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INDIANA & MICHIGAN ELECTRIC COMPANY
2101 Spy Run Avenue, Fort Wayne, Indiana 46801

Background of the Company

-

INDIANA & MICHIGAN ELECTRIC CoMPANY (the Company) is a subsidiary of American Electric
Power Company, Inc. (AEP) and is engaged in the generation, purchase, transmission, and distribu-
tion of-clectric power. The Company was organized under the laws of Indiana on February 21,
1925, and is also authorized to transact business in Michigan and West Virginia. Its principal
executive offices are in Fort Wayne, Indiana.

Indiana & Michigan Power Company, the generating subsidiary of the Company, was formed
in 1971 to own, complete the construction of, and operate the Donald C. Cook Nuclear Plant (the
Nuclear Plant). Unit No. 1 of the Nuclear Plant was placed in commercial operation on August 23,
1975. Unit No. 2 was placed in commercial operation on July 1, 1978. The subsidiary sells all of
the plant’s gencration to the parent for distribution to the latter’s customers.

The Company serves 231 communities and approximately 437,000 customers in a 7,740-
square-mile area of northern and castern Indiana and a portion of southwestern Michigan. This arca
has an estimated population of 1,566,000. Among the principal industries served are manufacturers
of automobiles, trucks, automotive parts, aircraft parts, steel, ferrous and nonferrous castings, farm
machinery, machine tools, electric motors, electric transformers, electric wire and cable, glass,
textiles, rubber products, food products and electronic components. In addition, the Company
supplies wholesale electric power to other electric utilities, municipalities, and cooperatives.

The Company’s generating plants and important load centers are interconnected by a high-
voltage transmission network. This network in turn is interconnected either directly or indirectly
with the following other AEP System companies to form a single major integrated power system:
Appalachian Power Company, Kentucky Power Company, Kingsport Power Company, Michigan
Power Company, Ohio Power Company, and Wheeling Electric Company. The Company is also
interconnected with the following other utilities: Central Illinois Public Service Company, The
Cincinnati Gas & Electric Company, Consumers Power Company, Commonwealth Edison Com-
pany, Illinois Power Company, Indiana-Kentucky Electric Corporation (a subsidiary of Ohio Valley
Electric Corporation), Indianapolis Power & Light Company, Northern Indiana Public Service
Company, and Public Service Company of Indiana, Inc.




) INDIANA & MICHIGAN ELECTRIC COMPANY
{ AND GENERATING SUBSIDIARY
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- q
Consolidated Summary of Operations
Year Ended December 31,
A 1978 1977 1976 1975 1974°
; n (In Thousands)
’ OPERATING REVENUES—ELECTRIC .......... $603,480 $512,824  $416,193 $363,355 $287,606 |
OPERATING EXPENSES:
Operation: . '
Fuel for Electric Generation ............ 125,277 74,052 70,127 55,775 55,216
‘ Purchased and Interchange Power (Net) ... 116,308 144,833 126,712 121,194 111,161
' Other v.vvvvernrinnenrararnnessssnss 60,001 44,706 40,251 37,800 27,959
Maintenance ..........cceviirinersanns 32,724 28,452 20,140 17,078 17,747
Depreciation .....ocvvenicieernneranens 59,844 48,824 47,852 32,734 24,853
Taxes, Other Than Income Taxes .......... 26,432 23,408 18,920 14,015 10,956
Federal and State Income Taxes ........... 23,060 18,149 (8,625) 6,026 (3,086)
‘ Total Operating Expenses ........ 443,646 382,424 315,377 284,622 , 244,806
OPERATING INCOME ..... i 159,834 130,400 . 100,816 78,733 42,800
OTHER INCOME AND DEDUCTIONS: .
Allowance for Funds Used During Construction — — 28,874(a) 45,482(a) 59,454(a)
Allowance for Other Funds Used During Con-
SIIUCHON vt vivvnerenanonrnnnannseons 27,974 26,889 — — —
Miscellancous Nonoperating Income Less De- ‘ "
ductions ........cvcienecnnaranes eee. 1,040 . 952 718 135 1,537
Total Other Income and Deductions 29,014 27,841 29,592 45,617 60,991
INCOME BEFORE INTEREST CHARGES ......... 188,848 158,241 130,408 124,350 103,791
INTEREST CHARGES: )
: Total Interest Charges .....ocvvevevennnnan 96,648 80,772 76,534 70,822 70,388
Allowance for Borrowed Funds Used During
Construction (Credit) ......cccvivuvnnn (22,627) (19,651) —_ —_ —
Net Interest Charges .....cvvue.. 74,021 61,121 76,534 70,822 70,388
CONSOLIDATED INCOME BEFORE CUMULATIVE
EFFECT OF ACCOUNTING CHANGES ........ 114,827 97,120 53,874 53,528 33,403
NON-RECURRING CUMULATIVE EFFECT OF Ac- ’
COUNTING CHANGES (Net of $603,000 Appli-
cable Taxes) ......... i — — — — 8,151
CONSOLIDATED NETINCOME ....vveveneraans $114,827 $ 97,120 $ 53,874 $ 53,528 $ 41,554

(a) Not reclassified into debt and. equity components since allocation based on then existing capital structure would
not necessarily be comparable to allocation under the FERC formula used after 1976.




Management’s Comments on

Consolidated Summary of Operations

The amounts shown in the Consolidated Summary
of Operations and discussed below reflect only the
results of past operations and are not intended as any
representation as to the results of operations for any
future period. Reference is made to the consolidated
financial statements, related notes, and Operating
Statistics and Balance Sheet Data for additional infor-
mation concerning results of operations.

Operating Revenues—Electric

Electric operating revenues increased by $96,631,000
(23%) in 1977 over 1976 and by $90,656,000 (18%)
in 1978 over 1977. Factors associated with the in-
creases and related estimated amounts are as follows:

Increase (Decrease)

1977 vs. 1976 1978 vs. 1977
(In Millions)

Base Rates and Fuel Cost Adjust-

MENLS vevvnvonrsonnacscncansnces $109.3 $ 538
Sales Volume .....c.voveveeennns (21.2) 51.1
Sales MiX .cvvviemvnivenriancanas 8.2 (14.2)
Other Operating Revenues ...... . 0.3 —_
Overall Increase ... $ 96.6 $ 90.7

The increase in operating revenues in 1977 over
1976 was primarily attributable to rate increases placed
in effect during 1976 and 1977 and to the recovery of
increased fuel costs pursuant to the Company’s fuel-
adjustment clauses. Growth in operating revenues dur-
ing 1977 was limited due to a 17% decrease in kilowatt-
hour sales for resale. The increase in operating reven-
ues in 1978 over 1977 reflected a 29% increase in
kilowatt-hour sales for resale, the recovery of increased
fuel costs, and rate increases placed in effect during
1977 and 1978. Conservation measures by some cus-
tomers have tended to limit the growth of operating
revenues in both 1977 and 1978.

Opcrating Expenscs

Fuel for electric generation increased in 1977 over
1976 by $3,925,000 (6%-) and in 1978 over 1977 by
$51,225,000 (69% ). Factors relating to these increases
and the related estimated amounts are shown below:

, Increase (Decrease)
1977 vs. 1976
(In Millions)
Coal  Qil Nuclear Total
Cost of Fuel Consumed .. $ 51 $41 $24 $11.6
Generation Level and

Fuel MiX ..cocvvvnnnss (2.8) 1.0 (5.9) (7.7)
Overall Increase
(Decrease) .oevevecss. $23 $51 8@3.5) $3.9

1978 vs. 1977
(In Millions)
Coal Qil Nuclear Total

Cost of Fuel Consumed .. $237 §$44 §33 $314
Generation Level and

Fuel MiX +..ceueeneen. (22) _57 _163 198
Overall Increase ........ $21.,5 $10.1 $19.6 $51.2

The cost of fossil fuel consumed increased signifi-
cantly in 1977 and 1978. The increase in 1977 was
affected by there having been a refund of approximately
$4,000,000 to the Company in settlement of litigation
with a supplier of fuel oil. (Such amount was recorded
as a reduction to fuel for clectric generation for 1976
and is reflected in the increase shown above in the
cost of oil in 1977 from 1976.) A decrease in the
quantity of nuclear fuel consumed in 1977 was related
to the planned outage of Unit No. 1 of the Nuclear
Plant for refueling. The increase in 1978 also reflected
the placing of Unit No. 2 of the Nuclear Plant in com-
mercial operation during July. The utilization of the
relatively more expensive fuel oil (to conserve coal
supplies) to generate electricity during the coal miners’
strike which ended in March 1978 contributed to the
increase in 1978 over 1977.

The purchased and interchange power increase of
$18,121,000 (14%) in 1977 and decrease of
$28,525,000 (20%) in 1978 primarily reflect the
utilization of the Nuclear Plant as described above.

Other operation expense increased by $15,295,000
(34%) in 1978 over 1977 mainly due to higher costs
of labor, materials, supplies, and services, and was also
affected by test generation prior to, and increased
generation due to, placing of Unit No. 2 of the Nuclear
Plant into commercial operation.

The increase in maintenance expense in 1977 over
1976 of $8,312,000 (41%) was associated with cer-




INDIANA & MICHIGAN ELECTRIC COMPANY
AND GENERATING SUBSIDIARY

MANAGEMENT’S COMMENTS ON CONSOLIDATED SUMMARY OF OPERATIONS (Concluded)

tain increased maintenance activity in 1977 which had
previously been deferred and with higher labor cost
and increased costs of materials, supplies, and services
as regards power production maintenance. Maintenance
expense increased by $4,272,000 (15% ) in-1978 over
1977 largely because of increasing cost levels and
increased power plant, transmission and distribution
maintenance activities.

The increase in depreciation expense in 1978 over
1977 of $11,020,000 (23%) was chiefly due to the
placing of Unit No. 2 of the Nuclear Plant and certain
environmental protection facilities at the Company’s
Tanners Creek Plant in commercial operation.

Taxes, other than income taxes increased by
$4,488,000 (24%) in 1977. This was due to increases
in utility plant in service and the completion in 1976
of the amortization (approximating $3,000,000 for
that year) of certain deferred credits associated with
property taxes which had been deferred pursuant to
regulatory authorization. The increase in taxes, other
than income taxes in 1978 over 1977 of $3,024,000
(13%) was largely attributable to increased Indiana
Property Tax resulting from greater assessed valuation
of property, increased Indiana Gross Income Tax at-

tributable to increased applicable revenues, and to
Michigan Single Business Tax pertaining to the Gen-
erating Subsidiary.

Information concerning Federal income taxes (in-
cluding a reconciliation of actual Federal income taxes
to such taxes computed at statutory rates) is shown in
Note 3 of Notes to Consolidated Financial statements.

Allowance for Funds Used During Construction

The allowance for funds used during construction
(AFUDC), including the portion shown as a credit to
interest charges, increased by $17,666,000 (61%) in
1977. This increase was related to an increased amount
invested in construction (including Unit No. 2 of the
Nuclear Plant and precipitator installation projects at
two of the Company’s plants) and to the effect of the
Generating Subsidiary’s compounding AFUDC begin-
ning in 1977.

Interest Charges

In 1978, totai interest charges increased: by
$15,876,000 (20% ) over 1977; this was related to ad-
ditional long-term debt outstanding.




Auditors’ Opinion

To the Shareowners and the Board of Directors of
Indiana & Michigan Electric Company

We have examined the balance sheets of Indiana & Michigan Electric Company and its gen-
erating subsidiary, Indiana & Michigan Power Company, consolidated, as of December 31, 1978
and 1977 and the related statements of consolidated income, retained earnings and sources of funds
for plant and property additions for the respective years then ended. QOur examinations were made
in accordance with generally accepted auditing standards and, accordingly, included such tests of
the accounting records and such other auditing procedures as we considered necessary in the
circumstances.

As discussed in paragraphs three and five of Note 2 of Notes to Consolidated Financial State-
ments, the Company is collecting certain wholesale revenues subject to possible refund and has
been incurring charges for interchange power subject to refund by its affiliated interchange power
supplicrs. An initial decision in the interchange power proceeding in February 1978, could, if
sustained, result in substantial refunds to the Company. In addition, the Company is involved in
antitrust matters discussed in paragraphs three and five of Note 10 of Notes to Consolidated
Financial Statements.

In our opinion, subject to the effect on the financial statements identified above of such adjust-
ments, if any, as might have been required had the outcome of the rate and antitrust matters referred
to in the preceding paragraph been known, such financial statements present fairly the financial
position of the above companies, consolidated, as of December 31, 1978 and 1977 and the results
of their operations and their sources of funds for plant and property additions for the years then
ended, in conformity with generally accepted accounting principles applied on a consistent basis.

S biTlTn Shctisr bt

New York, New York

February 19, 1979 (March 2, 1979
as to paragraph five of Note 10 of Notes
to Consolidated Financial Statements)




INDIANA & MICHIGAN ELECTRIC COMPANY ~
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Consolidated Statement of Income

*

OPERATING REVENUES—ELECTRIC (Notes 1 and 2) ...........

