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SECTION 1 - INTRODUCTION

This analysis assesses the environnental consequences of in-
creasing (stretching) the thermal gover level of the Omaha Public
Power District's (OPPD) Fort Calhoui Station Unit No. 1 from 2420 ':Wt
to 1500 MWt. The stretch rating is 1pproximately ).6% creater than the
power level currently authorized by Cperating Licence No. JP3-40, dated
FSy 2L, 1973.

Various documents, previously reviewed by the Nuclear Regulatory
Commission, have been used, as appropriate, to prepare this report.
These include the following:

1. Fort Calhoun Stat.on Unit No. 1 Revised Environmental Report
(U1 ER).

2. Fort Calhoun Station Unit No. 1 Final Safety Analysis Report
( U1 FS AR ) .

3. Safety Evaluation of the Omaha Public Power District Fort Cal-
hoan Station Unit No. 1, August 9, 1972 (U1 SER).

k. Fcrt Calhoun Station Unit No. 1 Five Year Report, A Sunnary
of Environnental Study Programs Conducted in Compliance With
Appendir B to Operating License No. DPR-kO.

5 Fort Calhoun Station Unit No. 2 Environmental Report (U2 ER).

6. NUREG-0434, Final Environt. ental Statement, Fort Calhoun Statien
Unit No. 2 (U2 FES ) .

Items 1. through L. may be found on Docket No. 50-235 and items 5
and 6. on Docket No. 5 0-5 k 8. Since the U1 ER was written prior to 1973,
the U2 ER was used as a fornat for addressing current environmental is-
sues in this report and for updating information provided in the U1 ER.

The importance of attaining additional generating capacity through
stretching of the Fort Calhoun Station, as opposed to utilising other
non-nuclear forms of generation, is best illustrated by differential
fuel costs for coal and oil. Differential fuel costs , expressed in
terns of mills /KvHr, show the additional cost associated with producing
a kilowatt-hour of generation with coal or oil, rather than nuclear fuel,
for OPPD generating stations. Differential fuel costs for 1979 are pre-
dicted to be apnroximately 12.h tills /KvHr for coal and LO.0 mills /KvHr
for oil. Assuaing an annual capacity factor for Fort Calhoun Station of
75%, a savings of approximately 2 million dollars per year (based on 1979
data) could be realized by generating additional power through stretching
the nuclear unit, rather than using coal generation. The savings of using
nuclear generation instead of oil vould be approxicately 7 nillion dollars.

All \h\v
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DECTION 1 - II.TEODUCTIO'; (Continued)

The need for the additional power, achieved by stretching the Fort
Calhoun Station, ic evidenced by the forecasted annual growth rate of
electricity use in Iiebraska, over the next 5 years , rancinc fro: 5.3:0
to 6.9%, as predicted in the commission staff's electrical energy fore-
cast in the U2 FES. In addition, producing as nuch electricity with
nuclear generation as possible is in keeping with national policy aimed
at reducing the consumption of natural gas and oil. Finally, the staff's
conclusion in the U2 FES vaa that additional generating capacity vill
be needed by OPPD to satisfy customer demands within the next few years.

The following cections of thic r eport will demonstrate that ctretch-
ing the Fort Calhoun Station vill have no adverce impact upon the en-
viron=ent. Additional power can be attained, cost effectively, without
damage to the environment or health and safety of the public.

2
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SECTION 2 - SITF A?iD "NVIRO:M:'.7AL INTERFACF1

2.1 Site Description and Location

The Fort Calhoun Station is located in Washingten County,
Nebraska, approximately 21 miles north of downtown Omaha. The
plant is situated on tha flood plain i=cediately adjacent to the
southwest bank af the Missouri River. The town of Fort Calhoun,
Nebraska, is approxicately 5 niles ;outheast of the site. U. S.
Highway 73, on the bluff vest of the Mlssouri River, is less than
1 mile southwest of the plant. Figure 2.1-1 shows the area within
a 50 mile radius of the site.

