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ENGINEERING EXPERIVIENT STATION

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

August 2, 1977

Mr. J. J. Buggy
Westinghouse Advanced Energy Systems
P. 0. Box 10364

Pittsburgh, Pennsylvania 15236 -~ /i | @th'
¢ (et

Subject: Conceptual Design of a Solar Total Energy-Large Scale Experiment,
Fort Hood, Texas; Monthly Technical Status Report No. 2 covering

the period July 1 through July 31, 1977 (Westinghousé Subcontract
59-CZR-41023, Georgia Tech Project A-2014).

Gentlemen:

I. Contract Objective

The objective of this subcontract is to perform a conceptual design for the
high temperature thermal storage system in ERDA's Solar Total Energy-Large
Scale Experiment No. 1 at Fort Hood, Texas. The high temperature thermal
storage system will act as an energy buffer device between the collectors
and the load, so that the total energy system can receive solar energy
whenever it is available from the collectors and can supply energy to the
load in response to Toad demand. This subcontract supports the Westinghouse
prime contract for conceptual design of the complete STE-LSE.

I[I. Progress Summary

Task 1.0 Project Management

A meeting was held at Georgia Tech on July 12 between J. J. Buggy and Georgia
Tech Engineering Experiment Station personnel to discuss plans for the

July 28-29 Interim Design Review and other management details. Mr. Buggy left
a copy of a proposed format for cost-benefit analyses for comment, and the
document was reviewed and found acceptable from the viewpoint of thermal
storage. Mr. Buggy also left an outline of the Phase IIl work plan for comment
by Georgia Tech and this item was found acceptable. Mr. Buggy discussed a
change in work scope to reduce program costs; this item has not yet been

handled because Dr. Richard Williams was not available to review his portion
of Georgia Tech's subcontract.

A project meeting in preparation for the Interim Design Review was held at the
Westinghouse Advanced Energy Systems Division on July 22. At this time the

An Equal Employment/Education Opportunity Institution
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material to be covered in the review was discussed and agreement was reached
on certain technical characteristics of the high temperature thermal storage
system.

The Interim Design Review was conducted on July 28-29 at the Westinghouse
offices. The technical material presented at the review is described below.

Task 2.0 System Requirements Analysis

. A set of "maximum" and "minimum" output energy rates from thermal storage to
the steam generation heat exchangers were furnished to Georgia Tech by
Westinghouse for use in estimating the capacity of the storage system. These
data were then coupled with typical daily input energy profiles in order to
identify the mismatch between storage inputs and outputs and thereby identify
the storage capacity required to perform a daily buffering operation. This

led to a minimum storage capacity of 10 million Btu and a maximum capacity of
75 million Btu.

Task 3.0 Conceptual Design

Using the above capacities as upper and lower limits, several storage system
options were sized with respect to tank and storage media requirements; the
options included petroleum oil (Caloria HT-43), Therminol-66, pressurized
water, and molten salt (three-component eutectic mixture HITEC or Partherm 290).
Current costs of tanks and storage media were plotted as functions of storage
capacity (tanks and media are the predominant costs in the system) and the
conclusion was reached that system costs increase in the order: petroleum

0il, molten salt, Therminol-66, and pressurized water. Telephone contacts

with tank manufacturers showed that tanks for the water system are prohibitive
in cost because of water's high vapor pressure at the proposed storage tempera-
tures. However, the choice among the other three systems depends upon other
system requirements, especially the upper storage temperature.

Flow schematics and cost estimates were prepared for the oil, Therminol-66 and
salt systems. The costs were based on recent information for prices of
components and included rough sizing of items such as valves and piping.
Within the limits of accuracy inherent in such estimates, the o1l and salt
concepts are about equal in initial cost and either would be useable in the

STE-LSE thermal storage system. This information was covered in the Interim
Design Review.

A three-tank storage concept has been identified by Westinghouse which has
technical advantages for operation of the STE-LSE system. It is expected
that data for system sizing will be sent to Georgia Tech and studies similar
to those described above will be conducted; minimum operating temperatures
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will probably be too low for use of a molten salt storage concept because
the risk of solidification of the salt will become relatively high.

II11. Changes

The proposed change in contract scope will be evaluated in view of the
remaining work to be accomplished and the change negotiated with Westinghouse.

IV. Problem Areas

No significant problem areas are recognized at this time.

V. QOpen Items

The scope change is open at this time. Storage energy outputs for the three-
tank concept are needed by Georgia Tech. The costs of heat exchangers to
interface between a collector field fluid such as Therminol-66 and 0il or
molten salt in the storage system are to be estimated by Georgia Tech to
identify the cost delta from pressurized water exchangers used in the previous
estimates.

Respectfully submitted,

Steve H. Bomar, Jr.
Project Director

aw
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“21 0 ENGINEERING EXPERIMENT STATION

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332
October 4, 1977

Mr. J. J. Buggy

Westinghouse Advanced Energy Systems
P. 0. Box 10864

Pittsburgh, Pennsylvania 15236

Subject: Conceptual Design of a Sotar Total Energy-Large Scale Experiment,
Fort Hood, Texas; Monthly Technical Status Report No. 4 covering
the period September 1 through September 30, 1977 (Westinghouse
Subcontract 59-CZR-41023, Georgia Tech Project A-2014).