OPERATING EXPENSES:
Operation:
Fuel for Electric Generation .......... e teennnsesonene
Purchased and Interchange Power (Net)

(Notes2and 9) vvvvveervienrcnsnsseasnssonssoses ]

L 1 1 O
Maintenance (NoOte 1) ...vveiirrverrceorrsnssansannnnses
Depreciation (Note 1) ....ovinirnenirienneannss Mo veceons
Taxes, Other Than Income Taxes (Note 9) .........c0u0nens

. State Income Taxes ..v.vvevensnnnncnecocseccaancnsnens
Federal Income Taxes (Notes 1 and 3) .....ccevnvevvenaen
Total Operating EXpenses .....oeesoecsasosssces

OPERATING INCOME . ..vvvecianeanssannsassansscsnasssosns
OTHER INCOME AND DEDUCTIONS (Notes 1 and 3):
Allowance for Other Funds Used During Construction ........

Miscellaneous Nonoperating Income Less Deductions ........
Total Other Income and Deductions ..............

INCOME BEFORE INTEREST CHARGES , v 0eeeecoccansarsossasnsns

INTEREST CHARGES:
Interest on Long-term Debt .......ccvvviiiiennieeenennns
Interest on Short-term Debt .......ccvvvevrennnennns ceees
Miscellaneous Interest Charges (Note 1) .......oveivrnenns
Total Interest Charges ....evvererevenneneasones

Allowance for Borrowed Funds Used During Construction
(Credit) (NOte 1) tivvnivneerneesesassasnancncasnnns

Net Interest Charges . .vvvvevvevenacsd erecenens
CONSOLIDATED NET INCOME ......ccteveensscacccannsonsns

See Notes to Consolidated Financial Statements.

Year Ended
December 31,
1978 1977
(In Thousands)
$603,480 $512,824
125,277 74,052
116,308 144,833
60,001 44,706
32,724 28,452
59,844 48,824
26,432 23,408
(378) 704
23,438 17,445
443,646 382,424
159,834 130,400
27,974 26,889
1,040 952
29,014 27,841
188,848 158,241
89,397 73,188
5,964 6,697
1,287 887
" 96,648 80,772
(22,627) (19,651)
74,021 61,121
$114,827 $ 97,120




Consolidated Balance Sheet

December 31,
1978 1977
ASSI_ETS AND OTHER DEBITS (In Thousands)
ELECTRIC UTILITY PLANT (Note 1): )
Production .......ooivvivvnnenennnn Vet teieteseeseenns $1,345,070 $ 864,902
TransSmisSiOn ... ...t iiriiiieiireerineenreneneonsanons 421,644 401,562
B T4 1510} R 257,186 244,103
General and Miscellaneous (includes Nuclear Fuel) ......... 68,209 40,965
Construction Work in Progress «.ooeeeereneneeeeeseeees .. 305,136 555,500
Total Electric Utility Plant ............ccc0nenn, 2,397,245 2,107,032
Less Accumulated Provision for Depreciation .......... weees 410,520 358,826
Electric Utility Plant, Less Provision ............. 1,986,725 1,748,206
OTHER PROPERTY AND INVESTMENTS (Notes 1 and 4) .......... 170,299 137,421
CURRENT ASSETS:
Cash (NOtE 8) ..uuiiviivnriinreneennneneneeonancannes 21,264 54,735
Special Deposits and Working Funds .............c00... ves 6,750 24,065
Temporary Cash Investments (at cost, which
approximates market) .........coiveererrreecnnnnenas —_ 8,494
Accounts Receivable:
CUSIOMETS . ivettviinnenennereennseesnnnnoanononnas 46,277 38,052
Associated COMPANIes +.....vvevvieerrnnnneneenneenes 7,511 9,382
Miscellaneous .........ccvvieterinerennnecnacoeeenas 4,498 4,968
Accumulated Provision for Uncollectible Accounts ........ (299) (221)
Materials and Supplies (at average cost or less):
Construction and Operation Materials and Supplies ........ 12,783 11,468
Fuel ................. Lt tesesenettanaciaactenanns 16,112 17,320
Accrued Utility Revenues ........cvvveieinneernnneeonnns 13,811 18,149
Prepayments and Other Current ASSEtS +..ovvveerennneennn. . 3,467 4,322
Total Current ASSCtS . ..veuevensereesneoeonnene 132,174 190,734
DEFERRED DEBITS:
Unamortized Debt Expense (Note 1) ............ eesensas 3,143 2,172
Property TaXeS ....uveuisreanenneccneernnnennonsnnnnes 1,422 1,450
Deferred Collection of Fuel Costs (Note 2) vvvvvevennes cone 1,584 1,655-
Other Work in Progress «........u.u.. e rteteeecnnnenes . 9,010 4,780
Other Deferred Debits ......covvvevennns cesses crestsnane 45,606 36,521
Total Deferred Debits ........ ceteesanns I 60,765 46,578 .

Total .....cvvivniiiiiiiiiiinn., crssesesens $2,349,963 $2,122,939

Seg Notes to Consolidated Financial Statements.




‘ INDIANA & 'MICHIGAN ELECTRIC COMPANY
AND GENERATING SUBSIDIARY
<
<
December 31,
1978 1977
. LIABILITIES AND OTHER CREDITS (In Thousands)
CAPITALIZATION: : '
Common Stock—No Par Value (Note 5):
Authorized—2,500,000 Shares
] Outstanding—1,400,000 Shares ........c..... eeenaeas $ 56,584 $ 56,584 |
Premium on Capital Stock (Note 5) ........... ... eaeeene ’ 381 381 |
Other Paid-in Capital (NOIE 5) ... evuevneuerneennrecenss 470,228 410,228
Retained Earnings (Note 6) .......ccviveiieinnnenanenss 136,829 104,566
Total Common Shareowner’s Equity ..........c..0. 664,022 571,759
Cumulative Preferred Stock (Note 7) ...cvivenrnrnnonenens 227,000 187,000
Long-term Debt (less portion due within one year) (Note 8) ... 1,043,090 977,062 \
Total Capitalization (less long-term debt due
withinoneyear) .....oveveivenrncnsnencocnns 1,934,112 1,735,821 -
CURRENT LIABILITIES: )
Long-term Debt Due Within One Year (Note 8) ............ 7,536 61,421
Short-term Debt (Note 8):
Notes Payable to Banks .....ocviniririerireneennoans 69,490 49,650
Commercial Paper .....cciiierveinnenennnccocasecens 55,450 © 52,200
Accounts Payable:
LT3 115 ¢ P 50,460 19,650
Associated Companies ............... e, 15,305 16,306
Dividends Declared:
Common Stock .......... e, 14,252 11,360
Cumulative Preferred S10CK . vvvevneenrenrneresennss . 4,754 3,854 -
Customer Deposits ....cevvevreeenns i eeereerseeseeenns 1,909 1,739
Taxes Accrued .. ..cvveiiinneeenrosonroososssanacceanns 20,005 18,804
' Interest ACCIUEd ......vvuvvurreseneeneoeosnsosensonns 18,338 19,041
Other Current Liabilities .......c.c.ciiierierriascnnsanss 16,439 16,653
Total Current Liabilities .....cccveeeevseesonses 273,938 270,678
COMMITMENTS AND CONTINGENCIES (Note 10) ’ t
DEFERRED CREDITS AND OPERATING RESERVES:
Deferred Income Taxes (Note 1) ....cvvveenrinnsacccenas 120,921 102,143
Deferred Investment Tax Credits (Notes 1 and 3) ........... 8,503 10,785
Other Deferred Credits and Operating Reserves ......covevse 12,489 3,512
Total Deferred Credits and Operating Reserves ..... 141,913 116,440
Total ...vviiiiii ittt e ceeseaees  $2,349,963 $2,122,939
11



Consolidated Statement of Sources of Funds

for Plant and Property Additions

FUNDs FROM OPERATIONS:
Consolidated Net INCOME ..o vvvereenreeneenrncasenenens

Principal Non-fund Charges (Credits) to Income: .
Depreciation . .uvvveetuetenrreritannnnntneneiannenn

Provision for Deferred Income Taxes (Net) ............
Deferred Investment Tax Credits (Net) ......covvnnvnnnn
Allowance for Other Funds Used During Construction . ...
Other (Net) ...ivniiiiii ittt tetenensennennennnnn
Total Funds from Operations ....................
FUNDS FROM FINANCINGS:
Issuances and Contributions:
Long-term Debt .......iiiiriiiiiiiiiiiennnennns
Cumulative Preferred Stock ....ovtvvviivnennnennennn.
Capital Contributions from Parent Company ............
Short-term Debt (Net) ....vvieieineererernennnnnnns
0
Less—Retirements:
Long-term Debt .................. feeeeraiaeinanen
Short-term Debt (Net) ..oveiveininiiniinennneeeans

Net Funds from Financings ............co0vvennn.
DIVIDENDS ON COMMON STOCK .+ ovvvevenencnsnceseneennna

OTHER CHANGES (NET) 4 'iuiviiinernerneeneeneennennennns
DECREASE (INCREASE) IN WORKING CAPITAL (Excluding Short-
term Debt and Long-term Debt Due Within One Year) (a)...
] |

PLANT AND PROPERTY ADDITIONS:
Gross Additions to Utility Plant .........ccoviviinnnnnns
Gross Other Additions . ......covevuevnnn. et eireeens

0 S

(a) Represented by decrease (increase) as follows:
Cashand Cash Items .........c.eivivnnnenneas
Accounts Receivable ............ccoiiiinnnns
Materials and Supplies .......viivriiernenann
Accounts Payable ........00iiiiiiiinnnnennns
Taxes Accrued .....cvveriiinnnnesnanenns e ee
Other (Net) ...vvvevrnrnreeenreieonanesons

See Notes to Consolidated Financial Statements.

Year Ended
December 31,
1978 1977
(In Thousands)
$114,827 $ 97,120
59,853 48,837
18,779 13,535 :
3,423 5,038
(27,974) (26,889)
506 72
169,414 137,713
369,839 135,391
38,486 38,120
60,000 58,000
23,090 —_
491,415 231,51 1
357,877 10,873
—_— 46,163
133,538 174,475
(62,692) (52,920)
(18,357) (14,041)
42,416 97,311
(13,675) (4,523)
92,615 (61,061)
$343,259 $276,954
$340,209 $272,433
31,024 31,410
371,233 303,843
(27,974) (26,889)
$343,259 $276,954
$ 59,280 $(30,020) :
(5,806) (3,534)
(107 (5,851) 4
29,809 (11,096) .
1,201 (1,087)
8,238 (9,473) ;
$ 92,615 $(61,061) .

o~
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INDIANA & MICHIGAN ELECTRIC COMPANY
. AND GENERATING SUBSIDIARY

Consolidated Statement of Retained Earnings

December 31,

1978 1977
. (In Thousands)
Balance at Beginning of Year ........cvvvniiiveriencennes $104,566 $ 76,286
Consolidated Net Income .........c0ieevicenenservsananns 114,827 97,120
Total ....iiiiiriiiienaieternnannananns e 219,393 173,406
Deductions:
Cash Dividends Declared:
Common StoCK .....viiviieeeerecesncsncesocaanses 62,692 52,920
Cumulative Preferred Stock:
4Y8 % Serics ......... et eesesrerecsesteestennna 495 495
4.56% Series .. v.vveiiieiienennans eereanaas e 273 273
4.12% SCIICS «ovvvcvienrianeensnssocanenaannnans 165 165
TO8% Series ..vvveveveenressoconcensans leeeeans 2,124 2,124
TT6% SCIICS . vvvveesereeesseeeessnesnseasnaenas 2,716 2,716
B8.68% SeriCS vvvevrenrerneeonnuresonansesannnss 2,604 2,604
12 % Series ...ciiriiiiiietriennnanns erecnes 3,600 3,600
$2.15 Series v ivviiiiiiiiiiiinienan wresessassnas 3,440 2,064
$2.25 SeIIeS +vviiiieetirrerennncnssencsesannnos 2,940 —_
Total Cash Dividends Declared ...... Teereas .. 81,049 66,961
Capital Stock EXpense ........cocevientnserevecsoncsnns 1,515 1,879
Total Deductions ......coveeveeecsescsasons 82,564 68,840
Balance at End of Year (Note€ 6) ....vveverectncenconanss . $136,829 $104,566

See Notes to Consolidated Financial Statements.
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Notes to Consolidated Financial Statements

1. Significant Accounting Policies:

The common stock of the Company is wholly owned
by American Electric Power Company, Inc. K (AEP).

. The consolidated financial statements include the ac-

counts of the Company and its wholly owned subsidiary
Indiana & Michigan Power Company (the Generating
Subsidiary). The Generating Subsidiary was formed to
own, complete construction of and operate the Donald
C. Cook Nuclear Plant, the first unit of which has been
in commercial operation since 1975 and the second unit
of which was placed in commercial operation during
July 1978, Significant intercompany items have been
climinated in consolidation, A minor inactive subsidiary
has not been consolidated. .

The accounting and rates of the Company and the
Generating Subsidiary are subject in certain respects to
the requirements of state ‘regulatory bodies and in cer-
tain respects to the requirements of the Federal Energy
Regulatory Commission (FERC). The consolidated
financial statements have been prepared, with full res-
ervation of legal rights, on the basis of the accounts
which ar¢ maintained for FERC purposes.

Utility Plant, Other Property and Investments
and Depreciation

Electric utility plant is stated at original cost. Gen-
erally, the plant of the Company and the Generating
Subsidiary is subject to first mortgage liens.

The companies’ capitalize, as a construction cost, an
allowance for funds used during construction, an item
not representing cash income, which is defined in the
applicable regulatory systems of accounts as the net
cost of borrowed funds used for construction purposes
and a reasonable rate on other funds when so used.
The respective composite rates used by the Company

and the Generating Subsidiary were increased to 10.5% ,

and 10.2%, respectively, during 1978 (effective Janu-
ary 1) from 8.5% used by both companies in 1977,
(applied by the Company on an annual basis and by
the Generating Subsidiary on a semiannual compound
basis).

