.2-4 15 F 

1.2-4 18 F 

1.2-4 50 F 

1.2-4, 9.3.6-1, 2 
11.2-1 

1.2-4 Varies 

1.2-4, 10.4.12-1 10 F 

1.2-4, 10.4.10-1 10 F 

1.2-4 5 F 

10.4.8-1 2 F 

1.2-4 5 F 

9.2.2-1 2 F 

6.2.2-1 

9.4-1 

1.2-4 18 
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NSSS 
Module Identification Vendor 

Fans and motors 

Ventilation axr supply units 

1. Portions ot the control B6W 
rod drive cooling system 

m. Low level waste pvmips. All 
piping, and valves 

n. Evaporator condenser and All 
connecting piping 

o. Refueling water chemical All 
addition tank pump and 
piping 

p. Con^xment cooling water All 
pua^s with suction and 

p> discharge piping 
w 

I 
NJ 

T A B L E / \ 3 . 3 . 2 . 2 (CONT) 

R e f e r e n c e 
F r c m 

L-wg 

A p p e n d i x e s 

1 . 2 - 4 

1 . 2 - 4 

1 . 2 - 4 

jLSt imated 
Max 

Weight 

2 

5 

2 

(Tons) 

Manut Shop (M) 
o r 

F i e l d (F) 

M 

M 

F 

1 1 . 2 - 1 

1 1 . 2 - 6 
9 . 3 . 6 - 1 

6 . 2 . 2 - 1 

9 . 2 . 2 - 1 25 

2 of 2 



Module Identification 

1. Fuel racks 

> 
UJ 
I 
OJ 
o 

TABI£A3.3.3.1 

FUEL BUIIJDING EXISTING MODULARIZATION CONCEPTS 

Reference Dwg Estimated Manuf Shop (M) 
NSSS From Max or 
Vendor Appendixes Weight (tons) Field (F) 

All 1.2-8 10 M 

1 of 1 



TABLE A3.3.3.2 

FUEL BUILDING REJECTED MODULARIZATION CONCEPTS 

Reference Dwg Estimated Manuf Shop (M) 
NSSS From Max or 

Module Identification Vendor Appendixes Weight (tons) Field (F) 

1. Building structure All 1.2-8 100 F 

2. Cranes and crane All 1.2-8 100 M, or F 
support structure 

> 
OJ 
I 
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TABLEA3.3.4.1 

SOLID WASTE AND DECXJNTAMINATION BUILDING EXISTING MODULARIZATION CONCEPTS 

Module NSSS 
Identification Vendor 

1. Waste forwarding All 
pvaap, waste sludge 
tank str-ainer, cind spent 
resin dewatering pump, 
process mixer. All are 
located in one area coid 
cure interconnected. 

2. Urea formaldehyde tank. All 
pump and catalyst pun^ 
on one skid. 

3. Control panels and All 
MCC's 

Reference 
Dwg 
From 

Appendixes 

1.2-9 
11.5-1 

Estimated 
Max. 

Weight(Tons) 

Monut 
Shop (M) or 
Field(F) 

M 

11.5-1 
1.2-9 

1.2-9 

M 

M 
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TABLE A3.3.4.2 

SOLID WASTE AND DECONTAMINATION BUILDING REJECTED MODULARIZATION CONCEPTS 

> 
00 
I 
00 

o; 

Reference 

Module 
Identification 

1. Precast panels for 
shielding walls. 

2. Laundry distillate tank 
and puo^ on one skid 
with associated piping. 

3. Boron test tank p\anps 
on same base with 
associated piping and 
valves. 
Same for primary grade 
Water pumps and waste 
test talk pumps. 

NSSS 
Vendor 

All 

All 

All 

Dwg 
From 

Appendixes 

1.2-9 

1.2-9 
11.2-1 

1.2-9 
9.3.6-1 
11.2-1 
9.2.7-1 

Estimated 
Max. 

