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TENNESSEE VALLEY AUTHORITY
Kroxville, Tenn., July 2, 1964

Mr. L. J. Van Mov, General Manager,
Tennessee Valley Authority, Knoxuville, Tenn.

Dear MR. Van MoL: The accompanying report covers the planning, design,
construction, costs, and first power operations of the Kingston Steam Plant. It has
been prepared by the Office of Engineering Design and Construction staff with
contributions from a large number of persons from other TVA divisions, and forms
a companion volume to the previously issued technical reports on the Johnsonville
and Colbert Steam Plants.

Kingston Steam Plant is the fifth steam electric project to be planned,
designed, and constructed by TVA. It is the fourth of eight TVA steam plants
under construction in the 1950’s, preceded by Johnsonville, Widows Creek, and
Shawnee and followed by Colbert, John Sevier, Gallatin, and Paradise. These
new plants were in the forefront of advances in steam plant technology and have
commanded a wide interest among engineers, constructors, and electric power
suppliers in this country and throughout the world. At the time of completion,
Kingston Steam Plant was the largest known steam-electric plant in the world,
and still ranks with the great installations of its kind.

The report is recommended for publication as a public document.

Very truly yours,
G. P. Palo
Manager of Engineering
Design and Construction

/)
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THE KINGSTON STEAM PLANT

CHAPTER 1

INTRODUCTION

Kingston Steam Plant is located at the base of
a peninsula formed by the Clinch and Emory River
embayments of Watts Bar Lake about 2.7 miles above
the confluence of the Clinch and Tennessee Rivers.
The plant derives its name from Kingston, a small
town of colorful history lying two miles to the south,
which enjoys the distinction of being the capital of
the State of Tennessee for one day, September 21,
1807. An access road about one mile long leads to
the plant from U. S. Highway No. 70.

The Kingston Steam Plant is the fifth steam-
electric power plant to be constructed by TVA. The
first of these, the Watts Bar plant, was built as part
of an emergency power program of the World War
IT period. In 1949, some four years after the com-
pletion of the Watts Bar Plant, construction started
on the first of nine large steam-electric projects to be
built over a span of 17 years. This program included,
successively: Johnsonville, Widows Creek, Shawnee,
Kingston, Colbert, John Sevier, Gallatin, Paradise,
and Bull Run.

In 1950 the Korean conflict forced an expansion
of the national defense program. Again, as in World
War II, Congress turned to TVA as it made plans
to strengthen the national preparedness program.
Production of atomic defense material became vital,
and additional electric generating capacity was needed
for the atomic energy installation at Oak Ridge.
To supply the urgently needed power, Congress ap-
propriated funds on January 6, 1951, for the first
four units of Kingston Steam Plant.

As the Korean conflict continued, AEC accel-
erated its expansion plans at Oak Ridge to reach
maximum production levels. Keeping pace, TVA
stepped up its construction schedules and Congress
appropriated funds for five additional Kingston units.
The chronology of appropriation acts is summarized
at the end of this chapter, page 12.

On-site construction of the Kingston Steam
Plant began April 30, 1951, and the final unit was

placed in commercial operation December 2, 1955.
The entire net output of Kingston has continued to
flow into Oak Ridge. As each unit was completed
and placed in commercial operation, another block
of available energy was added to the Oak Ridge re-
sources, as follows:

Unit No. Capability, kw Commercial operation
1 150,000 2- 8-34
2 150,000 4-29-54
3 150,000 6-11-54
4 150,000 7-27-54
5 200,000 1-18-55
6 200,000 3- 3-55
7 200,000 5- 6-55
8 200,000 8- 3-55
9 200,000 12- 2-55

Until 1963, Kingston, with a total plant
capability of 1,600,000 kw, was the largest known
steam plant in the world.

Figure 1 shows the geographical location of
Kingston Steam Plant. Figure 2 shows the site lo-
cation and plant layout. A decided asset of this
location is the particular adaptability for handling
the condenser cooling water. Coming into the plant
through an intake on the Emory River, the cooling
water is discharged into the Clinch River on the other
side of the peninsula but four miles downstream from
the intake. 'This arrangement positively prevents any
possibility of recirculation of condenser discharge
water through the system.

The final over-all cost of the plant is
$198,199,849.95, or 124 dollars per kw. This equals
the lowest unit cost of TVA’s major steam plants built
since Watts Bar. Included in the over-all figure are
the costs of land, land rights, structures, improve-
ments, equipment, transmission plant, and intersite
communication equipment. The transmission plant,
including the transformer yard and switchyard equip-
ment, alone totals $8,460,774.28.
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The Kingston report presents a record of the resources in order to strengthen the regional and
more important facts concerning the planning, design, national economy and the national defense. Its
construction, costs, and initial operations of units 1-9. specific purposes include:

It contains, as exhibits, a group of selected drawings

and a complete list of project drawings. The report 1. Effective water control on the Tennessee River,

summarizes the basic office and field reports avail- and substantial assistance to flood control on

able for reference at the office of Manager of Engi- the lower Ohio and Mississippi Rivers.

'I%eering Design and Construction, TVA, Knoxville, 2. Navigation on the Tennessee River, linking the
ennessee.

region to the Nation’s 9000-mile system of
inland waterways.

3. Widespread and abundant use of electric
power.

TVA AND POWER

TVA is a corporate agency of the United States

Government established by Act of Congress in 1933 - . .
to develop the Tennessee River and to assist in the 4. Greater opportunities for agriculture, industry,

development of other resources of the Tennessee and forestry prod\{ction. ) ]
Valley and adjoining areas. TVA’s objective is to 5. Development and introduction of more efficient
help achieve the unified development of the region’s soil fertilizers.
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INTRODUCTION

TasLE 1.—Scheduled additions and modifications to June 30, 1966.

Scheduled data Rated System

Unit of commercial capacity capacity

Name number operation kw W
Thomas H. Allen (steam)? 1-3 Jan. 1965 750,000 14,175,615
Widows Creek (steam) 8 Feb. 1965 500,000 14,675,615
Colbert (steam) 5 Sept. 1965 500,000 15,175,615
Barkley (hydro)2 1 Nov. 1965 32,500 15,208,115
Barkley (hydro)2 2 Nov. 1965 32,500 15,240,615
Barkley (hydro)2 3 Jan. 1966 32,500 15,273,115
Barkley (hydro)? 4 May 1966 32,500 15,305,615
Bull Run (steam) 1 May 1966 900,000 16,205,615

(16,662,815)3

1. Leased by TVA fromax City of Memphis.
2. U orps of Engineers project.

3. Total capacity includes steam plant and hydro unit modifications not tabulated.

When TVA was created, the Wilson Steam Plant
of 64,000-kw capacity was acquired with other Gov-
ernment properties. By the end of 1939, other steam
plants acquired or leased from utilities operating in
the region brought system steam plant capacity to
224,000 kw. Hydro was then 635,000 kw. The need
for additional steam-electric plants first arose from
studies to increase system efficiency by supplementing
fluctuating hydroelectric power. The eruption of
World War II made added power capacity an
emergency matter. The emergency program included
Watts Bar, first TVA-built steam plant, constructed
along with 11 hydro projects to guarantee the supply
of power so urgently needed for war industries, in-
cluding the then-secret atomic energy plant at Oak
Ridge. By mid-1945, steam plant capacity was
456,000 kw and hydro 2,057,000 kw.

After the war, power demands continued to rise
in TVA’s service area and it became increasingly
apparent that the hydroelectric potential of the Ten-
nessee and Cumberland Valleys could not meet the
needs of industrial, commercial, domestic, and Federal
users. In 1949 TVA began construction of the big
Johnsonville Steam Plant. Then, spurred by sharply
increased power needs during the Korean struggle and
subsequent increasing demands of its service area,
TVA built a series of large, modern steam plants.
The ninth—Bull Run—will go into operation in 1966.

The year 1964 concluded with a total installed
system capacity of 13,425,615 kw, of which 9,334,000
kw is steam-electric. Scheduled additions and modi-
fications would bring the net system capacity to
16,662,815 kw by the middle of 1966 in accordance
with the program shown in table 1.

The system will then include, in all, 27 major and
2 minor hydroelectric plants constructed or acquired
by TVA, 6 Corps of Engineers hydroelectric plants,
12 hydroelectric plants constructed by ALCOA
(Aluminum Company of America), 10 TVA steam-
electric plants, and one steam plant leased from the
city of Memphis. The éntire system serving an area
of some 80,000 square miles is interconnected with a

grid of high voltage transmission lines and is operated
as one integral system (fig. 3).

Responsibility for supplying electricity to the
ultimate consumer in the region is shared by TVA,
as wholesaler, and 158 local electric systems which
retail the power to some 1,800,000 residential, farm,
commercial, and industrial customers. Long-term
power contracts between TVA and these local systems
—-105 municipalities, 51 rural electric cooperatives,
and 2 privately owned utilities—provide a basis for
the distribution of power which adds strength to both
the distribution agencies and TVA. As part of its
power system, TVA interchanges power with adjacent
systems and distributes the power generated at the
Corps of Engineers dams on the Cumberland River
by arrangement with the Southeastern Power Ad-
ministration. Furthermore, the ALCOA hydro plants
on the Little Tennessee River are operated as part of
the TVA system. ALCOA operates its plants at
TVA’s direction, for which TVA delivers to ALCOA
a uniform amount of power. Tables 2 and 3 list the
principal features and generating capacities of the
hydro and steam projects respectively.

LEGISLATIVE HISTORY
Units 1-4

On December 1, 1950, the President of the
United States submitted to Congress a proposed
second supplemental appropriation for fiscal year
1951 in the amount of $84,000,000 for the Tennessee
Valley Authority.] The proposed appropriation in-
cluded $25,000,000 for beginning construction of a
new steam electric plant in the eastern part of the
TVA system near Kingston, Tennessee.2 The steam
plant was to consist of four units having a total
capacity of 540,000 kw.

Hearings on the TVA supplemental request were
held before a Subcommittee of the House Committee

1. H. Doc. No. 727, 81st Cong., 2nd sess., Dec. 1, 1950.
2. Hearings before Subcommittees of the House Committee on

Appropriations, 81st Cong., 2nd sess., on Second Supplemental Ap-
propriation Bill for 1951, p. 225.
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THE KINGSTON STEAM PLANT

TABLE 2.—Principal features of water

DAM AND APPURTENANCES
ATE OF N <] PowEr LocK
con. wane (R | seitmy | or | et
PROJECT OWNER LerciAl RIVER HEIGHT | | bnGTH | CAPACITY | CONCRETE | pociloriL c:;::rn Slze r.‘:r i

USE CFEET) | (pgemy | (cFS) | Ccu. vos.) | (Cu. v0s2) [ (kw) (FEED | ceen |
Kentucky VA Tennessee 206 8u22 | 1,050,000 | 1,356,000 | 5,582,000 | 160,000 | 110x600 75
Pickwick Landing TVA Tennessee 13 5 650, 000 679,100 | 3,081,000 | 216,000 | 110x600 63
Wilson TVA Tennassee 137 4535 671,000 1,729,400 [} 598, 000 110x600 100

60x300 s
{60:292} 100
Wheeter TvA | 1936 | Tennessee 72 63u2 5u2,000 | 1,100,000 0 356, 40O ﬂs‘g:zgg 52
Guntersville TVA | 1939 | Tennessee 9u 3979 478,000 308,600 874,900 97, 200 60:28(} us
110x800|
Nickajack¥ TVA | 1967 | Teanessee 83 3700 500, 000 530,700 378,000 97, 200 ”81238 42
Xt
Hales Bar¥ TVYA | 1913 | Tennessee 12 2315 224,000 - - 99,700 60x265 ui
Chickamauga TVA | 1940 | Tennessee 129 5800 470, 000 506,400 | 2,793,500 108, 000 650x360 53
Watts Bar TVA §19u2 | Tennessee 12 2960 560, 000 u80,200 | 1,210,000 150, 000 60x360 70
fort Loudoun TvA 1943 | Tennessee 122 u190 330,000 586,700 | 3,594,000 128,000 60x360 80
Apalachia TVA | 1943 | Riwassee 150 1308 136,000 237,800 0 75, 000 none
Hiwassee TVA | 1940 | Hiwassee 307 1376 112,000% 800, 600 [} 117, 1007 .
Chatuge TVA | 19u2™| Hiwassee Wy 2850 11,500 25,700 | 2, 3u8,u00 30, 000 .
Ocoee No: 1 TVA | 1312 | Ocoee 135 8uo 45,0000 160,000 0 18,000 .
Ocoee No. 2 TVA 1 1913 | 0coee 30 uso — "] 0 21,000 .
Ocoee No. 3 TVA | 1943 | ocoee 1o 612 95,000 82,5001 82,000 21,000 .
Blue Ridge TVA 11931 | Toccoa 167 1000 55,000 — 1,500, 000 20, 000 .
Nottely TVA | 19u2e pottely 184 | 2300 11,500 21,700 | 1,552,300 [ 15,000 .
Melton Hill TVA | 1963V} Clinch 103 1020 122,000 250, 000 0 72,000 | 75¢400 | 60
Norris TVvA | 1936 | Ctinch 265 1860 93,u00% | 1,002, 300 181,700 | 100,800 none
Chilhowee ALCOA | 1957 | Little Tenn 91 1373 182,000k 91, 500 307, 000 50,000 .
Calderwood ALCOA | 1930 | Little Tean 232 916 260, 000 — 0 121, 500 -
Cheoah ALGOA | 1919 | Little Tenn 225 750 200,000 —_— 0 110,000 .
Fontana TVA | 1945 | Little Tean us0 2365 13u, 300k | 2,815, 500 760,600 | 202,500 .
Santeet!ah ALCOA | 1928 | Cheoah 212 1054 76, 100 — 0 45,000 »
Nantahala ALCOA | 1942 | Nantahala 250 1042 54, 000 — 1,829,000 43, 200 »
Thorpe ALCOA | 19u1 Tuckasegee 150 900 56,000 —— 1,060, 000 21,600 .
Douglas TVA | 1943 | French Broad 202 1705 3u2,000k 556, 400 i 127,900 112,000 .
Nolichucky TVA {1913 | Nolichucky — — — — — 10,640 "
Cherokee TVA | 1942 | Holston 175 6760 286, 000 k 694,200 | 3,301,100 120, 000 .
Fort Patrick Henry| TvA | 1953 | S Fork Holston 95 737 141,000 72,500 30, 400 36,000 .
Boone TVA | 1953 | S fork Holston| 160 1532 137,000 198, 400 714,000 75,000 .
South Holston TVA | 1951 | S Fork Holston| 285 1600 116, 200 k& 97,500 | 5,897,001 35,000 .
Wilbur TVA | 1912 | Watauga mn 375 34,000 — — 10,700 .
Watauga TVA | 1949 | Watauga 318 900 73,200 b4 80,400 | 3,ug97,600 50,000 .
CUMBERLAND RIVER BASIN
Great Falls TVA | 1916 | Caney Fork 92 800 150,000 " -— — 31,860 .
Barkley C of E| 1965 | Cumberiand 155 ]10,020 620,000 — — 130,000 | 110x800 | 13
Center Hill C of £ 1950 ( Caney Fork 250 | 2,160 458,000 993,800 { 2,616,500 | 135,000 ’
Cheatham C of E| 1959 | Cumberland 75 980 —— 195,860 9u, 500 36,000 110x800 I 30
Dale Hol low C of E| 19u8 | Obey 200 1,117 166,000 581,710 — 54,000 none
0ld Hickory C of E| 1957 | Cumberland 98 | 3,750 226,000 339,500 366, 550 100, 000 8UxU00 I 60
Wolf Creek Cof E[ 1951 | Cumber!and 258 | 5,736 541,000 { 1,421,000 | 9,397,000 270,000 none
a. from deepest excavation on or near base h.  “Full Pool Elevation"™ is the normal level to

line to roadway or deck.

b. At top of gates level. (See exceptions~-

n,q.
¢ Includes riprap.
d. From full pool level to minimum

expected pool level.
e. At full pool elevation,

f. Except during drawdown in advance of flaods
at main-river plants.

inciuding islands.

9. Head at maximum power storage level of
tributary storage projects and average head
at tributary run-of river and main-river
projects.

which the reservoirs may be filled. Where
storage space is avaiiasble above this level,
additional filling may be made as nesded for
flood control.

Apalachis - An additional 219,600 cubic yards
concrete in tunnel.
Ocoee No, 3 - An additional 28,500 cubic yards
concrete in tennel.
Douglas - An additional 3,800 cubic yards
cancrete in saddle dams and dike.
An additional 797,200 cubic yards

fill in saddle dams and dike.
South Holston - An additional 205,300 cubic
yards fill in saddle dam.

At remote powerhouse.

Includes capacity of discharge conduits.

TVA-00020059



control projects—TVA integrated system.

INTRODUCTION

RESERVOIR DATA AND OPERATING LEVELS

»

Two-1ift auxiliary

tock.

Unit 2 is a reversible pump~turbine

For completed praojects cost, including switchyard

is from 6-30-65 financial statement which reflects
all additions, reclassifications, and retirements

except Guntersville which includes estimsted cost

of $16,505,000 for new fock now in final clean-up

stage of construction.

0ffice of Manager, OEDC

Augus

t 1965

LENGTH f
AREA AT |TOTAL voLuMe{  uSEFULY MINIMUM' | AVERAGE
FULL POOL| EELOW ToP | CONTROLLED | OF fyvelil I bowy ToP OF | EXPECTED | TAILWATER |  HEAD® PROJECT
EL.D QF GATES . STgRAGET) LHINE (MILES) EL.h (EL.)  |POOL LEVEL|  LEVEL (FEET) cosT?
- RE~ .

(ACRES) [ (ACRE-FEET) { {ACRE-FEE (HiLES) (EL.) (EL.)