The companies provide for depreciation on a straight-
line basis over the estimated useful lives of the property.
The current provisions are determined largely with the
use of functional composite rates as follows:

Functional Composite
Class of Annual
Property __Rate °

Production:

Steam—Nuclear .....ccccveeennacecanses 4.0%
Stecam—Fossil-fired J..civeerirenierianine 3.1%
Transmission .eceeececescescsvosscssnssses 2.9%
Distribution ....ciiiiiicirencsnsesaonaoss 3.3%

General .ieveiniecinccccstonnacsananceres 3.5%

Income is charged with the costs of labor, materials,
supervision, and other costs incurred in maintaining the
properties. Property accounts are charged with costs of
betterments and major replacements of property, and
the accumulated provisions for depreciation are charged
with retirements, together with removal costs less salvage.

Nonutility property, other property investments, and
other investments are generally stated at cost.

Income Taxes

Deferred Federal income taxes, reduced where ap-
plicable by investment tax credits, are provided by the
Company and the Generating Subsidiary generally to
the extent that such amounts arc allowed for rate-
making purposes. On October 1, 1978, the Company
and its Generating Subsidiary expanded deferred tax
accounting to additional timing differences pursuant to
an order of the Public Service Commission of Indiana.

The Company and the Generating Subsidiary prac-
tice deferral accounting for the effect of tax reductions
resulting from the application of investment tax credits

_to provisions for current and certain deferred Federal

income taxes. The deferred investment tax credit ap-
plicable to current Federal income taxes payable is
amortized over 30 years. .

Pension Plan

The Company and the Generatmg Subsidiary par-
ticipate with other companies in the AEP System in
a trusteed plan to provide pensions for all employees,
subject to certain eligibility requirements. The plan was
previously contributory on the part of-employees, but
as of January 1, 1978, required employee contributions
were climinated as to substantially all employees. The
pension plan conforms to the Employee Retirement
Income Security Act of 1974 (ERISA).

Pension costs for the years ended December 31,
1978 and 1977 were approximately $2,624,000 and
$2,170,000, respectively, representing the cost of cur-
rently accruing benefits, There were no unfunded prior
service costs as of December 31, 1978. Effective Janu-
ary 1, 1979, benefits of the plan were modified. The
change resulted in unfunded prior service costs of
approximately $1,970,000, which will be amortized
over 30 years. The plan may be modified or terminated
at any time, subject to limitations of labor agreements.

Employees .Savings Plan

The Company and the Generating Subsidiary par-
ticipate with other AEP System companies in a trusteed
savings plan which became effective January 1, 1978
and is available to employees who have met eligibility
requirements. The savings plan conforms to the appli-
cable provisions of ERISA. Each employer contributes
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to the plan an amount equal to 50%: of its employee-
participants’ contributions up to 6% of their regular
compensation. Benefits to participating employees are
based solely upon amounts contributed to the partici-
pants’ accounts. By its nature the plan is fully funded
at all times. The cost of the plan for the year ended
December 31, 1978 totaled $607,000.

Other

The Company accrues unbilled revenues for services
rendered subsequent to the last bxllmg cycle through
month-end.

Miscellaneous nonoperating income for the’ years
ended December 31, 1978 and 1977 includes gains
amounting to $261,000 and $306,G00, respectively, on
certain long-term debt reacquired.

Debt discount or premium and debt cxpense are
being amortized over the lives of the related debt issues
and the amortization thereof is included within miscel-
lancous interest charges.

2. Operating Revenues and Operating Expenses:

The Company has collected retail revenues under
final orders of the Public Service Commission of Indi-
ana which became effective in February 1977 and
September 1978. The 1977 order has beecn appealed
to a court of appeals and certain partics have initiated
proceedings looking toward an appeal from the 1978
order.

In September 1978, FERC ordered that the Com-
pany refund approximately $3,000,000 to a municipal
customer. The Company recorded the refund in the
third quarter of 1978. The effect of such refund on
prior periods was not material.

Revenues collected by the Company from wholesale
rate increases placed into effect subject to possible
refund (exclusive of the amount refunded as described
above) are estimated as follows:

(In Thousands)
1978 t.iviiiniairincsntnninnssansanseanranan $20,777
B 16,439
Prior 10 1977 .iiiiiiviiincnnssnnnnns N 5,224
Total .uivviueensesnsaertonecascantsnnnen $42,440

Sec Note 10 for information with respect to an anti-
trust decision enjoining the Company from charging
certain wholesale rates.

Commencing in June 1975, operating cxpenses in-
clude the cffect of changes in rates charged for inter-
change power transactions’ between the Company and
other companies in the AEP System. The effect of
such changes was to increase the charges to the Com-
pany, subject to possible refund by its interchange
power suppliers, by the following estimated amounts:

(In Thousands)
$ 24,981
27,968
50,368

$103,317

1977 iiiiiiiereninitir e iaiiarsnaanranae

Total ...vivvernceerscansenssssansnnsens

On February 23, 1978, an administrative law judge
of FERC issued an initial decision ordering one of the
affiliated interchange power suppliers to make certain
refunds, after recomputing interchange charges for the
period subsequent to June 1975 on the basis of the
interconnection agreement in effect prior ‘to that date,
but excluding from such calculations as member ca-
pacity, in the case of the Company, the capacity owned

‘by the Generating Subsidiary and, in the case of an-

other member of the System, the capacity owned by its
generating subsidiary. If the change is finally ordered
by FERC, the Company could become entitled to re-
funds in a substantial amount. Certain intervenors have
urged that changes be made in the interconnection
agreement, which would have the opposite effect, in-
creasing the amounts payable by the Company. The
AEP System subsidiaries, including the Company, have
filed a brief which urges that the action of the admin-
istrative law judge be revised so as to sustain the origi-
nal amounts charged, but cannot predict the final out-
come of the proceeding or the effect thercof on the
Company, .

Operating revenues derived from domestic govern-
mental entitics represent approximately 8% and 10%
of total operating revenues for 1978 and 1977, respec-
tively. Operating revenues derived from a certain
wholesale customer represent approximately 12% and
7% of total operating revenues for 1978 and 1977,
respectively.

In 1978 the Company reccived approval of the
Public Service Commission of Indiana to collect, over
a five-year period ending in 1983, substantially all of
its deferred fuel costs. .

3. Federal Income Taxes:
The details of Federal income taxes are as follows:

Year Ended
December 31,
1978 1977
Charged (Credited) to Operating (In Thousands)
Expenses:
Current Federal Income Taxes
(Net) coevieeiesanncansanennes $1,357 $(1,128)
Deferred Federal Income Taxes
(Net) veevecvennrnennnansacans 18,658 13,535
Deferred Investment Tax Credits )
(€5 (19 T 3,423 5,038
Total vivevvecnsenencenans 23,438 17,445
Charged to Other Income and
Deductions .ueuvevesescsonsroonsnans 936(a) 537

Total Federal Income Taxes $24,374
(a) Includes deferred income taxes of $121,000.

$17,982
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The consolidated effective Federal income tax rates were less than the statutory rates for the years 1978 and
1977. The following is a reconciliation of the differences between the amount of Federal income-tax expense reported
in the Consolidated Statement of Income and the amount of Federal income taxes computed by multiplying

consolidated net income before Federal income taxes by the statutory tax rate.

Consolidated Net INCOME v .vvercieirerereeseeeronnsessancansonassnnns cevees crrreeanes edeerereeaa.
Federal INCOME TaXES oo vveeeesessrosessntassantaesasssernsensasnsssnesosesassasassssssssssnsasssne
Pre-Tax Book INCOME . .uueuiriitiuicieeinerennenssoeneasssecserssassssnensescosssnsns cressens e
Federal Income Tax on Pre-Tax Book Income at Statutory Rate of 48% .vevvverevecnnnes ceearenas .
Increase (Decrease) in Federal Income Taxes Resulting from:*

* Excess of Tax over Book Depreciation voveeeeseseencansanee vessesssanean PN

Allowance for Funds Used During Construction and Items Capitalized on the Books but Deducted
Or TaX PUTPOSES 41 e v e stesuorossosnssensonsasencessssansoscenessesssanesesssssnsassasanses

Federal Income Tax on Current-Year Taxable Income (Separate-Return Basis) .veveeeeenns. resenes
Reduction Due to System Consolidation ....e.veeeieiesaesncsssassecsesessssasasssassassassennsssses
Minimum Tax on Preference JIemMS . uuueveieiseraeoreseascaasnnmessecessossssesstsssesnsanaanansans
Currently Payable ..uuueeiienrenaenaerortocsserencnsoissencnssssansassassncnassssons
Adjustments of Prior-Year Accruals (INEt) ..cueceeceenieereeueraresesessssssessssscsssassnsesensses
Adjustments for Tax Losses (a): )
Federal INCOME TaXeS «vuucveviarurussessnnrersnsssssoscansnasssorsansssancassesassrssssnnns
Investment Tax Credit vuvieieveieeieientnceecrennescensarcannnas eeecsssiastensennasrantsenne
qurcnt Federal Income Taxes (INE) ..vvuivreinennnrienersnrrnensessecscasnsasosassnns
Deferred Federal Income Taxes (Net of Amortization) Resulting from the Following Timing Differences:
Depreciation (Liberalized and Asset Depreciation Range) .....v.... feeeertatanriaetetstencnnons
Unbilled REVENUC +uuueiieinnreintsiontetisesnacasescsnctossssencsnsassasssossscasascsnsesanss
Accelerated Amortization of Emergency Facilitics (Amortization of Prior-Year Provisions) ........
Provision for Revenue Refunds «.ueeuieiirsiiisecestanroctonnsessrcescrsosonasssnarceancsannnes
L7 .

Inyestment Tax Credit Applicable to Deferred Federal Income Taxes on Certain Timing Differences .

Deferred Federal Income TaXes (INEL) vouveiruisrieressorterorersonnarsorssossensanans
Deferred Investment Tax Credits (Net) ........ Gesecetsesusaasataaassnrtaosnasnsanrenstaanetnsanse
Total Federal Income TaXeS & ueueevruressasronrasassossanessassassessacsscssannnrosnss

Year Ended

December 31,

1978 1977
(In Thousands)
$114,827 $ 97,120

24,374 17,982
$139,201 $115,102
$ 66,816 $-55,249

(19,691) (16,080)
(25,853) (24,005)
(4,680) (1,962)
(888) (2,912)
(4,080) (1,609)
109 (5,633)
11,733 3,048
(11,733) (3,048)
650 18
650 18
(276) (774)
7,503 68
(5,705) - 97
2,172 (591)

17,439 13,931

(1,221) 3,315

(1,848) (1,882)

— ” 2,213
2,188 1,154
2,221 (5,196)
18,779 13,535
3,423(c) 5,038
$24374  $17.982

(a) The AEP System allocates Federal income taxes currently payable in accordance with SEC regulations,
which require that the benefit of tax losses be allocated to the AEP System companies with taxable income.
The benefits of these tax losses, without affecting taxes payable, arc reallocated to .thc AEP System
companies giving rise to such losses, as it is expected that these losses would be usable in subsequent years

to reduce taxes payable of the loss companies.
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(b) In accordance with an order of the SEC under the Public Utility Holding Company Act of 1935, a tax loss

of the Generating Subsidiary is to be first applied to reduce the taxable income of the Company and any
unused amount is to be allocated among the other System companies included in the consolidated Federal
income tax return, but with the provision that any losses so allocated to other System companies shall be
reallocated to the Company if usable by it in subsequent years. The effect of tax losses allocated to other
companies would be included in the reallocation referred to in (a) above.

(¢) The System consolidated Federal income tax return for'1977, filed in 1978, showed a taxable income

which was less than that estimated for the year-end accrual. The decrease was principally attributable to
additional percentage repair allowance deductions of the Company and affiliated companies and mine
development expense deductions of the Company claimed over the estimated amounts utilized in pre-
paring the 1977 year-end accrual. These differences had no significant effect on the amount of income
taxes payable for 1977 because of the effect of investment tax credits; however, total System Federal
income taxes for 1977 would have been reduced due to the related reversal of deferred investment tax
credits. The increase in income ($3,194,000) resulting from these differences in estimates was recorded

by the Company in the third quarter of 1978.

The Company joins in the filing of a consolidated
Federal income tax return with its affiliated companies
in the AEP System. Unused System investment tax
credits at December 31, 1978 aggregated approximately
$201,000,000, of which approximately $21,300,000
may be carried forward through 1981, $52,800,000
through 1982, $20,500,000 through 1983, $27,400,000
through 1984, and $79,000,000 through 1985. Of
these amounts, approximately $26,000,000 had been
applied as a reduction of deferred income taxes prior
to December 31, 1978 and will not be reflected in net
income when realized in future years except as af-
fected by changes in deferred income taxes.

The System consolidated Federal income tax re-
turns for the years prior to 1965 have been settled.
The returns for the years 1965 through 1969 together

with certain unrecorded refund claims relating to the

years 1965, 1966 and 1967 are currently being settled
on the basis of a net refund for the period, the amount
of which the System companies deem immaterial. The
returns for -the years 1970 through 1973 have been
reviewed by the Internal Revenue Service and addi-
tional taxes for those ycars have been proposed, some
of which the System companies have protested. In the
opinion of the System companics, adequate provision
has been made for such additional taxes.