Weiqht(Tons) 

150 tons 

2 

1 ton each 
base for each 
pair of pumps 

1 of 1 



TABLEA3.3.5.1 

TURBINE BUILDING EXISTING MODULARIZATION CONC^EPTS 

NSSS 
Vendor 

All 

All 

Module Identification 

1. Stair to%*ers 

2. Turbine building roof 
trusses with cable 
and lighting 

3. Turbine-generator skid-
mounted modules 

a. Electrohydraulic reservoir 
with associated piping 
cind aonf»nents All 

b. EHC control panels All 
c. LuJaricating oil reservoir 

cuid pmqis with 
associated piping and 
coiqpanents All 

d. Hydrogen seal oil 
unit with cissociated 
piping and con^ionents All 

e. Stator winding liquid 
cooling unit with 
associated piping cind 
ccxî >onents . All 

Sample panels All 

Lubricating oil conditioner 
with associated piping 
cuid conponents All 

C02 storage and vaporizing 
units with associated 
piping and components All 

Turbine building HVAC 
equipment All 

Estimated Manuf 
Max Shop (M) 

Reference Weight or 
Dwq from Appendixes (tons) Field (F) 

1.2-7 

1.2-7 

1.2-7 
1.2-7 

1.2-7 

1.2-7 

1.2-7 

1.2-7 6 
9.3.2-2 

1.2-7 

1.2-7 

1.2-7 

25 

100 

13 
1 

34 

10 

16 

M 
M 

M 

K6F 

M 

M 

15 
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TABLEA3.3.5.2 

TURBINE BUILDING REJECTED MODULARIZATION CONCEPTS 

Module I d e n t i t icaticgi 
NSSS 
Vendor 

Estimated Manuf 
Max Shop (M) 

Reference Weight or 
Dwg from Appendixes (tons) Field (F) 

1. Skid-mounted modules 
a. Condenser tube cleaning 

recirculation and 
£ind reinjection pumps, 
and ball colection tank All 

b. auxiliary condensate receiver 
and pumps with associated 
piping and valves All 

c. Condenser air removal pumps, 
silencers, and related 
piping All 

d. Steam jet air 
ejectors All 

e. Vacutnn priming pumps, 
silencers, and 
priming tank All 

1.2-7 

1.2-7 
6 10 .4 .12-1 

1.2-7 

1.2-7 

3 

1 

1 

F 

F 

F 

1.2-1 
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TABLEA3.3.6.1 CONTROL BUILDING 
EXISTING MODUIARIZATION CONCEPTS 

Module Identification 

1. Switchgear, control boards 
and panels, motor control 
centers cuid unit sub
stations . 

NSSS Reference 
Vendor Dwq from Appendixes 

All 1.2-5 

Air conditioning units, 
charcoal filter assemblies, 
chillers, ventilation 
units, and fans. 

All 1.2-5 
9.4.1-1 
through 9, 4.1-6 

1 of 1 



TABLEA3.3.6.2 CONTROL BUILDING 
REJECTED MODDIARIZATION CONCEPTS 

Module Identification 

1. Batteries, racks, and 
connectors 

NSSS Reference 
Vendor Pwg from Appendixes 

All 1.2-5 

Estimated 
Max 
Weight 
(tons) 

Prefabricate each switch- All 
gear room ownplete, using 
steel instead of concrete 
construction with equipment 
installed and pre-wired. 
Then move into place and weld 
together, similar to techniques 
now used in the shipbuilding 
industry. 

1.2-5 

> 
OJ 
I 
oo 

1 of 1 



TABLE A3. 3. 7.1 

DIESEL GENERATOR BUILDING 
EXISTING MODUIARIZATION CX)NCEPTS 

Manuf. Shop (M) 
NSSS Reference Dwg Estimated or 

Module Identification Vendor From Appendixes Weiqht (tons) Field (F) 

1. SJcid-mount diesel All 1.2-6 150 M 
generator and 
auxiliary systems. 

> 
OJ 
I 
00 
00 

1 of 1 



TABLE A3.3.7.2 

DIESEL GENERATOR BUILDING 
REJECTED MODULARIZATION CONCEPTS 

Manuf. Shop (M) 
NSSS Reference Dwg Estimated or 

Module Identification Vendor frcmi Appendixes Weight (tons) Field (F) 

1. Prefabrication of All 1.2-6 F 
diesel exhaust system 
and ventilation air 
system. 

> 
OJ 
I 
00 

1 of 1 



TABLEA3.3.8.1 

NORMAL SWITCHGEAR BtULDING 
EXISTING MODULARIZATION CONCEPTS 

NSSS Reference Dtig Estimated Hatx. Manuf Shop (M) 
Module Identification Vendor from Appendixes Weiqht (t:ons) or Field (F) 

1. Onsite assenbly of high All 1.2-2 20 M 
voltage switchgear 

00 

O 

1 Of 1 



TABLEA3.3.8. 2 

NORMAL SWITCHGEAR BUILDING 
REJECTED MODULARIZATION CONCEPTS 

NSSS Reference Dwg Estimated Max Manuf Shop (M) 
Module Identification Vendor from Appendixes Weiqht (tons) or Field (F) 