158,300 ( 6,002,600 { 4,010,800 | 2,380 184, 3 359 375 354 310 u7 $117,383,68u | Kentucky
42,800 | 1,091,400 418,400 ugs 52,7 Uiy u18 uo08 362 50 45,656,873 |Pickwick Landing
15,930 650,000 53,000 154 15.5 507.5 507.88 504.5 u1y 92 100,374,379 | Wi tson

S

67,100 | 1,150,400 347,500 | 1,063 ™1 556 556.28 550 507 ug 87,453,214 | Wheeler
69,100 | 1,018,700 162,900 962 82.1 595 595. Uy 593 557 37 52,888,000 | Guntersville
10, 900V 254,600V 21,200v| 192v[ u6.3V 63u 635 632 596 34 73,200,000 |Nickajack¥

§,u20 154, 200 12,370 162 39.9 63U 635 632 596 35 33,441,200 |Hales Bar¥
3u,500 705, 300 329, 400 810 58.9 682.5 685. U4 675 634 us 41,327,285 [Chicksmauga

38,600 | 1,132,000 377,600 783 12.4 41 7u5 735 682 56 35,813,215 | Watts Bar
14,600 385, 500 109, 300 360 55 813 815 B 807 40 0 42,333,080 | Fort Loudoun

1,123 58,700 8,700 31 9.8 1280 1280 1272 8uo J 380net 23,703,332 |Apalachia
6,120 438,000 364,700 180 22 1524.5 1526. 5 1415 1275 254 24,330,515 |Hiwassee
6,950 247,800 229, 300 132 13 1927 1928 1860 180U 126 9,113,893 [Chatuge
1,900 91,300 33,100 18 1.5 8317.65 837.65 816.9 T 13 3,100,423 |Ocoee Wo. 1
— -— silted —_— - 15 1115 — 8u3J 252 2,974,u8y  |Ocose No. 2
604 8,700° 5,850° 2 7 135 1435 1413 11194 313 8,866,u80 |Ocoee No. 3
3,290 200, 800 186, 300 60 10 1690 1691 1590 1543 1w 5,536,u85 |Blue Ridge
4,180 184, 400 171, 300 106 20 1780 1780 1690 1612 1745 8,095,778 |Nottely —_
5,720 124,900 26,000 1l uy 195 796 790 7u2 51 36,065,992 (Melton Hill
34,200 | 2,567,000 | 2,281,000 800 gg g(""'gf'; 1020 1034 930 826 194 33,509,027 (Norris -
1,690 ug, 250 6,56U 30 8.9 s | 87 870 812 sonet — Chilhowee
536 41,160 1,570 8 1087.46 .|  1087.46 108Y. 46 869 J 209"et -— Calderwood
595 35,030 1,850 — 10 1276,51 1276. 51 1273.51 1087 1g7net -_— Cheoah
10,530 | 1,444,300 | 1,157,300 2us b2} 1708 1710 1525 1216 429 78,365, ug6 | Fontana
2,863 158, 250 133, 300 85 7.5 1939.92 1939.92 1863 12153 sg7net —_— Senteet!ah
1,605 138,730 126,000 — u.6 3012.16 3012.16 | 2881 20077 guynet -_— Nantahala
1,62 70,810 67,100 —_— u.5 3u91.75 3u91.75 | 3u1s 228u.4P | 1200 —_ Thorpe
30,600 1,514, 100 1,U19,700 555 u3, 1 1000 1002 920 873 129 u6,u65,826 Douglas
797 9,850 _— _— -— 12u5.9 12u5.9 — — 68 1,867,620  |Nolichucky
30,200 | 1,565,400 { 1,473,100 u63 59 1073 1075 980 925 148 36,387,160 [Cherokee
893 27,100 4,300 36.9 ”310.3 1263 1263 1258 1195 75 12,288,233 |Fort Patrick Henry
4,520 196, 700 150,000 130 ,5:3 ég&fk, 1385 1385 1330 126U 123 27,677,012  |Boone
7,580 7uM, 000 625, 200 .3 1729 1742 1616 1ug0 239 31,400,985 [South Holston
72 —_— 327 3 1.75 1650 1650 1615 1585 62 2,491,529  |Wiibur
6,u30 678, 800 627,200 106 16.7 1959 1975 1815 1650 309 32,508,729 {Wetauca
CUMBERLAND RIVER BASIN
2,270 54, 500 49,400 120 22 805. 16 805. 16 762. 16 6554 150 6,354,220 |Great Falls
62,100 | 2,2u8,000 | 1,555,000 —_ 18 359 376 346 313 uy -_— Barkley
23,060 | 2,092,000 { 1,254,000 —_ 64 685 685 618 ugs 170 — Conter HIII
7,u50 104, 000 20, 000 — 67.5 385 386 382 363 22 —— Cheatham
30,990{ 1,706,000 ‘849, 000 -_— 51 663 663 631 512 3 — Dale Hoilow
22,500 545,000 100,000 — 97.3 uusg uu7 uy2 398 us - 01d Hickory
63,530 | 6,089,000 | u,236,000 -_— 101 760 760 673 561 177 - Wolf Creek
m., Closure date; storage project initially. u. Lock operation; first unit operation in 1954,
n. Ocoee No. | - At headwater elevation 83U.6, v. Includes amount presently shown for Hales Bar.
Great Falls - At headwater elevation 812,
w. Hales Bar Dam wilt be replaced by Nickajack Dam
o. 1953 data. six miles downstream. Nickajack Resarvoir will
. include the present Hales Bar Reservoir.
p. Center line of nozzle.
q. Surcharged poo! for maximum design flood.
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THE KINGSTON STEAM PLANT

TasLe 3.—TVA steam

UNIT TOTAL STEAM STEAM
NAMEPLATE NAMEPLATE UNIT TOTAL PRESSURE- | TEMP-OF
CAPACITY CAPACITY CAPABILITY | CAPABILITY | THROTTLE | THROTTLE/ SPEED
NAME LOCATION UNITS KW Kw KW KW LB/SQ IN. REHEAT RPM
MAJOR STEAM PLANTS
BUILT BY TVA
Bull Run On Clinch River 1h 900,000 900,000 900, 000 900, 000 3500 1000/ 1000 3600/1800'
between Knoxville
and Oak Ridge, Tenan.
Colbert On Pig;wicksban?ino -y 180,000 200, 000 1800 | 105071050 3600f
Lake mi -]
Wilson Dam, Ala. 5h 500,000 | 1,220,000 500,000 | 1,300,000 2406 | 1050710003600/ 3600
Gallatin On Cumberland River 1-2 250,000 250,000 2000 | 1050/1050 3600
5 mi SE of Gallatin, 3-u 275,000 1,050,000 275,000 { 1,050,000 2000 | 1050/1050 3600
Tenn.
John Sevier On Holston River 3 mi 1-4 180, 000 720,000 200,000 800, 000 1800 | 1050/1050 3600
SE of Rogersville,
Tenn.
Johnsonville On Kentucky Lake 12 1-6 112,500 125,000 1u50 1000 4L e 1800
mi Wof Waverly, 7-10 150,000 1,275,000 150,000 | 1,350,000 2000 | 1050/1000||6 & 3600
Tenn.
Kingston On Watts Bar Lake 2 1-4 135,000 150, 000 1800 | 1000/1000 3600
mi NE of Kingston, 5-9 180,000 | 1, 4ug, 000 200, G00 1,600, 000 1800 1050/ 1050 3600
Tenn.
Paradise On Green River near 1-2 © 650,000 650,000 2400 | 1050/1000 3600/1800f
Paradise, Ky. 3 1,130,000 ( 2,430,000 1,130,000 | 2,430,000 3500 | 1000/1000
Shawnee On Ohio River 10 mi 1-10 135,000 1, 350,000 150,000 | 1,500,000 1800 | 1000/1000 3600
NW of Paducah, Ky.
Watts Bar 2/3 mi below Watts A-B-C-D 60,000 210, 000 66,667 266,667 850 900 1800
Bar Dam, 7 mi SE of
Spring City, Tenn.
Widows Creek On Guntersville Lake 1-y 112,500 125, 000 1450 | 1000 3600
5 mi SW of Bridge- 5-6 112,500 125,000 1800 | 1000/1000 3600
port, Ala. 7 500, 000 500,000 2400 | 105071000( 3600/ 1800
8 h 500,000 | 1,675,000 500,000 | 1,750,000 210 105071000 3600/3§00f
LEASED BY TVAS
Thomas H. Allen Memphis, Tenn. 3 250,000 750,000 272,000 816, 000 2u00 | 1050/1050 3600

a. TVA-built plants have one boiler to each unit., All are rehest type except
Watts Bar, units 1-6 Johnsonville, and units 1-U Widows Creek.

b. Actual construction costs or estimates including switchyards as included
in budget programs submitted to Congress January 1965. Estimates for
present construction include interest during construction.

¢. Unit 5 is in trial operation pending acceptance for commerical operation.

d. %8gsed from City of Memphis, Light, Gas and Water Division, January 1,
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INTRODUCTION 9

plant data.

BOILER2  |APPROX COAL®| CONDENSER FIRST UNIT | LAST UNMIT ACTUAL
GENERATOR CAPACITY/ CONSUMR- NET PLANT COOLING CONSTRUC- N ON LINE OR
VOLTAGE UNIT=-LB TION/UNTT HEAT RATE WATER/UNIT TION COMMERCIAL | ACTUAL ESTIMATED
Ky STEAM/HR ~~TONS/HR BTU/KWH ~-GAL/MIN STARTED OPERATION® |  SCHEDULED cosTb NAME
MAJOR STEAN PLANTS
BUILT BY TVA
24,0 6,400, 000 316 8391 397, %00 Y- 2-62 5- =66 5- ~66 139, 400, 000 Bull Run
20.0 1,280,000 6 9299 142,500 10-15-51 1-18-55 11- u-55 99, 104,000 Colbert
24.0 3, 900, 000 188 88u6 295, 000 1- 4-60 c c 65, 709,000
2u.0 1,650,000 99.5 9294 144, 200 5-11-53 11- 8-56 8- 9-59 137,415,000 Gallatin
2u.0 1,960, 000 11.5 9165 152, 000 8- 1-56
20,0 1,280,000 70 9267 113,500 10-14-52 7-12-55 10-31-57 105,953,000 John Sevier
y ¢ 10,222
Y e 13.8 1,000,000 Su 2 & 10,152 105, 500 5-12-ug 10-27-51 2-22-53 9u, 284,000 Johnsonville
6 ¢ 18.0 1,100, 000 62 9317 99,000 7- 2-56 11-30-58 8-20-59 75,705,000
18.0 1,000, 000 58 9367 90,000 U-30-51 2-8- 54 7-21-54 Kingston
20.0 1,280,000 6.5 9288 121,400 - 1-18-55 12~ 2-55 198, 200,000
24,0 u, 900, 000 306 8767 226,200 11- 2-59 5-19-63 11~ 1-63 178, 510,000 Paradise
8,000, 000 10- -65 10- -69 10~ -69 133,500,000
18.0 1,000, 000 58 9398 107,600 1- 5-51 4- 9-53 10-12-56 213,536,000 Shawnee
13.8 600, 000 26 11,u0u 10, 200 8- 8-UD 2-15-u2 U- g-us 19,821,000 Watts Bar
18.0 | 1,000,000 51 10,096 107,600 3-29-50 - 1-52 1-23-53 93,826,000 Widows Creek
18.0 850, 000 ug quu2 92,500 6- 3-54 7-17-54
4.0 3,850,000 208 8835 227,000 3- 3-58 2- 1-61 2- 1-61 71,506, 000
24.0 3,850,000 226 8766 250, 000 10-12-560 2- 7-65 2- 7-65 61,647,000
LEASED BY Tvad
2u.0 2,000, 000 j 8825 127,000 9- -56 5-22-59 Thomas H. Allen

e. Based on coal specified in boiler specifications.
f. Cross-compound unit.

g. Actual or scheduled.

h. Under construction.
j« Also equipped to burn gsas.

Office of Manager, QEDC
August 1
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10 THE KINGSTON STEAM PLANT

on Appropriations on December 7, 1950.8 At this
hearing, TVA officials stated that the international
situation and the effect that this situation was having
upon delivery dates of power-generating equipment
were increasing the amount of time required to get
new generating units into operation, and that this
addition to the TVA power system was needed so
that TVA would not be caught short in meeting the
electric requirements in the Tennessee Valley area in
1953. TVA officials pointed out that the location of
the plant in the eastern part of the TVA system would
help make it possible for TVA to serve expanding
loads that were taking place throughout this area in
industrial plants related to national defense.

The House Committee on Appropriations sub-
mitted its report on the Second Supplemental Ap-
propriation Bill, 1951, on December 15, 1950.4
The Committee recommended an appropriation of
$22,500,000 for the start of the Kingston Steam Plant,
$2,500,000 less than the amount requested. The
reduction was based on testimony that the funds
requested in the estimate allowed for an anticipated
cost increase of between 7 and 10 percent.® The
House accepted the recommendation of the Com-
mittee on the Kingston Steam Plant and passed the
bill on December 15, 1950.6

Hearings on the TVA portion of the Second
Supplemental Appropriation Bill, 1951, were held
before the Senate Committee on Appropriations on
December 18, 1950.7 TVA officials stated that the
anticipated extra-ordinary load developments due
largely to national defense, required that the Kingston
Steam Plant be started immediately in order that
TVA could meet the power load requirements in
1953. TVA also asked the Senate Committee to
restore the $2,500,000 reduction made by the House,
since the very tight schedule for this plant made it
highly desirable that the greatest possible proportion
of total necessary funds be obligated at the earliest
date. Moreover, the TVA officials pointed out that
any reduction in the 1951 funds would have to be
added in 1952, since the estimated total cost of the
plant would not be changed.

The Senate Committee on Appropriations sub-
mitted its report on the Second Supplemental Appro-
priation Bill, 1951, on December 20, 1950.8 The
Committee recommended that the Senate restore the
$2,500,000 reduction made by the House in the
Kingston Steam Plant appropriation request. The
Senate restored the cut and passed the hill on
December 21, 1950.9

A House-Senate conference committee was ap-
pointed to consider the differences in the Second
Supplemental Appropriation Bill, 1951, as passed by

3. Ibid., pp. 224-244.

4. H. Rept. No. 3193, 81st Cong., 2d sess., Dec. 15, 1950,

5. Ibid., pp. 16-17.

6. Congressional Record, 96:16815-16841,

7. Hearings before the Senate Committee on Appropriations, 81st

Cong., 2d sess., on Second Supplemental Appropriation Bill, 1951,
pp. 215-241,

6.7 89 S. Rept. No. 2684, 8lst Cong., 2d sess., Dec. 20, 1950, pp.
'9.) Congressional Record, 96: 17050, 17059-17067.

the House and as passed by the Senate. The con-
ference committee agreed on an appropriation of
$24,500,000 for starting the Kingston Steam Plant.10
Both the House and the Senate agreed to this
amount.1l The President of the United States signed
the Second Supplemental Appropriation Bill, 1951,
on January 6, 1951.12

Units 5 and 6

In its budget submission for fiscal year 1953,
TVA requested $62,528,000 for beginning construc-
tion of 8 additional steam units and 4 additional
hydro wunits.’® Included in this request was
$15,000,000 for adding units 5 and 6 at the Kingston
Steam Plant.14

The TVA budget for 1953 was included in the
Independent Offices Appropriation Bill, 1953. Hear-
ings on the TVA portion of this bill were held before
a Subcommittee of the House Committee on Appro-
priations on February 14, 1952.15 In its justification
of the 12 additional power units which included
Kingston Steam Plant units 5 and 6, TVA pointed
out that these new installations were being prepared
in order to increase the assured capacity of the
system to about 7,600,000 kilowatts by the end of
1955.16

The House Appropriations Committee submitted
its report on the Independent Offices Appropriation
Bill, 1953, on March 14, 195217 The amount
the Committee recommended for TVA included
$15,000,000 for starting units 5 and 6 at the Kingston
Steam Plant, and this provision was included in the
bill as passed by the House on March 21, 195218

The Subcommittee of the Senate Committee on
Appropriations held hearings on the TVA budget for
fiscal year 1953 on April 25, 1952.19 The Committee
submitted its report on May 28, 1952, and the
amount recommended for TVA included $15,000,000
for Kingston Steam Plant units 5 and 6.20 The
Senate passed the Independent Offices Appropriation
Bill, 1953, on June 3, 1952,21 and the bill as passed
contained the appropriation for Kingston Steam
Plant, units 5 and 6.

A House-Senate Conference Committee was ap-
pointed to consider differences in the Independent
Offices Appropriations Bill, 1953, as passed by the
two legislative bodies. In the report, the Committee
made no reference to Kingston Steam Plant, units
5 and 6, since both the House and the Senate were

10. H. Rept. No. 3240, 81st Cong., 2d sess,, Jan 1, 1951, pp. 2-4.

11. Congressional Record, 96: 17246.17254, 17276-17281, 17283-17384.

12, Public Law 911, 8Ist Cong.

13, The Budget of the United States, 1953, pp. 194-206.

14. Ibid., pp. 194-195.

15. Hearings before the Subcommittee of the House Committee on
Appropriations, 82nd Cong., 2d sess., on Independent Offices Appro-
priations for 1953, part 3, pp. 1325-1409.

16. Ibid., pp. 1336.1337.

17. H. Rept, No. 1517, 82d Cong.. 2d sess., March 14, 1952,

18. Congressional Record, 98:2563-2582, 2649-2682, 2697-2740.

19. Hearings before the Subcommittee of the Senate Committee on
Appropriations, 82d Cong., 2d sess., on Independent Offices Appro-
priaztx?nss: 1953, pp. 411-450

Rept. No. 1603, 82d Cong., 2d sess., May 28, 1952.
21. Congressional Record, 98:6543-6544, 6547-6585.
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INTRODUCTION 11

in agreement on this item.22 The conference report
was agreed to by the House and by the Senate on
July 2, 195223

The Independent Offices Appropriation Bill,
1953, was signed by the President on July 5, 1952.24
The Act included $15,000,000 for starting units 5 and
6 at the Kingston Steam Plant.

Units 7 and 8

On May 28, 1952, the President of the United
States transmitted a proposed supplemental appro-
priation for fiscal year 1953 in the amount of
$150,000,000 for the Tennessee Valley Authority.25
The proposed supplemental appropriation was to
provide funds for commencing construction of steam
electrical generating plants, tramsmission lines, and
other facilities necessary to furnish power for certain
of the proposed expanded facilities of the Atomic
Energy Comimission.26 The proposed supplemental
included $20,000,000 for starting units 7 and 8 at
Kingston Steam Plant.2?

