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ABSTRACT 

This study analyses the fuel cycle costs of the KH-1A for two 
core management plans. The calculated cost figures are based on the 
most current data. Each plan includes the core refueling and cost 
schedules over the life of the plant. The cost schedules are 
intended to serve as support data for determining funding requirements. 

Finally, comparison is made of the two plans with regard to 
total cost, cost per fiscal year, and cost per kilöwatt-h"»ur of electrical 
energy produced. 
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BACKGROUND 

The MH-1A type II core design was changed from a 2-year out- 
in shuffle to a 3-year batch core reload. Since the original 
MH-1A core management plans and fuel cycle cost analysis (Engineering 
Support Study dated 22 Dec 1967) were based on a 2-year shuffle 
type II core, it was necessary to update the core management 
plans and fuel cycle costs to reflect the change in the final core 
design. 

II.  INTRODUCTION 

The MH-1A Core Management and Cost Analysis Study, dated 
22 Dec 1967, describes five possible core management plans for the 
MH-1A. A core management plan is intended to predict the fuel 
cycle costs associated with a nuclear power plant. Only costs 
associated with the initial core and subsequent refueling cores are 
considered. 

As of 1 July 1969, two core management schemes are being 
considered by USAERG, both of which differ from those investigated 
in the 67 study. These two plans, referred to hereafter as plan A 
and plan B, are presented in this report. 

III.  MANAGEMENT PLANS 

1.  Plan A: Plan A is essentially the same as plan I of the 
1967 core management study, differing only in the refueling schedules 
(ref 1). Plan A uses type 1 cores, which are consumed at 15 
month intervals (ref 2). The breakdown is as follows; core life is 
12 full-power months, which yields 13.5 months of operation when 
divided by a plant load factor of .89, and 1 1/2 months of downtime is 
added for refueling. 

During each refueling operation only one-half of the core fuel 
elements are replaced.  The inner 16 elements are removed, the outer 
16 are transferred to the inner half of the core, and 16 fresh 



elements are placed in the outer half of the core. Hence, the 
type I core Is termed a shuffled core. 

As a consequence of shuffling, each half core spends 24 full 
power months In the reactor, 1.«., 12 months In the outer half and 
12 In the inner half. Exceptions are the inner half of the first 
core, which is withdrawn during the first refueling, and the last 
refueling core, which is removed rather than shuffled. 

The control rods are replaced during every other refueling, 
and are Intended to last 24 full-power months (ref 3). Table I is 
a schedule of refueling cores and control rod sets which will be 
required for the approximately 20-year life of the plant. The 
schedule commences with the completion date of the first refueling 
operation which is currently determined to be 1 Dec. 1969. 

2- Plan B; Plan B involves a core and control rod design 
quite different from that of plan A, and consequently a different 
refueling schedule as well. This core will be referred to as a 
type II core; but should not be confused with the type II core 
discussed in the 67 core management study, which is of a different 
design. Plan B involves the use of type I cores of plan A until 
the fourth refueling, after which type II cores are uped. The 
type II core is a batch-loaded core, that is, during each refueling 
all 32 elements are replaced. The core lifetime is 140 full-power 
weeks (ref 4). With a plant load factor of 0.89, the normal 
operating core life is increased to 36 months. One month Is 
alloted to refueling tine. 

The control rod life matches core life and control rods 
are replaced during each refueling. 

Table II is a schedule of core loading according to plan B, 

IV.  FUEL CYCLE COST EQUATIONS 

The fuel cycle cost equation, as it applies to Army operated 
nuc.1;?: 3ower plants, has been discussed in reference 1. The terras 
of Uie liquation consist of fuel fabrication costs, reprocessing 
costs, depletion charges, shipping costs, and use or interest 
charges. 