Gentlemen: '

I. Contract Objective

The objective of this subcontract is to perform a conceptual design for the
high temperature thermal storage system in ERDA's Sotar Total Energy-Large
Scale Experiment No. 1 at Fort Hood, Texas. The high temperature thermal

storage system will act as an energy buffer device between the collectors
“and the load, so that the total energy system can receive solar energy
whenever it is available from the collectors and can supply energy to the
load in response to load demand. This subcontract supports the Westinghouse
prime contract for conceptual design of the complete STE-LSE.

IT. Progress Summary

A man-hour and cost budget and a pricing proposal for Phase III effort on the
Thermal Storage System was submitted to Westinghouse on August 26, 1977. A
man-hour and cost budget for Phase IV was submitted on August 30, 1977.

A Thermal Storage System Cost Report was submitted about September 1 and the
thermal storage input for the Westinghouse Final Technical Report was submitted
on September 15.

Steve H. Bomar, Jr. of Georgia Tech attended the Westinghouse team design
review in Albuquerque on September 14 and 15.

Task 2.0 System Requirements Analysis

The technical effort on this task was completed in August; no effort was
expended in September.

An Equal Employment/Educat:on Opportunity Institution
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Task 3.0 Conceptual Design

The Thermal Storage System conceptual design was substantial]y completed in
August. Activities in September consisted of support for the Westinghouse
final design review and support of final report preparation.

I11. Changes‘

No changes are anticipated.

IV. Problem Areas

No problem areas exist.

V. Open Items

The contract is completed and no open items related to Phase IT exist.

Respectfully submitted,

Steve H. Bomar, Jr.
Project Director

dr
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ADVANCED ENERGY SYSTEM DIVISION
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GLOSSARY OF ACRONYMS

BDV

- Blow Down Valve
BPFCV -  Bypass Flow Control Valve
BV - B]eéd Valve
cp - Circulation Pump
HE - Heat Exchanger
DV ~ Drain Valve
FCV - Flow Control Valve .
FRS - Flow Rate Sensor
IV - Isolation Valve
LF - Line Filter
LLS - Liquid Level Sensor
NBST -  Nitrogen Blanket Stdrage Tank
NCV - Nitrogen Check Valve
OCV - 0il Check Valve
OFV - 011 Fill Valve
PR -  Pressure Regulator
PRD -  Pressure Rupture Disc
PS -  Pressure Sensor
T - Tank
TS -  Temperature Sensor

VRV - Vacuum Relief Valve
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SECTION II

STORAGE FLUID SUPPLY AND DEMAND MODES FOR FT. HOOD, TEXAS
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OIL FLOW RATE FROM STORAGE (LBS/HR X 1000)
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INTEGRATED INPUT AND OUTPUT (LBS X IOOQ)
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INTEGRATED INPUT AND OUTPUT (LBS X 1000)
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EFFECTIVE SUPPLY OF FLUID (LBS X 1000)
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COMPONENTS LISTING AND PRICES




Prices indicated herein do not include the following:
1. Air Systems for actuating the valves.
2. Piping System (except piping for nitrogen blanketing system).
3. Insulation fﬁr piping and tanks.
4. Hangers and structural supports.

5. Freight for equipment and components.

V-2




BDV1

BVD2

BDV3

- BPFCV4

BV1

BvZ .

CP2A

CP2B

COMPONENTS

$/UNIT

LABOR
$/UNIT

TOTAL

A 2" pneumatic actuated Valtek
Mark I valve used during blow
down of the cold oil tank T3.

A 2" pneumatic actuated Valtek
Mark I valve used during blow
down of the hot oil tank TI1.

A 2" pneumatic actuated Valtek
Mark I valve used during blow
down of the intermediate o0il
tank T2.

A 2" electric actuated Valtek
Mark I valve used to regulate
the flow of 0i1 from the pumps
(CP4A/CP4B) to the heat
exchangers during discharge
cycle startup.

A 3/4" Hancock valve used to
bleed a bypass 0il cooler
(HE3) and associated piping.

A 3/4" Hancock valve used to
bleed a bypass o0il cooler
(HE2) and associated piping.

A centrifugal pump to circu-
late heat transfer oil from T3
through collector system to T1
during system charge cycle.
Pumping rate 1.06 x 105 L/S
(468 gpm). Total head 75.6 m
(248 ft) of liquid pumped.

An auxiliary centrifugal pump
used to circulate heat transfer
0il T3 through collector system
to T1 during system charge
cycle. Pumping rate 1.06 x

10% L/S (468 gpm). Total head
75.6 m (248 ftg of liquid
pumped.

V-3

890.
890.

890.

1,414.

29.

29.

3,349.

3,349.

00

00

00

54

40

40

00

00

74.94

74.94

74.94

93.68

37.47

37.47

1,080.48

1,080.48

964.94

964.94

964.94

1,508.22

66.87

66.87

4,429.48

4,429.48



CP4A

CP4B

HE2

HE3

DVv2

DV3

DV6

V7

COMPONENTS

$/UNIT

LABOR
$/UNIT

TOTAL

A centrifugal pump used to
circulate heat transfer oil
from-either T1 to T2 or T2

to T3 through heat exchangers
during system discharge cycle.
Pumping rate 3.70 x 104 L/S
(427 gpm). Total heat 132.3 m
(434 ft) of liquid pumped.

A auxiliary centrifugal pump
used to circulate heat trans-
fer 0il from either T1 to T2
or T2 to T3 through heat
exchangers during system
discharge cycle. Pumping rate
3.70 x 10% L/S (427 gpm).
Total head 132.3 m (434 ft) of
liquid pumped.

Air-cooled heat exchanger used
to cool heat transfer oil and
pumps when system is at no
flow condition. Total heat
exchanged 8.8 x 103 watts

(3.0 x 10% Btu/hr).