The site area is the area of land for which OPPD has the legal
right to control access by individuals and to restrict land use for
the purpose of limiting potentisl exposure to radiation during nor-
mal facility operction. The site boundary is synonymous with the
exclusion area boandary which has been evaluated in accordance vit'
10 CFR 100 such that an individual located at any point on the bound-
ary for 2 hours, following an accident, would receive a total radi-
ation dose to the whole body of less than 25 ren and a thyroid dose
of less than 300 rem. The exclusion radius lies entirely within
the exclusion boundary. The exclusior. area boundary consists of
approximately 12k2 acres, including appcoximately 660 acres in
Washington County, Hebraska, owned by OPPD and 582 acres in Harrison
County, Iowa, on the east bank of the river directly opposite the
facility, on which OPPD retains perpetual easement rights. The
minimum exclusion ar ea boundary point is located approximately at
the 167 0 degree radial from the outer wall of the containment
building and at a distance of 910 meters. U. S. Highway 73 traverses
the extrene south-southwest corner of the site boundary, and a rail-
way line follows a similar path. Figure 2.1-2 shows the site. The
only activity, not related to plant operations, occurring on the
site is farming.

2.2 Populaticn

The information contained within this section is based on 1970
census data. This data was primarily taken by the U. S. Bureau of
the Census, with additional information being supplied by master
plans of local jurisdictions, aerial photographs from the Acricul-
tural Stabilization and Conservation Service, Washington and Harrison
County highway maps, and field reconnaissance.

The total population within a 10-mile radius circle of the
plant was approximately 13,900 in 1970 and is projected to increase
to 15,859 in 1983 and 21,612 in 2020. Average densities for these
population figures are 44.2, 50.5, and 68.8 persons per square tile,
respectively, but most of the people are concentrated in small com-
munities. One closest community is Blair, Nebraska, located 3.5
miles north-northwest of the site, with a 1970 population of 6106.

.-
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1

CECTION 2 - SITE AND ENVIRONMENTAL IN ERFACES ( Con'. 2 nue d )

2.2 Ponulation (Continued)

Other communities within approximately 10 miles of the site include
California Junction, Fort Calhoun, Kennard, Modale. Nastville, Love-
land, Missouri Valley, Findley, and Washington. Table 2.2-1 shows
locations of population centers in the vicinit-f of the Fort Calhoun
Station. Tables 2.2-2, 2.2-3, a'.d 2.2 k show the 1970, 1983, and
2020 population by compass sectors and by concentric rings from the
site center, O to 10 miles. Figure 2.2-1 provides a site vicinity
cap showing present and future population for the same years, O to
10 riles. The majority cf the increase in population projected for
the 10-mile radius area for 2020 vill be concentrated near Blair
and on the outskirts of Omaha.

Total population within 50 miles of the Fort Calhoun site
was 728,527 in 1970 and is expected to increase to 1,218,42h in
2020. Of these totals, the populntion between 10 and 50 mile 9 of
tne site was 71L,627 (average of 94.6 persons per square mile) in
1970 tr.d is anticipated to be 1,196,812 in 2020 (nverage of 153.7
persons per square nile).

The major population center within the 50-nil radius is
Omaha, Nebraska. The metropolitan area lies between 10 and 30
miles from the site in the south and south-southeast sectors.
Omaha had a 1970 population of 389,h55 and a projected 2C20 popula-
tion of 5L2,819 In 1970, approximately 30 percent of Nebraska's
population resided in the Omaha metropolitan area. About 8 percent
of Iowa's 1970 population resided within the 50-mile radius of Fort
Calhoun, and this percentage includes a major population concen-
tration of 60,3k8 in Council Bluffs. Table 2.2-5 gives current
and projected population of selected communities within 50 miles
of the site. Tables 2.2-6, 2.2-7, and 2.2-8 show the 1970, 1933,
and 2020 population by compass sectors and by concentric rings
from the site center, C to 50 miles. Figure 2.2-2 provides a site
vicinity map choving present and future population for the same years,
O to 50 miles.

In addition to permanent residents, transient populetions enter
the area to use recreational grounds. Important recreational areas
are the DeSoto National Wildlife Refuge, located about 2 tiles cast
of the plant site; the Wilson Island State Park, located about h.5
miles southeast of the plant site; California Eend State Wildlife
Refuge, located about 4 miles north of the plant site; Nobles Lake
State Wildlife Management Area, located about 5 niles east-southeast
of the plant site; and Christ Child Camp, directly across U. S. High-
vay 73 fror the plant site. In 1970, tre DeSoto Wildlife Refuge
attracted 36h,215 visitors. Other recreational grounds attract less
individuals.