4. Other Property and Investments:
The following is an analysis of other property and
investments:

Year Ended
December 31,
1978 1977
(In Thousands)
Nonutility Property and Other
Property Investments:
Western Coal Lands Acquired as
Source of Low-Sulfur Fuel ... $149,713 $120,799
Other Coal Properties and Fuel-
Handling Facilities .....ciuue 4,946 3,692
Miscellancous (Net) .vvevenen.. 15,495 12,674
Subtotal ......ceiiiiinnn 170,154 137,165
Ohio Valley Electric Corporation Sub-
ordinated NOteS ...cvvvennvensnnns —_ 56
Other Investments ....ovcvviennvaass 145 200
Total Other Property and . Co.
Investments .....cvvnvvneen - $170,299 $137,421

S. Common Stock, Premium on Capital Stock,
and Other Paid-in Capital:

There were no common stock transactions and no
transactions affecting premium on capital stock during
the years 1978 and 1977. The Company received from
its parent cash capital contributions of $60,000,000 in

1978 and $58,000,000 in 1977; such contributions

were credited to other paid-in capital.

6. Retained Earnings:

Various restrictions on the use of retained carnings
for cash dividends on common stock and other pur-
poses are contained in or result from covenants in
mortgage indentures, debenture and bank loan agree-
ments, charter provisions, and orders of regulatory
authorities. Approximately $48,500,000 at Decembcr
31, 1978 was so restricted.
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7. Cumulative Preferred Stock
The following is an analysis of cumulative preferred stock:

Red ] Amount
edemption :
Current Restricted Par Shares | December 31,
Series Call Price(a) Prior to Value Qutstanding 1978 1977
(In Thousands)
4% $106.125 $100 120,000 $ 12,000 $ 12,000
4.56% 102.000 i 100 60,000 6,000 6,000
4.12% 102.728 100 40,000 4,000 4,000
7.08% 106.450 - 100 300,000 30,000 30,000
7.76% 107.320 100 350,000 35,000 , 35,000
8.68% 107.440 100 300,000 30,000 30,000
12 % 112.000(b) 9/1/80 100 300,000 30,000 30,000
$2.15 27.150 5/1/82 25 1,600,000 40,000 40,000
$2.25 27.250 3/1/83 25 1,600,000 40,000 _
Total Cumulative Preferred StOCK .. uuiueieieeraesaeeerereseesosssnsncnssssesasassrearnnns $227,000 $187,000

(a) _Callablclat the option of the Company, at the price indicated plus accrued dividends. The involuntary liquidation preference
is par value.

(b) A sinking fund for the 12% series requires the Company to provide, on: or before October 1 of cach year, beginning in
1980, for the purchase, or redemption at $100 a share, of 15,000 shares of such series. The Company has the right, on
cach sinking fund date, to redeem an additional 15,000 shares. Unless all sinking fund provisions have been met, no
distribution may be made on the common stock.

In 1976 shareowners authorized the issuance of up to 4,000,000 shares of $25 par value cumulative preferred
stock (which ranks equally with the $100 par value cumulative preferred stock) and in 1978 increased the authori-
zation to 7,200,000 shares. In 1977 the Company issued and sold 1,600,000 shares of the $2.15 series and in 1978
the Company issued and sold 1,600,000 shares of the $2.25 series.

At December 31, 1978, authorized shares of cumulative preferred stock were as follows:

Shares
Par Value Authorized
S100 ..iiiiiiieiiertnnnneanetraconenranoansannen 2,250,000
- 7,200,000
8. Long-term Debt, Short-term Debt, Lines of Credit, December 31,
and Compensating Balances: Series Due 1978 1977
Long-term debt by major category was outstanding (In Thousands)
. o T % 1998 .uvivireeierenneiannns $ 35,000 . $ 35,000
as follows (less portion due within one year): 8% % 2000 .....ovvnvrenianecenns 50,000 50,000
8% % 2003 ..c.cvieirrierinnannans 40,000 40,000
December 31, 915% 2003(C) +vereernnniarereens 255,000 —
1978 1977 U9%% 2'00d Dbt .................. 100,000 —_—
" namortize e ¢
) (In Thousands) DiscoUntmNEt +evverreneeieennns (552) (262)
g'u?(t_ M%ngzagti) Bgmds .............. $ 832,286 Mgg.gég 835.286 539,999
inking Fun ebentures ......v.... X y : .t ’ *
Notes Payable to Banks, due 1980 .. 82,000 360,000 Less Portion due Within One Year .. 3,000 _57.173
Installment Purchase Contracts ...... 99,841 99,750 LX) $832,286  $482,826
Other Long-term Debt .......... ... 4,880 9,226 (a) Retired February 1, 1978. - -
Total (less portion due within (b) Retired September 1, 1978.
ONE YEar) .icevrrnaensannnas $1,043,090 $977,062 (c) Guaranteed by American Electric Power Company, Inc.

First mortgage bonds outstanding were as follows:

(d) These bonds are obligations of the Generating Subsidiary.
The unamortized discount amounted to $189,000 and
$221,000 at December 31, 1978 and 1977, respectively.

December 31, (¢) Sinking fund payments are required as follows:
Series Due 1978 1977 10% series due 1985—$750,000 annually on March 1.
- InTh 3 10% % series due 1984—$2,250,000 annually on Decem-
(In Thousands) ber 1, through 1983, with the noncumulative election to
6% % $ — $ 30,000 redeecm an additional $2,250,000 in each year.
33 % — 24,173 9% % series due 2003—$11,500,000 annually on June 1,
2% % 18,015 18,015 1980 through 1991 and $13,500,000 annually on June 1,
314 % 16,046 16,046 1992 through 2002 with the noncumulative option to
10% % 70,000 70,000 redeem an additional amount in cach of the specified
3% % 13,762 13,762 years from a minimum of $100,000 to a maximum
11 % 60,000 60,000 equal to the scheduled requirement for each year, but
lg;;:gg ég'gg% _}(5),(5)8% \_vit}ila maximtum fogtigr(u):(z)lo Bcodcmption, as to all years
s » n s A .
10 % 13,500  14:250 in the aggregate, of $7 0
3323 ZZ ﬁ,ggg %%.gz; In January 1979, the Company issued $80,000,000
4% % 42902 42,902 of 10% % first mortgage bonds due in 1987. The
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Generating Subsidiary has a delayed-delivery contract
to sell an additional $45,000,000 of its first mortgage
bonds, 9%2 % Series due 2003, on March 1, 1979.

The indentures relating to the first mortgage bonds
contain improvement, maintenance and replacement
provisions requiring the deposit of cash or bonds with
the trustee, or in licu thereof, certification of unfunded
property additions. The Company has elected to use
unfunded property additions to meet these provisions
in the past.

Sinking fund debentures of the Company outstanding
were as follows: ‘

December 31,
1978 1977
’ (Tn Thousands)
5Y8% Due 1986 ..vevveenelineeencanses $12,076 $12,491
7% % Due 1998 ...vviinerrrernnnansne 11,941 12,694
Unamortized Debt Premium ........... 66 - 75
Total ..iiiiiivneennnenses eeseaes $24,083 $25,260

Installment pulichase contracts of the Company were
as follows:

December 31,
1978 1977
(In Thousands)
City of Lawrenceburg, Indiana:
8% % Series due 2006 ............ $25,000 $25,000
7% Series due 2006 .......cicuenne 40,000 40,000
67 % Series due 2006 ......c.u..n 12,000 12,000
City of Sullivan, Indiana:
67 % Series due 2006 ............ 25,000 25,000
Unamortized Debt Discount ......... (2,159) (2,250)
Total ..iiiiiiiieenrencnasenenen $99,841 $99,750

Under the terms of certain installment purchase con-
tracts, the Company is required to pay purchase price
installments in amounts sufficient to enable the cities
to pay interest on and the principal (at stated maturi-
ties and upon mandatory redemption) of related pol-
lution control revenue bonds issued to finance the con-
struction of pollution control facilities at the Company’s
Tanners Creck and Breed Plants,

Other long-term debt of the .Company outstanding
consisted of?:

December 31,
1978 1977
(In Thousands)
Coal reserve obligations—payable in
cqual annual installments through
1980 with interest at 8% .......... $ 8,252 $12,377
Notes payable—due 1978 through
1985, 6%<T% +oivevecvnressncnees 902 934
Other .iiiviciinivinerenacnencnnonns 262 162
9,416 13,473
Less portion due within one year ... . 4,536 4,247
] : | $ 4,880 $ 9,226

Consolidated long-term debt outstanding at Decem-
ber 31, 1978 is due as follows:

Principal Amount

B (In Thousands)

8 $ 7,536
1980 ..iviieciiiiinnnans cerenaanes ceenstnseas 118,859
8 15,032
7 101,304
. 89,035
Later Years ....c.ceveeennnanns asresescassans 721,505

Total ..iivieverevcnsccnrensansesnsnsnss $1,053,271

At December <31, 1978 and .1977, the principal
amounts of debentures reacquired in anticipation of
sinking fund requircments were $2,183,000 and
$1,815,000, respectively. The companies may make
additional debenture or first mortgage bond sinking fund
payments of up to $3,050,000 annually ($2,250,000
relating to Generating Subsidiary).

The interest rate on the long-term notes payable to
banks (an average of 12.2% at 'December 31, 1978
and 8.4% at December 31, 1977) depends on the
prime commercial rate plus a fractional percentage.
The Generating Subsidiary has informal arrangements
with the banks to maintain average compensating bank
balances equal to approximately 15%. of certain of the
notes outstanding on an average basis or such smaller
amount as the banks consider appropriate in view of
other banking relationships or, in lieu thereof, to pay
a fee on any draw-down of the compensating balances
based on the approximate effective interest cost of the
related notes, assuming the full compensating balances
had been maintained: At December 31, 1978 and 1977,
the compensating balances under the arrangements
were approximately $9,800,000 and $34,100,000, re-
spectively. The effective interest rate, representing the
actual interest rates on the notes outstanding adjusted
for the cffect of the compensating balance require-
ments, averaged 13.9% at December 31, 1978 and
was approximately 9.6% at December 31, 1977.

Short-term debt and'’interest rates thereon were as
follows:

1978 _1977
(Dollars in
Thousands)
Weighted average interest rates for debt
-outstanding at end of year:
Notes Payable to Banks ............ 10.9% 7.8%
Commercial Paper ....eveceeensenene 11.2% 7.4%
Maximum amount of debt outstanding at
any month-end during the year:
Notes Payable to Banks .......cc.... $69,490 ' $87,400
Commercial- Paper .....c.eeue. eesees 855,450  $76,042
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1978 1977
(Dollars in
Thousands)
Weighted average interest rate of debt
outstanding during the year (a):
Notes Payable to Banks ............ 9.4% 6.6%
Commercial Paper .....cecenvennennns 9.1% 6.6%
Average amount of debt outstanding
during the year:
Notes Payable to Banks .....cco0uus $31,862 $39,457
Commercial Paper v..veveveenenane.s  $36211  $58,716

(a) Average interest rates arc determined by dividing inter-
est expensed for the year by average month-cnd debt.

The Company had unused short-term bank linés of
credit of approximately $144,000,000 and $208,000,-
000 at December 31, 1978 and 1977, respectively,
under which notes could be issued with no maturity
more than 270 days after date of issue. The available
lines of credit are subject to withdrawal at the banks’
option, and $135,000,000 and $200,000,000, respec-
tively, of such lines are shared with other AEP System
companics. In accordance with informal agreements
with the banks, compensating balances of up to 10%
or, in certain: instances, equivalent fees are required
to maintain the lines of credit, and, on any amounts
actually borrowed, generally either additional compen-
sating balances of up to 10% are maintained or adjust-

ments in interest rates are made. Substantially all bank

balances are maintained by the Company to compensate
the banks for services and for both used and available
lines of credit.

9. Supplemental Income Statement Information and
Related-Party Transactions:

Electric operating revenues shown in the Consoli-
dated Statement of Income include sales of energy to
AEP System companics of approximately $17,500,000
and $14,500,000 for the years ended December 31,
1978 and 1977, respectively.

Operating expenses shown in the Consolidated State-
ment of Income include certain items not shown sepa-
rately, as follows:

Year Ended
December 31,
1978 1977
(In Thousands)
Purchased Power () ..v.cveeenneennn $ 6241 $§ 2,965
Interchange Power (Net): .
AEP System Electric Utilities ...... 80,043 140,957
Other Companies (b) ~....cvuuen... 30,024 911
’ $116,308  $144,833

Year Ended
December 31,

1978 1977
(In Thousands)

Taxes, Other Than Income Taxes:

Real and Personal Property Taxes.. -$ 14,617 $ 13,609
State Gross Sales, Excise and Fran-
chise Taxes, and Miscellancous
State and Local Taxes .......... 9,842 8,078
Social Security Taxes—Federal and .
Stale Liiiieriieiicinreiinennanne 1,973 1,721
$ 26,432 *$ 23,408

(a) Includes power purchased from OVEC of approximately
$1,558,000 in 1978 and $476,000 in 1977.

(b) Includes interchange power sold to OVEC of approxi-
mately $908,000 in 1978 and $956,000 in 1977.

Charges to income for royaltics and advertising are

« less than 1% of gross revenucs in each case.

Sales and purchases of energy and interchange power
transactions are regulated by the various commissions
having jurisdiction.