Hearings on the TVA portion of the Supple-
mental Appropriations Bill for 1953 were held by a
Subcommittee of the House Committee on Appro-
priations on June 16, 195228 The committee in its
report recommended the full amount that the Presi-
dent had requested for TVA.29 The House, however,
reduced the amount for TVA from $150,000,000 to
$85,000,000, but did not specify where the cut was
to be made.30

TVA presented its testimony before the Senate
Committee on Appropriations on July 1, 1952, and
asked for restoration of the $65,000,000 cut by the
House.31 The Senate Committee on Appropriations
recommended restoration of the House reduction.32
The Senate debated and passed the Second Supple-
mental Appropriation Act, 1953, on July 3, 1952,
after having adopted an amendment to increase the
TVA appropriation from $85,000,000, as passed by
the House, to $150,000,000.33

A Conference Committee was appointed from the
House and the Senate to consider differences in the
Supplemental Appropriation Bill, 1953. The Confer-
ence Committee agreed to provide $150,000,000 for
TVA instead of $85,000,000 as proposed by the
House.3¢. Although there were other items in dis-

22. H. Rept. No. 2443, 82d Cong., 2d sess., July 2, 1952.
916%3§lgémgrenional Record, 98:8207-8212, 8367-8378, 9019-9028,

24. Public Law 455, 82d Cong.

%g I};.‘dDoc. I:;'o. 476, 82d Cong., 2d sess., May 29, 1952,

. Ibid., p. 3.

27. Letter to Hon, Albert Thomas, Chairman, Subcommittee on
Indepgndent Offices, Committee on Appropriations, House of Repre-
sentatives, from Chairman of the Board, TVA, June 10, 1952.

28. Hea_rmgs before Subcommittees of the House Committee on
Appropriations, 82d Coag., 2d sess., on the Supplemental Appropriations
Bill for 1953, pp. 75-96.

29, H. Rept. No. 2316, 82d=Cong., 2d sess., June 26, 1952, pp. 25, 29.

30. Congressional Record, 98:8390-8431, 8526-8580.

3l. Hearings before the Senate Committee on Appropriations, 82d
Con%,, 2d sess., on Supplemental Appropriation Bill, 1953, pp. 375-385.

32.8. Rept. No, 2076, 82d Cong., 2d sess., July 2, 1952 pp. 6, 18

33. Congressional Record, 98:9249-9254, 9263-9297.

34, H. Rept. No. 2494, 82d Cong., 2d sess., July 5, 1952, pp. 1-2, 8.

agreement, these did not relate to TVA.35 Both the
House and the Senate adopted the Conference Com-
mittee’s report on July 7, 1952.36

The bill was signed by the President on July
15, 195237 The Act provided supplemental appro-
priations of $150,000,000 for TVA for fiscal year
1953,38 and this amount included $20,000,000 for
starting Kingston Steam Plant units 7 and 8.

Unit 9

TVA requested $9,000,000 for beginning con-
struction of Kingston Steam Plant, unit 9, in its
budget submission for fiscal year 1954.3% TVA’s
budget was submitted to the Congress as part of the
Budget of the United States for fiscal year 1954 by
President Harry S. Truman on January 9, 1953.

On January 20, the administration of President
Dwight D. Eisenhower came into office. Shortly
thereafter, the new administration ordered all de-
partments and agencies to make a special review of
their 1954 budget request.?® TVA made such a
review; and although it made a reduction in its
appropriation financed budget, it made no change in
the amount of funds requested for Kingston Steam
Plant, unit 9.41

Hearings on the TVA budget for 1954 were held
by a Subcommittee of the House Committee on
Appropriations on March 12 and 27, April 1, and
May 14, 18, 25, and 28, 1953.42 During the hearings,
TVA officials pointed out that the Kingston Steam
Plant, unit 9, was one of the four units that TVA
proposed to begin in 1954 in order to take care of
future power requirements which were expected to
grow at the rate of at least 750,000 kilowatts a year.43

On June 11, 1953, the House Committee on
Appropriations reported the Second Independent
Offices Appropriation Bill, 195444 The committee
recommended the appropriation of $9,000,000 for the
start of Kingston Steam Plant, unit 9.45 The House
debated the bill on June 16 and 17, 1954,46 and re-
jected an amendment to delete TVA’s appropriations
for Kingston Steam Plant, unit 9.47 The appropria-
tion bill was passed by the House on June 18, 1953.48

Hearings on the TVA budget for 1954 were held

before a subcommittee of the Senate Committee on

35. Cf._ H. Rept. No. 2498, 82d Cong., 2d sess., July 5, 1952, and

II. Rept. No. 2499, 82d Cong., 2d sess., July 7, 1952.

36. Congressional Record, 98:9746-9750, 9774-9783, 9801-9805.
9813-9815, 9831-9834, 9843.

32}. })bu.l;lic Law 547, 82d Cong.

. Ibid.. p. 9.

39. The Budget of the United States, 1954, pp. 177-191.

40. Letter to the Chairman of the Board, T{)’A, from Joseph M.
Dodge, Director, Bureau of the Budget, February 3, 1953.

41. Letter to Joseph M. Dodge, Director of the Bureau of the
Budget, from General Manager, TVA, March 6, 1953.

2. Hearings before the Subcommittee of thc House Committee on
Appropriations, 83d Con%, Ist sess., on Second Independent Offices
Appropriations for 1954, Part 1, pp. 1-242, and on Independent Offices
Appropriations for 1954, Part 3, pp. 1238-1328.

43. Ibid., pp. 55-58.

44. H. Rept. No. 550, 83d Cong., Ist sess., June 11, 1953,

45. Ibid., pp. 5-7.

46. Congressional Record, 99:6862-6901, 6909-6962.

47. Ibid., 99:6916-6926.

48. Ibid., 99:7043-7044.
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12 THE KINGSTO

Appropriations on June 22 and 26, 195349 On July
8, 1953, the Committee submitted its report which
made no change in House appropriation for Kingston
Steam Plant, unit 9.5 On July 10, 1953, the Senate
passed the Second Independent Offices Appropriation
Bill, 1954, with amendments.51 These amendments
did not concern the Kingston Steam Plant, unit 9.
A House-Senate Conference Committee was ap-
pointed to consider differences in the Second Inde-
pendent Offices Appropriation Bill, 1954, as passed
by the House and by the Senate. In its report, the
Committee made no reference to the Kingston Steam
Plant, unit 9, since both the House and the Senate
were in agreement on this item.52 On July 20, 1953,

49. Hearings before the Subcommlttee of the Senate Committee on
Appropriations, 83d Cong., 1st on Second Independent Offices
Appropnatmns for 1954, pp. 81 149 > 953.. 365, 408-487.

50. S. Rept. No. 502 83d Cong., Ist sess., July 8, 1953, pp. 4-5, 9.

51. Congressional Record 99:874-8784.

N STEAM PLANT

both the Senate and the House adopted the con-
ference report.53

The bill was signed by the President on July 27,
1953.5¢ This act made available to TVA $9,000,000
for the start of construction of Kingston Steam Plant,
unit 9, in fiscal year 1954.

Summary

The following tabulation lists the legislative
acts that authorized TVA to begin construction of
Kingston Steam Plant units 1-9. The appropriation
acts listed provided only the initial funds to begin
construction of the units specified. Funds for com-
pleting the units were provided in subsequent ap-
propriation acts.

53, Congressional Record, 99:9481-9482, 9516-9519.
52. H. Rept. No. 882, 81d Cong., Ist sess., July 18, 1953, 54, Public Law 149, 83d Cong
Units Law Congress Name of Act Date
1-4 PL 911 81st, 2d sess. Second Supplemental Appropriation Act, 1951 Jan. 6, 1951
5-6 PL 455 82d, 2d sess. Independent Offices Appropriation Act, 1953 July 5, 1952
7-8 PL 547 82d, 2d sess. Supplemental Appropriation Act, 1953 July 15, 1952
9 PL 149 83d, 1st sess. Second Independent Offices Appropriation Act,
1954 July 27, 1953
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FIGURE 4.—Alternate steam plant sites studied prior to selection of the Kingston site.
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CHAPTER 2

PLANNING

This chapter on planning describes factors that
led to the selection of the Kingston site for a steam-
electric plant over several other sites which were
studied and compared. All are discussed in the
following text.

NEED FOR PLANT,
GENERAL LOCATION, SIZE

The Government’s program for defense mobili-
zation in the early 1950’s, superimposed on the normal
growth of the system load, resulted in a rapid increase
in the power demands on the TVA system during the
Korean conflict. This made it imperative to develop
additional power, which could be obtained most ex-
peditiously and economically by adding steam-gen-
erating facilities to the system.

The nature of the defense load to be supplied
required the construction of two plants, one in the
northwestern part and one in the eastern part of the
service area. In the eastern area, a general location
near Oak Ridge was indicated because of the heavy
power demand of the Atomic Energy Commission.

The initial planning studies were made for a
plant to contain four units of 150,000-kw capability
each, feasible of expansion to six 150,000-kw units.
After the design of the first four units was under way,
new estimates of load growth indicated that greater
capacity was needed. Consequently, the layout of
the plant was changed to include four 150,000-kw
units and five 200,000-kw units, an ultimate installa-
tion of 1,600,000-kw capability.

SITES CONSIDERED

Certain basic requirements for a steam plant site
are necessary for operating efficiency and low cost of
energy. Generally, these requirements include suit-
able topographic conditions; foundations that permit
safe and economical design; an ample supply of cool-
ing water for condensers; an adequate supply of fuel
that can be brought to the site by existing facilities at
a reasonable cost; and a location from which power
can be delivered to the system without excessive trans-
mission costs and losses.

In the area near Oak Ridge, topographic and
cooling water requirements effectively limit the avail-
able sites to those on the shores of TVA lakes. The
availability of fuel by existing transportation facilities
further limited the site selection. The following
locations were studied in considerable detail:

1. A site immediately downstream from the present
Watts Bar Steam Plant on the right bank of
Chickamauga Lake approximately at river mile
528.

2. A site near Concord, Tenn., on the right bank
of Fort Loudoun Reservoir approximately at
river mile 615.

3. A site near Louisville, Tenn., on the left bank
of Fort Loudoun Reservoir near river mile 623.

4. A site near Kingston, Tenn., on a peninsula in
Watts Bar Reservoir formed by the confluence
of the Emory and the Clinch Rivers.

The locations of these sites are shown in figure 4.

SELECTION OF THE SITE

The Louisville site was eliminated when coal
procurement studies indicated that freight rates would
be higher than to the other sites. The choice between
the three remaining sites was made after a compari-
son of the costs of plant features that would differ
because of site conditions as discussed in the following
paragraphs.

Land

Land appraisals showed that the Kingston site
would be more expensive than either the Concord
or Watts Bar sites. Both of the latter sites were being
used entirely for agricultural purposes, but part of
the Kingston site had been subdivided and several
residences had been constructed. An additional ex-
pense would be caused by the necessity to relocate
the water supply line for the town of Kingston.

At the Kingston site, additional land would have
to be purchased for the access railroad and inter-
change yard. On the other hand, a plant at Watts
Bar would make some use of the access railroad and
the interchange yard that serve the existing plant.
At Concord only a small expenditure would be
necessary for a railroad right-of-way.

Highway access

Access by highway to all the sites would be rela-
tively easy. However, the cost of providing highway
access to the three sites would differ considerably.
The Watts Bar access road would be the lowest in
cost because only a small amount of grading would
be required. The Concord access road would require

13
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PLANNING 15

a long and relatively expensive fill to locate it above
flood level. Under the plan used for the site com-
parisons, the Kingston access road also would be
relatively expensive, for it would require a grade
separation at a railroad crossing.

Railroad access

For the purpose of site comparison, maximum
grades on the access railroads had been set at 1.5
percent for loaded cars and 2 percent for empties.
Since the existing access railroad at Watts Bar reaches
a maximum grade of 4 percent, the expense of re-
ducing grades to a maximum of 2 percent was taken
into account. Enlargement of the existing interchange
yard south of Spring City would also be necessary.

Rail access to the Concord site would require
about 2 miles of new railroad as well as an inter-
change yard. The terrain in the area is comparatively
gentle, and any location proposed would have easy
access grades and curves.

The Kingston site would require the construc-
tion of about 6.5 miles of spur railroad and suitable
interchange yards at the railhead. Consequently,
the cost of rail facilities would be more than twice as
much as that for either of the other two sites.

Navigation facilities

Barge access could be readily provided at each of
the three sites. All of them are located so as to
provide sufficient space for maneuvering tows without
interference. There would be no need at any of the
sites to construct an artificial harbor, though more
shoreline improvement would be necessary at King-
ston than at either Watts Bar or Concord.

Plant foundations

Preliminary foundation explorations were con-
ducted to determine the approximate surface of bed-
rock and to obtain a general idea of the geologic
formations involved.

The top of rock at the Concord site ranges from
elevations 762 to 786. The bedrock is a limestone
that is extremely soluble and cavernous and would
require a substantial amount of foundation treat-
ment. It was estimated that the extra concrete
required to treat the cavernous foundation would
exceed 70,000 cu yd. The normal minimum level of
Fort Loudoun Reservoir is elevation 807, some 40
feet above the average bottom elevation of the power-
house excavation. Although the overburden at the
site seemed tight during core drilling operations, it
was probable that during the construction period the
excavated powerhouse area would be subjected to
considerable rapid inflow from numerous solution
channels in the bedrock.

At the Watts Bar site, explorations revealed a
bedrock of shale containing numerous thin beds of
sandstone. After removal of the weathered top layers,

it would make an excellent foundation. The founda-
tion costs at this site were estimated to be the least
expensive of the three sites.

Over most of the Kingston site the depth of the
overburden was only about 5 or 6 feet. Beneath the
overburden was found the same shale formation as at
Watts Bar. At Kingston, the shale was interspersed
with beds of limestone and siltstone in place of sand-
stone. Even though practically all the powerhouse
excavation would be in rock, the cost of excavation
at Kingston was estimated to be much less than at
Concord because it was anticipated that more than
80 percent of the rock could be removed with power
machinery. A few solution channels present in the
scattered limestone beds would require foundation
treatment. Despite the fact that the bottom of the
basement slab would be 16 feet below the normal
minimum pool level of Watts Bar Reservoir, little
difficulty in dewatering the excavation was anticipated
because of the relatively impermeable bedrock.

Excavation costs for a plant at the Kingston
site were estimated to be somewhat higher than those
for the Watts Bar site, chiefly on account of the larger
amount of rock to be excavated. However, these
costs for both Watts Bar and Kingston would be
much lower than those estimated for the Concord
site.

Transmission line costs and losses

Of the three sites investigated, Concord would
require the lowest capital investment in transmission
lines and would have the smallest losses. A map of
the transmission network of May 1951 is shown in
figure 5. Table 4 compares estimated transmission
costs and losses expected for each of the sites. Costs
shown do not include overheads or contingency
allowances.

TasLE 4.—Comparison of transmission line costs and losses.

Number Losses
Site of units Direct cost Kw Kwh/yr
Watts Bar 2 $ 8,594,000 9,000 25,000,000
4 13,952,000 21,000 60,000,000
6 20,052,000 34,000 105,000,000
Kingston 2 6,048,000 2,800 7,500,000
4 12,368,000 7,800 22,000,000
6 17,096,000 11,000 35,000,000
Concord 2 6,176,000 3,000 8,000,000
4 10,288,000 7,000 20,000,000
6 14,424,000 11,000 35,000,000

Cost of fuel

Preliminary negotiations with officials of the rail-
roads serving the different sites developed the freight
rates listed in table 5. Taking into account these
figures and the estimated cost of coal at the mines,
table 5 shows the cost of coal per ton delivered to
each site.
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TABLE 5.—Cost of coal per ton delivered.

Freight rates/Ton

Cost of coal/Ton

Site Railroad Min. Max. Used At mine Delivered
S Topomel LA we s ows
Concord Southern 1.38 1.99 1.70 3.50 5.20
Watts Bar CNO&TP 1.20 1.81 1.33 3.50 4.83

TABLE 6.—Comparison of estimated costs.

Watts Bar Site

Concord Site Kingston Site

Capital cost:1
Generating Plant

Land e $ 140,000 $ 253,000 $ 505,000
Access facilities 359,000 519,000 1,070,000
Plant foundations . 253,000 2,197,000 339,000
Condensing water facilities......._......___ 845,000 731,000 709,000
Grading—Plant ... 231,000 77,000 188,000
—Coal storage yard 340,000 206,000 160,000
Rail yards 655,000 776,000 834,000
SUBLOAl oo 2,823,000 4,759,000 3,805,000
Transmission plant
Switchyard . 4,039,000 4,183,000 4,039,000
Transmission lines.......ccooooooeeeeeeceniennce 15,347,000 11,317,000 13,605,000
Subtotal 19,386,000 15,500,000 17,644,000
Total capital cost.................... $22,209,000 $20,259,000 $21,449,000
Annual cost:2
Generating plant F 84,700 $ 141,200 $ 114,700
Transmission plant 709,500 568,000 645,800
Transmission losses3 267,000 89,000 99,000
Fuel¢ 7,900,000 8,500,000 7,250,000
Total annual cost.........c........ $ 8,961,200 $ 9,298,200 $ 8,109,500
1. Includes only items that vary with site conditions. Amounts indicated are direct costs plus an allowance
of 10 percent for contingencies.
2. Fixed charges assumed to be 2 percent interest and depreciation on a sinking-fund basis.
3. Based on ?7 per kilowatt-year and 2 mills per kilowatt-hour,
4. Based on an annual consumption of 1,700,000 tons of coal.

The freight rate used in the site comparison is
a composite of the two lowest rates, for it was antici-
pated that more than one source of coal would be
required to supply plant demands. It is apparent
that, with respect to fuel costs, the Kingston site had
a great advantage over the other two sites.

Comparative costs

Table 6 summarizes the estimated capital and
annual costs for the principal items that vary with
site conditions and locations. The comparative esti-
mates are based on initial installations of four gen-
erating units with provisions made for future
expansion. The comparison of total annual costs
shows the Kingston site to be the most economical
by a substantial margin. This conclusion would not
have been altered appreciably if larger installations
had been considered, primarily because of the prepon-
derant influence of fuel costs upon site economy.

PRELIMINARY STUDIES
OF THE KINGSTON SITE

Geology of the Kingston site

Physiography—The Kingston site is located on
the neck of a peninsula formed when the impound-
ment of Watts Bar Reservoir flooded the courses of
the Clinch and Emory Rivers. It lies in the Ridge
and Valley province of the Appalachian Highlands
about 4 miles from the Cumberland Escarpment.

A pattern of longitudinal, parallel, even-topped
ridges separated by broad valleys is the topographic
expression of the geologic structure of the locality.
Various formations crop out at the surface in narrow,
linear belts trending northeast and- southwest. As
one traverses the area from the southeast to the
northwest, he can see each formation repeated sev-
eral times. Apparently, the strata, which originally
were nearly horizontal, have been compressed, folded
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tightly, overturned to the northwest, and finally
broken along the axes of the folds by forces acting
from the southeast. The tops of the various struc-
tures were then rcmoved by erosion, the softer lime-
stones and shales wearing away faster than the harder
sandstone and cherty limestones, leaving the harder
strata projecting as ridges.