For the MH-1A, fuel cycle costs may be divided into two 
groups according to the time of their occurrence. One group, which 
will be called the initial cosf, consists of those costs which arise 
before the fuel enters the reactor. The other group is made up of 



TABLE I 

Plan A Core-Loading Schedule 

Type I Core 

Core 
Number 

Control Rod 
Set 

Half 
Inner 

:ore 
Outer 

Start of 
Operation 

End 
Operation 

2 1 la 2 1 Dec 69 15 Jan 71 

3 2 2 3 1 Mar 71 15 Apr 72 

4 2 3 4 1 Jun 72 15 Jul 73 

5 3 4 5 1 Sep 73 15 Oct 74 

6 3 5 6 1 Dec 74 15 Jan 76 

7 4 6 7 1 Mar 76 15 Apr 77 

8 4 7 8 1 Jun 77 15 Jul 78 

9 5 8 9 1 Sep 78 15 Oct 79 

10 5 9 10 1 Dec 79 15 Jan 81 

11 6 10 11 1 Mar 81 15 Apr 82 

12 6 11 12 1 Jun 82 15 Jul 83 

13 7 12 13 1 Sep 83 15 Oct 84 

14 7 13 14 1 Dec 84 15 Jan 86 

15 8 14 15 1 Mar 86 15 Apr 87 

16 8 15 16 1 Jun 87 15 Jul 88 

17 9 16 17 1 Sep 88 15 Oct 89 



TABLE II 

Plan B Core-Loiding Schedule 

Core Control Rod Half Core Start of End of 
Nunber Set Inner Outer Operation Operation 

2 1 la 2 1 Dec 69 15 Jan 71 

3 2 2 3 1 Mar 71 15 Apr 72 

4 2 3 4 1 Jun 72 15 Jul 73 

5 3 5 5 1 Sep 73 1 Sep 76 

e 4 6 6 1 Oct 76 1 Oct 79 

7 5 7 7 1 Nov 79 1 Nov 82 

8 6 8 8 1 Dec 82 1 Dec 85 

9 7 9 9 1 Jan 86 1 Jan 89 



costs which occur only after the fuel has been discharged, and will 
be referred to as the final cost. 

a. Initial Cost; The Initial cost is expressed as, 

IL - F + IF + T 

vhere, 

IL - total initial cost, in dollars 

F - core fabrication cost, in dollcrs 

IF * fabrication use charge, in dollars 

T « shipping cost, in dollars 

b. Final Cost; The final cost of a core is computed 
from, 

FL - D + R + T 

where, 

FL > total final cost, in dollars 

D " depletion charge. In dollars 

R ■ reprocessing cost, in dollars 

T "  shipping cost, in dollars 

c. Fabrication Cost; The cost of fuel fabrication 
includes conversion of UF6 to UO2, and fabrication into the 
finished fuel assemblies. Fabrication cost is taken as 150 
dollars per kilogram Uranium (ref 1) or, 

F '  150 x KI 

where KI is the beginning of life uranium loading in Kg. 

d. Reprocessing Cost; At the end of core life the spent 
fuel is discharged for reprocessing to recover valuable uranium and 
plutonium.  To date, USAERG has shipped all spent fuel cores to 
the government's Savannah River laboratory for reprocessing, and 
will continue to do so during the forseeable future. 

I.  By agreement, USAERG pays SRNL an estimated reprocessing 
charge at the time that spent fuel is shipped.  The exact reprocessing 



Charge is later commuted by SSNL. The difference between the 
estimated and adjured figures Is made up In subsequent payment by, 
or credit to. USAEKG. To arrive at a reprocessing charge estimate, 
the 67 core management study assumes that all Irradiated fuel Is 
reprocessed by Nuclear Fuel Services (NFS) of West Vallty, New York. 
The same source Is used to estimate the reprocessing cosns in the 
report. 

In this case, the reprocessing cost consists of the NFS re- 
processing cost and the charge for converting uranyl nitrate to 
L'F6. NFS plant charges are $31,000 per day with an allowable 
throughput in kg per day bafed on enrichment (ref 1 and Table III). 

II. Of this $23,500 Is the reprocessing charge, and the 
remainder Is a "per unit turn-around charge" (ref 2). 

NFS charges a minimum turn-around fee of $188,000 per fuel 
lot (ref 3). This amounts to a penalty charge for small fuel lots. 
SRNL can store spent fuel for the Army (as it is currently doing) until 
a sufficiently largn lot is obtained to make reprocessing economical, 
with no storage charge to USAERG. Therefore, the effect of the 
minimum turn-around charge is deleted in estimating the reprocessing 
cost.  It is assumed that the fact that SRNL stores spent fuel for 
an undetermined period of time does not affect the timing or amount 
of the reprocessing cost. 