American Electric Power Service Corporation pro-
vides certain scrvices to the Company and the affiliated
companies in the AEP System. The costs of the ser-
vices are determined by the service company on a
direct-charge basis to the cxtent practicable and on
reasonable bases of proration for indirect costs. The
charges for services are made on a cost basis but in-
clude no compensation for the use of equity capital,
all of which is furnished to the service company by
AEP. The service company is subject to the regulation-
of the Securities and Exchange Commission under the
Public Utility Holding Company Act of 1935.

10. Commitments and Contingencies:

The construction budget of the Company and the
Generating Subsidiary for the year 1979 is estimated
at $241,000,000 and, in connection therewith, com-
mitments have been made.

The Company participates with its parent, two asso-
ciated utility companies, several unaffiliated utility
companies, and Ohio Valley Electric Corporation
(OVEC) in supplying the U.S. Department of Energy
(POE) with the power requirements of its plant near
Portsmouth, Ohio. The proceeds from the sales of
power by OVEC are designed to be sufficient for
OVEC to mect its operating expenses and fixed costs,
including amortization of long-term debt capital (bal-
ance approximately $43,300,000 as of December 31,
1978), over a period ending in 1982, and to provide
for an annual return on its equity capital. The Com-
pany, as a participant, is entitled to receive from
OVEC, and is obligated to pay for, 7.6% of the power
not required by DOE. The power agreement terminates
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in 1979 but DOE has notified OVEC of its desire to
negotiate an extension to 1992. .

In 1978, three court proceedings brought in recent
years by certain municipalities in Indiana and Michigan,
all wholesale customers of the Company, were com-
bined into a single consolidated case in a U.S. District
Court and a fourth action was commenced in the same
court. A trial of the consolidated case was held and in
January 1979 the court ruled for the plaintiffs that the
Company, its parent, and American Electric Power
Service Corporation have violated the antitrust laws,
awarded the municipalities damages of approximately
$12,100,000 when trebled, placed limitations on the
Company’s putting into effect or charging wholesale
rates to the plaintiffs and enjoined the Company from
certain practices. The financial statements at December
31, 1978 do not include any provision for such dam-
ages. The companies arc appealing the decision and
provisions of the judgment awarding monetary dam-
ages have been stayed.

In another proceeding, the Company is awaiting de-
cision on its appeal to FERC, filed in 1977, with re-
spect to a ruling by an administrative law judge on a
complaint made to the commission by the same group
of municipalities, That complaint, alleging that the
municipal electric systems had becn threatened with
termination of wholesale electric service, had earlier
been upheld by the FERC judge.

In March 1979, two other municipal customers
brought a scparate action against the Company, its
parent and the Service Corporation alleging violations
of the antitrust laws and sceking damages of at least
$7,000,000 before trebling and other remedies. Certain
issues in the complaint are similar to those tried in the
consolidated case discussed in the second preceding
paragraph.

As previously reported, the Securitics and Exchange
Commission (SEC) had commenced an investigation,
through its staff, into certain aspects of thec AEP Sys-
tem’s operations, including its promotion of all-electric
housing during the 1960’s and the acquisition and
operation of certain coal and transportation properties.
The SEC staff had maintained that commission au-
thorization should have been obtained for some of the
transactions. The AEP System companics disagreed
but did agree to a negotiated settlement in order to
avoid long litigation with the SEC. As a result, the
AEP System companies agreed to a consent order in
a U. S. District Court in which they neither admitted
nor denied the allegations. As part of the agrecement, a
special auditor was appointed to review intercompany
charges and costs associated with the programs and

transactions involved in the investigation; the auditor’s
report was filed in December 1978. The AEP System
companics are engaged in a continuing program for
the orderly and economic divestment of a limited
amount of real estate, acquired in connection with the
housing and industrial development programs, that was
subject to question.

In 1975, an investigation was commenced under the
Federal Power Act concerning the reasonableness and
prudence of the coal-purchasing policies and practices
of members of the AEP System, the manner in which
wholesale fuel-adjustment clauses are implemented by
System members, and related matters. In 1978 the
FERC staff issued a preliminary report which alleged
overcharges of approximately $10,000,000 on the part
of the entire AEP System, of which only a relatively
small portion relates to the Company’s operations. The
report also questioned certain aspects of the AEP
System’s fuel positions and policics. The AEP System
companies are preparing a response to these allegations.

In 1976 a cable-television organization filed an anti-
trust suit in a U.S. District Court alleging that the
Company, with five telephone companies named as
co-conspirators, had attempted to monopolize com-
munications by terminating contracts and increasing
charges for the rental of utility poles, and sought dam-
ages which when trebled would aggregate more than
$150,000,000. In carly 1979, the court entered a
judgment denying damages and injunctive relief.

The companies arc subject to certain developing
laws and regulations with respect to air and water
quality, land use, and other environmental matters.
While the companies are unable to predict the ultimate
effect of such laws and regulations, it is possible that
they may be required to pay penalties for failure to
comply during certain periods or that compliance there-
with may require the companies to incur substantial
additional costs to modify or replace existing and pro-
posed equipment and facilities.

Other highly complex litigation relates to the Donald
C. Cook Nuclear Plant’s fucl-supply contracts. Two
contractors, United Nuclear Corporation and General
Atomic Company (GAC), are variously obligated to
supply uranium concentrates and six fabricated nuclear-
fuel reloads to the Company. Each contractor claims,
among other things, that it is not or may not be obli-
gated to make deliverics of uranium concentrates or fab-
ricated nuclear-fuel reloads and that it is entitled to a
pricc higher than contracted. The Company received
the first two reloads and assured delivery of the remain-
ing four rcloads through rights-reserved agrecments
with GAC, which were incorporated into injunctive
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orders of the: ¢ourt. Under the agreements, pending the
court’s judgment and without prejudice to the ultimate
rights of the parties, the reloads were to be supplied
at a higher provisional cost to the Company. In
1978, a U.S. District Court entered judgment ordering
GAC to pay the Company damages of approximately
$16,000,000 and to deliver the remaining reloads at
the price specified in the contract. GAC has appealed
the judgment. A stay of the monctary portion of the
judgment has been granted, but motions to stay the
specific-performance portion of the judgment have been
denied.

The companies intend to apply to regulatory com-
missions to provide, through futurc increased rates, for
the costs that will be incurred to store spent nuclear
fuel and to decommission the Nuclear Plant at the end
of its service life. The companies plan to cffect modifi-
cations to incrcase the present spent-fucl storage ca-

- pacity of the Nuclear Plant to permit normal operations

through the carly 1990, at a cost which is not ex-
pected to cause a material increase in the construction
budget. The companies are also studying alternative
methods of decommissioning the Nuclear Plant but
cannot reasonably estimate, at this time, the future
costs that will be, incurred.

The Price-Anderson Act limited the public liability
of a licensee of a nuclear plant to $560,000,000 for a
single nuclear incident, to be covered in part by pri-
vate insurance with the balance to be covered by agree-
ments of indemnity with the Nuclear Regulatory Com-
mission. The Generating Subsidiary has purchased
private insurance in the maximum available amount of
$140,000,000. In the event of a nuclear incident in-
volving any commercial nuclear facility in the country,
the Generating Subsidiary, together with other licensces,,
could be individually assessed $5,000,000 per incident
for each reactor owned (subject to a maximum of
$10,000,000 in any year for each reactor owned in the
event of more than one incident). The Price-Anderson
indemnities have been decreased by ‘the aggregate
amount which is assessablc against existing licensees
and will continue to decrease as new operating units
are licensed. '

The Generating Subsidiary has procured property
insurance in the maximum available amount of $220,-
000,000 for damage to the nuclear plant facilities and
is a sclf-insurer for any property loss in excess of that
amount.

11. Lecases:

The companies, as part of their operations, lcase
property, plant, and equipment under lcases ranging in

-

length from 2 to 35 years. Most of the leases require
the companies to pay related property taxes, mainte-
nance costs, and other costs of operation. The com-
panies expect that in the normal course of business,
leases will generally be renewed or replaced by other
leases. The greatest part of the rentals is under leases
having purchase options or having renewal options for
substantially all of the economic lives of the properties.

Rentals are analyzed as follows:

Year Ended
December 31,
1978 1977
(In Thousangis)
Gross Rentals ....... feesenesassesssesas $60,000 $32,000
Less Rental Recoveries (including ’
Sublease Rentals) (2) «vueveueneanass 1,000 1,000
Net Rentals (B) cevvvviveneenrecnennns $59,000 $31,000
(a) Includes amounts paid for or reimbursed by associated
companies.
(b) Classified as: .
Operating EXpEnses «.oceeseesaanas $51,000 $26,000
Clearing and Miscellancous
Accounts (portions of which are
charged to income) ............ © 8,000 5,000
$59,000 $31,000

Future minimum lease payments, by year and in the
aggregate, under the companies’ capital leases and
noncancelable operating leases consisted of the follow-
ing at December 31, 1978:

Capital  Operating
Leases(a) Leases
. (In Thogsands)

1979 1iiviiiiiretttitntirsanannsanns $ 6,000 $ 7,000
1980 v.eviviennncannanessnsananan . 6,000 7,000
1173 P 6,000 7,000
1982 ueivirinirensennnannsansussasne 6,000 7,000
1983 tivrerenancssssanansssasensanses 5,000 7,000 °
Later YEarS .v.ceuienssnsnansannneens 74,000 74,000

Total Future Minimum Lease Payments
Less Estimated Interest Element

103,000 $109,000

Included Therein (b) ..evvaenrennsne 61,000
Estimated Present Value of Future -
Minimum Lease Payments ........ . $ 42,000

(a) Excludes leases of nuclear fuel, all of which are capital
leases. Nuclear fuel rentals comprise the unamortized balance
of the lessor’s cost (approximately $99,000,000 at December 31,
1978 and $93,000,000 at December 31, 1977), less salvage
value, if any, to be paid over the period of usage in proportion
to heat produced, and carrying charges on the lessor’s unrecov-
ered cost. It is contemplated that portions of the presently
leased material will be replenished by additional leased material.

(b) Interest rates used range from 4.9% to 12.1%.
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The following is a pro forma analysis of leased prop-
erties under capital leases and related obligations,
assuming that such leases were capitalized:

December 31,
1978 1977
(In Thousands)
Nuclear Fuel «.uvveeiserenresoncanses $143,000 $132,000
Coal-Mining' and Coal-Transportation
Equipment ......cvivieienncaninnes - 15,000 17,000
Real Estate ....ccicvvvnicnncnnsnsenes 13,000 13,000
Electric Distribution System Property 12,000 12,000
Other +vvvviiivieinicinsaranssnansans 11,000 10,000
Gross Properties under Capital Leases 194,000 184,000
Less Accumulated Provision for
Amortization ..... tesncsarrarasnaa 58,000 53,000
Net Properties under Capital Leases.. $136,000 $131,000
Obligations under Capital Leases"(a).. $141,000 $136,000

(a) Including an estimated $37,000,000 and $31,000,000, re-
spectively, due within one year.

Had capital leases been capitalized, any additional
net expense would have been insignificant. .The pro
forma data do not give recognition to offsctting ad-
justments in allowable revenues that the companics
believe would normally be expected to occur through
" the regulatory rate-making process, if the related leases
had been capitalized.

Included in the above analyses of future minimum
lease payments and of propertics under capital leases
and'related obligations are certain leases as to which
portions of the related rentals are paid for or reim-
bursed by associated companies in the AEP System
based on their usage of the leased property. The Com-
pany cannot predict the extent to which or proportion
in which the associated companies will utilize the
properties under such leases in the future.

12. Unaudited Quarterly Financial Information:

The following consolidated quarterly financial in-
formation is unaudited but, in the opinion of the
Company, includes all adjustments (consisting of only
normal recurring accruals) necessary for a fair pres-
entation of the amounts shown: °

Quarterly Periods Operating Operating Net
Ended Revenues Income  Income
(In Thousands)

1978—
1% £:) o ) N $145,106 $41,553 $32,196
June 30%Z...iiiiiiiinnnes 157,958 40,183  34,491(a)
Sept. 30..ciiiiiinnnnns .. 152218 40,749  22,739(b)
Dec. 31.uuieriincnncanns 148,198 37,349  25,401(a)

1977—
17 £:1 ) 128,258 31,821 23,191
June 30.........00000k, 118,070 30,698 22,871
Sept. 3000 0iniiieiinnnne, 133,016 33,812 253817
Dec, 3l.iiiviinnencnnns 133,480 34,069 25,241

(2) Includes increases in AFUDC of approximately $1,567,000
recorded in the second quarter and $3,372,000 recorded in
the fourth quarter relating to changes in AFUDC rates,
applied in each case effective as of January 1, 1978.

(b) Includes the cffect of a revenue refund (see Note 2), and
a change in tax estimate (se¢ Note 3).