49. 16o<-/
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Table 2.2-1
Locations of Population Centers in
Vicinity of Fort Calhoun Gtation

-

DISTANCE
1970

MUNICIPALITY FROM PLANT DIRECTIO'l
POPUTATION(miles)

_-

Blair, Nebraska 3.5 NNW 0106
lCalifornia Jitnction, Iowa 5.0 NNE na

Ft. Calhoun, Nebraska 5.0 SSE 642

Kennard, Nebraska 7.0 SW 336

Modale, Iowa 8.0 NNE 297

lNashville, Nebraska 9.0 SSE na

lLoveland, Iowa 9.6 ESE na

Missouri Valley, Iowa . .O ENE 3519

lFindley, Iowa 10.3 E na

Washington, Nebraska 10.6 SSW 76

/
INOTS: Breakout of population for small rrral unin-
corporated communities not available from
U.S. Census.

s
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Table 2,2-2

,j 19,70 Population by Cccpass Sectors and by Concentric
Rings Fram the Site Centroid, O to 10 Miles

.

COMPASS

I0-1 1-2 2-3 3-4 4-5 5-10 0-10

N O O O O O 63 63
NNE t 6 12 8 6 372 404
NE O 6 0 24 6 69 105

ENE O O O O 3 2,360 2,363

E O O O O 3 145 148
ESE 0 0 0 0 6 230 236
SE O 36 3 9 45 453 546

SSE 12 38 6 9 80 645 790
*

S 3 3 9 12 43 156 220
SSW 9 9 6 12 15 240 291
SW 9 10 15 9 21 183 247
WSW 0 11 12 135 45 507 710

W 0 9 15 78 27 225 354
,,/ bs"4 0 C 168 5 , .' ~ t 1,140 210 6,782i

NW D 0 58 2/0 9 144 481
|

NNW 0 0 46 6 18 90 160

TOTAIS 33 128 350 5,336 1,467 6,086 13,900

Note: The 16 sectors are of 22.5 degrees and centered
on the cardinal points of the compasc.

J
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Table 2.2-3
1983 Frojected Population by Compass Sectors and by~~

Concentric Rings From the Site Centroid, O to 10 Miles

CONCENTRIC RINGSCOMPASS
SECTORS 0-1 1-2 2-3 3-4 4-5 5-10 0-10

N O 1 0 0 0 56 57
NNE O 6 13 8 6 358 391
NE O 6 0 24 7 56 93

ENE O O O O 3 2,310 2,313

E O O O O 3 138 141
ESE O O O O 6 218 224
SE O 49 7 13 107 523 699

SSE 17 51 9 9 101 980 1,167

S 6 7 12 13 90 215 343
SSW 12 12 7 12 19 267 329
SW 12 13 15 9 29 172 249
WSW 6 16 12 180 48 518 780
W 0 15 27 163 31 221 457

W1;W 0 0 188 6,130 1,309 205 7,832
NW 0 0 76 359 22 134 591
NNW 0 0 64 64 22 101 251

TOTALS 53 175 430 6,984 1,803 6,472 15,917

-

Note: The 16 sectors are of 22.5 degrees and centered
on the cardinal point of the compass.

,

I
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Table 2.2 L
,,/ 2020 Projected Populaticu by Compass Sectors and by Concentric

Rings Frcm the Site Centroid, O to 10 Miles

CONCENTRIC RINGSg

0-1 1-2 2-3 3-4 4-5 5-10 0-10

N O 6 0 0 0 51 57
NNE O 6 24 8 6 340 384
NE O 6 0 24 9 45 84

ENE O O O O 3 2,310 2,313

E O O O O 3 120 123
ESE O O O O 6 200 206
SE O 60 12 18 180 550 820

SSE 30 60 12 9 160 2,762 3,033

S 9 12 16 30 190 670 927
SSW 15 15 12 12 30 340 424
SW 15 15 18 12 45 300 405
WSW 9 20 15 180 54 900 1,178

W 0 18 90 900 45 330 1,383
WNW 0 0 270 7,058 1,700 260 9,288

%,/ NW 0 0 105 450 30 170 755
NNW 0 0 70 12 30 120 232

TOTALS 78 218 644 8,713 2,491 9,468 21,612

Note: The 16 sectors are of 22.5 degrees and centered on
the cardinal points of the compass.

%/
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'2able 2. 2-5
Current and Projected Population of Selected

Co:= unities Within 50 Miles of the Site
.

|T EAA

LOC ATIW .