Scope of exploration—In the exploration of the
site, 41 holes totaling 1775.8 feet in depth were drilled
on an irregular pattern. These holes, as summarized
in the following tabulation, were sufficient to indicate
the amount of overburden, the depth of weathering,
and the character of the underlying bedrock.

Elevation
Bottom of
Hole Top of Serious  Bottom of
Number Surface Rock Weathering  Hole

A-22+00 767.2 767.2 748.6 714.5
A-26+00 785.7 i85.7 761.7 756.3
A-30--00 796.1 794.6 762.3 756.7
C-12+00 751.2 750.4 746.2 741.9
C-14+00 767.0 765.7 748.0 739.7
C-16-+-00 753.2 750.7 750.7 713.2
C-18-+00 750 748.8 748.8 739.0
C-20+00 765.0 764.5 764.5 733.5
C-22-+00 763.3 763.3 742.8 710.2
E-12-+00 755.7 755.7 729.3 710.7
E-14+00 764.3 762.8 752.1 709.3
E-16-+00 772.9 771.7 771.7 7358
E-18+-00 756.2 755.6 755.6 739.9
E-20-+00 763.4 763.4 748.4 710.4
E-22+-00 773.1 773.1 763.1 709.1
E-26-+00 776.4 776.4 757.2 7104
E-304-00 785.5 784.0 769.5 711.2
G-12+-00 759.6 759.6 743.6 738.6
G-144-00 766.4 766.4 754.2 740.2
G-164-00 772.9 772.9 733.1 710.9
G-18--00 770.2 768.4 743.4 7104
G-204-00 765.5 763.7 755.8 7105
G-22+00 764.7 763.2 753.7 714.7
H-14+-00 756.2 756.2 734.2 714.7
H-164-00 758.5 756.9 736.4 708.5
H-18+00 762.4 761.2 741.8 709.4
H-204-00 753.1 752.1 748.1 708.1
H-22+00 766.5 765.5 750.9 708.5
L-16+00 736.6 733.1 711.1 710.6
L-18-4-00 745.7 745.7 735.2 728.7
N-18+00 758.1 758.1 753.1 731.1
R- 6400 790.5 776.1 776.1 758.9
R-20+4-00 750.6 750.6 734.2 700.6
T- 6+00 828.8 782.7 782.7 758.2
T-20+00 760.4 759.4 748.1 710.4
V- 4400 8315 798.6 773.8 771.5
V- 6+00 848.4 787.4 760.4 758.4
V- 8-+00 835.1 802.7 792.9 769.5
EE-22400 750.7 747.9 737.8 732.7
EE-26-+00 760.1 758.9 747.1 736.3
EE-304-00 779.2 779.2 766.2 760.2

A test trench 250 feet long and a test pit were
excavated to sound rock in order to examine the top
of rock and determine the permeability of the over-
lying material. Additional information was obtained
by examining road cuts in the vicinity where the
same formation occurs as at the steam plant The
locations of the drill holes, test trench, and test pit
are shown in figure 6.

Stratigraphy—Three formations are exposed in
the peninsula, although only one crops out in the
plant site. The Rome formation composes Pine Ridge
to the west, the Conasauga formation crops out in
the neck of the peninsula where the steam plant was
constructed, and the Copper Ridge dolomite forms
the high knob on the head of the peninsula. Very
little overburden, either residual or alluvial, was
present on the steam plant site.

The Conasauga formation is chiefly composed of
a blue-gray shale containing many lenses of limestone,
conglomerate, and siltstone. The proportion of shale
to the other ingredients is about 4 to 1. The lenses
of limestone range in thickness from about 1 inch to
several feet.

Structure—The controlling structural feature of
the locality is a large thrust fault located northwest
of the site. Along this fault, older rocks moved from
the southeast over the underlying younger rocks.
This movement resulted in contorting and shearing
the weaker shales underlying the site so that the dips
of the strata vary from vertical to 10 degrees from
horizontal. All dips are toward the southeast and
average between 45 and 50 degrees.

Weathering—Both the shale and the limestone
of the Conasauga formation are susceptible to
weathering. However, the disintegration processes
are different. After the shale has weathered enough
to accumulate a mantle of decayed rock from 5 to 35
feet deep, the action is arrested and the bedrock is
protected against further weathering. Weathering of
the limestone takes place along bedding planes,
especially where they are nearly vertical, and solution
channels may extend to great depths.

One of the most noteworthy features of the site
was a large sinkhole at the contact between the
Conasauga shale and the Copper Ridge dolomite.
Erosion from the drainage into the sinkhole created
a large topographic depression in the shale. It was
certain, however, that the subsurface cavity extended
into the dolomite and not into the shale.

Foundation conditions—Even in an unweathered
state the shale was easily excavated by power ma-
chinery, the only resistance being that offered by
scattered lenses of limestone, conglomerate, and silt-
stone. It was necessary to drill and dynamite some of
these lenses. Geologic examination led to the con-
clusion that the rock, where fresh and unweathered,
was capable of supporting any contemplated load.
With the exception of lenses of limestone, the founda-
tion is relatively impervious to the percolation of
ground water or reservoir water.

Water supply

Quality—Condenser cooling water is taken from
the Emory River embayment of Watts Bar Reservoir
(fig. 144, Appendix D, page 289). This reach of
the river was being polluted by the discharge of paper
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mill wastes (a practice since corrected) from a plant
at Harriman, Tenn. The wastes gave the water a
dark color and a strong taste that make it objection-
able for drinking purposes. Because there was some
doubt as to whether the water would be suitable for
boiler feed water and condenser water purposes, TVA
consulted officials of the paper company and the
city of Harriman about their experience in using it.

The paper company reported no unusual op-
erating difficulties as a result of using the river water.
It was pointed out that the waste, when discharged,
is only slightly alkaline; that the black color is caused
by the reaction of tannic acid on iron salts in the
water; and that a chemical called “lignin,” of which
various compounds are used to prevent caustic em-
brittlements, is a principal component of the wastes.

The Harriman Utility Board reported that fibrous
material occasionally blocked boiler tubes in small
installations even though the paper company had
barged the greater part of such material below the
mouth of the Clinch River. However, it was thought
that the condenser tubes of the steam plant would
not be affected because of the relatively low tempera-
tures and the high velocity of the water passing
through the condensers.

The total hardness of the Emory River water
ranges from 12 to 38 parts per million; whereas, the
total hardness of the Clinch River water ranges from
92 to 112 parts per million. Although the Clinch
River water is not very hard, relatively speaking, it
is hard enough to require treatment before use as
boiler feedwater.

Temperature—A considerable amount of data
concerning temperature-depth relationships in this
arm of the Watts Bar Reservoir was accumulated
between 1944 and 1948. Temperature readings
were taken at elevations 700, 715, and 730 at a station
located at mile 2 on the Emory River by the use of
a bathythermograph. These readings were plotted
on charts directly below hydrographs showing the
discharges of the Emory River and releases from
Norris Reservoir during the same period of time.
Similar readings were made at a station at the U. S.
Highway No. 70 bridge at Kingston on the Clinch
River and plotted below the releases from Norris
Reservoir. Although the temperatures were not ob-
served continuously, they were observed frequently
enough so that a representative chart could be
developed from temperatures at all seasons.

Analyses of these and other data revealed that
water released from Norris Dam, some 75 miles up-
streamn, is quite cold because of the great depth of
Norris Reservoir.  Although the water warms up
considerably by the time it reaches the head of Watts
Bar Reservoir, it is colder than either the water from
the Emory River or from the Tennessee River during
most of the year. Consequently, the water in Watts
Bar Reservoir near the steam plant site becomes
stratified. The cold Clinch River water fills the bot-
tom of the reservoir, and the warmer water from the

Emory and, at certain times, the Tennessee flows at
the surface. When the releases from Norris are quite
large, the cold water from the Clinch River flows up
the Emory River beyond Harriman. When releases
are curtailed the flow 1s reversed, and the cold water
drains out of the Emory River arm of the reservoir.
Investigations of these conditions and the fact
that the water temperatures in the Swan Pond em-
bayment remain high during the warmer months of
the year, led to the proposal to dredge a deep canal
from the Emory to the intake building. They also led
to the proposal to construct a skimmer wall across
the intake canal and an underwater dam on the
Clinch River below the mouth of the Emory.

Preliminary project layout

The preliminary plan for development of the
site provided for an initial installation of four
150,000-kw units and possible expansion to six
150,000-kw units.

The location of the powerhouse was chosen so
that it would be entirely on shale, out of the vicinity
of the sinkhole mentioned earlier. The transmission
lines were to be conducted over the top of the hill in
the peninsula. Condenser cooling water was to be
drawn from the Swan Pond embayment and dis-
charged into the Clinch River at a point about four
miles downstream from the intake. The intake build-
ing would have been constructed east of the switch-
yard at the end of a canal some 1600 feet long. It
was expected that dredging probably would be neces-
sary in the embayment from the Emory River to the
entrance to the intake canal.

The access railroad from South Harriman would
have approached the site from the north along the
shore of the Swan Pond embayment. The storage
yards and connecting tracks formed a loop which
enclosed the plant and coal storage area.

There appeared to be little need to provide
initially for receiving barge shipments of coal. How-
ever, the possibility of transferring coal shipments
from rail cars to barges at this location for shipment
to other steam plants appeared to justify provision
for future barge-loading {acilities on the Clinch River
side of the plant.

Plant operation

OQutput—It was expected that the Kingston
Steam Plant would operate on baseload and at a
high capacity factor. The type of power load which
was to be served by the project, and the fact that
hydro capacity in the area can be used effectively to
carry peak loads, indicates that this will be the
normal type of operation. Estimated average annual
output of the 4-unit plant was in the order of 4.0
billion kwh at station switchboard after allowing for
station service. Total gross generation was estimated
to be 4.2 billion kwh.
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20 THE KINGSTON STEAM PLANT

Coal requirements

The average annual coal requirement for the
4-unit plant was estimated to be about 1,700,000
tons, based on a gross generation of 4.2 billion kwh.
The probable maximum rate of coal use would be
about 5800 tons per day, 170,000 tons per month,
and 1,900,000 tons per year. These estimates were
approximate because of the variation in the thermal
content of the various coals that would be used.

The manufacturer’s guarantee anticipated that
the heat rate for normal plant conditions would be
about 9350 Btu per net kwh, which is equivalent to
0.75 1b of coal per kwh for 12,500-Btu coal. For the
economic studies, a more conservative heat rate of
10,000 Btu per net kwh was used. Assuming that the
average heat content would be 12,500 Btu per Ib, the
average rate of coal consumption would be 0.80 1b
per kwh.

Available fuels

Sources—The plant is located in a coal-produc-
ing area of District No. 8 and most of the fuel was
expected to come from mines within 15 to 70 miles
of the plant.

It was believed that the most likely sources of
coal would be the mines of the Cumberland Plateau
near Monterey, Tenn., served by the Tennessee Cen-
tral Railroad, and those between Oakdale, Tenn.,
and Stearns, Ky., served by the Cincinnati, New
Orleans, and Texas Pacific Railroad. Also, it was

thought that mines of the Cumberland Mountain
area between Lake City, Tenn., and Harlan, Ky,
and those of southwestern Virginia would furnish
some coal; but these mines are increasingly distant
and transportation costs are higher. The Louisville
and Nashville Railroad serves this area.

Several years of operation have demonstrated
that a very high proportion of the coal used can be
obtained from truck mines within 25 miles of the
plant.

Quality—Representative analyses of some of the
coal used by the plant were made from mine or face
samples, which usually do not contain shale or other
foreign matter found in shipped coal. Consequently,
the thermal values were somewhat higher and the
percentage of ash content somewhat lower than would
be obtained from coal that would be delivered to the
plant.

Cost—Table 7 contains coal costs and freight
rates, average thermal values, and costs (expressed in
cents per million Btu of coal) from several districts in
northern Tennessee and southern Kentucky from
which coal can be purchased economically. The costs
are based on 1951 rates and the heat values on the
average of a large number of samples of coal. Al-
though future coal prices and freight rates may vary
from those given in the table, the same relationship
probably will continue to exist between the costs for
the various districts. It was apparent from these
data that the coals from the Cumberland Plateau, in

TasLe 7.—Cost of coal.

Coal Cost Per Ton Cost
District al T (3
No. Field Shipping Point Railroad ine®  Freight  Towl Bt Mims e,
8 Northeastern Tennessee Lake City Southern $3.50 $1.38 $4.88 13,730 17.8
Southern Group No. 7
8 Northeastern Tennessee LaFollette Southern 3.50 1.57 5.07 13,780 18.4
Southern Group No. 8
8 Northeastern Tennessee Jellico Southern 3.50 1.63 5.13 13,500 19.0
Southern Group No. 9
8 Sountheastern Kentucky Jellico Southern 3.50 1.78 5.28 13,500 19.5
Southern Group No. 9
8 Northern Tennessee Oneida CNO&TP 3.50 1.33 4.83 13,530 17.8
Southern Groups Nos, 15
and 21 include O&W
R.R., Brimstone R.R.,
Tennessee R.R., and
Emory River R.R.
8 Southern Kentucky Stearns Ky. & Tenn. 3.50 1.73 5.23 13,140 19.9
8 Southern Kentucky Stearns and
Sloans Valley CNO&TP 3.50 1.73 5.23 13,300 19.7
Southern Group No. 17
8 Middle Tennessee Monterey Tennessee Central 3.35 0.72 4.07 13,200 15.4
Tennessee Central Groups
Nos. 1 and 2
13 Southeastern Tennessee Dayton and Soddy 3.50 1.66 5.16 13,200 19.5

(Rathburn)

CNO&TP

NOTES: Freight rates are taken from memorandum of EYohn L Snf'der to

Coal costs are taken from memorandum of C.

C. E. Blee, November 9, 1950.

Blee to John I. Synder, November 15, 1950

Btu values are computed from an average of 18 to 28 samples listed in the following:

U.S. D

epartment of Interior, Bureau of Mines, Technical Paper 652, ““Analyses of Kentucky Coals.”

U. S. Department of Interior, Bureau of Mines, Technical Paper 671, ‘“Analyses of Tennessee Coals (Incl. Georgia).”
Btu values shown in the above tabulation are for at-the-mine samples. An average value of 12,500 Btu per pound was used in the eco~

nomic studies for coal delivered to the plant.
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the areas served by the Tennessee Central and
Cincinnati, New Orleans, and Texas Pacific Rail-
roads, and from the vicinity of Lake City and
LaFollette, Tennessee, would be the most economical
for use by the steam plant.

Estimated project cost

On the basis of the preliminary study, it was
estimated that the initial 4-unit plant at Kingston
would cost $85,000,000, of which $80,000,000 would
be for the generating plant and $5,000,000 for trans-
former and switchyard facilities. Costs of major items
are shown in table 8.

TasLE 8.—~Kingston Steam Plant—summary of preliminary
cost estimate,

Steam production plant:

Land and land rights. $ 615,000
Structures and improvements 12,232,000
Boiler plant equipment 23,447,000
Turbogenerator units 16,319,000
Accessory electrical equipment....................... 4,560,000
Miscellaneous power plant equipment............ 1,110,000
Division of Reservoir Properties building........ 35,000
Carrier current equipment 96,000

Subtotal 58,414,000
General expense and contingencies.................. 21,586,000

Total steam production plant.............. 80,000,000

Transmission plant:

Switchyard 3,672,000
General expense and contingencies................ 1,328,000

Total transmission plant................... 5,000,000

Total Kingston Steam Plant................ $85,000,000

ADOPTED GENERAL PLAN
Project layout

After the completion of the preliminary studies,
additional work was directed toward developing the
most practical and economical arrangement of plant
structures and facilities. The arrangement used for
the preliminary studies had one serious defect—it
could not be expanded beyond six 150,000-kw units.

The selected general plan (exhibit 1) provided
for an initial installation of four units, each to have
a capability of 150,000 kw, with provision for the
addition of five 200,000-kw units. Therefore, the
total capability of the completed plant is 1,600,000 kw.

The boiler room is located on the west side and
the turbine room on the east side of the plant. The
service bay and office wing are at the north end of
the powerhouse. The main floor of the plant was
set at elevation 765. As in the preliminary layout,
the transmission lines lead out over the hill in the
“tip of the peninsula.

The locations of the railroad interchange yards
and the access track are essentially the same as that
In the preliminary layout. However, the arrange-

ment of the full and empty car storage yards was
altered in order to provide more space for future
expansion. The selected arrangement allowed the
expansion not only of the powerhouse but also of the
rail yards and the coal storage yard.

The condenser water supply is obtained from
the Swan Pond embayment and discharged into the
Clinch River, much as in the preliminary plan. The
conduits parallel the west wall of the powerhouse,
entering and leaving the plant between the stack
foundations. A distance of four miles, measured along
the natural river channel, separates the intake and
discharge points. This will prevent recirculation of
the warmer discharged water through the condenser
cooling system.

Two features not contemplated in the preliminary
layout were incorporated in the completed plant in
an effort to obtain the coolest possible water for the
condensers. They were a skimmer wall and an under-
water dam. A dike was constructed across a portion
of Swan Pond, from the intake channel to the Emory
River, in such a way as to form a canal between the
two points. At the end adjacent to the Emory River
a wall was constructed across the canal. The upper
portion of the wall is solid, but the lower portion
contains openings located so that the lower, colder
water can pass from the Emory River into the intake
channel. After the plant began operation there were
periods when the skimmer wall did not function as
planned because the level of the cold Clinch River
underflow dropped too low. It was estimated that
the cold water furnished only 17 to 36 percent of the
total condensing water supply, depending on the
amount of discharge from Norris Dam some three
days beforehand. After considerable research with
a hydraulic model of the embayment, it was con-
cluded that a submerged dike or dam built across the
Clinch River downstream from the mouth of the
Emory River would increase the amount of cold
water available to the condensers. Such an obstruc-
tion would increase the depth of the cold water, thus
diverting more of it up the Emory River. The dam
was constructed at mile 3.9 on the Clinch River (fig.
2, chapter 1, page 3) of limestone rock dumped
from barges. Its crest was set at elevation 722 to
provide for navigation clearance at extreme low
water. As constructed, it would retain approximately
a three-day supply of cold water, thus smoothing out
the effect of weekend shutdowns at Norris. It ap-
parently has increased the percentage of cold water
used by the condensers to 80-90 percent of the total.