13. Unaudited Replacement-Cost Information:

Estimated replacement-cost and related amounts
pertaining to_depreciation, as of and for the years
ended December 31, 1978 and 1977, of productive
capacity (as represented by property in service, ex-
cluding nondepreciable items such as land and exclud-
ing other amounts for which replacement-cost data are
not required to be computed) are considerably greater
than the related original-cost amounts reported in. the
consolidated financial statements. A quantitative analy-
sis of such unaudited replacement-cost information is
included in the Company’s 1978 Annual Report
(Form 10-K) to the Securities and Exchange Commis-
sion. Reference is made elsewhere herein for informa-
tion with regard to obtaining a copy of the Company’s
'Form 10-K for the year 1978.

s
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Operating Statistics and Balance Sheet Data

1978 1977 1976 1975 1974
OPERATING STATISTICS
ELEcTRIC OPERATING REVENUES
(Thousands):
From Kilowatt-hour Sales:
Residential:
Without Electric Heating ............ $ 96,624 $ 90,833 $ 71,888 $ 69,438 $ 53,265
With Electric Heating ............... 54,067 46,948 37,447 33,493 27,080
Total Residential ............... 150,691 137,781 109,335 102,931 * 80,345
Commercial ......cvvvienevnnnenneonnn 96,370 92,312 72,527 69,176 50,554
Industrial ......cccvvvnnennnnnnaaannas 121,346 109,357 80,233 75,167 63,314
Sales for Resale:
Municipalities ...... . 000000 iieians 39,121 44,091 26,841 22,551 23,493
Cooperatives ......ccvieveeininasans 17,732 15,619 10,491 9,178 7,548
Other Electric Utilities .......0...... 166,441 103,517 110,382 75,887 55,994
¢ Total Sales for Resale ........... 223,294 163,227 147,714 107,616 87,035
Miscellaneous . .......ccievivennnnanns 7,729 6,062 2,573 4,650 3,389
Total from Kilowatt-hour Sales . ... 599,430 508,739 412,382 359,540 284,637
Other Operating Revenues ............... 4,050 4,085 .3,811 3,815 2,969
Total Electric Operating Revenues..  $603,480  $512,824  $416,193  $363,355  $287,606
SOURCES AND SALES OF ENERGY (Millions of
Kilowatt-hours) :
Sources: ;
Net Generated—Steam: \ .
Fossil Fuel .......cevievenvnnnnns. 7,231 7,317 7,701 7,255 8,815
Nuclear Fuel .......00vvnriiinnnans 10,101(a) 4,786 6,809 4,458(a) —
Net Gencrated—Hydroelectric .......... 75 68 72 89 73
Net Generated—Other ................ —_ — —_— —_ 14
Subtotal .......cciviirinnann 17,407 12,171 14,582 11,802 8,902
Purchased ........ciiiviniienennrenns 301 182 232 368 694
Net Interchange ......ccovevvnvennnnns 4,475 7,922 6,523 6,778 8,451
Total Sources .....cccvveevnnnns 22,183 20,275 21,337 18,948 18,047
Less: Losses, Company Use, Etc. ........ 1,340 1,270 1,290 1,305 1,335
Net SOUrCes ..vvuvenreraannsns 20,843 19,005 20,047 17,643 16,712
Sales:
Residential: . .
Without Electric Heating ............. 2,352 2,456 2,384 2,374 2,181
With Electric Heating ............... 1,622 1,605 1,577 1,451 1,413
Total Residential ............... 3,974 4,061 3,961 3,825 3,594
Commercial .....ccvvivvirivncanoninn 2,498 2,671 2,579 2,464 2,192
Industrial ........civiireiinininnnnes 4,319 4,473 4,209 3,835 4,134
Sales for Resale:
Municipalities .......00v0vieeeanen. 1,585 1,642 1,527 1,522 1,847
Cooperatives ......cverenririnaaans 814 786 754 690 651
Other Electric Utilities .......cc000n. 7,468 5,195 6,849 5,152 4,166
Total Sales for Resale ........... 9,867 7,623 9,130 7,364 6,664
Miscellaneous ........cocveveennnennss 185 177 168 155 128
Total Sales . ....cvvevvvveeennnn 20,843 19,005 20,047 17,643 16,712
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(a) Includes 691 million kilowatt-hours in 1978 and 2,309 million kilowatt-hours in 1975 as test gencration. The fuel cost associated
with such generation is charged to other operation expense.
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AVERAGE CosTt OF FUEL CONSUMED (a): 1978 1977 1976 1975 1974
Cents per Million Btu:
Coal ....ciiiiiiiiii i i 109.68 74.96 65.89 56.09 51.68
Fuel Oil ....ooviiiiiiiiiiiiiiiiennns 229.68 168.80 76.72(b) 190.44 187.38
Nuclear ........... e eereeareeeeaaa 34.65 29.72 26.34 27.83 —
Overall .......coiiiiiiiiiiiiinnnnns 71.16 59.12 46.47(b)  65.56. 69.51
Cents per Kilowatt-hour Generated: R
Coal ...... e 1.11 . I3 .63 54 49
Fuel Oil ...vvniviiiiiiiinniiinns, 2.40 1.88 .84(b) 2.11 1.85
Nuclear ......ciiiiiiiiininionnnnnes .38 .33 28 i 30 —
Overall .....ovviivnniinnennnnnnnen. J5 61 . 47(b) 53 .67

RESIDENTIAL SERVICE—AVERAGES:
Annual Kwh Use per Customer—

vy

Total ... ivieriiiieiinaneennn 10,260 10,641 10,439 10,305 . 10,525

With Electric Heating ........... 22,067 22,830 23,200 22,153 23,239 ~
Annual Electric Bill— '

Total ....iiiiiiiiiiinienennns $ 389 § 361 $ 288 % 277 $ 234

With Electric Heating ........... $ 736 S 668 § 551 % 511 $ 439

" Price per Kwh (Cents)—

e Total .eeererierernneieiaans 3.79 3.39 2.76 2.69 2.22
With Electric Heating ..... eeaas 3.34 2.93 2.37 2.31 1.89
NuMBER OF ELECTRIC CUSTOMERS—Year-End:
Residential: .
Without Electric Heating ............. 315,472 313,085 . 312,211 310,953 281,904
With Electric Heating ........ s 74,900 72,059 69,237 66,812 64,233
Total Residential ............... 390,372 385,144 381,448 377,165 346,137
Commercial ...........c.... eresraas 42,106 41,907 41,703 41,456 37,593
Industral .................ciien, 2,689 2,500 2,452 2,418 2,416
Sales for Resale:
Municipalities ............... ... ... 23 23 23 22 23
Cooperatives .......vueieiinininass 64 61 59 58 58
. Other Electric Utilities ............... 20 16 * 15 18 6
Total Sales for Resale ........... 107 100 97 98 87 .
Miscellaneous .........0vvieiiiennnns 1,331 1,304 1,280 1,259 1,167
Total Electric Customers ......... 436,605 430,955 426,980 422,996 387,400
BALANCE SHEET DATA—Ycar-End '

(Millions) .
Utility Plant ........ccctveiiineireemennnns $ 2397 $ 2,107 $ 1,933 $ 1,771 § 1,630
Accumulated Provision for Depreciation®. .. .... 410 359 317 275 249

" Net Utility Plant .......vvvererrnrnnnnnnn. 1,987 1,748 1,616 1,496 1,381
Total Assets and Other Debits ............... -2,350 2,123 1,014 1,764 1,545
Common Stock, Premium on Capital Stock, and '

Other Paid-in Capital ................... 527 467 409 367 318
Retained Earnings ............ciievienenn. , 137 105 76 . 80 71
Cumulative Preferred Stock ..o.ovevininnnnndy 227 187 , 147 147 117
Long-termDebt (€) - .eivvrennenennnennnnn. 1,051 1,038 914 895 739

(a) Excludes effect of deferred collection of fuel costs.

(b) Includes effect of refund reccived from supplier of fuel oil resulting” from settlement of litigation concerning pricing. Without
such refund, the average cost of fuel oil for 1976 would have been 173.27 cents per million Btu and 1.91 cents per kilowatt-hour
generated, and the overall cost of fuel would have been 49.33 cents per million Btu and 0.50 cents per kilowatt-hour gencrated.

(c) Including Portion Due Within One Year. .
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(d) Elected April 27, 1978
*(e) Resigned April 27, 1978
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(h) Elected July 1, 1978

(i) Elected July 1, 1978

(J) Resigned January 1, 1979
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Price Range of Cumulative Preferred Stock

By Quarters (1978 and 1977)

1978—Quarters 1977—Quarters
Cumulative Preferred Stock Ist 2nd 3rd 4th 1st 2nd 3rd 4th |

($100 Par Value)
418 % Series .
Dividends Paid Per Share $1.03125 $1.03125 $1.03125 $1.03125 $1.03125 $1.03125 $1.03125 $1.03125
Market Price—$ Per .
Share (OTC)
Ask (high/low) —_— —_ . —_
Bid (high/low) -_ —_— ; 40/40 4315 /4314 —
4.56% Series .
Dividends Paid Per Share  $1.14 $1.14 $1.14 $1.14 $1.14 $1.14 $1.14 $1.14
Market Price—$ Per
Share (OTC)
Ask (high/low) —_ — —_— -
Bid (high/low) —_ 46/45 —_
4.12% Series . ‘
Dividends Paid Per Share $1.03 $1.03 $1.03 $1.03 $1.03 $1.03, $1.03 $1.03

Market Price—$ Per
Share (OTC)

Ask (high/low) 46/46 —_ — —_— —_— —_— —_— —
. Bid (high/low) 45/45 —_ — —_— 43/43 45/45  45/44 46/44
7.08% Series
Dividends Paid Per Share $1.77 $1.77 $1.77 $1.77 $1.77 $1.77 $1.77 $1.77
Market Price —$ Per ‘
Share (NYSE)—High 7915 76 T7% 77% . 81 813 83% 8014
—Low 74 69% 6912 64Y4 76% 77 77 15
7.76% Serics ‘
Dividends Paid Per Share $1.94 $1.94 $1.94 $1.94 $1.94 $1.94 $1.94 $1.94
Market Price—3$ Per f .
Share (NYSE)—High 85 8414 86% 82 89 8914 91 89
—Low 80% 75 76 74 8215 8414 86% 84
8.68% Series
Dividends Paid Per Share $2.17 $2.17 $2.17 $2.17 $2.17 $2.17 $2.17 $2.17
Market Price—$ Per
Share (NYSE)—High 98 93 987% 9414 99 99% 10112 997%
—Low 9144 82 831, 82 9414 91 96 94
12% Series
Dividends Paid Per Share $3.00 $3.00 $3.00 $3.00 $3.00 $3.00 $3.00 $3.00
Market Price—$ Per
Share (NYSE)—High 116 113 113% 112% 123 120% 123% 121
—Low 1114% 109 108% 103 117 117 118%4 113%
($25 Par Value) .
$2.15 Series*
Dividends Paid Per Share $ 5375 $ .5375 $ 5375 $ .5375 $ 215 $ 5375 $ 5375
Market Price—$ Per '
Share (NYSE)—High 23% 227 2314 22% —_ 25% 25
—Low 22% 20Y4 2114 19% — 2414 2314
$2.25 Series** . .
Dividends Paid Per Share $ 7125*** 3 5625 $ 5625
Market Price—$ Per
Share (NYSE)—High . 24 24% 24
—Low 2158 213 2015
OTC—Over-the-Counter :

NYSE—New York Stock Exchange
* Issued in May 1977 °
** Issued in March 1978
*** Includes partial dividend for first quarter.
Note—The above quotations bid and asked represent prices between dealers and do not represent actual transactions.
Market quotations provided by National Quotation Bureau, Inc. — Dash indicates quotation not available.

27



L OF
ANTRAL RUNOTS
PBUC SHERVICE COMPANY

§9u|h Haven

=
-, ’-vllt .lvll. gL AR LY
Y- Bangor

LWanfsid -

s of
L= //mwm 0wtz CO.
e SIS TN A IR

Yy
s oF HY -

O Kolamazoo O Battle Creek

Jackson ©

Lak Benton Harbgr, g o o ';),‘ A
anre St Joseph
Lake ; 2 M I1.C H'1 G A N
Michigan ¥ .
s : o‘““ L
- eoroe |,
DONALD C.COOK )
BERRIEN SPRINGS /y
AN TWIN . . .
=] BRANCH =
‘ { 76;-; S - —— i_--—--_--]
M:chsq/anCily a3 qu 7 E W i '___.....-—-—-——"
Tt s PO VIS COMPAY . A 9 "% 1
H Q Gary La Porte 4 ", = 35, NORDEI DO PALK $IVKE CORPANY
l ) } Xy, ;A £, : &
sosalli { Ligoni Kendallvill
) X, Ligoniet I I
rﬁtﬁ%{ A i b Jo ib
. i
g Plymouth|
e .
! ‘0““‘ TR INOLANA
NES STy COMPANY
COMMONWEALI E01SON £6
H . Fort W,
! & A A 1
" ) ﬁ%” < oo
’ \ 2 e
: o e &G JoMlonroavnlle! ..?_;‘::"
T H RS
v & | l L o o
I N DI AR A X% AR, | -
= : A PN
1 ) /
‘ . 2
o g ?3*1 lm},,;'“f l Fep
i $ Z Betne Y% '
z , § s o ’. é TA A’ / Illllllllll/// (
! IS PRUC SERVICE INGUNA A I\ &\Aﬁ;?(on 0 Mom? ior /I///‘
— ' A E\\w '
| £ Kokomo 0izzizzzzzh [\ A potnd1 O H I O
-l , Lafayette 2. Hartf;td City I
1 - A
]
- ! ) A !
N o
= 4 W A&:\“—" A
° ] l\° . .
: 1-°§‘ me\{ N Winchoswr/q)\Un\lon City
o pe A 7\ vt o0
e o ° o A l OMO POWIN COMPANY
rowl.ik?ooa?rm & AN A
v ‘ A A e 1
"‘:.l s Ay, Lynn I .
- [ Y
INOUNAPOUS POWER & UGHT COMPANY ONTUAL
< - 1
! T uwor A H
’ PUBIC SERVICE INGUANA A

BREED

Territory Served By

INDIANA & MICHIGAN ELECTRIC COMPANY

O  steomebecticPionn Nucteor Fusl=Electric Plonts
O  Mydoitaadcrionts O Principol Communities Served
763,000-Volt Tronsmission Lines

——m— 345,000-Volt Tronsmission Lines
Svsms——138,000-Volt Tronsmission Lines

Other Voliage Transmission Llnes
Tronsmission Lines Under Comir. or Auth.
Other Companies’ T ission Lines

40 Mdes

10 (] 10 20 30

t g
TANNERS CREEK Défé

AVl
DEARSORN {1.¢£)
YO JITERSOM YA \

KY.