Air-cooled heat exchanger used
to cool heat transfer 0il and
pumps when system is at no flow
condition. Total heat
exchanged 4.7 x 10% watts.

(1.6 x 105 Btu/hr).

A 3/4" Hancock valve used to
drain the charge cycle primary
0il pump CP2A.

A 3/4" Hancock valve used to
drain the charge cycle
auxiliary 0i1 pump CP2B.

A 3" Masoneilan valve used to
drain cold tank T3.

A 3" Masoneilan valve used to
drain hot tank TIL.

V-4

5,973.00

.5,973.00

171.00

©125.00

29.40

29.40

806.61

806.61

1,080.

1,080.

100.

100.

" 37.

37.

112.

112.

48

48

00

00

47

47

42

42

. 7,053,

7,053,

271

225.

66.

66.

919.

919.

48

48

.00

00

87

87

03

03



bV9

Dv10
DV1l
DV12

DV13

DV14

DV15

FCv4

FCV5

FCVe

COMPONENTS

$/UNIT

LABOR
$/UNIT

TOTAL

A 3/4" Hancock valve used to
drain the discharge cycle
primary pump CP4A.

A 3/4" Hancock valve used to
drain the discharge cycle

‘auxiliary pump CP4A.

A 3/4" Hancock valve used to
drain the discharge cycle o0il
feed line.

A 3/4" Hancock valve used to
drain the discharge cycle oil
feed line.

A 3" Masoneilan valve used to

drain the intermediate tank T2.

A 3/4" Hancock valve used to
drain a bypass oil cooler
(HE3) and associated piping.

A 3/4" Hancock valve used to

drain a bypass o0il cooler

(HE2) and associated piping.

A 4" electric actuated Valtek
Mark I valve used during
system discharge to regulate
the flow of 01l from the
pumps (CP4A/CP4B) to the heat
exchangers.

A 1" manually operated Hancock
valve used to regulate the by-
pass flow from the charge
cycle pumps (CP2A/CP2B)
through the bypass o0il cooler
(HE3).

A 1" manually operated Hancock
valve used to requlate the by-
pass flow from the discharge
cycle pumps (CP4A/CP4B)
through the bypass oil cooler
(HE2).

V-5

29.40

29.40

29.40

29.40

806.61

29.40

29.40

2,754.00

44 .80

44.80

37.
37.
37.
37.

112.

37.
37.

149

37

37

47

47

47

47

42

47

47

.89

.47

.47

66.87
66.87
66.87
66.87

919.03

66.87
66.87

2,903.89

82.27

82.27



FRS1 & 2

IV3

Iva

IV5

IV6

1v7

IV9

COMPONENTS

LABOR

A differential pressure flow
measurement device in the dis-
charge and charge circuit
respt. It uses an annubar
with differential pressure
transmitter (Foxboro Model No.
E13DH), and square-root
extractor.

A 6" pneumatic actuated Valtek
Mark I valve used to isolate
the cold o0il storage tank from
the remainder of the thermal
storage subsystem.

A 6" pneumatic actuated Valtek
Mark 1 valve used to isolate
the primary oil pump (CP2A)
from the cold o0il tank (T3)
and the auxiliary oil pump
(CP2B).

A 6" pneumatic actuated Valtek
Mark I valve used to isolate

- the auxiliary oil pump (CP2B)

from the cold 0il tank (T3)
and the primary oil pump
(cp2a).

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
the primary o0il pump (CP2A)
from the collector system and
the auxiliary oil pump (CP2B).

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
the auxiljary o1l pump (CP2B)
from the collector system and
the primary oil punp (CP2A).

A 4" pneumatic actuated Valtek
Mark I valve used to block the
01l tank (T1l) equalizer line
during nitrogen blow down.

[V-A

$/UNIT $/UNIT TOTAL
2,620.00 66.00 5,339.00
2,496.00 224.83 2,720.83
2,496.00 224.83 2,720.83
2,496.00 224.83 2,720.83
1,629.61 ;49.89 1,779.50
1,629.61 149.89 1,779.50
1,629.61 149.89 1,779.50
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IV13

V14

IV15

IV16

V17

Iv18

IV19

V20 -

COMPONENT

$/UNIT

LABOR
$/UNIT

TOTAL

A 6" pneumatic actuated Valtek
Mark I valve used to isolate
the hot o0il storage tank from
the remainder of the system.

A 6" pneumatic actuated Valtek
Mark I valve used to isolate
the primary oil pump (CP4A)
from the oil tanks (T1/T2)

and the auxiliary oil pump
(CP4B).

A 6" pneumatic actuated Valtek
Mark I valve used to isolate
the auxiliary oil pump (CP4B)
from the o011 tanks (T1/T72) and
the primary o0il pump (CP4A).

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
the primary oil pump (CP4A)
from the heat exchangers and
the auxiliary oil pump (CP4B).

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
the auxiliary oil pump (CP4B)
from the heat exchangers and
the primary oil pump (CP4A).

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
the oil pumps (CP4A/CP4B)

from the heat exchangers.

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
heat exchangers and oil tank
(T2) from the cold oil tank
(T3).

A 4" pneumatic actuated Valtek
Mark I valve used to isolate
heat exchangers and oil tank
(T3) from the intermediate

011 tank (T2)

V-7

2,496.

2,496.

2,496.

1,629,

1,629.

1,629.

1,629.

1,629.