1. Prefabrication ot All 1.2-2 F 
entire normal switch-
gear building floor. 

> 
OJ 

1 of 1 



Module Identification 

1. Precast catch basins 

2. Ycird tanks 

> 
OJ 
I 
N3 

TABLBy^.3.9.1 

YARD AREA 
EXISTING MODinAR CONCEPTS 

Reference Dwg Estimated Manuf Shop (M) 
NSSS From Max or 
Vendor Appendixes Weiqht (Tons) Field (F) 

All 1.2-1 4 M 

All 1.2-1 20 to 50 M or F 

1 of 1 
• 



> 
OJ 

1 
00 

TABLEA3.3,9.2 

YARD AREA REJECTED MODULAR CONCEPTS 

Module 
Identification 

Fire walls between 
trans formers 

Fire pump house 

Precast electrical 
manholes 

NSSS 
Vendor 

All 

All 

All 

Reference 
Dwg 
From 

Appendixes 

1.2-1 

1.2-1 

1.2-1 

Estijnated 
Max. 

Weight(Tons) 

50 

20 

a 

Mtmuf 
Shop (M) or 
Field(F) 

F 

M or F 

M 

1 of 1 



FW. 

ASSOCIATED PIPING 
AND SUPPORTS 

UNIT FOUNDATION 

FRAME ATTACHED PERMANENTLY 
TO CONCRETE FLOOR AND WALL 
AFTER POSITIONING. 

NOTE: 

LADDERS, GRATING, ETC. WILL 
BE FABRICATED WITH MODULE. F1GURE/>3.3.I.4 

POTENTIAL RHR MODULE 
PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

A3-44 



iV—p 

CAST IN PLACE CONCRETE 

E L . ( - ) l ' - 6 " 

PRECAST PANEL 

E L . ( - ) l 8 ' - 0 " 

WIDE FLANGE SECTIONS EMBEDDED 
IN PRECAST PANELS AND CAST-
IN-PLACE CONCRETE TO PROVIDE 
VERTICAL SUPPORT FOR PANELS 
(TYP) 

CLOSURE POUR 

E L . { - ) 2 5 ' - 0 " 

- CAST IN PLACE CONCRETE 

FIGUREA3.3.2.2.I.I 
TYPICAL PRECAST 
WALL CLOSURE-POUR 
PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

AV45 



PRECAST WALL PANELS 

TYPICAL BAY EQUAL SEGMENTS 

CAST IN PLACE CLOSURE POUR 

PRECAST CONCRETE FLOOR SLAB 

PLAN EL.( - ) 1 5 - 6 

FIGURE A3.3.2.2.I.2A 
TYPICAL PRECAST 
WALL PANELS & SLABS 
PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

A3-46 



CLOSURE POUR 

PRECAST CONCRETE 
FLOOR SLAB 

HAUNCHES TO SUPPORT 
PRECAST SLAB 

CAST IN PLACE CONCRETE 

SECTION "A-A" 

FIGURE A3.3.2.2.I.2.B 
TYPICAL PRECAST 
SLAB CLOSURE-POUR 
PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

A3-47 



METAL FORM DECK 
(REINFORCING NOT SHOWN 
ON PLAN VIEW) 

STEEL BEAMS 

STEEL FRAMING 

METAL FORM DECK 

DUCT HANGERS 

VENTILATION 
DUCT SECTION 

CABLE TRAYS 

SECTION 1-1 

FIGUREA3.3.2.2.2. 

FLOOR FRAMING MODULE 
PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

A3-48 



90 DEGREE PIPE RACK MODULE 

CONTAINMENT WALL 

ANNULUS BUILDING INTERIOR CIRCUMFERENTIAL WALL 

NOTE: 
1. PIPE RACK IS TO BE PLACED IN 90 DEGREE SEGMENTS. 

2. PIPE RESTRAINTS AND PIPES ARE ATTACHED TO THE 
RACKS PRIOR TO INSTALLATION. 

FIGUREA3.3.2.2.4 

TYPICAL PIPE RACK 
MODULE 

PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

A3-49 



GRADE BEAM 

STEEL COLUMN 

CLOSURE POUR 

GROUND GRADE 
N, wr 

BASE OF FOOTING 

KEY 

CAST IN-PLACE CONCRETE 

PRECAST CONCRETE 

FIGURE A3.3.5.2.1 
TYPICAL PRECAST CONCRETE 
FOUNDATION COLUMN AND 
GRADE BEAM 
PLANT SYSTEMS/COMPONENTS 
MODULARIZATION STUDY 

A3-50 



4. RKCOMMliNDATIONS 

TaDles 4.1 through 4.8 list modularization concepts identified to 
date that are recommended for further evaluation during Hiase II-
More specific conclusions and recommendations will be given at 
the end of Phase II. 