Estimated cost

The estimated cost of the selected plan of de-
velopment for the 4-unit installation, excluding the
submerged dam, was the same as that estimated for
the preliminary plan, $85,000,000. However, there
were slight differences in detail. Of the total amount,
$79,600,000 was for generating plant and $5,400,000
was for transformer and switchyard facilities.
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CHAPTER 3

DESIGN

The Kingston Steam Plant was designed
originally for a maximum installation of ten
150,000-kw  units, and auxiliary facilities were
arranged on this basis. A later decision was made
that the final layout should include four 150,000-kw
and five 200,000-kw units. With minor adjustments
the space originally planned was sufficient for this
layout.

The placing of the powerhouse and the
auxiliary structures on the steam plant site was com-
plicated by the functional inter-relationships of the
many and varied facilities together with their space
requirements. For such a major plant, these con-
siderations presented a wide range of problems. The
project layout as finally adopted is shown in figure 6.

The plant is located on a peninsula of Watts
Bar Reservoir formed by the Clinch and Emory
Rivers’ embayments and is about 1.7 miles down-
stream from the mouth of the Emory embayment.
Advantage was taken of this favorable topographic
position to widely separate the condenser cooling
water intake and discharge openings by taking water
from the Emory River side and discharging it into
the Clinch River embayment south of the plant.

The coal unloading and storage operations were
located at the greatest practicable distance from the
transformer yard and switchyard to prevent short
circuiting of the equipment due to coal dust. The
office areas were located at the northeast end of
the powerhouse, and the nine stacks were placed on
separate foundations adjacent to the boiler room.

The initial ash-disposal area was located north of
the powerhouse and has a capacity of 90 unit-years.
A future area with a capacity of 380 unit-years is
provided north of the initial area.

Other major considerations which helped deter-
mine the character of the plant layout and its final
location were the amount of earth and rock to be
moved and access to the highway and railroad lines.

A large part of the plant area is over shale
formation. Along the eastern side adjoining the
shale is a belt of limestone some 500 feet in width.
On the plane of contact between the shale and
limestone at a location approximately 800 feet south
of unit 1 and 300 feet east of the north-south baseline

there was a large sinkhole. This hole was filled
with a filter material of graded crushed rock and
covered with clay before leveling the -area to final
grade.

Access highway

The access highway, 0.9 mile long, meets U. S.
Highway 70 about 0.6 mile west of the Clinch River
Bridge crossing. It extends between Watts Bar Lake
and the railroad empty car storage yard to the plant
entrance. Its location provides the most satisfactorily
direct access from the plant to the state highway
system. See exhibit 1 and location map in figure 6.

For purposes of economy and appearance, the
access road was designed integrally with the railroad
yard. In order to carry the anticipated traffic, which
included a large number of coal trucks, a graded
width of 40 feet was adopted upon which was built
a 22-foot pavement and stabilized crushed stone
shoulders. The pavement consists of a 6-inch stabilized
stone subbase, 5 inches of penetration macadam base,
and a 70-pound double-bituminous surface treatment.
On the lakeside the embankment slopes are exposed
to wave action throughout most of the length of the
road. To the extent that sufficient spoil was available
from powerhouse excavation, the exposed embank-
ment slope was constructed to 1 on 8. For the re-
mainder of the embankment the slope is 1 on 2 and
is protected with rock riprap where exposed to wave
action.

The minimum elevation of the highway is 755,
about the same as the design flood. The likelihood
of its being flooded, however, is so remote that addi-
tional raising did not appear justified, especially since
access above the design flood is provided by railroad.

Access railroad

The Kingston plant is located on the edge of
extensive coal fields which are served by three
railroads: Tennessee Central, Southern, and Louisville
and Nashville, which converge at Harriman about
five miles from the plant site. In view of the existing
facilities it appeared likely that the principal coal
supply would move from the mines to the vicinity of

23

TVA-00020076



24 THE KINGSTON STEAM PLANT

Harriman by rail. Movement of coal from the
Harriman area to the plant by the alternate methods
of rail, water, belt conveyor, and a combination of
conveyor and rail was studied. The most favorable
methods were found to be all-rail or all-conveyor with
rail being most economical. This was true even
though it was necessary to build a temporary con-
struction railroad. Consequently, it was decided to
construct the access railroad instead of a conveyor
system from the railhead to the plant.

Since the most favorable freight rates were
available via the Tennessee Central Railway, the
initial connection was made to that railway, but
the access line was so located as to permit a later
connection to the Southern line. Upon authorization
of units 4 to 8, the Southern Railway tie-in was
eventually made.

The length of the access railroad from the plant
to the Tennessee Central line is 5.2 miles and from
the plant to the Southern yard at Emory Gap is 5.9
miles (see exhibit 1). The ruling grade toward the
plant is 1.00 percent, compensated for curvature at
the rate of 0.04 percent per degree. Studies using
maximum grades of 0.8, 1.0, 1.25, and 1.65 percent
showed that relative to initial cost, maintenance, and
operation, the 1.0 percent inbound grade was most
economical.

The portion of the line extending from the
Caney Creek interchange yard to the grade summit
lies on the maximum grade continuously for 6000
feet. Under normal conditions, about -25 cars, each
loaded with 50 tons of coal, can be hauled up this
grade by one 120-ton locomotive.

The ruling return grade for empty cars is 1.70
percent, which permits a 120-ton locomotive to haul

about 50 empty cars. Since the grade summit is -

relatively near the Caney Creek interchange yard, a
side track (or doubling track) was placed at the
summit, which allows an inbound locomotive to leave
its loads on this track, return to the interchange, pick
up another string of loads, return to the summit, and
haul a double load to the plant area. The return
grade of 1.70 percent permits returning this “double”
train of empty cars to the interchange yard.

The access railroad from Caney Creek inter-
change yard to the plant required the construction
of a grade separation structure across U. S. Highway
27 at a point about two miles north of the inter-
section with U. S. Highway 70. The bridge consists
of single-track, ballast-deck, plate-girder spans
arranged as a 3-span continuous unit with concrete
piers and abutments. The foundations of the piers
rest on shale and sandstone, and the abutments are
supported on steel H-piles. The design live load
is E-72, AREA, 1948 edition.

The extension of the access railroad to connect
with the Southern Railway Company’s interchange
yard at Emory Gap also required the construction
of a bridge. This was across the relocation of
Tennessce State Highway 61, which connects

Harriman and Rockwood. The bridge consists of a
single-track, ballast-deck, and plate-girder spans
with concrete piers and abutments. The railroad
alignment is on a 9-degree 30-minute curve. Four
spans were required for the ultimate construction of
a 4-lane highway. The design live load is E-72,
AREA, 1948 edition. The piers have rock foundations
and the abutments have steel H-pile foundations.

Right-of-way for the access railroad was pur-
chased in fee and is, in general, 100 feet wide.
It is fenced from the connections to the Southern
and Tennessee Central Railways to the reservation
boundary except for a short distance where a
paralle] road and urban property made a fence
objectionable.

The location adopted made it necessary to
relocate 2.34 miles of county road and 0.7 mile of
state-maintained highway and to install automatic
flashing light and bell warning signals at three grade
crossings. Contracts setting forth the standards,
specifications, and other agreements relating to the
road relocations and grade crossings were negotiated
with Roane County and the Tennessee Highway
Department. TVA assumed responsibility for mainte-
nance of the crossing signals and the state or county
assumed ownership and maintenance of their re-
spective relocated roads upon their completion, and
TVA conveyed the new right-of-way to them.

CHRONOLOGY OF THE KINGSTON STEAM PLANT

Authorized Date steam Commercial
unit admitted operation
January 6, 1951:
1 1-26-54 : 2-8-54
2 4-23-54 4-29-54
3 6- 4-54 6-11-54
4 7-22-54 7-27-54
July 5, 1952:
5 11-25-54 1-18-55
6 2- 2-55 3-3.55
July 15, 1952:
7 4-17-55 5-6-55
8 7- 7-55 8-3-55
July 27, 1953:
9 11-24-55 12-2-55

POWERHOUSE STRUCTURE

The first four Kingston turbogenerators are
identical to those installed in the Shawnee Steam
Plant near Paducah, Ky., and the corresponding steam
generators, although not the same manufacture, have
the same rated capacities and equivalent space
requirements. Therefore, the layout and design,
generally, for units 1-4 and the office building are
virtually the same as for Shawnee. This saved con-
siderable design time and money. Kingston units 5-9,
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although larger than 1-4, were conveniently adapted
Jater to the established bay spacings of units 1-4 by in-
creasing the center-to-center-of-units dimension.
Since the powerhouse foundation was to be set
on bedrock and grading quantities kept to a mini-
mum, it was necessary to set the basement floor at
elevation 725 and the generator room floor at
elevation 765, ten feet above maximum design flood.
These elevations also satisfied the requirements for the
flow of cooling water through the condensers.

POWERHOUSE SUBSTRUCTURE

The powerhouse substructure rests in its entirety
on a shale formation having thin interbedded layers
of limestone. Based on load-bearing tests on this
formation, a modulus of elasticity for the material was
set at 175,000 psi with a maximum foundation
pressure of 5 tons per sq ft considered a safe value.

The substructure itself is essentially a reinforced
concrete box containing the nine units. The entire
substructure is about 895 feet long and 280 feet wide,
with the finished basement floor 40 feet below the
generator room floor at ground level. Expansion
and contraction joints, as well as construction joints,
are used in the foundation slab and walls to minimize
the effect of volume change and to facilitate
construction.

Metal seals are used in all joints to prevent the
entrance of seepage from the lake or from ground
water, double seals are used in all vertical joints
up to elevation 750, normal design flood level.

Along the east and west walls a sand and gravel
fill was placed below elevation 725 to facilitate
drainage of water toward the open end of the
powerhouse during the construction period and to
prevent the possibility of excessive uplift pressures on
the base slabs before the stabilizing dead load was in
place.

Backfill

The earth backfill around the powerhouse
supports the foundations for the main transformers
along the east side of the building and for the fans
and ductwork to the stacks along the west side. This
important equipment is connected with the power-
house and can be damaged if any part settles
appreciably relative to the building. Accordingly, care
was taken in selecting good backfill of clay from
limestone residuum for the east and north sides. The
material was placed in 6-inch layers and thoroughly
compacted. On the south and west sides decomposed
shale was used because of its easy availability, and
steel piles were driven through this material to
bedrock for firm support of the fan and ductwork
foundations.
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Design data

1.

Lake stages (elevation mean sea level)

L. Probable . Maximum
Minimum maximum design assumption

735 750 755

Uplift:

Full hydrostatic head acting on entire area
under consideration. Factor of safety against
floating = 1.05 for maximum uplift with
minimum downward loads.

Principal design cases:

Case I — Dry fill pressures on outside
walls, combined with dead load
of structure plus the live loads
placed to give maximum
stresses.

Case II — Hydrostatic uplift and satu-
rated fill pressures correspond-
ing to water surface elevation
750, combined with dead load
of structure plus the live loads
placed to give maximum

stresses,

Case IIT — Hydrostatic uplift and satu-
rated fill pressures correspond-
ing to water surface at
elevation 755, combined with
dead load of structure plus
the live loads placed to give

maximum stresses.

Allowable stresses:
Concrete, f'¢ = 3000 psi
Normal fo = 0.4 f'g
Reinforcement
Normal fs = 8000 psi for powerhouse
pressure conduits
Normal fs = 18,000 psi elsewhere
Cases I and II, normal stresses
Case ITI, normal stresses increased 25 percent
Cases I and II combined with temperature
effect, normal stresses increased 25 percent
Case III combined with temperature effect,
normal stresses increased 57 percent

Foundation stresses:
Allowable compression, 5 tons per sq ft
Allowable tension, none

Earth pressure:

Weight of fill, 120 1b per cu ft

Angle of internal friction, 32 degrees

Friction angle on walls, 16 degrees
Surcharge, 200 psf except for special loadings

Temperature and shrinkage stresses:

Change in length based on 10-degree rise
and 35-degree temperature drop

Weight of concrete: 145 1b per cu ft
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26 THE KINGSTON STEAM PLANT

Base slab

Structural slab—The concrete basement slab is
divided by painted or cork-filled joints into a series
of blocks which are keyed to each other to prevent
differential settlement or uplift. Due to the uncertain
characteristics of the foundation material and the low
assumed modulus of elasticity of the shale, each block
was designed as a spread footing under column loads
and its depth was determined accordingly. Interior
blocks vary in depth from 9 to 11.5 feet except at
the distilled water wells, station sumps, and water-
ways. The total weight of the concrete basement slab
plus the dead loads carried by the columns is suffi-
cient to overcome the buoyancy during maximum
high water levels.

Fill slab—1t was necessary that a large amount of
piping and electrical conduit be embedded in the base
slab. Much of the drain piping and most of the elec-
trical conduit could not be precisely located or pro-
cured in time for embedment in the structural slab.
To meet this condition, the structural slab was stopped
2 feet below the finished floor and provisions made
to place a concrete fill slab later when all embedded
conduit and piping were assembled. Other features
which affected the fill slab and could not be deter-
mined at an early date were the ash sluice piping and
the concrete foundations for mechanical equipment.
The top surface of the fill slab contains wire mesh to
control shrinkage cracks and was held 3 inches below
the finished floor elevation. The final cement finish,
which is sloped to interior drains or gutters at exterior
walls, was not placed until all equipment was in-
stalled and the danger from damage due to moving
and mounting the equipment was substantially past.

Basement walls

The basement walls are reinforced concrete and
support the superstructure walls, the steel columns,
the main operating floor at elevation 765, and the in-
termediate floor at elevation 744. These walls are the
counterfort type which allow very little deflection of
the vertical stem of the wall. The vertical stem sup-
ports building columns, retains the fill, and is itself
supported horizontally by counterforts extending about
20 feet into the fill. The base is continuous and is
from 6 to 8 feet thick, the toe extends into the
powerhouse and forms part of the basement slab.
Vertical contraction joints divide the walls into blocks
of varying lengths up to a maximum of 110 feet.

The east wall supports the heavy steel columns
for the turbogenerator room. Pilasters are provided
on the inside of this wall under the columns and in
line with the counterforts, thus adding to its stiffness.
A continuous concrete rectangular cable tunnel is
placed directly on top of the east wall counterforts.

Wherever a brick wall rests on top of a basement
wall and crosses a contraction joint, the top portion
of the joint was treated as a construction joint and a
heavy band of reinforcing steel running through the

joint was used. This reinforcement is to prevent the
joint from opening up and cracking the brick wall
above.

The walls are designed to be stable without sup-
port from the floors framing into them. This design
facilitated construction by allowing backfilling to take
place before the steel framing and superstructure
floors were erected.

Distilled water storage wells

Compartments for storing distilled water were
formed in the concrete structure beneath the base-
ment floor in the heater bay. The capacity of each
storage compartment or well is adequate to store the
entire volume of feedwater for the boiler of one unit.
The wells for units 1-4 each have a capacity of ap-
proximately 56,000 gallons and those for units 5-9,
a capacity of approximately 75,000 gallons.

In order to protect the hot distilled water from
contamination, the bottom and sides of the wells are
sealed with a heavy application of asphaltic compound
backed up with a I-inch cement mortar coat over a
layer of porous concrete which is drained to a special
sump. Thus, if water leaks out through the asphaltic
seal or comes through the surrounding concrete to-
ward the inside of the well, it is prevented from enter-
ing the well by drainage through the porous concrete
layer. On the inside of the well the asphaltic seal is
geld in place and protected by a layer of carbon

rick.

FOUNDATIONS FOR THE TURBOGENERATORS

Choice of heavy reinforced concrete frames for
turbogenerator foundations was based on the advan-
tages afforded by the resulting great mass and rigidity.
This type of construction greatly reduces distortion,
deflection, and vibration which occur in foundations
of a less rigid type. The outline of the foundation
for units 1-4 is shown in exhibit 17.

In the design of the foundation the recommen-
dations given in the General Electric publication
“Turbine-Generator Foundations,” No. GET-1749,
were followed (fig. 8).

POWERHOUSE SUPERSTRUCTURE

The powerhouse comprises two main structural
units, the boiler room and the turbogenerator room,
with an attached service bay and office wing. The
building is oriented with the long axis in a north-
south direction and covers about eight acres in area.

The boiler room is approximately 870 feet long,
138 feet wide, and over 100 feet high—about the
height of a 10-story building. It houses nine steam
generators, four double-unit control rooms, one single-
unit control room, coal bunkers, conveyors, feedwater
heating equipment, and forced-draft fans.

The turbogenerator room is approximately 900
feet long, 115 feet wide, and approximately one-half
the height of the boiler room. It houses the nine
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FOUNDATION DESIGN LOADS

The design of turbine-generator foundations should provide for the following conventional {oad-
ings. Unusual arrangements moy require thot additional toading be considered.

2. The condenser or vacvum load as determined by the
method af mounting the condenser.
3. Weight of genearator cooling equipment.

o . o " " : " " 4. Torgue lood.

1. All vertical loads due to weight of hi {see h outtine ), ouxiliory equip- que oo .
ment, pipes, valves, dead weight of foundation structure, and live loads on the floor areas. 5. :f':;"':';":t':i“"'e‘:;“;;::ml':“: 3'?‘3"’ ::“'2.5""?":" the weight
::::ilrv‘v:’lr;ds':::vo::d be increased by not tess than 25% and 50% for 1800 and 3600 rpm 6. Tranwerse force ot sach bent, equal to 20% to 25% of

P v the machine weight supported by the bent. This force
applied at machine center line.
7. The horizontal forces indicated by arrows with an assumed

equal 10 the turbine exhaust loading given on
the machine outline drawing.

8. The horizontal forces indicated by arrows with an assumed
mognitude equol to the generator stater loading given on
the machine outline drawing.

Since the obove groups of forcas (7 & 8) are assumed
equal ond opposite, they should not be considered as
affecting the ing tendency of the foundati

9. Stresses due to temperature variation.
10. Pipe thrusts, atmospheric relief valve, weight of piping

and fittings.

Foundation outline shown is a reinforced concrete structure,
but the toading indicated applies of course to any type

of foundation.
DEFLECTIONS
Maximum column shortening and beam ond girder deflection
under most unf ble loading diti should not exceed
0.020 ia. for 1800 to 3600 rpm.

Machines, beams, girders and columns for slower speed ma-
chines should be as stiff as is consistent to avoid any resonont
tendencies.

?.@_? _
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N
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Ficure 8.

SELTION THAU § OF EXHAUST

Massive concrete foundations carry the large static and dynamic loads of the turbogenerators independent of the

powerhouse structure. Their design was based on this typical General Electric foundation loading diagram.

turbogenerators, the two 90-ton overhead traveling
cranes, and an erection bay for the disassembling and
repair of transformers and turbogenerators. Trans-
verse sections through the powerhouse are shown in
figures 9 and 10, and plans of the three lower floors
are shown in exhibits 26, 27, 29, 30, 31, and 32. A
plan of the operating floor for the 9-unit plant is
shown in exhibit 28.