The AEC accepts the processed uranium as uranyl nitrate and 
adds a charge of $5.60 per KgU for conversion to lJF6(ref 3). The 
AEC assumes that 1 percent of the uranium delivered for reprocessing 
is lost in reprocessing (ref 4). The reprocessing cost is then, 

R - 31000 x KF/A + .99 x 5.60 x KF 

or, 

R »  (31000/A + 5.54) x KF 

where, 

- the end of life core loading in KgU 

A = NTS allowable throughput, in Kg/day 



TABLE III 

Allowable Throughput in the NFS Reprocessing Plant* 

— Initial Allowable 
Enrichment Throughput ** 

(w/o) (kgü/day) 

3 1000 

4 880 

: 740 

6 650 

7 590 

8 540 

9 500 

* Data taken from Reference 1 

** For enrichments not specifically listed use linear 
interpolation between two nearest values. 



e.    Depletion Charge;  It Is necessary to pay Che AEC only 
for the value of the fuel burned (plus whatever Is lost in 
reprocessing), the rest is returned. At the same time credit is 
given for fissile plutoniuo produced during irradiation. The AEC 
currently guarantees $9.28 per gram if fissile plutonium (ref 1). 
The depletion charge is the burnup charge less the amount of the 
plutonium credit. 

The burnup charge is the difference between the value of 
the uranium loading at beginning of core lif« (Ul) and the value 
at end of life (UF). The value of the uranium loading at any time 
is determined by the mass of the uranium present and its enrichment, 
and is based on the AEC Schedule of Base Charges and Standard Table 
of Enriching Services (ref 2). The initial fuel value is, 

UI » KI x (01 + SI) 

where, 

KI - initial loading, in KgU 

01 ■ the cost in $/KgU of the fresh feed required to 
produce the desired enrichment 

SI - the cost in $/KgU of separative work to produce 
the desired enrichment 

A similar equation gives the final fuel value. 

UF - .987 x KF x (OF + SF) 

where KF is the end life loading and OF and SF are the corresponding 
values of fresh feed and enrichment charge. The end of lire 
loading is reduced by 1.3 percent to allow for losses in reprocessing 
and conversion (ref 1). 

The AEC assumes that 1 percent of the plutonium present at 
shutdown is lest during reprocessing (r^f 2). Therefore the 
plutonium credit Is, 

V = .99 x KP-9280 

or, 

V - 9190 x KP 

where KP is the amount of fissile plutonium present at shutdown in Kg. 



It is expected that after 31 Dec 1970, the AEC will replace 
the guaranteed credit for plutonium with a figure based on 
competitive demand (ref 3). At this time It is not possible to 
predict, whar the value of plutonium will be or the effect cf the 
change or. depletion charges. 

An expression for the depletion charge is, 

D - (ÜI - ÜF) - V 

f. Shipping Cost: Shipping costs arise whenever a newly 
fabricated core Is shipped to the HH-1A and when spent cores are 
disci arged for reprocessing. The mobile nature of the MH-1A makes 
estimaring an average shipping cost for the life of the plant 
difficuxt. To this end however, a one-way distance of 6000 miles 
by sea plus .1500 miles by land with rates of 2 cents per ton-mile 
by sea and A cents per ton-mile by rail are assumed (ref 1). Four 
elements may be shipped in o;ie shipping cask and the total weight 
is 13 tons (ref 2). The weight of the empty cask on the return 
trip is 12.5 tons. 

Shipping costs are computed as, 

T • 13x(.02x6000+.04x1500) x N + 12.5x(.02x6000+.04x1500)xN 

T - 4590 xH 

whe e N is the number of shipping casks required to ship the core. 

g. Use Charges: The AEC currently charges interest on all 
nuclear fuel leased at a rate which will be 7 1/2 percent per annum 
as of 1 Nov 69 (Ref 6). Government agencies, such as USAERG, are 
not required to pay use charges on leased fuel Inventories. As far 
as the MH-IA is concerned, use charges arise only when the uranium 
is under the control of private industries, viz., during fabrication. 

The fabrication use charge is, 

IF -  .075 x UI x TF 

where TF is the fabrication time and is taken as 4 months for half 
cores, and 6 months for whole cores (ref 4). 