00

00

00

6l

61

224.83

224,83

224.83

149.89

149.89

149.89

149.89

149.89

2,720.83

2,720.83

2,720.83

1,779.50

1,779.50

1,779.50

1,779.50

1,779.50



Iv2l

V24

V25

IV26

1v27

LF1

LF2

LF3

LF4

LF5

LF6

COMPONENTS

$/UNIT

LABOR
$/UNIT

TOTAL

A 4" pneumatic actuated Valtek
Mark I valve used to block the
011 tank (T2) equalizer line
during nitrogen blow down.

A 4" pneumatic actuated Valtek
Mark I valve used to block the
0il1 tank (T3) equalizer line
during nitrogen blow down.

A 6" pneumatic actuated Valtek
Mark I valve used to isolate
the intermediate 0il1 storage
tank from the remainder of the
system.

A 1" pneumatic actuated Vaitek
Mark I valve used to isolate
the bypass 0il cooler (HE3)
from the oil1 pumps (CP2A/CP2B).

A 1" pneumatic actuated Valtek
Mark I valve used to isolate
the bypass 011 cooler (HE2)
from the oi1 pumps (CP4A/CP4B).

A strainer used to protect the
inlet of the charge cycle
primary 0il pump (CP2A).

A strainer used to protect the
inlet of the charge cycle
auxiliary oil pump (CP2B).

A strainer used to filter the
0i1 going to the hot tank (T1)
during charge cycle.

A strainer used to protect the

inlet of the discharge cycle
primary 0il pump {CP4A).

A strainer used to protect the
inlet of the discharge cycle
auxiliary 0il pump (CP2B).

A strainer used to filer the

01l going to the cold tank (T3)
during discharge cycle.

A

1,629.

1,629.

2,496.

728.

728

;,396.
1,390.

585.
1,390.
1,390.

585.

61

61

00

67

.67

00

00

00

00

00

00

149,

149.

224,

37.

37.

224,
224.
149,
224.
224

149.

89

89

83

47

47

83

83

89

83

.83

89

1,779.

1,779.

2,720.

766.

766.

1,614,

1,614,

734.

1,614.

1,614.

734.

50

50

83

14

14

83

83

89

83

83

89



‘T1

T2

T3

U,
o

24,25,26,
27,28,29
& 30

LABOR
COMPONENT $/UNIT $/UNIT

TOTAL

An industrial type pressure 615.00 33.00
transducer and transmitter

(Foxboro Model No. E11GM)

used to measure differential

pressure in the system.

Spherical oil storage tank,
carbon steel, diameter 8.23 m
(27 ft), volume 292 M3

(77,100 gals), operating
temperature 550 K (5300 F),
operating pressure 205 kpa

(30 psia), design pressure

274 kpa (40 psia).

Spherical 0il storage tank, 133
carbon steel, diameter :10.97)m
(36: ft), volume 814 M3
(215,000 gals), operatang
temperature 570 K (474" F),
operating pressure 205 kpa
(30 psia), design pressure
274 kpa (40 psia).

Spherical oil storage tank, /5§
carbon steel, diameter 10.97 m
(36 ft), volume 814 M3
(215,000 gals), operating
temperature 466 K (380° F),
operating pressure 205 kpa

(30 psia), design pressure

274 kpa (40 psia).

Type J iron-constantine thermo- 55.17 23.42
couple for temperature
measurements. Pipe tempera-
ture measurements are planned
to be in wells inserted to
approximately one-hailf of the
pipe diameter. Tank tempera- .
ture measurements are planned
to be in wells inserted
approximately 36 inches into
the tank.

Iv-9

-+ 3,888.00

164,000.00

200,000.00

200,000.00

2,279.11



LF7

LLS1,2

NBST1

NCV1

0Cv1
OFV1
PR1

PRD1
PRD2

PRD3

COMPONENT $/UNIT

LABOR
$/UNIT

TOTAL

A strainer used to filter the 585.00
0il going to the intermediate

tank (T2) during discharge

cycle.

A differential pressure liquid 662.00
level measurement device in

three 0il storage tanks (T1/

T2/T3). It uses a combination

- of pressure transducer and

transmitter (Foxboro Model No.
E13DM).

Nitrogen blanket system. -To 17,090.65
supply nitrogen to tanks T1/

T2/73, includes liquid

nitrogen tank, vaporizer

& piping (900 gals)

A 3/8" check valve used to 36.24
prevent back flow from the oil

storage tanks (T1/T2/73) into

the nitrogen blanketing supply

system,

A 3" valve used to prevent 588.90
back flow from the oil storage
tank (T3) during filling.

A 3" Masoneilan valve used to 806.61

i1l the cold oil tank (T3).

A regulator to control the 71.05
nitrogen blanketing pressure

in the oil storage tanks

(T1/72/73).

A rupture disc to prevent 634.00
over pressurization of the
cold o0il storage tank (T3).

A rupture disc to prevent over 634.00
pressurization of the hot oil :
storage tank (T1).

A rupture disc to prevent over 634.00

pressurization of the inter-
mediate oil storage tank (T2).

TV-10

149.89

33.00

4,611.41

23.42

112.42

112.42

73.42

187.36

187.36

187.36

734.

2,085.

21,702.

59.

701.

919

94.

821.

821.

821.

89

00

06

66

.03

47

36

36

36



COMPONENT

$/UNIT

LABOR
$/UNIT

TOTAL

VRV1 A 2" Circle seal valve to pre-
~vent buckling of the cold oil

storage tank (T3) due to cool-

ing of the ullage gas coupled
with nitrogen system failure.