Architecture

The architectural design followed that of the
Johnsonville and Widows Creek Steam Plants in the
use of insulated metal wall panels for enclosure walls
above a 14-foot-high brick base.

Because the plant is close to and plainly visible
from a principal highway, and because of the numer-
Ous tourists and technical groups expected as visitors,
1t is desirable that the structure present the most at-

tractive and interesting appearance consistent with
economic factors. The aluminum-faced wall panels
as used at Johnsonville and Widows Creek were not
available at the time the Kingston plant was con-
structed, so asbestos-covered steel sheets with a ma-
roon surface coating were selected. This proved to
be a satisfactory material. The dark wall mass con-
trasting with the gray brick base, the gray brick and
glass wall of the turbogenerator bay, the office wing
with its expanse of aluminum windows and yellow
enameled panels, and the towering stacks result in a
pleasing and effective color design.

The roof is of precast lightweight concrete chan-
nel slabs, with 2 inches of rigid insulation, covered
with 20-year smooth-surface built-up roofing. The
smooth-surface type was selected to facilitate removal
of fly ash deposits.

Another important architectural feature results
from the use of free-standing concrete smoke stacks
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Ficure 11.—Kingston powerhouse looking south. The dark wall mass of the maroon, steel-paneled boiler bay contrasts with
the gray brick and glass exterior of the office wing and the concrete stacks.

in contrast to the steel, roof-supported stacks of the
Johnsonville and Widows Creek Steam Plants. Four
of the stacks are 250 feet high while the remaining
five are 300 feet (fig. 11). From the approach road
the massive stacks stand like giant columns in front
of the powerhouse.

A consideration of some influence on the general
planning was provision for reception of visitors. As
the largest known steam-electric generating plant in
the world, when constructed, a large number of public
visitors were anticipated. Thus, the main entrance
and visitors’ reception facilities were arranged to ac-
commodate the public with a minimum of inter-
ference with plant operation. The facilities include
a visitor’s overlook balcony in the turbine room, with
a connecting corridor along the boiler room providing
easy access and a general view of these two parts of
the plant.

Exterior—The insulated metal wall panels con-
sist of an asphalt- and asbestos-coated steel face sheet
crimped into Y-beam corrugations and backed up
with 16-gauge zinc-coated steel sheet. The 1%-inch
space between the sheets is filled with Fiberglas in-
sulation. The panels form an economical enclosing
wall and can be erected quickly.

In order to provide a more substantial base to
withstand hard usage of normal plant operation, as
well as to better balance the exterior design, the base
story of the boiler room wall is of masonry construc-
tion. It is 14 feet high, faced with buff-gray face
brick in pleasing contrast to the maroon metal-
panelled walls above. The extensive wall area is
unbroken except for a vertical row of aluminum
ventilating windows lighting stair landings at each
end of the boiler room, and a continuous horizontal
aluminum ventilating hood extending the length of
the southeast side of the building.
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A well-defined separation is introduced between
the masonry wall of the turbine room and the high
mass of the adjacent boiler room. The turbine room
end walls are buff-gray brick matching the base of
the boiler room, relieved only by the exposed dark
blue-green steel work and the large rolling steel doors
at the access track entrances. The side of the turbine
room is of glass block panels set in metal frames and
topped by a continuous steel roof spandrel. The view
of this facade is somewhat obscured by the adjoining
transformer yard.

Interior—The steel frame is exposed on the in-
side of the boiler room and the ceiling is formed by
the underside of the gray precast concrete roof slabs.
There are intermediate floors of reinforced concrete
supporting heavy equipment and of steel grating for
walkways 'and open areas. The various levels are
served by electric freight and service elevators, steel
stairways, and ship ladders. The walls at the op-
erating floor level are buff unglazed facing tile above
which the wall is formed by the inside surface of the
insulated steel wall panels. The floor is buff-gray
quarry tile.

In the hydro plants the interior colors were se-
lected to create a feeling of warmth, while in the
steam plants the heat generated called for the use of
“cool” colors. The gray-buff of tile walls and floors,
blue-green for exposed structural steel and wall panels,
and boiler insulation of gray-green, accented by the
brick-red of the hollow metal doors and the bright
red of the steam lines, tended to accomplish this
purpose.

Five unit control room enclosures are housed in
the boiler room with large plate glass windows set in
aluminum frames projecting as bay windows into the
turbogenerator room. One of these control areas is
between each pair of turbogenerators from 1 through
8 and one serves unit 9 alone. The projecting bay
windows provide the operators with a full view of
the units on each side of the window. The control
rooms are finished with gray marbleized rubber tile
floors and gray-buff facing tile walls. Aluminum grid
ceilings are used in two of these rooms and plastic
grids in the other three, each concealing cold cathode
light tubes providing uniformly distributed illumi-
nation.

Special attention was given to the design of the
rigid steel frame of the turbogenerator room and the
column brackets supporting the crane girders. These
are major elements in the interior design and exert
a strong influence on the character of the interior.
The room is impressive in its size, having ample space
for the nine turbogenerators uniformly spaced down
its 900-foot length and for the two overhead traveling
cranes (fig. 7, page 22). Daylight entering through
the high wall panels of directional glass blocks is dif-
fused throughout the room. A horizontal panel of
ventilating louvers formed of heavy extruded alumi-
num vanes separates the 10-foot-high glazed tile wall
from the steel panelling above. The expanse of the

wall adjoining the heater bay is broken by the plate
glass and aluminum framed windows of the unit
control rooms.

The turbogenerators and traveling cranes are
painted in yellow and harmonizing shades of light
and dark blue-green to accentuate the principal ele-
ments of the machines and to give them a sense of
unity and function.

The visitors balcony projecting into the room at
the north end about 14 feet above the operating floor
is a continuation of the visitors corridor and provides
an uninterrupted view for the full length of the room.
The balcony front is of patented aluminum panels
and trim. The soffit is finished with sand finish
plaster.

Structural steel

The powerhouse supporting frame is steel riveted
construction except the turbine room frames and
bracing portals which are welded. TVA standard
design specifications supplemented by AISC specifi-
cations were used throughout. Except for the boiler
suspension steel and elevator machinery supports,
where a maximum allowable stress of 16,000 and
12,000 psi, respectively, were used, the framing in
general was designed for a maximum allowable stress
of 18,000 psi.

Turbine room framing—It was found that a
considerable saving could be made in the turbine
room steelwork (exhibit 18) by the installation of a
15-ton monorail hoist just below roof steel, between
transverse frames in the erection bay, for untanking
the main transformers. This permitted lowering the
overhead traveling crane and thus reduced the height
of the structure. The top of the crane rail is 31 feet
above the operating floor.

The main framing consists of welded rigid
transverse frames with longitudinal girders and
beams extending between the frames. In the units
1-4 area the frames are spaced on 27-foot 6-inch
centers. Three bays are used to contain one unit.
In the units 5-9 area four bays are required per unit,
three of them being 24 feet wide and one, the aisle bay
between units, being 30 feet wide. The clear span
between faces of columns is 110.5 feet. The rigid
frames are welded construction and are composed
of a horizontal member and two haunched column
sections. These members are made up of solid web
and flange plates, proportioned to suit the moment
and shear loads. The horizontal member is 44 inches
deep at the center, and the straight sections of the
columns are 54 inches deep. The maximum
thickness of metal was limited to 2% inches. The
frames were designed with fixed bases to take all
lateral and vertical loads. Wind loads on the
turbine room and lateral forces from the overhead
crane were transmitted, at suitable points, into
transverse braced bays in the boiler room framing.
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32 THE KINGSTON STEAM PLANT

The crane runway girders are supported on heavy
plate brackets which are built as an integral part
of the columns.

Boiler room framing—The boiler room structure
across its width consists of one heater bay adjacent
to the turbine room, a bunker bay, and two boiler
bays. The building below the main operating floor is
extended laterally for an additional bay to accommo-
date the fly-ash collectors in the basement. The roof
of the heater and bunker bays and the aisle bays
between units is 149 feet above the basement floor.
The height of the roof over the boiler bays is 161
feet above the basement floor. The longitudinal
spacing of the columns in the boiler room is the
same as the spacing of the rigid frames in the
turbine room. Except for heavy loading conditions
on the boiler suspension girders and bunker framing
where built-up girders were required, the framing is
the conventional type, and standard rolled sections
and riveted connections are used.

Expansion and bracing—For expansion purposes
in the longitudinal direction, the powerhouse is
provided with an expansion joint every two units by
using a double row of columns spaced 3 feet apart.
Expansion allowance was based on a temperature
variation of = 60 degrees. Wind loading on bracing
was assumed as 30 psf. Longitudinal bracing - is
provided on each column line in the aisle bays
between units. For unit 9 the bracing is in the end
bay of the building. In the transverse direction the
bracing is located in the column lines on each side
of the boiler.

Coal bunkers—The coal bunkers are rectangular-
bin type with multiple hopper bottoms which connect
to the coal valves and scale above the pulverizers.
Each 32-foot-wide bunker serves one boiler unit.
The bunkers for the first four units are built in pairs,
with a common partition wall separating the bunkers
for each unit. The total length for two units is 137.5
feet. This provides for some capacity in the area
of the common bay between pairs of units. The
capacity of the bunker for each of these units is 2400
tons. For units 5-9 the bunkers are 72 feet long
and have a capacity of 2600 tons per unit. The
bunkers for these units do not extend into the
common bay between units. However, chutes are
provided underneath the tripper slots in these bays to
allow for continuous operation of the trippers while
passing from one bunker to another. The depth
of all bunkers, measured from the conveyor floor at
elevation 843 to the outlet on the hopper bottoms,
is 66 feet. The bunkers are built up of steel plates
with suitable stiffeners and are supported on: wide-
flange beams and built-up girders which are integrally
built. At points inaccessible for normal riveting,
rivet bolts were used.

Boiler walkways—Walkways of steel grating are
provided in the boiler room at various elevations for
access to the equipment. These walkways are
supported from the building steel by posts, brackets,
or hangers.

Penthouse and stairs—Framed penthouses are
located on the boiler room roof for housing the
elevator hoists and equipment and the stairways to
the roof. A system of stairs and walkways serves all
levels of the powerhouse. In general, stair widths
are 3V, feet. In the turbine room, above elevation
744, the stair treads and platforms are cast aluminum
with steel riser plates. The remainder of the stairs in
the turbine room and all the stairs in the boiler room
have grating treads with open risers.

Electrical leads housings, cable trays and racks—
The main housings are made up of asbestos-cement
sheets on a skeleton frame of aluminum angles. Sta-
tion service leads housings are all aluminum construc-
tion. Cable trays are asbestos cement supported on
light structural framing.

Concrete floor and roof slabs

Precast slabs of lightweight concrete were used
for the turbine room roof, the boiler room roof, and
the exposed deck over the fly ash collector bay, since
they were considered to be the most economical
support for a dependable watertight surface. This
surface is composed of a watertight membrane
placed over a concrete fill with the precast slabs
acting as forms for the concrete fill as well as for
carrying the load. The deck being at grade is covered
with a protective layer of crushed stone.

The remainder of the slabs were cast-in-place
floor sections. Depending on the type of surface
required, the thickness of finish varies and is placed
after all equipment is in position and other interior
work completed.

For design purposes the floors poured on steel
beams are considered as freely supported with
shrinkage reinforcement added for a condition of no
restraint.

Turbine room cranes and
miscellaneous handling equipment

Turbine room cranes—There are two single-
trolley, overhead traveling cranes in the turbine room
for erection, dismantling, and maintenance of the
turbogenerators, handling of transformers, and other
uses. Since the generator stator, weighing approxi-
mately 172 tons, was the heaviest anticipated lift, the
combined capacity of the cranes was set at 180 tons,
and each crane trolley was equipped with a 90-ton
main hoist arrangement. When using the two cranes
together, a special lifting beam is employed. Heavy
lifts of up to 90 tons are handled by the main hoist of
one crane. Each crane trolley is also equipped with
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a 25-ton auxiliary hoist arrangement, and all lifts of
95 tons or less are handled by the auxiliary hook.
The general arrangement of the cranes is shown in
exhibit 18. Additional details of the cranes are noted
in the ‘“‘Statistical Summary,” Appendix B.

Miscellaneous handling equipment—To facilitate
the handling and maintenance of equipment in the
turbine and boiler rooms which could not be handled
by the turbine room cranes, a variety of smaller
handling equipment was provided. This equipment
is also listed in Appendix B.

Included in this equipment is a 15-ton-capacity
electric-driven trolley-type untanking hoist to operate
on a trolley beam framed into the roof structure of
the turbine room just above the center line of the
incoming railroad track. Its vertical hook movement
and trolley travel motions are controlled from a push-
button station mounted on the turbine room side
wall at a convenient height above the floor. This
hoist is used for the dismantling and reassembly of
transformer parts that cannot be handled by the
turbine room overhead cranes because of their
limited high hook position.

Reinforced concrete chimneys

The location, size, and orientation of the plant,
as well as the surrounding topography, all affect the
chimney height which was determined as 250 feet
for units 1-4 and 300 feet for units 5-9. All chimneys
are located on a center line about 80 feet west of the
powerhouse west wall. In the area between the
chimneys and the powerhouse are the fans and duct-
work required to carry the exhaust gases to the
chimneys. Electrostatic precipitators were added
later. A detailed description of the installation is
covered in Appendix E.

Construction is reinforced concrete with a brick
lining above ground where the hot gases enter the
stack. The chimneys were built under contract
with The Rust Engineering Company of New York
City in accordance with the American Concrete
Institute Specifications 505-36T, “Design and Con-
struction of Reinforced Concrete Chimneys.” The
foundation extends 41 feet below grade to the shale
and limestone bedrock. For the taller stacks this
foundation consists of a cylindrical concrete shell or
pedestal with an inside diameter of 19 feet and shell
thickness of 3.25 feet resting on a 43.5-foot solid
octagonal concrete base slab 6 feet thick. This
foundation was designed for a maximum pressure on
the bedrock of 5 tsf. The chimney above ground
was designed for a horizontal wind load of 25 psf of
projected area. This load is carried entirely by the
concrete shell with no ties between it and the lining.
A ventilated air space of at least 5 inches separates
the two. Constructed of a hard-burned brick and
reinforced by wrought iron bands, spaced 5 feet on
centers, the lining, being of the same height as the
shell, is self-supporting and rests on the foundation

at grade elevation. The inside diameter of the lining
tapers from 19 feet at the bottom to 16.5 feet at the
top, making the exit velocity of the gas flow for
normal full-load rating approximately 50 fps.

Each chimney is equipped with lightning rods,
safety ladder, painter’s trolley, flue parts, gas baffle,
ash sluice, and other miscellaneous devices. A
microwave antenna is located on the unit 1 stack.

The unit 4 stack, after being in operation for
some time, was equipped with an experimental nozzle
of 10-foot outlet diameter to increase the gas velocities
from 50 to about 100 fps in an attempt to jet the
flue gases to a higher elevation. After a considerable
period of operation, the nozzle was removed since
the increased draft system loss due to the nozzle
imposed a considerable load restriction on unit 4 as
compared with the other generating units. The
jetting effect of the nozzle proved to have little effect
on the dispersal of the effluent.

POWERHOUSE MECHANICAL
FEATURES

MAJOR EQUIPMENT
Turbogenerators units 1-4

This section discusses the turbines (fig. 9). For
the generators, see “Powerhouse Electrical Features,”
page 61. These units were purchased approximately
one year after the Widows Creek umts 1-4 were
ordered. During this period there was a definite trend
in the industry to reheat-type units and larger 3600-
rpm machines. A study of the requirements for King-
ston indicated that at the current prices for fuel and
equipment the reheat-type unit would afford the most
economical installation.

The machines were purchased for steam
conditions of 1800 psig and 1000°F at the throttle
and 1000°F reheat. The Widows Creek units 1-4
throttle conditions are 1450 psig and 1000°F with no
reheat. The expected improvement in plant heat
rate due to these changes in steam condition was
approximately 4.5 percent for the addition of reheat
and 1.5 percent for increasing throttle pressure, or a
total of 6.0 percent.

The machines were supplied by the Westinghouse
Electric Corp.

Guaranteed performance of units:

Generator output, Turbine heat rate,

kw Btu per kwh
33,750 9,593
67,500 8,575
101,250 8,198
135,000 7,998
150,000 7,947

Performance is based on extraction for feedwater
heating, 2 percent evaporated makeup, and 2-inch
Hg absolute exhaust pressure.

A turbine acceptance test was made on unit 2
in June 1954. The results of the test failed to meet
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the guaranteed heat rate by 2.3 percent at rated
load and 2.1 percent at the capability rating. It
was assumed that these results were typical of the
first four units at this plant as well as the ten similar
units at the Shawnee Steam Plant. However, to
serve as a check on these results a similar test was
performed on Shawnee unit 8 during March 1955.
The results of that test confirmed the first test.

The poor economy of these units led the manu-
facturer to redesign and rebuild Shawnee unit 1 in
an effort to meet the guarantee. The rebuilt unit
was retested during January 1956. A definite
improvement resulted from the modifications; but
the unit still did not meet its guarantee by 1.4 percent
at rated capacity and 1.7 percent at the capability
rating. Further tests were performed on Kingston
unit 2 during April and May 1959 after the last
two rows of stationary blading and the last row of
rotating blades of each of the three low-pressure
ends were replaced with the new thinner-type blades.
The final calculations (including the effect of the
new low pressure blading, shielding of low pressure
extraction piping and heaters, and increased cooling
steam flow) indicated that the unit failed to meet
the guaranteed heat rate by 0.11 percent at rated
capacity and 0.30 percent at the capability rating.
The guaranteed capability was exceeded by 6.2
percent.

Turbine—The wunits are the three-cylinder,
tandem-compound, triple-flow exhaust, condensing,
reheat type. Rated capacity is 135,000 kw, and
maximum guaranteed capability is 150,000 kw at
2V,-inch Hg absolute exhaust pressure. The high-
pressure (HP) turbine is the combination impulse and
reaction type. The steam path consists of a single-
row, large-diameter impulse wheel followed by twenty
reaction stages. The steam exhausted from the
HP turbine is reheated and returned to the inter-
mediate pressure (IP) turbine through two separately
mounted interceptor valves. The steam then expands
through 15 reaction stages and exhausts into a cham-
ber where approximately two-thirds is piped through
two crossunder pipes to the double-flow low-pressure
(LP) turbine. The remainder of the steam passes
straight through the single-flow LP section. There
are eight reaction stages in each of the three LP sec-
tions which discharge through a common exhaust into
the condenser neck.