V.  DATA AND CALCULATIONS 

Tables IV and V contain all of the data necessary to predict 
the costs of fueling the MH-IA using either plan A or plan B.  The 
estimates are obtained from a straightforward application of the 
equations to the data.  The results are contained in tables VI and 
VII in thousands of dollars. 



TABLE IV 

Data for Calculation of Fuel Cycle Cost of Plan A * 

Core ■ ■ 

Designation lb la 2-16 17 

KI 1465 1465 1465 1465 

KF 1455 1450 1441 1446 

KP 1.5 4.2 5.9 2.6 

01 177.97 204.65 204.65 204.65 

SI 174.31 209.00 209.00 209.00 

ov 144.40 144.40 149.92 183.95 

SF 131.49 131.49 138.45 182.06 

A 959 959 945 852 

N 4 4 4 4 

TF 6/12 6/12 4/12 4/12 

* Core loading data is taken from reference 4, pg. 2-4. 
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TABLE V 

Data for Calculation of Fuel Cycle Costs of Plan B 

Core 
Designation lb la 2&3 4 5-9 

KI 1465 1465 1465 1465 2640 

KF 1455 1450 1441 1446 2528 

KP 1.5 4.2 5.9 2.6 11.8 

01 177.97 204.65 204.65 204.65 317.31 

SI 174.31 209.00 209.00 209,00 359.52 

OF 144.40 144.40 149.92 183.95 236.37 

SF 131.49 131.49 138.45 182.06 250.82 

A 959 959 945 852 709 

N 4 4 4 4 8 

TF 6/12 6/12 4/12 4/12 6/12 

11 



TABLE VI 

Fuel Cycle Costs of Plan A, In K$ 

Core 
Designation lb Is 2-16 17 

UI 516.1 606.0 606.0 606.0 

UF 396.2 394.8 410.0 522.4 

V 13,8 38.6 j*.2 54.2 

D 106.1 172.6 141.7 59.7 

F 219.8 219.8 219.8 219.8 

R 55.1 54.9 55,3 55.3 

T 18.4 18.4 18.4 18.4 

IF 19.4 22.7 15.2 15.2 

XL 257.6 260.9 258.4 253.4 

FL 179.6 245.9 215.4 138.7 

12 



TABLE VII 

Fuel Cycle Costs of Plan B, in K$ 

Core 
Designation lb la 2&3 4 5-9 

UI 51J.1 606.0 606.0 606.0 1786.8 

ÜF 396.2 394.8 410.1 522.4 1215.6 

V 13.8 38.6 54.2 23.9 108.4 

D 106.1 172.6 141.7 59.7 463.8 

F 219.8 219.8 219.8 219.8 396.0 

R 55.1 54.9 55.3 60.6 124.5 

T 18.4 18.4 18.4 18.4 36.8 

IF 19.4 22.7 15.2 15.2 67.0 

XL 257.6 260.9 253.4 253.4 499.8 

FL 179.6 245.9 215.4 138.7 624.1 

13 



In «dditicn to the fuel costs, there is the cost of 
supplying the cort with control rods. This cost is $500,000 
per control rod set of type I, end $300,000 per control rod 
set of type II (ref 1). The cost of a zero power test of the 
first core of typ». II is $50,000 end must be included as part 
of the initial cost of core 5 (see plan B loading schedule). 

VI.  COST SCHEDULES 

By combining the fuel costs as they are contained in 
tables VI and VII with their respective refueling schedule, the 
amounts and times of occurrence of the necessary core expenditures 
for the MH-1A may be predicted. In constructing a cost schedule it 
is assumed that the initial costs of core occur 24 months prior 
to the shutdown date for the refueling in which that core enters 
the reactor. This represents the minimum allowable lead time for 
core procurement, and Is the latejt date at which the initial cost 
may occur. At the same time, it Is assumed that the final cost of 
a particular core occurs 13 months after the startup date following 
the refueling during which the core is discharged. This represents 
the minimum allowable lag time, and is the earliest date at which 
the final cost may occur. Fuel cost schedules for the MH-1A are 
shown in tables VIII and IX. 

It will be noted that the scheduling assumptions result 
In considerable "lumping" of fuel expenditures in table IX. This 
might present a difficulty in funding were it not that initial 
costs may be shifted to any date earlier than scheduled and the 
final costs to toy date later, with no Increase in the amount of 
the expenditure. 