-
| 1970 | 1990 2C 49

slowe

ek.nona County (,776M
nap l et.m 1,64 7 1,279 993
Caetana 211 164 127
Lte Si2 397 304
8k.orhead 271 21 ') 163

I Crawford Coety

2Onewa 3.154 3,129 2,4J9

( 94311
Charter cea 715 674 6 16

I thelby Coety

Dow Caty 571 5 )9 508

6 . e4 2 5)
Def esace 19J 146 30%
Ilar lan' 5.'49 6.M 5, )* 5
She 6 my see 764 676

Marrison Coety 1.54441
Dunlap 1,292 1,141 1,901
Woodbane 1,14 9 1.19) 1,05%
Log an

1.526, |
1. 850 1.194

2ha seour t Valley 3, g t 3,49q 3,49
Magno i ts 206 182 4 =1
P t sgen 286 2% ) 224 |

Pottawatteete Coety (1.G416)
Avoca 1,5 15 1,594 3 ,6e6

na nut 870 904 944
s am isad 1,603 1.670 1, ? l9
Ce sen 115 141 147
Coecal Bluf f el 60.148 63,014 66.013

Mille County f . 0704 p

S taver City 2'2 219 210
2Glenwood 4,421 3,961 3,479

Pac ific Junct Lon 505 444 19>
malvern 1.156 1.017 69)
Tabur 957 tel 719

Ihebraema

Cass Coety
Greenwood 506 er>0 f 1,C9 7
Weeping wates 1,143 1, 151 | 1.446
Plattsuouth 6,3'1 7.569 I e ,0 5 7

Cmme Coety
sancrof t 545 529 4 )7
West potet 3.188 4, Ci 2 2 4,7 )6

Bent Coety
L for.s 1,177 1.51:5 1.649
Dec a t ur 6'9 52) %
osa land 1. 3%5 1,212 i 9 }9
Tea mman 1,544 1.864 6 1. ~il

landge County |
Lu dge 7;4 750 681,

hor ts - hend j i.350 1 'lel 1,%5

Pr emont i 22.962 10.270 ,( M . 699

haantngton County I
washington 76 139 ! se*

|
Biaar 6,lA 9,437 t 10,19)

: 642 1.251 f 1, ' U6
Fort Ca.lhoun '..nne r n6 n ( ul

Dougiae inunty
Valley i 1,m 2.4.4 j 1,h'
Conau 3W) . 4 % 4 59. *A9 544.6.9g

Re a ston 4,111 6,14 J 6. 7. 9

Serpy Coety |

Bellevue 21,9% ) 54,4)7 .425

Saundere Coet y i !
Aanland 2,17h

| 2.619 | 3, '.64
Valpar t oo 41% i 445 ) 41)

1.435
|

4,423 4,765Wahoo j

I Pro;ectle ne prepar ed by ' o State of lowe on not estend beyor.d 1991 and

as e not prepared f ar emell compunkt ies a aos than 250G p>pulet aon to
1970s. waere pro oct bone are mt a re t t at le t*e ant icipated court r
wade growth rates oo:19 eave of l a t ae r towns was a;. plied to the 4

popula t son to pro *et t t Se 19 40 pqua nt 6 an. 7%e agroptlate countv
rete 6e parenthosteed followsnq toe 6 cue ty fiame . Etsce no pre e e es
to the year 2c20 are avskisele 14 Iowa . E ke 19 ? ? - 19 % re e of e a se
was a; api ted ts year 199') pro ee tsone

5 Project &ons 197C * 1990 prepared by t*.e State c f Iowa.

'IAin esenraoke pre;ections were p repared ty t re State T's %d s .
pro oction sortes has been v. . ? t- - ut 'q pq n

v - [4 ,4$

$ #MLi . !

\~'o-

v){ ,
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Tabl e 2. 2-6
1970 Popule. tion by compass sectors and by concentric

F.ings From the Site Centroid, O to 50 Miles

6

CONCENTRIC RINGS
OMPASS

SECTORS
0-5 5-10 10-20 20-30 30-40 40-50 0-50

N O 63 782 1,186 3,823 2,390 8,244

NNE 32 372 328 843 1,709 4,481 7,765

NE 36 69 1,072 2,035 2,352 2,211 7,775

ENE 3 2,360 3,666 793 1,931 9,143 17,896

E 3 145 447 3,463 3,599 1,624 9,281

ECE 6 230 1,078 1,241 4,043 1,752 8,350

SE 93 453 2,076 2,916 1,881 3,674 11,093

SSE 145 645 197,059 1%4,410 14,964 1,899 359,122

S 70 150 114,881 69,858 3,808 3,911 142,678

SSW 51 240 7,007 2,313 3,lR9 4,484 17,284
i

SW 64 183 3,110 1,960 4,710 2,740 12,767

WSW 203 507 1,572 26,540 1,886 2,752 33,460
.