VRV2 A 2" Circle seal valve to pre-
vent buckling of the hot oil .
storage tank (T1) due to cool-
ing of the ullage gas coupled
with nitrogen system failure.

VRV3 A 2" Circle seal valve to pre-
- vent buckling of the inter-
mediate oil storage tank (T2)
due to cooling of the ullage
gas coupled with nitrogen

system failure.

Caloria HT-43 @ 98¢/gal (173,600 gals)

Total cost of Labor =
Add 20% contract cost

Total cost of equipment

$17,052.02

W17

32.10

32.10

32.10

Total Cost

74.94

74.94

74.94

107.04

107.04

107.04

170,128.00

20,462.42

668,230.09

$858,820.51



SECTION V

COMPONENT COST DATA SHEETS
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 1
Component Name: BDV1, 2 & 3

Component Description: (include brief description including quantities -

for cost traceability)
Blow Down Valve - Pneumatic Actuated

| Design Life: 20 yrs

*
Capital Cost: 1 Plant

Unit Cost:  $890 $2,670
Vendor Engrg: Roy Freeman Associates
First Tooling Cost: 0
Delivery (weeks) 4-6
Salvage Value (after 20 yrs) -
Spare Parts: plugs, seat rings
- gasket, positioner
Quantity/Description
Cost ' $534

Maintenance Cost ($/¥Yr) -
(if required)

*
10 Plants
$24,030

4-6

$4,806

k3
100 Plants

$213,600

15-18

$42,720

*
These units should be assumed to be ordered as single procurements

j.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 2

Component Name: BPFCV4

Component Description: (include brief description including quantities

for cost traceability)

Bypass Flow Control Valve - Electric Actuated

Design Life: 20 yrs

Capital Cost: -1 P]ant*

Unit Cost: $1,414.54 $1,414.54
Vendor Engrg: Roy Freeman Associates
First Tooling Cost: 0
Delivery (weeks) 4-6
Salvage Value (after 20 yrs) . -
Spare Parts: plugs, seat rings,
gaskets positioner
Quantity/Description
Cost 354.00

Maintenance Cost ($/Yr)
(if required)

* *

10 Plants 100 Plants
$12,731.00 $113,163
0 0
6-8 12-14
3,183.00 28,291

*
These units should be assumed to be ordered as single procurements

i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 3

Component Name: BV 1& 2

Component Description: (include brief description including quantities
_ for cost traceability)

Bleed Valve

Design Life: 20 yrs

Capital Cost: 1 Plant” 10 Plants. 100 Plants
Unit Cost: $29.40 $58.80 $428 $4,070
Vendor Engrg: Jay Instrument & Specialty (Hancock valve)

First Tooling Cost: | 0 0 0
Delivery (weeks) - | 1 ) 3-5 12-14

Salvage Value (after 20 yrs) - -

Spare Parts:

Quantity/Description 2 packings 20 packings 200 packings
Cost $ 2.94 $ 21 $ 204

Maintenance Cost ($/Yr)
(if required)

x v
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 4

Component Name: CP2A & 2B

Component Descripfion: (include brief description inc]uding quantities -

for cost traceability)

Centrifugal circulation pumps for charge circuit

‘Design Life: 20 yrs

*
Capital Cost: - 1 Plant

‘Unit Cost: $3,349 $6,698

Vendor Engrg: Dean Brothers
First Tooling Cost: 0
Delivery (weeks) 12-14

Salvage Value (after 20 yrs) -

Spare Parts: 9asket, bellows
bearing & seal kits

Quantity/Description
Cost $670

Maintenance Cost ($/Yr)
(if required)

*
10 Plants

$66,645

14-18

$5,332

*
100 Plants
$569,330

14-18

$28,467

*
These units should be assumed to be ordered as single procurements

j.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 5

Component Name: CPAA & 4B

Component Description: (include brief description including quantities -

for cost traceability)

Centrifugal circulation pumps for discharge circuit

Design Life: 20 yrs

Capital Cost: 1 Plant”

Unit Cost: $5,973 $11,946
Vendor Engrg: Dean Brothers
First Tooling Cost:
Delivery (weeks) 13-14
Salvage Value (after 20 yrs) -
Spare Parts: 9gasket, bellows,
bearing & seal kits
Quantity/Description
Cost $ 1,195

Maintenance Cost ($/Yr)
(if required)

*
10 Plants

$113,487

14-18

$9,080

*
100 Plants

$1,015,410

14-18

$50,771

*_
These units should be assumed to be ordered as single procurements

i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 6

Component Name: HE2

Component Description: (include brief description including quantities
‘ for cost traceability)

Air cooled heat exchanger used to cool heat transfer oil

Design Life: 20 yrs

Capital Cost: -1 Plant” 10 Plants 100 Plants.
Unit Cost: $171 $ 342 $3,078 $ 29,070
Yendor Engrg: Aerofin Corporation
First Tooling Cost: - _
Delivery (weeks) 4-6 ) 4-6 10-12
Salvage Value (after 20 yrs) - -
Sparé Parts:

Quantity/Description -

Cost

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 7

Component Name: HE3

Component Description: (include brief description including quantities -
for cost traceability)

Air cooled heat exchanger used to cool heat transfer oil

Design Life: 20 yrs

* *
Capital Cost: -1 Plant 10 Plants’ 100 Plants
Unit Cost: $125 $ 250 $2,250 $21,250

Vendor Engrg: Aerofin Corporation
First Tooling Cost: - ,
Delivery (weeks) 4-6 . 46 10-12
Salvage Value (after 20 yrs) - -
Spare Parts:
Quantity/Description - -
Cost

Maintenance Cost ($/Yr)
(if required)

* . .
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.