Initial costs may be considered to have been spent through 
core 4, and the first final cost, that of core lb, does not 
occur until Nov 1970. Tnerefore, the cost schedules of both plan 
A and plan B commence with fiscal year 71. 

VII COST COMPARISON 

The total cost of fueling the MH-1A for fiscal years 71 
through 90 is $10,589,400 by plan A, and $3,164,500 using plan B. 
Amortizing these totals over the time involved yields average cost 
per fiscal year figures of $529,470 for plan A and $408,225 for 
plan B. According to these figures, switching to a type II core 
in plan B yields a fuel savings for the life of the plant of 22.9 
percent. 

14 



TABLE VIII 

Cost Schedule for Plan A* 

Fiscal 
Year 

Expenditure Date 
of Occurrence 

Amount 
K$ 

71 PL lb 1 Jan 71 179.6 

72 
i tlL5 
CR 3 
FL la 

15 Sep 71 

1 Apr 72 

253.4 
500.0 
245.9 

73 IL 6 15 Oct 72 253.4 

74 |FL 2 ' 
EL 7 
jCR 4 

1 Jul 73 
15 Jan 74 

215.4 
253.4 
500.0 

75 k 3 
IL 8 

1 Oct 74 
1 Apr 75 

215.4 
253.4 

76 FL 4 1 Jan 76 
• 

215.4 

77 FlL 9 
CR 5 
[FL 5 

15 Jul 76 

1 Apr 77 

253.4 
500.0 
215.4 

78 IL 10 15 Oct 77 253.4 

79 FL 6 
IL 11 
CR 6 

1 Jul 78 
15 Jan 79 

215.4 
253.4 
500.0 

80 FL 7 1 Oct 79 215.4 

* Under expenditure: IL - ini al cost 
FL - final cost 
CR - control rod cost 
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TABLE VIII (COK'T) 

Fiscal 
Year 

Expenditur«          Date 
of Occurraaca 

Anount 

80 IL 12 15 Apr 80 253.4 

81 FL 8 1 Jan 81 215.4 

82 IL 13 
CR 7 
FL 9 

15 Jul e: 

1 Apr 82 

253.4 
500.0 
215.4 

83 IL 14 15 Oct 82 253.4 

84 FL 10 
IL 15 
CR 8 

1 Jul 63 
IS Jan 84 

215.4 
253.4 
300.0 

85 FL 11 
IL 16 

1 Oct 84 
15 Apr 85 

215.4 
253.4 

86 FL 12 1 Jan 86 215.4 

87 IL 17 
CR 9 
FL 13 

15 Jul 86 

1 Apr 87 

253.4 
500.0 
215.4 

88 

89 FL 14 1 Jul 88 215.4 

90 FL 15 1 Oct 89 215.4 

91 fFL 16 
[FL 17 

1 Jan 91 215.4 
138.7 

Total Fuel & Control Rod Cost 10589.4 
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TABLE IX 

Cost Schedule For Plan B* 

Fiscal Expenditure Date of Amount 
Year Occurrence K$ 

71 FL lb 1 Jm 70 179.6 

72 flL 5 
Zero Power Test 

15 Jul 71 499.8 

OF 5 50.0 
CR 3 300.0 
FL la 1 Apr 72 245.9 

73 

74 FL 2 1 Jul 73 215.4 

75 IL 6 
CR 4 

1 Sep 74 499.8 
300.0 

FL 3 1 Oct 74 215.4 
FL 4 138.7 

76 

77 

78 XL 7 1 Oct 77 499.8 
(CR 5 300.0 

* Under expenditures: IL - Initial Cost 
FL - Final Cost 
CR - Centre I Rod Cost 
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TABLE IX (CON'T) 