W 129 225 703 965 2,129 1,832 5,983

WNW 6,572 210 686 1,756 2,041 4,207 15,472

NW 337 144 765 1,062 8,248 2,983 13,539

NNW 70 90 2,269 917 1,476 2,996 7,818

TOTALS 7,814 6.086 337,501 262,258 61,789 53,079 728,527

Note: Thc 16 secters are of 22.5 degrees and centered on the
cardinal points of the compass.

. 7q
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,/ Table 2.2-7
1983 Projected Population by Compass Sectors and by

Concentric Rings From the Site Centroid, O to 50 Miles

_

COMPASS
ORS

0-5 5-10 10-20 20-30 30-40 40-50 0-50

N 1 56 725 1,101 3,861 2,232 7,976
NNE 33 358 304 780 1,568 4,258 7,301
NE 36 56 1,019 2,017 2,302 2,126 7,556

ENE 3 2,310 3,634 738 1,790 9,446 17,921

E 3 138 415 3,523 3,505 1,672 9,256
ESE 6 218 1,089 1,311 4,120 1,682 8,426
SE 175 523 2,320 3,242 1,969 3,534 11,763

SSE 187 980 209,370 201,547 17,482 2,731 432,297

S 129 215 147,471 88,866 5,349 3,992 246,022
SSW 62 267 9,083 5,764 3,506 5,923 24,605
SW 79 172 4,054 2,223 4,991 2,818 14,337
WSW 263 518 1,785 31,589 1,787 2,595 38,537

W 237 221 742 977 2,334 1,710 6,221
WNW 7,627 205 636 2,290 2,077 4,Cso 16,871

.v/ NW 457 134 709 985 8,832 2,908 14,025
NNW 92 101 2,252 850 1,370 3,126 7,791

TOTALS 9,390 6,472 385,608 347,803 66,843 54,789 870,905

Note: The 16 sectors are of 22.5 degrees split by and centered
on the cardinal points of the compass.

J
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/ ' Table 2. 2-8
2020 Projected Population by Cc= pass Sectors and by

Concentric Rings to 50 Miles Frca the site
Centroid, O.to 50 Miles-

CONCENTRIC RINGS
g

SECM 0-5 5-10 10-20 20-30 30-40 40-50 0-50

N 6 51 626 950 4,005 1,950 7,588

NNE 44 340 ?63 665 1,370 3.880 6,562

NE 39 45 633 1,980 2,215 1,980 7,192

ENE 3 2,310 3,947 635 1,545 10,420 18,860

E 3 120 357 4,183 3,345 1,655 9,663

ESE 6 200 1,075 1,542 4,395 1,576 8,794

SE 270 550 3,120 4,110 2,225 3,281 13,556

SSE 271 2,762 242,845 287,484 22,285 4,385 560,032

S 257 670 246,669 170,451 7,685 4,245 429,977

SSW 84 340 14,620 14,400 4,370 9,100 42,914

SW 105 300 5,675 3,110 5,770 3,700 18,660

WSW 273 900 2,350 39,400 1,625 2,320 46,873

W 1,053 330 845 1,018 2,550 1,495 7,291

WNW 9,028 260 550 2,325 2,180 3,740 18,083

NW 585 17C 612 850 9,550 2,765 14,532j
tW4 112 120 2,218 734 1,185 3,47e 7,847

TOTALS 12,144 9,468 526,705 533,837 76,300 59,970 1,218,424

Note: The 16 sectors are of 22.5 degrees and centered on the

cardinal points of the compass.
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SECTION 2 - SITE AND ENVIRON! ENTAL IN'I'ERFACES (Continued)

2. 3 Land Use

2.3.1 Land Use of Site and Immediately Adjacent Areas

Almost 70 percent of the existing land use within 5
miles of the Fort Calhoun Station Unit No. 1 site is agricul-
tural, and no large scale changes are foreseen. Major ob-

jectives of local land use plans e=phasize the preservation
of this land in its present form.