ATTACHMENT 2

COST DATA SHEET

Equipment List No. 8

Component Name: DV 2, 3, 9, 10, 11, 12, 14 & 15

Component Description: (include brief description including quantities -
for cost traceability)

‘Drain valve

Design Life: 20 yrs

Capital Cost: ' 1 P]ant* 10 Plants* 100 Plants*

Unit Cost: $29.40 $235.20 $1,714 $16,280

Vendor Engrg: Jay Instrument & Specialty (Hancock valve)

First Tooling Cost: 0 0

Delivery (weeks) 1 . 3-5 12-14

Salvage Value (after 20 yrs) -

Spare Parts:

Quantity/Description 6 packings 50 packings | 500 packings

Cost $ 12 $60 $6,512

Maintenance Cost ($/Yr)
(if required)

. .
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 9

Component Name: DV 6, 7 & 13

Component Description: (include brief description including quantities
_ for cost traceability)

Drain valve

Design Life: 20 yrs

Capital Cost: © 1Plant’ 10 Plants” 100 Plants”
Unit Cost: $806.61 $2,420 $21,780 $205,700
Vendor Engrg: Masoneilan
First Tooling Cost: 0 | 0 0
Delivery (weeks) / 3-5 § 3-5 12-14
Salvage Value (after 20 yrs) - A - -
.Spare Parts:

Quantity/Description - 2 trims 20 trims . 200 trims

: 2 packings 20 packings 200 packings

Cost $ 484 $ 4,356 $ 41,140

Maintenance Cost'($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

"Equipment List No. 10

Component Name: FCV 4

Component Description: (include brief description including quantities
for cost traceability)

Flow Control Valve - Electric Actuated

Design Life: 20 yrs

Capital Cost: | o1 P]ant* 10 P]ants* 100 P]ants*
Uhit Cost: $2,754 $2,754 $24,786 $220,320
Vendor Engrg: Roy Freeman Associates
First Tooling Cost: 0 0 0
Delivery (weeks) 4-6 ) 6-8 20-24
Salvage Value (after 20 yrs) - - -
Spare Parts: plugs, seat rings,
‘gasket positioner
Quantity/Description .
Cost $826 $7,436 $66,096

Maintenance Cost ($/¥r)
(if required)

*
These units should be assuwed to be ordered as single procurements
i.e., 10 at a time or 100 at a time. '
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 11

Component Name: FCV 5, 6

Component Description: (include brief description including quantities
for cost traceability)

Flow Control Valve (manually operated)

Design Life: 20 yrs

Capital Cost: © 1 Plant” 10 Plants 100 Plants.
Unit Cost: - $44.80 $89.60 ' $653 $6,202

Vendor Engrg: Jay Instrument and Specié]ty (Hancock valve)
First Tooling Cost: 0 0 0
Delfvery (weeks) 1 ) 3-5 12-14
Salvage Value (after 20 yrs) - - -
Spare Parts:
Quantity/Description 2 packings 20 packings \ 200 packings
Cost $4.50 $33 $310

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.




ATTACHMENT 2

COST DATA SHEET

Equipment List No. 12
Component Name: FRS‘l & 2

Component Description: (include brief description including quantities -

for cost traceability)

Flow Rate Sensor (consists of annubar, differential pressure transmitters
_ ; and square root extractor)
Design Life: 10 yi =

Capital Cost: 1 Plant” 10 Plants 100 Plants
Unit Cost: $2,620 $5,240 $49,780 $445 ,400

Vendor Engrg: The Foxboro Company (Quotation obtained during price estimation

of Pilot Plant, May 1977)
First Tooling Cost: 0 0

0
Delivery (weeks) 18-20 ) 20-26 20-26
Salvage Value (after 20 yrs) - - -
Spare Parts: sq. root extractor
D.P. transmitter
Quantity/Description
Cost $1,180 $11,210 $100,300

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 13.

Component Name: IV 3, 4, 5, 13, 14, 15 & 25

Component Description: (include brief description including quantities

for cost traceability)
Isolation Valve - Pneumatic Actuated

Design Life: 20 yrs

. *
Capital Cost: 1 Plant
Unit Cost: $2,496 $17,472

Vendor Engrg: Roy Freeman Associates
First Tooling Cost: 0
Delivery (weeks) 4-6
Salvage Value (after 20 yrs) -
Spare Parts: plugs, seat rings,
gaskets, positioner
Quantity/Description
Cost $3,494

Maintenance Cost ($/Yr)
(if required)

*
10 Plants
$157,248

$31,450

*
100 Plants

$1,397,760

20-24

$279,552

*
These units should be assumed to be ordered as single procurements

j.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 14

Component Name: IV 6, 7, 9, 16, 17, 18, 19, 20,21, 24

Component Description: (include brief description including quantities

for cost traceability)

Isolation Valve - Pneumatic Actuated

Design Life: 20 yrs

Capital Cost: 1 Plant*
Unit Cost: $1,629.61 $16,296
Vendor Engrg: Roy Freeman Associates
First Tooling Cost: 0
Delivery (weeks) 4-6
Salvage Value (after 20 yrs) -
Spare Parts: plugs, seat rings,
gaskets, positioner
Quantity/Description
Cost $2,444

Maintenance Cost ($/Yr)
(if required)