Fiscal 
Year 

Expenditure Date of 
Occurrence 

Amount 
K$ 

78 FL 5 1 Nov 77 624.1 

79 

80 

81 IL 8 
CR 6 
FL 6 

1 Nov 80 

1 Dec 80 

499.8 
300.0 
624.1 

82 

83 

84 IL 9 
CR 7 
FL 7 

1 Dec 83 

1 Jan 84 

499.8 
300.0 
624.1 

85 

86 

87 FL 8 1 Feb 87 624.1 

88 

89 

90 FL 9 1 Mar 90 624.1 

Total Fuel & Control Rod Cost 8164.5 
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A fflore rallable ba«is for compariaon of CFP« I «n^ type II 
cortus is the cost p«r kilowatt-hour of elactrital energy produced. 
To thl» end, the coat of the fuel in th« reactor froo core nunber 
% to  the «ssd of plant life is divided by the total electric energy 
produced during the aaae time Interval. A plant output of 4514? 
chenaai (full power), and efficiency of 22.2 percent are asauased. 
The reaulta are, 

type I   8.37 mile/  K«h 

type II  6.11 alia/ Xiwh 

The type II coat represents a decrease el 27.0 percent of the type 
I cost. 

An examination of the elements of the fuel coats shows that 
the savings of plan B are due to the lower fuel fabrication and 
control rod coats of the type IX core, which are further reduced 
when amortized over the greater core life. On the other hand, the 
reprocessing coats are greater for the type II core, aa might be 
expected from the higher enrichment and less efficient bumup. 

nil  CONCLUSIONS 

This study has analyzed the fuel cycle costs of the MH-1A 
for refaeling plans invoking two types of cores. Plan B haa been 
shown to be more economical for the life of the plant than plan A, 
representing a savings of 27.0 percent over plan A. 

Cost schedules for each plan have been Included to provide 
a basis for detenoinlng funding requirements. 

19 



RUERENCES 

1. Engineering Support Study, NPFO-ED, dtd 22 Dec 1967, 
subject: Core Mensgeiaent Plan for the MH-1A. 

2. 10 CFR 20. 

3. Couchnan, 0. L. and P. D. Arrowsolth, "MH-1A Reliability 
ar.r' Availability Study," NUS-275, April 1966. 

4. "Replacement Core Design for the MH-1A," NÜS-576, July 1969. 

5. "Guide for Econoaic Evaluation of Nuclear Reactor Plant 
Design»," NUS-531, January 1969. 

6. "Nucleonics Week," Vol. 10 No. 36, 4 Sept 1969, McGraw-Hill. 

20 



 r 

UNCIASSIFIEO 

f'r'ryttiihrw 
OOCUMCKT CONTROL DATA • R & 0 

'jSUSSmUSBUSmJSSmStAm 
I    e«l«IN*TtN« *tTI»ITT 

Engineering Division 
U.S. Any Engineer Reactors Croup 
Fort Belveir, Virginia 

UNCLASSIFIED 
Ml «KOIII» 

I m»mo»r TITLB 

CORE MANAGEMENT PLAN FOR THE MH-iA 

«. OCMW^TivB MOTS« fT/p» tl rtßti mtä tmtmlr* mum) 

Final Report 

IYER. Shrinivas S. 
SAUNDERS. Ralph S. 

wmmsrssn  
October 3. Iß69 

S COMTMACT OH •«/.>• T 1 

In-house 
». »aojacT MO. 

M, TOTAk MO. 

26 
•a. OIMCINAT««** ««»OUT rtunAcnm 

ED-6920 

•S! OTM«H mSSSmr tSUii STäSäri 

I«. OiSTMawTtOW aTATCMCMT 

Qualified requesters may obtain copies of this report from DDC. 

II. •UWktMKMTASIT MOTKI II. fl>OM*OKlN« MILITART ACTIVITV 

U.S. Army Engineer Reactors Group 
Corps of Engineers 

it mwsg?  

This study analyzes the fuel cycle costs of the MH-IA for two core management plans. 
The calculated cost figures are based on the most current data. Each plan includes 
the core refueling and cost schedules over the life of the plant. The cost 
schedules are intended to serve as support data for determining funding requiTements. 

Finally, comparison is made of the two plans with regard to total cost, cost per 
fiscal year, and cost per kilowatt-hour of electrical energy produced. 