The unit is provided with two steam chests, one
located on each side of the HP turbine casing. Each
steam chest contains four plug-type governing valves
operated in the proper sequence by a lift bar activated
in turn by an oil-operated servomotor for each chest.

The shape of the cylinders and their methods
of support are designed to obtain free but symmetrical
movements resulting from thermal changes and
thereby reducing the possibility of distortion. The
outer casing of the HP turbine is an alloy steel casting
split horizontally in the center plane to form a base

and cover. Reaction blading in the inner casing is
composed of two separate elements so adjusted as to
maintain proper relative position to the turbine axis
under all load conditions.

The IP turbine consists of an inner and outer
casing. The outer casing cover is made in three sec-
tions, the HP part being made of cast alloy steel and
the LP part of cast iron. The base is a combination
of cast and fabricated sections. The stationary reac-
tion blading in the inner casing is composed of four
separate elements.

The LP outer casing base is fabricated, while
the cover is cast iron. The stationary blading is
carried in a single, cast blade ring.

The base and cover of both the HP and IP tur-
bines are bolted together by large stud bolts.

All three rotors or spindles are machined from
solid forgings of alloy steel. Flange-type rigid
couplings are used to join the three turbine and
generator rotors. The solid rotating element thus
formed is fixed in position by the turbine thrust
bearing.

Rotating impulse blades are the three-in-one
type in which three individual blades are secured
by welding and finished as a single unit. These
units are each secured to the turbine rotor by two
straight pins. Rotating and stationary reaction
blading made of special alloy steel highly resistant
to erosion is secured in machined “T-root” grooves.
Shrouding is secured to the blade tenons by riveting.
Radial clearance seal strips of thin-section chrome
iron alloy are provided to prevent steam leakage past
the ends of the blading. The last row of rotating
blading is attached to the rotor by a side-entry
buttress-type thread. The inlet edges of the last
rows of blading are protected against erosion by
means of renewable Stellite strips silver-soldered to
the blades.

At the points where the shaft passes through the
casing, a combination of metallic labyrinth packing
and water seals are used to prevent leakage. Six
water packing glands—three circulating-type and
three noncirculating-type—are used.

The HP and IP turbine rotors are each machined
to form a 2-stage balance piston (or dummy piston)
which is designed to balance the thrust of the blading
and thus minimize the thrust which must be carried
by the thrust bearing. The steam leakage past the
balance piston is returned to the turbine casing or
piped to extraction heaters. Pressure breakdown is
accomplished in the balance pistons by radial
labyrinth seals.

Turbine control and governor mechanism—In
normal operation the speed or load of the turbines is
controlled by the main governor. The governor con-
trols the positioning of the steam inlet or governing
valves through two servomotors as mentioned prev-
iously. The auxiliary oil governor is hydraulically con-
nected to the governing control oil system through a
check valve. Should the turbine speed reach 3630
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m or more, the auxiliary governor takes control
of the governing valves until the turbine speed returns
to 3630 rpm or less, at which time control is auto-
matically returned to the main governor. The main
and auxiliary governors and main and governing oil
pumps are located in a single housing mounted on
the turbine No. 1 bearing pedestal.

The main governor is equipped with both hand-
and motor-operated speed changers. Remote control
of the speed-changer motor is provided by a switch
located on the main control board. Load limit is
determined by an oil pressure regulating valve which
limits load by controlling the maximum opening of
the steam chest valves. The governor is the oil pres-
sure, transformer-type and can be divided into four
parts:

1. The governor impeller, mounted on the tur-
bine shaft and supplied with a limited amount
of high-pressure oil from the main pump,
maintains a pressure which varies as the
square of the speed, thus giving a positive
governing medium.

2. The governor transformer magnifies the rel-
atively small pressure changes delivered by
the governor impeller into large pressure
changes which are utilized to actuate the re-
lay of the servomotor.

3. The servomotors, which are mounted on the
steam chests, operate the governing (steam
inlet) valves.

4. The main oil pump supplies all oil require-
ments when the turbine is operating at normal
speed.

Safety devices included in the control system are:
an overspeed trip mechanism, trips for low oil pres-
sure and low vacuum, a remote solenoid trip, and a
manually operated trip. Each of these mechanisms
operates to stop the turbine by immediately closing
throttle valves, interceptor valves, and governing
valves, whether actuated by an operator or an appro-
priate emergency condition.

Connected into the trip circuit is an oil-operated
air pilot valve which operates to close check valves
in the number 2 and number 4 extraction lines when-
ever the throttle valves are tripped.

The overspeed trip is entirely separate from and
independent of the main governor. It functions to
protect the turbine from overspeed and is usually ad-
justed to operate when the turbine speed reaches 10
percent above normal. Each of the other safety de-
vices operates through the overspeed mechanism to
trip the turbine.

Turbine supervisory instruments provided are:
a cylinder-expansion meter, a rotor-position meter,
a shaft-vibration meter, a spindle-eccentricity meter,
and speed and load indicators.

. Turbine bearings and lubrication system—Each
unit has seven main journal bearings of the split-
sleeve type, parted in the horizontal plane, lined with

tin-based babbitt, and pressure lubricated from the
turbine oil system. The thrust bearing is the Kings-
bury leveling-plate type which automatically distrib-
utes the load equally among the several shoes. The
thrust of the rotor is transmitted to the shoes by means
of a steel collar machined integrally with the HP
turbine rotor. The thrust bearing cage assembly
positions the turbine rotor axially within the cylinder
and can be moved by means of adjusting screws.
The entire thrust bearing assembly can be dismantled
without removing the rotor. The bearing is flooded
with oil from the main bearing supply line at all times.

The turbine oil system has three principal parts:
the high-pressure oil system, the lubrication system,
and the control system. The high-pressure oil system,
Le., oil discharged from the main oil pump, is used
to operate the oil ejector which supplies the main
oil pump impeller suction. This ejector (or hydraulic
jet pump) takes oil from the reservoir and supplies
it under positive pressure to the main oil pump suc-
tion. The high-pressure oil system is also used to
operate the throttle valves and the steam chest servo-
motors, to supply oil to the bearings, and as a control
medium for governing and safety devices. Oil sup-
plied to the lubrication system after passing through
an adjustable orifice separates, part passing through
filters to supply the exciter gear sprays, the remainder
passing through the oil cooler to the main bearings,
thrust bearing, and turning gear. A relief valve in
the bearing oil line is set to maintain a pressure of
10-20 psi.

During starting and stopping periods, oil is sup-
plied by an auxiliary oil pump located at the oil reser-
voir. Controls on this pump are arranged so that it
starts automatically whenever the bearing oil pres-
sure drops to 7.5 psi. It is driven by a 60-hp a-c
motor. There are two additional auxiliary oil pumps
—one driven by a 15-hp a-c motor, and the other by
a 15-hp d-c motor. The a-c motor-driven pump
starts when the bearing oil pressure drops to 5.5 psi
while the d-c motor-driven pumps start on a decrease
in pressure to 3.5 psi. These pumps do not have
sufficient pressure for lubrication during startup but
supply lubricating oil when operating on turning gear.
There are two raw-water-cooled oil coolers, either of
which will normally cool the oil to the desired
temperature.

Turbogenerator turning device—A turning motor
is connected by gear train to the turbine rotor to ro-
tate it at low speed while the machine is out of opera-
tion. The turning device has speeds of 6.5 or 30 rpm
and is mounted on the coupling housing cover be-
tween the LP turbine and generator rotors.

Turbogenerators units 5.9

This section discusses the turbines (fig. 10). For
the generators, see “Powerhouse Electrical Features,”
page 61. Shortly before purchase of these units a
study was made to determine the most economical
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size and type of turbines for installation in the TVA
system. Results of the study indicated that larger
units than the first four would be more economical.
These larger units of 200,000-kw capability were pur-
chased from the General Electric Company.

Steam conditions are as follows: throttle tem-
perature, 1050°F ; throttle pressure, 1800 psig; reheat
temperature, 1050°F; and exhaust pressure, 2-inch
Hg absolute.

Guaranteed performance of units:

Generator output Turbine heat rate,

kw Btu per kwh
54,509 8,868
93,417 8,272
130,771 7,994
171,155 7,841
200,435 7,793

Performance is based on extraction for feedwater
heating, 2 percent evaporated makeup, and 2-inch
Hg absolute exhaust pressure. At Colbert Steam
Plant, units 1-4 are identical to Kingston’s units 5-9.
Acceptance tests on Colbert units 2 and 4 are signifi-
cant for the Kingston units. The results of the Col-
bert unit 2 tests indicated that the machine failed to
meet its guaranteed economy by 0.6 and 0.4 percent
at rated load of 180,000 kw and capability load of
200,000 kw, respectively. However, the results of the
tests were challenged by the manufacturer on a basis
of suspected deposits of carryover in the steam path.
Therefore, Colbert unit 4 was operated normally for
a period of about six months, after which it was dis-
mantled, inspected, and thoroughly cleaned. Soon
after restarting the unit, the tests were made. Results
of these tests indicated that the unit met the guarantee
at the capability rating but failed to meet the guaran-
tee at rated load by 0.1 percent. At lower loads the
deficiency in heat rate economy varied upward to
about 1 percent at 25 percent load.

Turbine—The units are the tandem-compound,
triple-flow exhaust, condensing, reheat-type. Rated
capacity is 180,000 kw, and maximum guaranteed
capability is 200,000 kw at 2ls-inch Hg absolute
exhaust pressure. Operating speed is 3600 rpm. Each
unit consists of a HP section (combining high-pressure
and reheat steam paths), a single-flow IP section, and
a triple flow LP section. The high-pressure steam
path consists of a single row, large-diameter wheel
followed by eight single-row stages. The steam is
then reheated to 1050°F and is admitted to the reheat
steam path to pass through three single-row stages.
The steamn then passes through two crossunder pipes
and enters the IP turbine where it passes through six
stages. The steam exhaust from this section splits so
that approximately one-third goes directly through
one of the LP sections while two-thirds passes through
two steel crossover pipes to the center of the remain-
ing two LP sections. The HP shell is cast-steel,
double-wall type, with an integral steam chest. The
IP section is of a similar type. The LP section is
fabricated steel.

The turbine spindle is made from alloy-steel
forgings in three sections solidly coupled together.
These are the HP, IP-LP single flow, and LP double-
flow. All stage wheels are machined integrally with
the shaft, and the wheels are machined to receive
the dovetails of the buckets. The buckets are ma-
chined from chrome-iron alloy bar stock. Steel shroud
bands are used to tie the outer ends of the buckets to-
gether. On last-stage wheels, where tip speed is high,
Stellite shields are attached to the leading edge of
the outer portion of each bucket as an additional
safeguard against erosion due to moisture. Nozzle
partitions are machined from chrome-iron alloy and
are incorporated into the diaphragm by either a
welding or “cast-in” process.

At the points where the shaft passes through the
casing, labyrinth-type steam seal packing is used to
prevent steam leakage into the powerhouse and air
leakage into the condenser. A steam-seal regulator is
provided to properly maintain seal pressures. In ad-
dition, a gland-steam condenser receives the steam
from the lowest pressure packing. The pressure in
the condenser is maintained slightly below atmospheric
by a centrifugal exhauster.

Steam leakage along the shaft at the bores of
the diaphragms is held to a minimum by metal pack-
ing rings fitted into the diaphragms. The rings are
segmented, each supported by a flat spring. The
springs hold the segments in place and maintain a
small clearance between the packing rings and the
shafts. The segmented spring-backed ring will provide
additional clearance if the rotor should become dis-
torted as a result of some transient operation con-
dition. Segments of the ring will spring back at
each revolution to prevent serious damage to the ring
or heavy rubbing of the shaft. This reduces the
possibility of local heating which also might damage
the shaft.

Turbine control and governor mechanism—The
inlet steam from the boiler is admitted to the turbine
through two emergency stop valves, then through the
two control-valve chests, and through the control
valves to turbine nozzles, There are no conventional
gate-type shutoff valves at the boiler superheater
header or ahead of the stop valves.

The normal governing devices function through
hydraulic relays to operate the controlling valves
which are the poppet-type with venturi seats. The
various normal governing devices which may operate
the control valves are: the speed governor (rotating
pilot-valve type) and its motor-operated synchronizing
device, or the starting handwheel and (motor-op-
erated) load limit.

The pre-emergency device functions similarly
to the normal governing devices in case of abnormal
operating conditions. It operates intercept valves at
high speed.

The emergency devices may either operate the
control valves, main or reheat stop valves, or the in-
tercept valves, or any combination. The various
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emergency devices are: an oil-tripped overspeed
emergency governor (operates control valves, main
and reheat stop valves, and intercept valves) ; a hand
trip (operates main stop valves); a solenoid trip
(operates main and reheat stop valves, control valves,
and intercept valves), and a low-vacuum trip (op-
erates main and reheat stop valves, control valves, and
intercept valves).

The operating governor is the centrifugal type,
driven through the worm gear on the turbine shaft.
When the turbine is running at or near rated speed,
with the generator disconnected from the line, its
speed is held constant automatically by the operating
mechanism. The speed may be varied between limits
by a synchronizing device which is remotely controlled
from the main control room. This device is used also

to synchronize the generator with the system during

startup.

When starting the unit the hand control pro-
vides a means of manually opening and closing the
control valves through the hydraulic operating mecha-
nism in the same manner as if operated by the operat-
ing governor. This control also provides a load-limit
device which restricts the opening of the control valves
to some predetermined position. It does not, how-
ever, prevent the operating governor from closing the
control valves should a large drop in load make this
necessary. The load limit may also be controlled re-
motely from the unit control room.

There is a testing device at each stop valve, in-
tercept valve, and reheat stop valve to enable the
operator to close the valves while the unit is in serv-
ice to assure that valves are always operative.

The emergency governor is an unbalanced ring
which is held concentric with the shaft by a spring.
When the speed reaches 110-111 percent of the syn-
chronous speed, the centrifugal force of the ring over-
comes the force of the spring and the ring snaps to
an eccentric position, thereby operating the emergency
trip for the control, intercept, and reheat stop valves
and the main stop valve emergency trip. The
emergency governor can be made to trip at normal
speed by admitting oil through the oil trip valve.

The device to control the intercept valves is
termed the pre-emergency governor. Its speed-sensi-
tive element is the pilot-valve type, operating through
hydraulic elements to position the intercept valves.
This device holds the intercept valves wide open at
all speeds below 101 percent. At 101 percent it
starts to close them and at 105 percent has them com-
pletely closed. The purpose is to quickly shut off
steam from the reheater in case the generator loses
its load. This action, along with the rapid closing of
the high-pressure control valves under action of the
speed governor, will keep the speed of the turbine
below the trip point of the emergency governor.

Two reheat stop valves provide an additional
safeguard against overspeed produced by steam en-
trapped in the reheater. These valves are located
In the hot reheat lines as close as possible to the re-
heat valves. They are the single-seated swing-gate

type designed with unbalanced disc which is able to
open against a pressure differcntial of 25 psi maxi-
mum. The valves are closed by the overspeed gov-
ernor as well as the other emergency trip devices.

Turbine supervisory instruments include a shell
and differential expansion recorder, vibration ampli-
tude recorder, speed and camshaft position recorder,
and eccentricity recorder.

Turbine bearings and lubrication systems—The
lubricating system for each turbine is complete and
self-contained, consisting of a supply tank, pumps,
a cooler, gages, and piping. The pumps deliver high-
pressure oil which is used in the hydraulic mechanism
to operate the controlling valves. A flow of low-
pressure oil is delivered to the bearing header from
which branches lead to the bearings and other parts
to be lubricated. The pressure oil system consists of
a main oil pump, oil-driven booster pump, auxiliary
oil pump, turning gear pump, and emergency direct-
current bearing pump.

The main oil pump which supplies oil to the hy-
draulic mechanism and bearings is a centrifugal pump
mounted on the turbine shaft. It is supplied with
oil at about 15-20 psig by the oil driven booster pump
located in the oil tank. Oil discharging from the
main pump at about 200 psig is piped back to the oil
tank where it passes through the oil turbine which
drives the booster pump. In passing through the oil
turbine the oil pressure is reduced from about 200 psig
to about 40 psig to provide the power to drive the
booster pump. The oil then passes through the oil
cooler and bearings.

The turbogenerator unit has eight main bearings
of the spherical-seat, self-aligning, pressure-lubricated
type, having linings of babbitt metal. The thrust
bearing is the Kingsbury segmental-shoe type. It is
located on both sides of the number 3 journal bear-
ing. It absorbs the axial thrust of both the turbine
and generator rotors which are joined by a solid
coupling.

Turbogenerator turning device—A turning motor
to rotate the turbogenerator rotor at 2-3 rpm is
mounted over the turbine middle bearing standard.
The drive is transmitted through a silent chain and
reducing gear train to the turbine shaft. The turn-
ing gear has two general functions: first, as a turning
device which keeps the turbogenerator shaft rolling
slowly and continuously during periods when tempera-
ture change is taking place and, second, as a jacking
device which can turn the rotor small amounts at
intervals for inspection.

Steam generators

The steam generators for units 1-4, supplied by
Combustion Engineering, Incorporated, are reheat
units of radiant-type, natural circulation, dry-bottom
furnaces, with a continuous rating of 1,020,000 pph
steam and a 4-hour peak rating of 1,120,000 pph.

Figure 12 shows a cross section of these steam gen-
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FIGURE 12 —Section through steam gemerator represemtative of umits 1-4 is about 12 stories high and is capable of producing
1000000 pounds of steam per hour. The boiler portion of the gemerator comsists of a wall of water tubes covering the inner
faces of the combustion chamber, with natural circulation of water.
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FicURe 13.—Section through steam gemerator representative of umits 5.9.

This unit, capable of producing 1,410,000 pounds

of steam per hour, is also about 12 stories high, generally similar to those of units 1-4 except that the gemerators are twin
construction for each unit with comtrolled circulation of water.
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erators. The reheater has a continuous rating of
870,000 pph steam and a 4-hour peak rating of
956,000 pph. The steam conditions at the super-
heater outlet are 1825 psig and 1003°F to give a
throttle condition of 1800 psig at 1000°F. The design
pressure of the boiler and superheater is 2025 and
the economizer is 2086 psig. Reheat steam conditions
entering the reheater are 425 psig at 640°F and
leaving are 404 psig at 1003°F.