*
10 Plants
$146,665

12-14

$22,000

*
100 Plants
$1,303,688

20-24

$195,553

*
These units should be assumed to be ordered as single procurements

i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 15

Component Name: IV 26 & 27

Component Description: (include brief description including quantities

for cost traceability)

Isolation Valve - Pneumatic Actuated

Design Life: 20 yrs

Capital Cost: 1 Plant”
Unit Cost: $728.67 $1,457.34
Vendor Engrg: Roy Freeman Associates
First Tooling Cost: 0
Delivery (weeks) 4-6
Salvage Value (after 20 yrs) -
Spare Parts: plugs, seat rings,
gasket, positioner -
Quantity/Description
Cost $364

Maintenance Cost ($/Yr)
(if required)

*
10 Plants

$13,116

$3,279

*
100 Plants

$116,587

15-18

$29,147

*
These units should be assumed to be ordered as single procurements

i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 16
Component Name: LF1,2,48&5

Component Description: (include brief description including quantities
for cost traceability)

: Lfne Filters to protect charge and discharge cycle pumps

‘Design Life: 20 yrs

Capital Cost: 1 Plant” 10 Plants. 100 Plants.
Unit Cost: $1,390 $5,560 $50,040 $444,800
Vendor Engrg: Mueller Steam Specialty (Quotation obtained during price estimation
of pilot plant, May 1977?.

First Tooling Cost: 0 0 0
Delivery (weeks) ~ 4-6 | 4-6 10-12
Salvage Value (after 20 yrs) - - -
Spare Parts? 1 filter

Quantity/Description .

Cost $1,390 $12,510 $111,200

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2
COST DATA SHEET

Equipment List No. 17
Component Name: LF 3, 6 & 7

Component Description: (include brief description including quantities
for cost traceability)

Line Filters to filter oil going to tanks T1/T2/T3

Design Life: 20 yrs

. * * *
Capital Cost: ‘ 1 Plant 10 Plants 100 Plants
Unit Cost: $585 $1,755 $15,795 $140,400
Vendor Engrg: Mueller Steam Specialty (Quotation obtained during price estimation

‘ of pilot plant, May 1977).
First Tooling Cost: 0 0 :

0
Delivery (weeks) 4-6 : 4-6 10-12
Salvage Value (éfter 20 yrs) - - -
Spare Parts: 1 ff]ter
QQantity/Description
Cost $585 $5,265 $46,800

Maintenance Cost ($/Yr)
- (if required)

« .
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 19

Component Name: NBST

Component Description: (include brief description including quantities -
' for cost traceability)

Nitrogen Blanketing Storage System

Design Life: 20 yrs

Capital Cost: 1 plant” 10 Plants 100 Plants
Unit Cost: $17,090.65 $17,090.65 $153,816 $1,367,252
Vendor Engrg: Linde Division, Union Carbide Corp.
First Tooling Cost: -
Delivery (weeks) 1-2 ' 2-4 7-9
Salvage Value (after 20 yrs) - -
Spare Parts: - -
Quantity/Description
Cost

Maintenance Cost ($/V¥r)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 2g

Component Name: NCV 1

Component Description: (include brief description including quantities -
for cost traceability)

Nitrogen Check Valve

Design Life: 20 yrs

Capital Cost: ‘ 1 P]ant* 10 Pjants* 100 P]ants*
Unit Cost: $36.24 $36.24 $362.40 $3,262
Vendor Engrg: Circle-Seal Valve
First Tooling Cost: 0 0
Delivery (weeks) 4-5 , 4-5 6-8
Salvage Value'(after 20 yrs) -
Spare Parts: -
Quantity/Description
Cost

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a tiwe.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 21

Componént Name: ocy 1

Component Description: (include brief description including quantities
: for cost traceability)

0i1 Check Valve

Design Life: 20 yrs

Capital Cost: | © 1 Plant” 10 Plants” 100 Plants”

Unit Cost: $588.80 $588.80 $5,888 $51,200
Vendor Engrg: Consolidated Pipe and Supply

First Tooling Cost: 0 0 | 0
Delivery (weeks) 8 ) 8 12
Salvage Value (after 20 yrs) - -

Spare Parts:

Quantity/Description 1 trim 10 trim " 100 trim
_ 1 packing 10 packing 100 packing
Cost $147.20 $1,472 $12,800°

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 22

Component Name: OFV 1

Component Description: (include brief description including quantities
for cost traceability)

0i1 Fill Valve - manually operated

Design Life: 20 yrs

. * * *
Capital Cost: 1 Plant 10 Plants 100 Plants
Unit Cost: $806.61 $806. 61 $7,259 $68,562

Vendor Engrg: Masoneilan

First Tooling Cost: 0 0 0
Delivery (weeks) 3-5 , 3-5 12-14
Salvage Value (after 20 yrs) - -
Spare Parts:

Quantity/Oescription 1 trim 10 trims 100 trims

1 packing 10 packings 100 packings
Cost $161 $1,452 $13,712

Maintenance Cost-($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 23

Component Name: - PR 1

Component Description: (include brief description including quantities
for cost traceability)

Pressure Regulator on the Nitrogen Blanketing System

Design Life: 20 yrs

Capital Cost: © 1 Plant” 10 Plants. 100 Plants.
Unit Cost: $71.05 $71.05 , $675 $6,039
Vendor Engrg: Pye-Barker & Co.

First Tooling Cost: 0 0 0
Delivery (weeks) 2-3 ‘ . 4-6 8-10

Salvage Value (after 20 yrs) - -
Spare Parts:
Quantity/Description - -
Cost

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procurenents
i.e., 10 at a time or 100 at a time.