DO ,T„H73 ••rL*«M em »ONM I«»». I •> AH M, WHICH It 

UNCLASSIFIED 
■•oirlly Haiaiflcalim 



 M—toy Cl—i «iflcaUon 

MOL«       «T HOL* WT 

UNCLASSIFIED 
Security CUuiflcatlon 



INSTRUCTIONS TO PILL OUT DO FORM 1473 • DOCUMCNT CONTROL DATA 
(5»t ASPR 4-211) 

I,   OIBCINATINC ACTSVITY:   tar, ih« MIM and «Mr«** of 
UM contractor, ■tibrontractor, (rant**, Dcpartoiant of Bafanaa 
activity or othar ofganiaatian (eotpam* »uthor) taauinc tha 
■•port* 

2a.   REPORT SECURITY CLASSIFICATION:   Enlar tha ovar- 
all aacurtty claaalflcatlon 9t tha rapert.   Indicjta whathar 
"Raatrictad Data" t* includad.   Storiünc I* to b« in accord- 
aoc« with appropriate aacurity ragulationa. 

2b.  GROUP:  Autoaatic donrncradiag la apaciflad in DoU diioc- 
tiva 5200.10 and Araad Fore«« IndiMtrial tacorlty Manual. Eotar 
tha grenp aaabar.  Alao, »ban applleabl«, abow that optiaaal 
■urkinia hay« b««» naad far Group 3 and Groep 4 a« aothnriaad. 

3. REPORT TITLE: Enter Ih« coaplat« raport Utl« in all 
capital lattar«. Till«« in alt caaaa ahould ba unclaaslfiad. 
If a Bwaoiatfui till« cannot ba aalactad without daaaiflca- 
lion, ahow till« claaaificAtion In all capitala in patonthaaia 
lauaadlataly followiac tha Ulla. 

4. DESCRIPTIVE NOTES:  If appropriata, ontar tha typ« of 
rapoit, «.(., intotla, prograaa, «wwiry, aamal, or final. 
Giv« tha indualva dataa whan a apadflc rapoitinc pariod ia 
covcrad. 

i.   AUTHORjS):   Enlar tha n«aa(a) of tha aMhot<a) la normal 
oidar, «.», full flrat nam«. aUddla initial, laal naaw.   it ailitary, 
ahow grada and irexh of aervle«.   Th« naaa of tha principcl 
author ia a mlaimuai raqutranwnt. 

6.   REPORT DATE:   Enlar th« data of tha raport aa day. month, 
yaar, or awnth, yaar.  If mor« than on« data appaara on I ha ra- 
port, uaa data of publication. 

7a.   TOTAL NUMBER OF PACES:   Tha total pag« count 
ahculd follow normal pagination procadurcr., i,«., «ntcr th« num- 
ber of page« containing information. 

7b.   NUMBER OF REFERENCES: 
rafenrncea citad in the report. 

Enter tlie total number of 

8«.   CONTRACT OR GRANT NUMBER:   If appropriate, enter 
the applicable number of the contract or grant under which 
tha report waa written, 

8b, 8c, and 8d.   PROJECT NUMBER:   Enter the appropriate 
military department identification, auch aa project number, 
teak area number, ayatama number«, work unit number, etc. 

9«.   ORIGINATOR'S REPORT NUMBER(S):   Enter the official 
report number by which the document will be identified and 
controlled by the originating activity.   Thia number muat be 
unique to thia report, 

9b. OTHER REPORT NUMBER(S). K the report ha* been 
aaeigned any other report number* (either by the originator 
or by the epontor), «Uo enter thia number(a). 

Enter the one dlalributlon 10.   DiSTRIBUTION STATEMENT: 
alalement Retaining to the report. 

Coniractoi Imposed Diatributlon Statement 

The Armed Service». Procurement Regulation* (ASFR), per* 9-203 
atipulatea that each piece of data to which limited right* are 
to be uaaerted muat be marked with the following legend: 

"Fumiahed under United Stete* Govemntenl Contract 
No. ..   Shall not be either releaaed outalde the 
Govemmenl, or uaed, duplicated, or di*clo*ed in whole 
or In pert for manufacture or procurement, without the 
written pemuaaion of except for: 
(i) emergency repair or overhaul work by or for the 
Government, where the item or procea* concerned i* 
not otherwlae reaaonably available to eneble timely 
performance of the work; or (II) releaae to * foreign 
government, e* the Inter**!* of the United State* may 
require; provided thai In either ca*e the releaae, u*e, 
duplicetion or di*clo*ure hereof ahall be aubject to the 
foregoing litnltationa.   Thia legend ahcll be marked on 
any reproduction hereof In whole or in part." 