The preliminary savings criteria which were developed during 
Phase I established minimum limits. During Phase II of this 
study, these criteria should be modified to increase the amount 
of savings potential required in order to identify areas for 
which the maximum amount of cost or schedule savings can be 
achieved. 

Improved cable pulling techniques (Section 3.Z.4) should be 
evaiuated during Phase II. ivlthough such techniques are not 
modularization oriented, the potential schedule in^rovement and 
savings are high. 

44" i 



Module Xdenti-ticatxon 

1. CcmtainBtent shell 
reinforcing steel 

2. Containment and Annulus 
Building mat rein£oxcing 
steel 

3. Conta iniBPnt. internal 
structure reinforcing steel 

U. Polar crane support steel 
structure 

5. Miscellaneous STructures 

hĵ  6. Containment liner 

f^) 7 - Re f i i e l ing c a v i t y l i n e r 

8. Major piping 

a . Main s team 
b . Feedtfater 
c. Residual or decay 

heat ronoval 
d. Pressurizer safety 

and relief 
e. Pressurizer spray 
f. Accumulator discharge 

(coore flood) 
g. Ix>w bead safety 

injection 
h. High head safety 

injection 
i. Pressurizer surge 
j. Chemical and 

voluae control 
k.. Component cooling 
1. NSSS primary loop 

X, N 

TABLE A4.1 

CONTAlM-iJiWr 
RECOMMENDATIONS H>K PBh^c II ^VALUATION 

NSSS Reference 
Vendor Dwq frost. Appendixes 

Estimated 
Max 
Weight 
t tons l 

Manuf 
Shop (M) 

F i e l d IFl 
S a v i n g s 
C r i t e r i a icanarJcs 

All 1.2-3 100 

All 

All 

1.2-3 

1.2-3 

All 

All 

All 

All 

1.2-3 

1.2-3 

1.2-3 

1.2-3 

150 

85 

150 

100 

170 

15 

f 

F 

F 

F 

F 

F 

All 
All 

All 

All 
All 

All 

All 

All 
All 

All 
All 
All 

1.2-3, 
1.2-3, 

1.2-3 

1.2-3 
1.2-3 

1.2-3 

1.2-3 

1.2-3 
1.2-3 

1.2-3, 
1.2-3, 
1.2-3 

10.3-1 
10.U.7-2 

9.2.2-1 

F 
F 

F 
F 

F 

F 

F 
F 

F 
F 
M,F 

3 

3 

1,3 

3 

3 
3 

3 

3 

3 
3 

3 
3 
3 

Size limitations 
govern 

The modules will 
be identified 
xn more detail 
during Phase XI. 

1 of 1 



TABLE AU.2 

ANNULUS BUILDING RECOMMENDATIONS FOR PHASE II 

i'todule 1 dent XX ication 

1. Precast concrete walls and slabs 
with closure pour 

Z. Preassembxe cubicle tloor 
framing 

3. Preassemble reinforcing steel 
cages 

4. Preassemble pipe racks with 
pipes ana restraints 

Radioactive tunnel pipe rack 

Nonradioactive tunnel pipe 

CVCS area pipe rack 

-S. Tanks 

b. Weld large segments of piping. 

A. Feedwater piping trom con
tainment penetrations up to 
and including the elbow riser. 
Westingl^iouse - 4 modules 
C-E, rfSW - 2 modules 

b. Main steam line trom contain
ment penetrations up to and 
including tlie elbow riser; to 
include MSIV piping to tlange 
for satety valves and MSIV 
bypass. Use U modules. 

c. Auxiliary steam aud con
densate lines witit control 
stations. Use 12 nnxiules. 

d. Piping and valves asso-
ciatiHl witi) tlie auxiliary 
coiiiitynsate pmups 

NSSS 
Vendor 

Reference Dwq 
From 

Appendixes 

xistiinated 
Max 

Weiqht (Tons) 