ATTACHMENT 2

COST DATA SHEET

Equipment List No. 24
Component Nae: PRD 1, 2 &3

Component Deécription:

(include brief description including quantities
for cost traceability)

Pressure Rupture Discs with Vacuum Support System

Design Life: 20 yrs

Capital Cost: -1 P]ant*

Unit Cost: $663.30 $1,990
Vendor Engrg: W. R. Flack Co.
First Tooling Cost:
Delivery (weeks) 2-3
Salvage Value (after 20 yrs) - -
Spare Parts: 1 rupture disc
& vacuum support -
Quantity/Description
Cost $310

Maintenance Cost ($/Yr)
(if required)

* *
10 Plants 100 Plants
$17,720 $137,500
4-6 8-10
$2,658 $20,625

*
These units should be assumed to be ordered as single procurements

i.e., 10 at a tiwme or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 25

Component Name: PS1,2,6,7,8¢%9

Component Description: (include brief description including quantities -
for cost traceability)

Pressure Sensors (consists of gauge pressure transmitter)

Design Life: 20 yrs

‘Capital Cost: 1 PTant* 10 Plants* ‘ 100 P]ants*
Unit Cost: $615.00 $3,690 $35,055 $313,650

Vendor Engrg: The Foxboro Company (Quotation obtained during price estimation

of pilot plant, May 1977)
First Tooling Cost: 0 0

0
Delivery (weeks) 18-20 ‘ 20-26 20-26
Salvage Value (after 20 yrs) - ' - -
Spare Parts: pressure
transmitter
Quantity/Description ‘ ,
Cost $615 $11,685 $104,550

‘Maintenance Cost ($/Yr)
(if required)

These units should be assumed to be ordered as s1ngle procuremans
i.e., 10 at a time or 100 at a t1me
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 26
Component Name: T1/72/73

Component Description: (include brief description including quant1t1e5'
for cost traceability)
Tl - Hot Tank 27' Diameter
T2 - Intermediate Tank 38' Diameter
T3 - Cold Tank 38! D1ameter
Des1gn Life: 20 yrs

* * ’ *
. Capital Cost: - 1 Plant 10 Plants 100 Plants
Tl $164,000 6 6
Unit Cost: T2 $200,000 $4.9 x 10 $44.5 x 10
T3 $200,000

Vendor Engrg: Pittsburgh - Des Moins Steel Company

First Tooling Cost:

Delivery (weeks) 40 ) 104 156

Salvage Value (after 20 yrs)

Spare Parts: | - -
Quantity/Description - - -
Cost

Maintenance Cost ($/Yr)
(if required)

*
These units should be assumed to be ordered as single procureiments
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 27

Component Name: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27 & 28
Component Description: (include brief description including quantities -
: for cost traceability)

Temperature Sensor (consists of sensing element)

| Design Life: 20 yrs

Capital Cost: 1 P]ant* 10 P1ants* 100 P]ants*
Unit Cost: -$55.17 $1,490 $14,155 $126,650
Vendor Engrg: The Foxboro Company (Quotation obtained during price estimation
of pilot plant, May 1977)

First Tooling Cost: 0 0 0
Delivery (weeks) 18-20 . 18-20 20-26
Salvage Value (after 20 yrs) - - -
Spare Pérts: sensing element

Qdantity/Description .

Cost $552 $5,243 $46,907

Maintenance Cost ($/Yr)
(if required)

Tk
These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ATTACHMENT 2

COST DATA SHEET

Equipment List No. 28

Component Name: VRV 1, 2 & 3

FComponent Description: (include brief descr1pt1on including quantities
for cost traceability)

Vacuum Relief Valve (circle seal valve)

Design Life: 20 yrs

Capital Cost: -1 P]ant* 10 Plants* 100 P]ants*
Unit Cost: $32.10 $96.30 $867 $8,185

Vendor Engrg: Pacific Valves, Inc. (Quotation obtained during price estimation
of pilot plant)

First Tooling Cost: 0 0 0
Delivery (weeks) 2-3 - 2-3 ' 6-8
Salvage Value (aftér 20 yrs) - - -
Spare Parts: Spare valve

Quantity/Description .

Cost $32.10 $289 $2,728

Maintenance Cost ($/Yr)
(if required)

These units should be assumed to be ordered as single procurements
i.e., 10 at a time or 100 at a time.
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ENGINEERS / FABRICATORS /| CONSTRUCTORS

PITTSBURGH-DES MIOINES STEEL COVIPANY

NEVILLE 1SLAND B RAITTSBURGH, PENNSYLVANIA 15225 ® FPHONE: (412) 331- 3000

August 22, 1977

Georgia Tech University
Engineering Experiment Station
Applied Science Lab.

Atlanta, GA 30332

Attention: Dr., A. H. Ray

Gentlemen:

Based on the information given ovexr the phone, PDM is pleased
to quote the following ROM budgelt prices:

1. 27'd carbon steel "hot' tank . $170,000

2. 38'¢d carbon steel "intermediate" tank $210,000
3. 38'¢ carbon steel "cold" tank $210,000

These prices include all design, drafting, project. management,

materials, Tabrication, field erection, testing, foundations,
painting, and insulation.

A single one module system of three tanks would cost about
$590,000.

Ten such modules, or 30 tanks $5,200,000. One hundred modules,
or 300 tanks $47,200,000. '

PDM would he pleased to look at your system requirements, also,
Should solid inquiries result from this work, your nceds may
result in a "turn-key" facility. Keep this in mind if you do
require further information on the subject.
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