PRIPARED BY AMERCAN ELECTRIC POVER SIRVICK CORFORATION » } BROADVAY, I, ¥, &,

I-2

" INDIANA & MICHIGAN ELECTRIC COMPANY AND GENERATING SUBSIDIARY




- NUCLEAR

”

~ o

> - . _ . .
w - - -
- . v e - . ¥
[
“
-
M '
- e
N - .

XN-NS-TP-009

- EXXON_NUCLEAR COMPANY, INC.

FUEL STORAGE RACKS CORROSION PROGRAM,

BORAL - STAINLESS STEEL

. CONTROLLED DISTRIBUTION LiST

Copy Mo..
' 001-015

016

. Bandeira(PSE&G)

017

018
019
020
021
022
023
024

oo EIm—Aa=
L] L] L ] . . L] .
—XTTUVVMmOmMmO

ument Control-HR -
Document Control-RTC

025-064

065
066
067
068
069
070

Use, reproduction, transmittal or disclosure of the above information is subject

M.0. Bandeira (PSE&G)
T.G. Eckhart .

W.E. Ferguson

Dr. J. Weeks (BNL)

Dr. A.B. Johnson (BNWL)
W.H. Baker (SRP)

R.C. Karzmar’' (B&P)

to the restriction on the first or title page of this document,






=
-

EX(ON

. XN-NS=TP-009
: UCLEAR “ "

FUEL STORAGE RACKS CORROSION PROGRAM, '

BORAL - STAINLESS STEEL

November 9, 1978

NOTICE

This document contains “information proprietary to Exxon Nuclear

Company, Inc. It is submitted in confidence and is to be used solely
for the purpose for which it is furnished and returned upon request.
This document and such information is not to be reproduced, transmitted,
disclosed or used otherwise, in whole or in part, without the written
authorization of Exxon Nuclear Company, Inc.

Uso, reproduction, transmittal or disclosure of the above information s subloc':t
to the restriction on the first or title page of this document,

GR-005






- .
- i .
W s - . - " -
- - ) . -
‘ . . » ,
’ " = » - B '
N » . - ’ -
N » f - .
. - _ v : - N
-
. B

I

‘ XN-NS-TP-009
EX(ON ' . “ o
UCLEAR

" IMPORTANT NOTICE-REGARDING CONTENTS AND USE OF THIS DOCUMENT

1. Exxon Nuclear Company S warrant1es and representat1ves
' “"concerning’ the subJect matter of this document are those .
~set forth in the Agreement between Exxon Nuclear Company,
Inc. and the Cuetomer pursuant to which this document is
issued.* Accordingly, except asxotherWTSe expressly provided
in such Agreement, neither Exxon_Nuclear Company, Inc. nor’
any person acting on its bepa1f makes any warranty or re-
" presentation, expressed or implied, with reepect to the
. ,accuracy, completeness, or usefulness of the information
‘contained in this document, or that the use of any information,
apparatﬁs, method or proeess disclosed any liabilities with"
" ¢respect to ‘the use of, or for damages resulting from the use
“of any 1nformat1on apparatus, method or process disclosed
in th1s document

2. The information contained herein is for the sole use of
Customer.

3. In orderhto avoid impairment of rightskof Exxon Nuclear Company,
Inc. in patents or inventions which may be included in the in-
- formation contained in this document, the recipient; by its”

‘acceptaﬁce of this document agrees not .to pub1ish or make public

~use (in the patent sense ‘of the term) of. such 1nformat1on until
. S0 author1zed in writing-by Exxon Nuc1ear Company , Inc. , Or
until after six (6) months following termination ,or expiration .
of.the,aforesa1d Agreement and any extension thereof, uniess
otherwise expressly provided in the Agreement. No rigﬁts or
* Ticenses in or to any patents are implied by the‘furniéhing,
of this document. ' ) ( ' |
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to the restriction on the first or title page of this document,

‘GR-005



+

"



»

. w
. . =
.
hd e '

Prepared By -"”",5fi£i%fz,7f21 .
pA<x G DR

Approved By (f;}/)4 )
- . by TCPE~
| |

XN=HS=1P-009/NP

4

VALIDATING SIGNATURES

VALIDATING SIGNATURES:

. Revision No. and Date

Revised Sections

Revised Pages

.
L

Project Manager

Date - 1S 10 /78"

Concurred By ! ﬁ;/%%i;ﬁ&ééé’;/</’

Mgr. Mechanical
Engr.

. Date BRIINT e

Mgr. Licensing/
Compliance

Date . 1w/ 1o /28 ] '

dgr. Storage”Engr.
Services

Dathe | - n /o /75’






.

m
. .
_ - 0
] GRS R G om e G Ban n o ham N N M AN m BN EE . Em
. ] . . -
n » : . -
Ly - * - »
- » - - C.
- - -
) . )

EX(ON .
IUCLEAR
TABLE OF CONTENTS
" ABSTRACT .
1.0 * INTRODUCTION
‘2.0 TEST PROGRAM DESCRIPTION
2.1 Specimen Description
2.2 Environment Description
2.3 - Initial Measurements
. 3.0 SUMMARY

4.0%  RESULTS |
4.1 - Internal Environment of’ Edge -Sealed and

Storage Cell Specimens:
4.2  Visual Appearance
4,3 Weight Gain
4.4 . Pitting
4.5 Meta]]dbrabhy
‘4.5.1 - Surface Corrosion Films

- 4.5.2  Edge Attack’
. 4.5.3 Bulges

LIST OF REFERENCES.
APPENDICES
Appenﬂix A - Test Program (Tables and Figu;es)

Appendix B - Déthi]ed‘Test Results (Tables and Figures)

S
Use, reproduction, transmittal or disclosuro of the'above Information Is subject
to tha restriction on the first or title page of this document,

“

XN-NS-TP-009

3-1

4-1

4-1"

4-3
4-5

4-6
" 4-7

GR-005



I |
.
| l ’
.
l .
l .
l v

_ XN-NS-TP-009

ON
UCLEAR

ABSTRACT

Exxon Nuclear Company, Inc. has conducted a Boral*-Stainless Steel
Corrosion Program during the past 18 months to establish additional
performance information for use of Bora! plates in spent fuel stor-
age applications. The program consisted of a detailed review of
related literature, an evaluation of test programs conducted by
others, and additional corrosion tests performed at Exxon Nuclear
facilities. '

The objective of the Exxon Nuclear test program was to obtain
corrosion data for Boral-304 stainless steel test specimens in
simulated PWR fuel pool environments so that reliable predictions
.could be made of what physical changes would occur in a defective,
hi.e.,&qhsealed spent fuel storage cell after a 40-year exposure.

The Exxon Nuclear tests indicate that storage cells, containing a leak
simulating hole, will sustain aluminum corrosion at a rate which can

be expected to consume 3.25 t6'3.ﬁ percent of the aluminum in the Boral
core after a 40-year exposure. -

Should Boral plates be exposed to a typical PUR pool environment, the
material is subjected to pitting, edge attack, and internal gas pressuri-
zation; but no effect on critipa]ity.safety is expected over the Tifetime
§°f storage-cells due to dié]odgement ova4c part%c]es.

* The, Boral test samples discussed in this report are a neutron
absorbing, shielding material manufactured by the Brooks and
Perkins Company. The Boral specimens are a composite.material
consisting of boron carbide evenly dispersed within a matrix
of aTuminum and clad with aluminum.

1‘
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1.0 INTRODUCTION

Prior. to desighing,racké utilizing stainless steel clad Boral
plates in PWR pool environments, Exxon Nuclear initiated, (during
1976 and early 1977),.a review of apd]icab]e material corrosion
literature and conducted analyses of test results performed by
others.

Exxon Nuclear's review of the related literature*, and perform;ﬁce of
Boral in similar environments, indicated that there should be no
adverse effect on nuclear safety analyses of storage racks in a PUR

pool environment. To provide further assurance of satisfactory material
performance, Exxon Nuclear initiated a test program in February,

1977 to evaluate Boral clad in stainless steel 304 specimens in environ- ,

ments simulating utilization in Exxon Nuclear PUWR storage rack
applications.

* List-of appropriate mater1a1 contained in Reference sect1on of
this report .

1-1
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2.0 TEST PROGRAM DESCRIPTION
2.1 SPECIMEN DESCRIPTION

Exxon Nuclear's test program ﬁ]aced emphasis on investigation

of Boral .utilized in conditions typical of expected storage

cells and PWR pool water environments. Consequently, storage
cell component sections were fabricated which resembled the

~ larger, full-size storage cells. Specifically, these reduced-
~ size storage cell specimens consisted of inner and outer

stainless steel 304 shrouds into which four (4) Boral plates
were inserted. The complete assembly was sealed welded,
resulting in 6" high x 6" wide test specimens. Each completed
cell specimen was made to simulate a leaking condition by drill-
ing 1/16-inch holes as described in Appendix A.

In order to separately observe and measure various corrosion

and material properties during the test, additional test

specimens were utilized. These additional ‘specimens consisted

of 2" x 2" coupons made as follows: ’

1) Open-edge Boral/stainless steel composite;

2) ‘“Sea1ed-edge Boral/stainless steel composites with au1eak
simulating hole; and, ) ’

3)  Unencapsulated éora] coupons.

Use, reproduction, transmittal or disclosure of the sbove information [s subject
tothe restriction on the first or title page of this document. GR-005
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ENVIRONMENT -DESCRIPTION

Insuiated nine (9)-gallon polyethylene tanksf’with'fitted

" covers, were used for the plain Boral and open- edged Bora1-
"sta1n1ess specimens. Thirty (30) gallon tanks of the same

_construction were used for the closed-édge tests. Each. tank
. was fitted with a sta1n1ess “immersion heater and stirring.

m1xer, which were affixed through openings in the tank

‘covers.

A stainless steel screen was used to hold the specimens off
the bottom of the tanks and permit circulation of the environ-
ment on all sides " In order to isolate the p]ain Boral .speci-
mens from the stainless stee1 screen, a pedesta] was fashioned
from phenolic plastic. The open-edged composite samp]es,'

2" x 2" Boral piece sandwiched between -two 2" X 2" stainless
steel pieces, were held together with four (4) Met-clip

-springs, one along each edge. Tﬁese were placed on the stain-,
. less screens 5o that the clips held the specimens in a hori-

zontal position over the screen.

The initial environment in each tank was deionized water with
a pH of 5.85 and.a conductivity of 0. 75 u mho/cm. Boric acid

'(H BO ) and lithium hydroxide (LiOH H20) additions were made

to produce the following:

Environment A) Deionized water plus 13.3 g/1 Boric Acid

(resuiting in 2300 ppm Boron at 150°F).

.22

to the restriction on the first or titlo page of this documant.
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Environment B) Deionized water, 13.3 g/1 Boric Acid,
0.0121 g/1 Tithium hydroxide

Environment C) Deionized water plus 0.0121 g/1 Tithium
hydroxide r

The specimens, were immersed in each environment on Juﬁy 1,
1977. The initial temperature and pH of each environment

were measured as follows:

Environment pH. . Temperature, °F

1 5.20 146.4
2 " 5,53 147.2
3 9.15 153.4

. The temperature and pH were measured daily. The temperature

showed some fluctuations and variacs were installed in order
to gain better temperature control. The pH in the borated
solutions, 1 and 2, remained constant but in the alkaline
tank, C, it dropped into the 7 range within four (4) days. In
order to keep the solution pH in the alkaline range; addi-
tional additions of lithium hydroxide were made.

INITIAL MEASUREMENTS

Appendix A of this'repbrt contains descriptions of all Boral
and stainless steel specimens utilized for the test program.
The initial measurements and cleaning programs are also pro- .

. vided in Appendix A.

2-3
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3.0 SUMMARY.

No corrosion, pitting, nor strese-corrosion cracking was observed

on any of the stainless steel coupons, or storage cell spec1mens used
in this study. The austenitic sta1n1ess steel can be expected to
withstand exposure to ‘borated fuel poo] environments for the pro-
Jected forty-year life of spent fuel racks. Similarly, without a.
1eak path through the stainless steel 11ners, the interior Boral
p]apesiwould not be subject to degradation as a result of aqueous
corrosion. In the situation of a leak path through the stainless
liners which permits the interior space to fill with the pool environ-

- ments, theiresults of the 2 month, 6 month, and 12 month exposure studies,

show that Boral is subject to general corrosion, pitting and edge attack,
and clad deformation due to internal gas pressurization. To various
degrees, the severity of each of these corrosion effects depends on the
partieular environment chemistry and the specific geometry of the exposed
materials. Based on éomparisons between the four (4) specimen types and
the three (3) environments used in'this study,. the following summary can

~ be drawn concerning the corrosion resistance of Boral and its suitability

for use when exposed in stainless 1lined storage cells to borated enéironmentst

The general corrosion rate, as determined by weight gain measurements, .
decreased significantly between the 2, 6, and 12 month exposure times.
When all the storage cell specimen data are examined on a semi‘]og plot,
the amount of aluminum consumed in convers1on to ox1de after a 40-year
exposure, is: 3.3 percent for the 1ow pH and 3.4 percent for the .
higher pH environments.