/ai 

All 

All 

iUl 

All 

All 

Ail 

1.2-4 

1.2-4 

1.2-4 

All 

All 

All 

All 

1.2-4 

1.2-4 

1.2-4 

1.2-4 

10.4.7-2 

10.3-1 

10.4.12-1 

10.4.12-1 

300 

50 

75 

4 

20 

50 

25 

25 

1 Ol 1 
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TABLE A 4 .2 (C0.1T) 

Module Identiiication 
NSSS 
Vendor 

Reference Dwg 
From 

Appendixes 

Estimated 
Max 

Weiqht {Tons) 

Manux Shop (M) 
or 

Field fF) 
Savings 
Criteria Remarks 

e. Steam supply lines with 
valves to auxxlxary leed-
ttater pump turbine 

f. Main steam line with pxpxng 
stub to atmospheric dump 
valve and maxntenance 
block valve inlet and dxs-
charge - approximately 
20 modules 

rtll 

All 

10.3-1 

10.3-1 

g. Feedwater line with 
rlaw element and Isolation 
valves 

C-E 10.4.7-2 

> 

Pipxng xnside cubicles 
for CVCS heat exchangers 

Steam generator blowdown 
pxpxng and flow elements 
downstream of conta i nr ment 
penetration. 
Westinghouse - 4 modules 
C-E - 2 modules 

All 1.2-4 

W, C-E 10.4.8-1 Not applicable 
to B&W 

Skid-aount eq[uipiBent and 
closely associated valves and 
pipxng. 

Preassemble demineralizers 
with connectxng pipxng and 
valves 

Fxlters witii cuunectxng 
and valves 

Suiqps wxth pxpxng and 
instrumentation 

.e trays and supports 

All 

All 

All 

All 

1.2-4 
9.3.6-1 
11.2-1 

9.3.6-1 
11.2-1 

9.3.3-1 

1.2-4 

Repeatxng module 

Repeating ntoaiile 

Repeating module 

M o r F 1 , 2 

2 ot 2 



TABLE A4.3 

kM.u^ oUlLDING RECOMMENDATIONS FOR PHASE II EVALUATION 

Reterence Dwg 

I'toaule Identification 

1. Fuel building liners 

2. Piping 

3. Demineralizers and 
filters 

NSSS 
Vendor 

All 

Ail 

From 
Appendixes 

1.2-8 

1.2-8 

Estimated Manur Shop (M) 
Max or 

Weiqht (tons) Field (F) 

50 

All 1.2-8 

F 

F 

F or M 

Savings 
Criteria 

1 

2 

Ranarks 

The ntodules w i l l 
be ident i f i ed in 
more d e t a i l 
during Phase IX. 

1 ot 1 



TABLE A4.4 

SOLID WASTE AND DECONTAMINATION BUILDING RECOMMENDATIONS FOR PHASE II EVALUATION 

Module 
Identification 

NSSS 
Vendor 

Reference 
Dwg 
Ftom 

Appendixes 

Estimated 
Max. 

Wexqht (Tons) 

Manuf 
ShcHp (M) or 

F i e l d I F ) 
Savings 
Criteria Remarks 

Demineralizer s 
and piping on a standcird 
base for placement in 
present cubicle. 

A l l 1.2-9 
11 .5 -1 

Recurrxng Modiile 

> 
I 

ON 

1 Of 1 



TURBINE 

NSSS 
Module Identification Vendor 

1. Precast foundatxon piers 
and grade beams All 

2. Precast walls of pits 
cUid shielding walls in 
condensate polishing 
area and fire walls All 

1. Preassemble roof stiructural 
steel, metal deck, pipe 
supports, and reinforcing 
steel in the condensate 
polishing area All 

4. Floor system steel 
with one column 
attached, metal decking, 
reinforcxng, eUid piping All 

5. Prefabricate eind pretube main 
condensers All 

6 ̂  Piping modules 
a. Steam seal piping 

in vicinity of main 
turbine stop valves All 

b. Main steam doable manifold 
configuration B&W 

c. Feedwater pipxng and Vcilves; 
feedwater p m p 
discharge, feedwater 
pmqp discharge 
manifold, inlets/outlets 
of feedwater heaters, 
outlet manifold 
with bypass manifold, 
control valve stations, 
flow elanent installation. All 

d. Heater drain piping 
and valves; level instrument 
manifolds on each feedwater 
heater and tank. 