If tha above alataanat i* to ba «a 
the following abbreeMod «tataant: 

"Funlabad under U. S. _     —_._ 
Shall pot ba either releaacd outaUc Am 
duplicated, or diacloaad ia wbol« or 
or precuromant. without Ike writtan p 
pw AS>R 9-303.» 

DoD tepoaad Diatrtbatiaa SlatraH 
S200.30 ; ••Diatributloa Smaaei* 
Techni.al Oocuocola," March 29. 

Dinctlre mupmtfmee DeOOhmeU 
M itMkar tiam Sttmiff) «a 
ims. 

STATEMENT NO. I • Dietribotloa at tkla 

STATE'TNT NO. 3 (UMCLASamD < 
i« aubject to speclat eaport canMola I 
fofotgn govairaicnt« or foreign oatiaaato atay Iba < 
prior approval of (lilt m cmtralM^ OeO atlicm}. 

la anUaited. 

Uta doc-^aent 
nal to 
aaly with 

(CLASSinEO deeaaat) 
meota which aaat ba mat. thl 
aspen eoMfola aad each traaaBlltal 
foreign natlooal* may ba 
in canrroffmi OeO Office}. 

wmim, - Eack tran*- 
iaa af lha U. S. 

STATEMENT NO  3 (UNCLASSVtKO 
■lllal of thia docuant oataide tla ag 
Govarnaent auai have prior approval wf fNII <n emtnllktg 
DoD Office). 

(CLASSIFIED docuaaal) • In aMMlM lo —cmrttf w^liw 
men» which apply lo Ihla rlnraaaat aad aa« 
tranaiailtal outaida tha agaaclra ol Iba U. S. 
have prior approval of (till M cenuotlimt DoO OfAca> 

STATEMENT NO. 4 (UNCLASSIFIED «anaaiWj - Each franc- 
nittal of thia document outaidc the Depatawnt of Defena« 
mual have prior cpproval of (fill in cailrolling DoO Office). 

(CLASSIFIED document) ■ In addtUon lo aacwily require- 
ment* which apply to thia document aad anwt be a**!, each Irana- 
mltial outaide the Depanaant of Dafaaaa anal have prior ap- 
proval of (fill in controlling DoD Office). 

STATEMENT NO. S (UNCLASSIFIED dacmett) - TWa document 
may be further dielributsd by aay holder only with apaciflc 
prior approval of (fill in conlrollint DoO Office). 

(CLASSIFIED document) - In nddaioa lo aacurity rrquw 
ment* which apply to thia docnarat aad aual be ael, it aay 
be further diatributed by the hold« ONLY with apadflc prior 
approval of (fill in controlling DoO Office). 

II.   SUPPLEMENTARY NOTES: 
note«. 

Uae for addttional emplmualory 

12. SPONSORING MILITARY ACTIVITY:   Eater the naw nf 
the departmental project office or laboratory aposaori^ (pmying 
lot) the reaearch and development,   kclada addrea*. 

13. ABSTRACT:   Enter an abatract giving a bricl aau) luiual 
' immary of the document indicative of tha report, even   hough 
ii may-alao appear elaewhen in the body of the terteical re- 
port.   If additional apace ia inquired, a contiMutii i aheet shall 
be attached. 

It ia highly deairable that the abatrad of claaatfieri rr- 
potc be uncUseified.   Each paragraph of the abstract oivi.ll 
end with an indication nf the aillitary aeenrity claaaihcatio« 
of the Information in the paragraph, rcprauaatad aa fTS> (S), 
(Ch or ft/;. 

There ia no limitation on the length ot the abalracl.   How- 
ever, the auggeeled length i* fraa 190 lo 225 wowl». 

14. KEY WORDS:   Key word* at« ladnically aeaaawful tola« 
■ha     ^    ' or abort phraae* that characterlaa a rapait aad aay ba aaed a* 

Index entrle« for cataloging the rapaM.   Kay aorda anal ba 
aelecled ao that no aecurity claaalflcallaa la r«n»ii««t 
tlflen, auch aa equipawot modal daaignmiea. trad« aaana, 
military project code neaa, geogiapMc location, any b» uaed 
aa key word« but will be feUowod by aa ladteatlea of tadaal- 
cal contest.   Th» aaalgaaaant of Uaka. talaa, aid aai^Ma la 
optional. 

I>    -T.HTS -»IB,,,«, 