Properties adjacent to the plant site are held by a
variety of owners, including individuals, the State of Io ra,
the federal government, a stone company, and a religious group,
and are used primarily for agricultural purposes. The site

property controlled by OPPD is approximately 60 percent culti-
vated and 31 percent covered by natural vegetation. The re-

maining percentage is modified by plant structures and utilized
in other ways. Figure 2. 3-1 depicts land use within a 2-mile
radius of the Fort Calhoun Station.

2.3.2 Regional Land Use

As with local land use, regional land use is largely
concerned with agriculture. Corn is the most extensively cul-

tivated crop in the regior., comprising over 61 percent of all
crops harvested in the 3 county area in 1972. In Washington

County, Nebraska, alone, approximately 9 million bushels of
corn were produced en 25,800 acres of land, for an average
yield of 103.1 bushels per acre, compared to 104.0 bushels
per acre produced statewide. An additional 5200 acres of
corn were harvested as silage, producing (8,000 tons or 15
tons per acre.

Soybeans comprised approximately 18 percent of the
harvested crop acreage in Washington County in 1972. Washington
County farmers produced soybeans on 27,200 acres, yielding
32.0 bushels per acre, for a total production of 870,000
bushels.

Alfalfa was produced for hay or s.lage on about 13
percent of the harvested crop acreage. Some alfalfa grown

naar alfalfa mills is dehydrated and made into livestock pel-
lets or meal. Alfalfa stands are allowed to remain for several
years until productivity declines and weeds invade, then alfalfa
ground is turned back into row crops. Alfalfa was produced

on 19,600 acres, producing 3.90 tons per acre in Washington
County in 1972.

_ 77
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SECTION 2 - SITE AND ENVIRONMDTAL INTERFACES (Continued)

2. 3 Lano Use (Continued)

2.3.2 Regional Land Use (Continued)

Other crops in Washington County are wheat, oats, and
sorghum, conprising about 7 percent of the harvested acreage
of Washington County in 1972. Pasture in Washington County
accounts for 21,219 acres. Most of the pasture is brome-
legume mixtures. Some .'ative vegetation still exists along
the Missouri River bluffs, but is not extensive. Table 2.3-1
summnri zes Washington County agricultural production for 1972,
ss well as production for Harrison and Pottawattamie Counties.

Livestock production plays an important role in the
agricultural economy of Washington County. In 1972, about
12,000 cows calved, 90,000 cattle were grain fed, and the
total value of all cattle in Washington County was $15,387,kO6.
Hogs num?ered 63,700 vith 14,900 sovs farrowing. The number
of pigs raised was estimated at 108,000. Total clickens num-
bered 85,400.

Agricultural production and major land use in Harrison
and Pottawatt1mie Counties in Iowa is similar to those in
Washington County, Nebraska. Refer to Table 2.3-1 for com-
parison.

In additian to agricultural use, regional lanus are
also used for residential, recreational, and industrial /ccm-

mercial purposes. The distribution of residences is reflected
in the population data shown in Table 2.2-2 and Figure 2.2-1.
Most families within 5 miles of the plent site live in single
family resiaences. Future residential land use calls for
major residential expansion into Washington County by 1990.
This will occur primarily from expansion of existing communi-
ties, rather than from scattered dwellings along rural roads.

heereational land use within a 5-mile radius of the
Fort Calhoun Station occurs over approximately 16 percent of
the area. The h major recreational pursuite in the area are
fishing, boating, camping, and hunting. These activities,
except 'or hunting, are done primarily on k recreational areas
in Nebraska and Iowa as follows:

1. DeSoto National Wildlife Refuge (2 miles east).

2. Wilson island State Park (4.5 miles southeast).

3 California Bend State Wildlife Refuge (3.6 miles

north).

h. Nobles Lake State Wildlife Manugement Area (5 0
miles east-southeast).

n
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Table 2.3-1
Agricultural Production in Washington County, Nebraska, and harrison and