TABLE A 4. 5 

9G REOQMMENDATiUNS FOR PHASE IX EVAJuUATION 

Estimated Manux 
Max Shop (M) 

Reference Weight or Savxngs 
Dwq from Appendxxes (tons) Field (F) Criteria Remarks 

1.2-7 150 F 3 

1.2-7 100 F 3 

1.2-7 50 F 2,3 

1.2-7 80 F 3 

1.2-7 250 M All 

1.2-7 1 F 2 

10.3-1 75 F 2 

10.4.7-2 75 

1 of 3 



NSSS 
Module Identification Vendor 

level valves in drain 
lines to the succeeding 
Dealers and to the condenser 
and also on outlet of 
drain coolers, valves on 
drain pump discharge, and 
loop seal and level 
instruments on 6th point 
heater discharge All 

e. Extraction steam pipxng 
and valves; manifolds 
with valves on high 
pressure extractions, 
valves in serxes on low 
pressure extractions All 

f. Valves in series on 
drain lines frcn moisture 
separator and moi stxire 
separator reheater All 

g. Condensate piping and 
valves; conaensate pumps 
discharge, cxossconnect 
with condensate polishing, 
air ejector bypass 
upstreeim of feedwater puiq̂ s, 
exhaust hood spray line, 
desuperheating spray line, 
and valve seal Ixnes. All 

h. Circulating water piping All 

7. Skid-mounted modules 
a. Instrument and service air 

syston axr compressor 
aftercooler, and receiver All 

b. Condensate polisnxng 
equipiLent All 

c. Moxstore separator 
reheater, moisture separator 
draxn tank, reheater drain 
tank, with associated 
pxpxng and valves All 

a. Feedwater pump and turbine 
wxth associated turbine 

TABLE A4.5 (CCNT) 

Estimated îanut 
Max Shop (M) 

Reference Weight or Savings 
Dwq from Appendixes (tons) Field (F) Criteria Remarks 

1.2-7 10 

1.2-7 10 

1.2-7 

10.4.7-1 15 F 2 
1.2-7 Depends F 2 

on pipe 
material 

1.2-7 5 F 2,3 
E 3.1-1 

1.2-7 1 F 1,2 

1.2-7 75 F 2,3 

2 of 3 



I 

NSSS 
Module I d e n t i f i c a t i o n Vendor 

systeais (steam s e a l , 
l u b r i c a t i n g o i l , c o n t r o l 
o x i , e tc ) A l l 

H. Cable t r a y s A l l 

TABLE A4.5 (C(^T) 

iiStimated i4anut 
Max Shop (M) 

Reference Weight or Savings 
Dwq from Appendxxes (tons) Field (F) Criteria Remarks 

1.2-7 65 M 2 
6 10.4.7-2 

1.2-7 1 F 1,2 
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TABLE A4.6 

Module Identification 

1. Batteries, racKs, and 
connectors installed in 
a unit 

CONTROL BUILDING 
RECOMMENDATIONS FOR PHASE II EVALUATION 

NSSS 
Vendor 

All 

Reference 
Dwg from 
Appendixes 

1.2-5 

Estimated Manuf 
Max Shop (M) 
Weight or Savings 
(tons) Field (F) Criteria 

F 

Remarks 

Precast concrete wall 
sections and slabs 

All 1.2-5 200 

3. Prefabricate bays of 
floor rraming with metal 
deck and reinforcing 

4. Chilled water piping 
subasseoibl ies 

All 

All 

1.2-5 

1.2-5 

50 

I 

Preassemble ceible trays 
banks in the cable 
spreading areas cuid 
tunnels 

All 1.2-5 M or F 1» 2 

1 of 1 
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NSSS 
Module Identification Vendor 

1. Precast walls and All 
roof slabs 

2. Skid-mount, pre- All 
assemble the diesel 
generator air start 
system. 

3. Combustion air intake All 
system, including air 
silencer, ducts, 
and supports. 

TABLE A4.7 

DIESEL GENERATOR BUILDING 
RECOMMENDATIONS FOR PHASE II EVALUATIONS 

Manuf. Shop (M) 
Reterence Dwg Estimated or Saving 
trom Appendixes Weiqht (tons) Field (F) Criteria Remarks 

1.2-6 150 F 3 

1.2-6 5 M 1 

1.2-6 4 F 1, 2 

1 of 1 



TABLE Aa.8 

> 
I 
N3 

NORMAL SWITCHGEAR BUILDING 
RECOMMENDATIONS FOR PHASE XI EVALUATION 

NSSS Reference Dwg Esti .uated Max Manuf Shop (M) Savings 
Module Identification Venaor £com Appendixes Weiqht (tons) or Field fF) Criteria Remarte 

1. Preasembly of cable All 1.2-2 1 M or F 1 
trays 

2. Prefabrication of the All 1.2-2 50 F 1 
nonsafety a-c 
power supply 

1 of 1 