The steam generators for units 5-9 (fig. 13), also
supplied by Combustion Engineering, Incorporated,
are reheat units with twin dry-bottom furnaces and
have a continuocus rating of 1,280,000 pph steam and
a 4-hour peak rating of 1,410,000 pph. The steam
conditions at the superheater outlet are 1840 psig and
1053°F. to give a throttle condition of 1800 psig at
1050°F. The design pressure of the boiler and super-
heater is 2060 and the economizer is 2100 psig. Re-
heat steam conditions entering the reheater are 378
psig at 668°F and leaving are 356 psig at 1033°F.
The furnace, superheater, and reheater tube spacing
and gas velocity designs were specified to be liberal
to reduce slagging and keep unit availability as high
as possible (fig. 12).

Because of the extremely large dimensions of
furnace width and depth necessary for the desired
capacity of units 5-9 boilers, it was decided to use the
twin furnace controlled circulation design. The
boiler unit consists of two separate but identical
furnaces with primary stages of superheater surfaces,
reheater surfaces, and economizer surfaces. One
furnace is designated as the superheater furnace, the
other as the reheater furnace. Water walls of both
furnaces are connected to a common drum. The
four controlled circulating pumps (fig. 14) are
mounted on the downcomer pipes. suspended from
the drum. To provide a seal and to moderate condi-
tions of pressure and temperature for these pumps, a
combination injection and bleed-off arrangement is
provided. Boiler feedwater at approximately 65 psi
higher than the circulating pump discharge pressure
is delivered to these pumps through one injection
water pump per unit (fig. 15).

Superheaters and controls—The superheaters are
the continuous tube-pendant type and consist of two
single-pass elements with heating surface sized to
maintain the outlet steam temperature from full load
down to one-half load. The heating surface installed
on each of units 1-4 is 82,285 sq ft and that of units
5-9 is 125,000 sq ft.

Superheat temperature control is by means of
desuperheaters installed between the primary and
secondary elements. Boiler feedwater is used as a
desuperheating medium. The superheater tubes are
carried over the roof of the furnace and terminate
in an outlet header. This arrangement provides suf-
ficient flexibility to accommodate the vertical expan-
sion of the main steam line.

Reheaters and controls—The reheaters are the
continuous tube-pendant type and consist of one

Ficure 14.—Boiler circulating water pumps serve each steam
generator for units 5.9; steam generators for units 1.4 have
natural circulation.

single-pass element with heating surface on units 1-4
sized to maintain outlet steam temperature from full
load down to 662,000 pph. The reheater outlet
temperature is maintained at 924°F at half load. The
heating surface on units 5-9 is sized to maintain outlet
steam temperature from full load down to 1,116,000
pph. The reheater outlet temperature is maintained
as high as possible consistent with superheater and
reheater economy. Reheater heating surface is 18,893
sq ft for units 1-4 and 25,300 for units 5-9. Reheat
temperature control is by means of desuperheater
sections installed in the reheat return line just before
entering the boiler. Boiler feedwater is used here
also as a desuperheating medium. Tilting burners
are also used as desuperheat control.

Economizers—The ecconomizers are the hori-
zontal, continuous-tube, counterflow-type and are
located at the rear of the boiler below the low-stage
superheater and just ahead of the gas duct to the
air preheater. Units 1-4 contain 26,000 sq ft of
heating surface each, and units 5-9 contain 30,450
sq ft each.

Pulverizers—The pulverizers, four per unit for
units 1-4 and six per unit for units 5-9, were furnished
under the boiler contract and have a capacity of
35,600-pph coal at 50 grindability and 7 percent
moisture, The pulverizers are driven by 350-hp,
4000-v, fan-cooled electric motors. These motors
also drive the mill exhausters which are the straight-
blade type with single-bearing overhung wheel. The
fan blades are renewable, and renewable liners are
provided in the fan scroll. Coal feeders are mounted
directly on the side of the pulverizers. The coal pipes
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Ficure 15.—Injection water pumps moderate pressure and
temperature for the boiler circulating water pumps.

between the pulverizer exhausters and the burners
are cast iron, 11-inch od for units 1-4 and 12-inch od
for units 5-9. There are four pipes per pulverizer
with individual shutoff valves just above the ex-
hauster. To obtain uniform distribution of the coal in
the pipes, a riffle type distributor is provided at each
exhauster outlet. Orifices are also provided in the
coal pipes to equalize the friction.

Air preheaters—There are two regenerative-type
air preheaters per unit. On units 1-4 they are
designed for a corrected gas temperature leaving the
heater of 310°F with an entering air temperature
of 80°F. The heating element is 44 inches high
and the casing is designed for an additional 8 inches
of element in case it is found from operating ex-
perience that the exit gas temperature can be lowered
without fouling of the cold end of the elements due
to cooling the gas to below the dew-point. On units
5-9, heaters are designed for a corrected gas tempera-
ture leaving the heater of 300°F with an entering air

temperature of 80°F. The heating element is 48
inches high.

Dual-nozzle cleaning devices were provided for
cleaning the preheater elements with steam at 550 psi.
The steam nozzle is operated automatically from the
soot blower sequential control panel while washing
of the preheater is by hand control, using water only
or water and steam as may be required.

Burners and ignition torches—Each pulverizer
supplies four burners. On units 1-4 there are four
burners in each corner of the furnace while for the
twin furnace units 5-9, there are three burners in
each furnace corner. The burners are the adjustable,
tangential type, and are provided with air-mixing
chambers, adjustable air dampers, and connections
for the coal pipes (fig. 16). Provision for future
burning of natural gas was made in the burners.
Each burner was provided with an automatic oil
lighter and, in addition, one oil burner per corner was
provided for use in starting up the boiler and raising
the temperature to the point where one pulverizer
can be operated continuously. The burners use oil
at 100 psig and are the hand-operated, air-atomizing
type.

FicURe 16.—Sixteen adjustable, tangential-type coal burners
were provided for each steam gemerator, units 1-4; 24 each
for units 5-9.
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Ductwork—All ductwork required for operation
of the steam generators was designed for minimum
pressure drop consistent with first cost. The air
preheaters were provided with bypass ducts for use
during startup and low-load operation to prevent
condensation and buildup on the cold end. These
ducts have dampers which can be operated from the
unit control room. Multiple-leaf, louver-type dampers
were installed as required to segregate either set of
fans, preheaters, and fly ash collectors for mainte-
nance. Hoppers with 6-inch drains were provided in
the ductwork under the air preheaters to catch water
and ash when washing the heaters.

Soot blowers—Steam soot blowers were furnished
under the boiler contract. Initially, in addition to
equipment for cleaning the air preheaters, six long
retractable blowers were provided for each of units
1-4 located in the superheater area of the unit.
Operation proved that these were not sufficient and
two more blowers were added. There are six half-
tracts in the primary superheat section, with provisions
for addition of twelve more if ever nceded. There
are 36 wall blowers installed in the furnace and pro-
visions for 4 rotary-type blowers in the economizer.

For units 5-9, in addition to equipment for
cleaning the air preheaters, 10 long retractable
blowers were installed in the secondary superheater
and reheater area and eight half-tracts installed in
the primary superheater area. Provisions are made
for four more long retractable blowers. There are
24 wall blowers installed in the furnace walls and
four rotary-type blowers in the economizer. All
blowers are controlled from automatic sequential
panels in the unit control rooms.

Safety valves—Spring-loaded pop safety valves
were provided for the steam generators in accordance
with the requirements of the ASME Boiler Code.
Units 1-4 have four 2Y-inch valves on the boiler
drum and one 3-inch valve on the superheater outlet
header. These valves have a total relieving capacity
of 1,211,900 pph. The reheat inlet header is fitted
with two 4-inch valves. Total relieving capacity of
all reheat valves is 1,446,200 pph.

Units 5-9 have five 2/;-inch valves on the boiler
drum and two 2V%-inch valves on the superheater
outlet header. These valves have a total relieving
capacity of 1,606,700 pph. The reheat inlet pipes are
fitted with six 4-inch valves and the outlet header is

TaBLE 9.—Refractory and insulation thickness for steam gemerators—units 1-4.

Refractory Insulation
Minimum Low
Special Castable Castable 1200°F temperature
shapes, 50 pounds, 110 pounds, block, block, Cement,
Location inches inches inches inches inches inches
Furnace
Front, rear, and side tube walls — 254 — 1 — 5%
Deflection arches —_ — 2, — -— —
Front roof 2%2 — 1 — — —
Rear roof 4%, — — — —
Superheater and economizer
Side fin tube walls — 254 — 1 1Y% %
Front and rear tube walls 6 — — 3 2 —
Sloping floor tubes 3% — — 3 2 —
TasLe 10.—Refractory and insulation thickness for steam gemerators—units 5-9.
Refractory Insulation
Special Flat Suspended Super 50 pounds
. shapes, tile, tile, No. 3000 castable, Block, Cement,
Location inches inches inches inchesl inches inches inches
Furnace
Front, rear, and side tube walls — — —_ 1 — 4 Ya
Deflection arch — — — 1 — — —
Bottom tubes —_ —_ — 1 — — —
Roof — —_ — 1 — — —
Floor under superheater 2 — — — — 4 —
Sides at superheater — 2% —_ — — 6 Y2
Primary superheater
Front fin tube wall — — — 1 — 4 Yo
Rear fin tube wall — —_ 1 —_— 4 Y
Side fin tube wall —_ —_ — 1 — 4 1%
Economizer
Front, side, and rear walls _ — 2V, — 1 3% 1Y

1. Embedded in expanded metal that is welded to the tube.

Thickness is from center line of tube.
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fitted with two 4-inch valves. Total relieving capacity
of all reheat valves is 1,414,200 pph. In addition to
the spring-loaded safety valves, each superheater out-
let header on all units is fitted with a 2Y4-inch,
solenoid-operated power-control valve to take minor
load swings and prevent operation of the spring-
loaded valves whenever possible.

Insulation and refractories—All insulation and
refractory material for the steam generators was
furnished under the boiler contract and applicd by

TVA’s insulation and refractory contractors. The
type and thickness of insulation and refractory for the
steam generators were selected to keep heat losses
due to radiation within ABMA Standards and are as
shown in tables 9 and 10. The entire walls and roof
of the units were covered with a 12-gage welded
steel casing, stiffened and reinforced where necessary.
Air and gas ducts and miscellaneous piping with the
steam generators were insulated in accordance with
tables 11 and 12.

TasLe 11.—Insulation thickness for air and gas ducts and piping—units 1-4.

Block Segmented block Hard
High High Low finish
Blanket, temperature, temperature, temperature, cement, Canvas,
Location inches inches inches inches inches ounces
Sides of economizer 4 — — — Ve —
Ductwork .
Economizer to air heater 3 — — — Va —
Air heater to windboxes 2Y4 — — — Ya —
Hot air to pulverizers 2V — _ . 1, _
Equipment
Air heater . 3 - — — Va —_
Enclosures
Roof housing ) — 4 -— - A .
Deflection arch housing - — 4 — — Vs —
Tubes, pipes, headers, etc.
Exposed downtake pipe —_ — 1% 2 — 8
Superheater connecting pipe .
including desuperheater — — 1Y% 2Vs — 8
Exposed downtake tubes, grouped 3 — — — Ya —
Exposed economizer headers and
connecting pipe — — — 2% — 8
Exposed soot blower pipe — — —_ 2 — 8
High temperature superheater
elements under roof housing _— 2 — — 23 _
TABLE 12.—Insulation thickness for air and gas ducts and piping—units 5-9.
Mineral Block Segmented block
wool Medium Low High Low
. block, temperature, temperature, temperature, temperature, Cement, Canvas,
Location inches inches inches inches inches inches ounces
Ductwork
Economizer to air heater 3 — — —_ — Yy —
Air heater to windbox 2 — — — — Vo —
Hot air to mills 2 — — — — 1/, _
Bypass. duct 9 _ — _ _ 1, _
Equipment
Air heaters 3 _ — _ _ Y, _
Enclosures
Deflection arch — 3 _ — J— 1 —
Roof — 4 — — — v, —
Bottom — 3 — — - 1, —
Tubes, pipes, headers, etc.
rum shells and heads — 1% 2 — — Vs —
Final stage superheater and
reheater headers and elements — 2 — — — Vo _—
xposed downtake pipe — — — 1Y, 2 — 8
esuperheater shells and pipe — — — 1% 2 — 8
Soot blower pipe — — — — 2 — 8
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Coal scales and valves

To indicate the quantity of coal burned, four
totally enclosed, dustproof, automatic coal scales of
300-1b-per-dump capacity were provided for units 1-4
and six scales per unit for units 5-9. They are
located on the operating floor level. The scales each
have an hourly capacity of 30 tons with an accuracy
of ¥4 of 1 percent. All parts of the scales in contact
with the coal are stainless steel except the rubber con-
veyor belts. The outer housings are 11-gauge enameled
steel, welded to be dust tight.

Timing devices are provided to sound an alarm
in case the scale fails to complete a weighing within
its set time due to plugging of the supply chute.
Paddle-type alarm switches are provided in the coal-
scale discharge hopper to sound an alarm in case
the scale fails to keep the hopper filled.

In addition to the weighing counters mounted
on the scales, electrically-operated, 6-figure remote
counters are also provided in the unit control room.
Bypass arrangements are built into the scales to
assure continuous supply in emergency. Ventilation of
the scales is provided by the dust-collecting systems.

Stainless-steel, clamshell coal valves are provided
at the scale inlets to isolate for maintenance. Filler
pieces between these valves and the scales are
removable to allow emergency emptying of the coal
bunker if necessary.

Draft system

The draft system consists of motor-driven
constant-speed fans and individual ducts from the
forced-draft fans to the air preheaters and from

FiGure 17.—Forced draft fans, two for each unit, are located

on the basement floor west of the boilers and supply air to

the preheaters, pulling it through ducts from the top of the
boiler bay.

Ficure 18.—Double-inlet induced draft fans, two for each
unit, are located at ground level, one on either side of
each chimmney.

the air preheaters to the fly ash collectors and thence
through the induced-draft fans to the stack. There
are two fans of each type per unit.

Forced-draft fans---For units 1-4 these fans were
specified for 200,000-cfm air at 140°F and 11.5-inch
water pressure at test block. For units 5-9 the
capacity specified was 270,000 cfm at 140°F and
13 inches of water at test block. The fans for all
units are single width, single inlet, driven by 3-ph,
4000-v Westinghouse metors (fig. 17). Volume and
pressure controls are by means of inlet vanes.

Induced-draft fans—For units 1-4 these fans
were specified for 290,000 c¢fm gas at 320°F against
20.5 inches of water at test block. For units 5-9 the
capacity specified was 400,000 cfm at 320°F and
20 inches of water at test block. The fans for all
units are driven by 4000-v motors (fig. 18). Volume
and pressure control is by means of louver-type
dampers in the fan inlet boxes. Shutoff dampers
were provided at the end of the evase section on the
fan outlet. Wear plates, Vz-inch thick, are installed
in the inlet boxes and the scroll of the fans, and
3/16-inch tabs are provided for the floats of the fan
wheels.

Fly ash collectors Mechanical fly ash collectors
are used and there was a provision for installation of
electrostatic precipitators if necessary. (The electro-
static precipitators were added after completion of the
project, see Appendix E). The cones are located just
above the basement Hfoor between the air preheaters
and the induced-draft fans. There are two collectors
per unit designed for a maximum normal gas flow
of 239,000 cfm at 305°F with 3-inch water pressure
drop for units 1-4.  Collectors for units 5-9 are
designed for a maximum normal gas flow of
310,000 cfm at 295°F with 3-inch water pressure
drop.
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Ductwork—-Because of the arrangement of the
plant the forced-draft fans, located in the basement,
have intake ducts which originate just under the roof
of the boiler room. Thus advantage is taken of the
preheating of the air as it rises around the boilers
by placing the suction inlet of these ducts near the
roof. These ducts are 10-gauge steel plate reinforced
by 5-inch corrugated ribbing, spaced to withstand
an internal pressure of minus 20.5 inches of water
for units 1-4 and 20 inches for units 5-9.

The air ducts are not insulated while the gas
ducts have a 1¥;-inch cover of 85-percent magnesia
block plastered over with a Ys-inch coat of asbestos
cement. Outside the building the gas ducts are
coverced with 2 inches of 85 percent magnesia block
and a Yz-inch finish coat of asbestos cement, one
layer of 15-pound perforated asbesto felt, and a
wceatherproof finish  of two lg-inch layers of
Johns-Manville “Airtite.”

Condensing equipment

As a result of the exhaustive study made for the
Johnsonville Steam Plant relative to the type of
condensers to be specified and because conditions
for the Kingston plant were so similar, the same
type of condenser was selected. This was a single-
pass type with 75°F chosen as the circulating water
design temperature to provide 28-inch Hg vacuum
at full load.

Condensers—The condensers are the divided
water-box type with two separate inlet and discharge
connections on each condenser (fig. 19). Therefore,
either half can be isolated and inspected or repaired
while the other half is in operation. The condenser
shells are welded-steel plate with water boxes of

FIGURE 19.—-T'he condensers are the divided water-box-type,
one for each unit, similar to the unit 9 condenser shown.

FiGURE 20—V enturi-type steam jet ejector, ome per unmit, for
ejecting air from the condenser on start-up.

fabricated steel designed for 25-psig operating pres-
sure. Tube sheets are Muntz metal.

The condenser hotwells are the deaerating-type
and have a storage capacity sufficient to allow about
3 minutes full-load operation.

Air removal equipment—The air, together with
other noncondensable gases, is removed from the sys-
tem by a steam jet air ejector (fig. 20) for which
steam is supplied from the main steam line. The
steam pressure is reduced by a hand-operated control
valve to an operating pressure of 300 psig. This steam,
together with vapors and gases from the condenser,
passes through an intercondenser and aftercondenser,
where the steam is condensed and the noncondens-
ables are discharged to the atmosphere. A separate
single-stage priming ejector is provided for starting.
Capacity of this ejector is such that about 15-20
minutes is required to reduce the pressure in the
exhaust space to 15-inch Hg.

Condensate and feedwater systems

The feedwater cycle heating is similar to that
used at the Johnsonville and the Widows Creek
Steam Plants. The cycles used are shown in figure 21
for units 1-4 and figure 22 for units 5-9, and include
three high-pressure heaters and a deaerator. Units
3-9 each have a fourth low-pressure heater.

Closed feedwater heaters—All the closed feed-
water heaters are the horizontal-type. The high-
pressure heaters are located on upper floor levels
in the heater bay made to accommodate the de-
aerating feedwater heater and storage tank (fig. 23).
The low-pressure heaters are installed in the con-

denser neck (fig. 24).
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