3-1
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. The weight gains were lowest for the storage cell specimens in each

of the three (3) environments, followed in general by the plain,
open-edged, and edge-sealed specimens. The weight gains, measured -
“for the plain and open-edged speciﬁéns, viere nearly identical to
each other in the three (3) environments. This similarly indicates
that ga]vahic coupling between the stainless steel in the open-
edged specimens does not accelerate general corrosion in the Boral.
In all three (3) environments, the edge-sealed specimens showed the
greatest weight gain.

The high pH environment produces a slightly higher amount of corro-
sion and, on the average, the highest corrosion rates at the end of
the test. This appears to be due to the less protective character
of the oxide films formed in the high pH environment.

Pittfng was observed on the exterior aluminum surfaces of the Boral

after only 18 days of exposure. Pits were observed on the plain specimens
in areas beneath the supporting plastic pedestal, which indicates a
differential aeration mechanism is operating. Pitting was more extensive

in the low pH environment and in those regions of the specimens where ease
of replenishment with the bulk:solution was greatest. In the storage cell
specimens, pitting was confined only to those areas near the leak simulating
holes; also these specimens showed the least number of pits.

%he frequency of ‘pitting did not increase sighificant]y with increased
exposure time. The size and depth of the pits continued to increase,
however. The maximum pit depth, after 12 months, was 0.032". As
pitting progresses into the Boral some aluminum Binder is corroded and
the B4C particles become embedded in corrosion products. '

Similar considerations apply to edge attack of the Boral. However,
the depth of edge attack did not increase significantly between the

3-2
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6 and 12 month exposure: The deepest edge penetration, 0.028", was
measured on the open-edged specimen in the Tow ﬁH environment. No
measurable edge attack was observed in the vicinity of the leak
simulating hole in the Boral plates of the storage cell spgcimens.

Gas generation, due to corrosion of the aluminum in Boral, has ‘been
observed .in the edge-sealed specimens and the storage cell specimens.
This gas has been observed to bubble from the upper hole in each of

the storage cells. In several of the specimens removed after 12 months,
bulges were observed between the aluminum cladding and the B4C aluminum
core. (See Figures 4.2 and 4.3, Appendix B). Internal gas generation,
blocked from escape by the budeup of corrosion products in conjunction
with occasional un-bonded layers of the Boral matrix, i§ believed to be
the cause of these bulges. -

The océasiona] unbonded Tayers of the Boral matrix occurred randomly

and were observed in concentrated areas of very small B4C particles,
(i.e., >150 mesh). It has been determined that.the Boral .specimens
provided by Brooks and Perkins for the ENC corrosion test program con-
tained a much higher concentration of small B4C particles than utilized
for production Boral plates. Accordingly, it is possible that the small
bulges observed on the sealed specimens may not occur in finished plates
where improved B4C and aluminum bonding result with larger B4C partic]esf

The occasional Tack of bond1ng between B4C and aluminum particles also
allows a small amount of water to enter the inner portions of the bulged
specimens. Normally, water does not penetrate into well-bonded Boral
plates and no internal corrosion can occur. .

The small bulges have not been reported or observed in prior related
corrosion test programs. They appear to be a.self-limiting phenomenon;

3-3
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where the gaseous corrosion product both causes the bulge and dis-
places the water causing the corrosion. Aninspection of both the
aluminum cladding and -inner Boral matrix demonstrates that no clad
pitting or deterioration of the inner face of cladding and Boral
material occurred near the bulged areas. -Consequently should rangom
small bulges occur, any dislodgement of B4q particles will be of no
significance on neutron shielding or attenuation properties.

3-4
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4.1

4.0 RESULTS '

On June 30, 1978, after a nominal 12-month exposure, the
remaining three (3) plain Boral and three open-edged
‘Boral-stainless composite specimens, were removed from
the three (3) heated tanks. On August 10, 1978, the
edge-sealed, and storage cell.specimens, were removed
from their environments. Thése twelve (12) samples were
subjected to visual, metallographic, weight gain;mand

pit depth measurement analyses.

This section of the report places emphasis on the de-
tailed results obtained from the storage ce]i specimens.
Appendix B presents additional test results for other .
specimens and contains most referenced tables and figures
for information presented in this section. Table 4.1
provides specimen identification numbers and exact lengths
o% exposure for each of the twelve (12) specimens eval-
uated during the final period.

Internal Environment Of Edge-Sealed And Storage Cell Specimens

The pH of the solution, within the edge-sealed and storage

cell specimens, was measured using indicator paper for |

the forher,rand a Beckmann pH meter for the latter. .Approximate1y“
2.5 grams of-so]ution was contained in the edge-sealed speci-

mens and 39 grams in the cell specimens.

In Table 4.2 is a summary of the interior pH of the edge-

sealed and cell specimens for the 2-, 6-, and 12-month
exposures.

4-1
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] For the high pH;1ithﬁum envinonment;,the interior pH

cqnsistently shows a decrease in pH toward a-neutral .
-va]uerfor all exposure times. A similar trend toward a
more ‘neutral pH is, exhibited for the acidic env1ronments
for exposures ‘up to 6-months. After 12-months, the
1nter1or pH is the same as the bulk: so]ut1on or, s]1ght]y
more ac1d1c.

Visual Appearance

The storage cell specimens were d1sassemb1ed and cut open -

‘to separate the Boral p]ates from the stainless liners.
A v1sua1 examination of each Boral p1ece was conducted

using a Tow power stereo-microscope. = The fo110w1ng
observations were noted:

: Storage Cell Specimen #3 (S.C.S.-3)

Surfaces were generally meta]]ic“in ce1oration Extra
corrosion products and some, p1tt1ng, viere seen on the
faces and a1ong the edges where the leak s1mu1at1ng holes
were dr111ed through the stainless liners.

Storage Cell Specimen #6 (5.C:S5.-6)

' Specimens are darker than SCS-3. Pitting-is mucn less.

Rust existed a]ong edges where holes were drilled.

Bu]ges were observed in the dimple area of plate S.C.S.-6(1),.
,on both the outside and inside. ‘ : )

4-2
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. Storage Cell Specimen #9 (S.C.S.-9) = - . .
Specimens were white in coloration with rust colored o
_ deposits along the edges: where holes were dri]]ed. B4C '
stringers were evident, but no pitting. Plate.S.C.S.-9(4)
~had a 1-1/4" pure aluminum strip on one short edge.
4.3 Weight Gain .

" After the viéua] an%]ysis, the appropriate Boral plate
"specimens were weighed, oven-dried, and reweighed ‘in

order to determine the amount of absorbed moisture in the
core and the change in weight due to exterior and inte-
rior corrosion. , The ‘specimens were dried in stages in an - . ] |
air-circulating oven for two (2) hours_at 150, 200, ‘
250°F, and for 24 hours at 300°F. The original weight . |

the weight prior to oven-dry1ng, and the dried we1ght for

each specimen, is 1isted in Table 4.3

A summary of the moisture absorbed weight‘percentages,'

for'the‘z-month,'ﬁ-monfh and 12-month exposures, "is

given in Table 4.4. The overall average for all- spec1mens,
environments, and exposures, was 0.47%." This corre;ponds
to a minimum average porosity level in the Boral éore of

‘approximately 1:5%. The absorbed moisture decreased

between 2-months and 6-months:and increased-beiween 6-mpnths

and one year. This may be the result of an initial decrease

in porosity as corrosion products were generated in the

core fo]]owed .by a-porosity ‘increase as additional corrosion
en]arged the pores The greatest moisture absorption occurred
1nﬂphe open-edged specimens in the A environment. This
specimen also showed:-the greatest number of pits and would,
therefore, contain the greatest amount of material cqpab]g

f’r':3
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" of absorbing moisture. The Teast moisture, on the average,

was in Fhe storage cell Boral plates, which may be_due to

.their larger size and lower edge to volume ratio.

In"Table 4.5, the corrosion weight gain percentages are
summarized‘for all the specimens tested in the program.
The values, inibrackets, have been corrected to account
for the fact that certain of the 6" x 4" Boral plates

in the cell specimens contain a strip of soTid aluminum
along one edge. Since this strip did not contain the
normal porous core structure, it could contribute weight
gain only by external surface corrosion. To make valid
comparisqps,'using these specimens, their weight was re-
duced by a factor corresponding to the reduced core
volume. Under the assumption that the weight gain per-
centages are an indication of the extent of uniform
corrosion in tﬁese specimens, the results presented in
Téble 4.5 show that the corrosion rates have decreased
with increased eprsure time. The results are plotted for

. each specimen type as"a function of environment in Figures

4.4 through 4.6.

The .weight gains are largest for the edge-sealed specimens
the storage cell specimens. In between, with very similar
similar weight gains, experienced by these two (2) specimen

types, show that the general corrosion is not accelerated
due to coupling with stainless steel. ' =

4-4 " |
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4.4

When the weight gain values fbr'the storage cell speci-
mens are considered on a semi-logarithmic scale, the
relationship appears to be amenable to éxtrapp]ation, as
shown in Figures 4.7 through 4.9. From these figures,

the extrapolated weight gain percentage and the calculated
percent of aluminum consumed after 40 years exposure, are:

Environment  Weight Gain, 4 Al Consumed, %
A © 4.4 3.3
B 4.5 3.4
c 4.5 | © 3.4

Pitting

To evaluate the extent of pitting in the 12-month exposure
specimens, the corrosion products were cleaned from the
surfaces of a portion of one of the four (4).plates from
each cell sbecimen. A summary of the pitting frequency
and pit depth, for. the 6-month and 12-month exposures, is
given in Table 4.6. The pit diameter for the 12-month
specimens is also given in the table. 5

.Table 4.6 shows that the pitting characteristics after
12-months, were very similar to those after 6-months.

Those specimens and environment combinations which did
,not pit or showed Tittle pitting tendency after 6-months,
showed no or few'pits after lé-months, however, those with
significant p?ts after 6-months had a large number of
"pits after 12-months. 'Increased pitting was observed in
the plain specimens in the A environment and in the edge-

i sealed specimens in the A and B environments. The other

specimens showed nearly the same number of pits after
12-months as after 6-months. :
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The pit depth, however, increased with the extended 12-
month exposure. In some cases where pits had not pene-
trated the aluminum clad in 6-months, they had doné so
after 12 months.

Meta]iography

Sections of Boral from each specimen were mounted and
metallographically polished in order to observe the
thickness of surface oxidation films, the depth of edge
attack, the-undercutting around drilled holes, and the
nature of surface bulges. Sections were made along an
edge for the plain -and open-edged specimens, and through
the drilled hole in the Boral for the edge-sealed and
storage cell specimens. In addition, sections through
bulges in the specimens were made to characterize these
structures. The specimens were back-filled with epoxy
under vacuum conditions to. impregnate surface porosity,
then rough polished on silicon carbide papers and final .
polished on diamond using automatic vibratory equipment.

Surface Corrosion Films

The surface corrosion films on several of the specimens
‘were thick enough to measure using a filar eye piece at a
‘magnification of 400. The film thickness, as measured for
these specimens, is listed in Table 4.7. The thickness
‘for the C environment specimens was thickest, being a
maximum of 8.2 microns for the-plain specimen. "Where the
bulge in this specimen caused the surface layer to break
apart, the corrosion films were much thicker. Appendix B
contains photographs showing the surface film in one argé
.away from a bulge and, for comparison, on a bd]ge.

4-6
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4.5.2 . Edge Attack

Table 4.7 also shows the depth of corrosive attack at the
Boral coupon edges in the plain and open-edged specimens.
The attack was greatest in the A environment and was
somewhat greater in the open-edged specimen than in the
plain specimen. Only one specimen of the six (6) edge-
sealed and storage cell types showed accelerated corrosion
around the partially dr111ed leak simulating hole. This
was the edge-sealed specimen in the C environment. The
similarity in edge attack between the plain and open-edged
" specimens again ind%cqtes a lack of corrosion acceleration
due-to ga]vénic coupling of the Boral to stainless steel.

[ .

4.5.3 Bulges

Several bulges were observed on the 12-month exposdre
sﬁecimens. Similar bulges were not observed on specimens
exposed for 2- or 6-months. Table 4.8 Tists the number _
of bulges observed on each specimen. Photographs demonstrating
bulged areas are shown on Figures 4.2 and 4.3.

The bulges are separations between the aluminum clad and
the B4C-a1uminum matrix. They appear to result from gas
pressure caused by internal corrosion. The corrosion of .
*aluminum would genefate hydrogen gas following the
reaction m

~
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Such gas‘generation has'been observed in the edge-sealed
. _ “and storagé cell specimens. To generate a bulge Qou]d
> . " require sea11ng of the edges with corros1on products to’
' . enable the internal gas pressure to increase sufficiently
“ to expand the ten mil aluminum cladding. The eﬂge-sea]ed

"spec1mens each had four(4) bu]ges. These specimens also L g
- " . showed the largest corrosion we1ght ga1ns which cou]d resu]t

in the sealing of edges in these specimens.
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