Pottavattamie Counties , Iowa,1972

HARVESTED ACRES PERCENT HARVESTED ACRES
LAND USE

WASHINGTON HARRISON POTTAWATTAMIE WASHINGTON HARRISON POTTAWATTAMIE
__

Corn 85,300 150,335 210,210 57.7 62,6 61.e

Corn Silage 5,200 6,071 11,893 3.5 2.5 3.5

Oats 3,900 6,237 11,406 2.6 2.6 3.3

Soybeans 27,200 53,865 78,062 1.3. 3 22.4 22.7

Sorghum 3,800 1,612 1,409 .5 0.7 0.4
*

y Wheat 2,300 2,715 620 1.r 1.1 0.2

Popcorn 4,887 1,118 2.0 0.3

Alfalfa Hay 19,600 12,988 26,626 13.2 5.4 7.8

All Other Hay 800 1,075 1,322 0.5 0.4 0.4

. ;is c . Crops 200 586 729 0.1 0.3 0.2

TOTALS 247,68) 240,371 343,395 100.0 100.0 100.0
S
NbI
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SECTION p - SImE AND ENVIRON 3' ENTAL INTERFACES (Continued)

2.3 Land Use (Continued)

2.3.2 Regional Land Use (Continued)

The DeSoto National 'dildlife Ref'tge consists of 7800
acres of land and 800 acres of water, designed primarily for
the purpose of a vildlife refuge. The refuge offers boating,
water skiing, fishing, limited hunting, and picnicking.

The Wilson '.sland State Park offers picnicking, camp-
ing, and boat laar.ch facilities to the !Essouri River. The
Cslifornia Bend and Nobles Lake Wildlife Refuges do not offer
visitor facilities, other than boat ramps at Nobles Lake, but
are available for nature observation and occasionally for
hunting. Private lands offer most hunting opportunities.

Industrial and commercial land use within the 5-mile
radius of the nlant is sparse and limited primarily to the
communities if Blair and FEssouri Valley. No large commer-
cial develcptents occur in either town, but the normal com-
munity facilities such as gas stations, grocery stores, and
small shops provide for local needs and create some employ-
ment opportunities. Large industries occur only in the city
of Blair. These are 4 in number, serving local and regional
markets. The Blair Manufacturing Company, which fabricates
farm equ$ptent and employs about 250 people, is the largest
in Blair. Other important industries are the Concrete Equip-
ment Company, fabricators of equipment for concrete industries,
employing approximately 27 people, and McCrea Manufacturing,
manufacturers of hydraulic motors, employing about 30 people.
One large industry lies just outside the 5-mile radius to the
southeast of the site. This is the Wilkinson Manufacturing
Company in Fort Calhoun, which processes and stores bulk
alurinum and employs approxirately h50 people.

Serving industrial and commercial facilities , as well
as regional residents, within a 50-mile radius of the plant
is a substantial network of transportation facilities, in-
cluding railroads, as well as important air and water trans-
portation facilities. Eight major railroads operate main-
line or trunk facilities within a 50-mile radius. Currently,
the Omaha-Council Bluffs area is the fourth largest rail
center in the country, with switching and handling operations
for several railroads, as well as important inter-railroad
exchanges. The railroads currently operating in the area
are Burlington Northern , Inc. , Chicago, FElvauxee , St. Paul
and Pacific Company; Chicago and Northwestern Transportation
Company; Chicago, Rock Island and Pacific Railroad Company;
Illinois Central Gulf Railroad; Missouri Pacific Railroad
Company; Iiorfolk and Western Railway Co=pany; and Union
Pacific Railroad Company. Of these, only the Chicago _nd

i} E) {-. \ 'u j1
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SECTION 2 - SITE AND ENVIRONMENTAL INTERFACES (Continued)

2. 3 Land Use (Continued)

2.3.2 Regional Land Use (Continued)

Northwestern Railway operates within 5 miles of the site.
Its east-west line passes no closer than 2 miles north of
the site and handles about 28 freight trains per day.
Figure 2.3-2 shows railroads within a 50-mile radius of
the Fort Calhoun Station.

Air transt 'ation is facilitated by 31 airports of
varying eize and quality. Figure 2.3-3 depicts airports
within a 50-mile radius of the Fort Calhoun site. Omaha's
Eppley Airport is the region's principal commercial service
facility. with over 120 arrivals and departures daily.
Eppley Airfield is the focal point with connections to the
site via ground transportation. Primary military fields
include Offutt Air Force Base at Bellevue and H. J. Paul
Army Air Field, located at Ashland.

Water transportation occurs exclusively upon the
Missouri River, which is an important link in the movement
of many bulk commodities. In 197h, the Corps of Engineers
reported that 227 round trip barge trains, averaging 3.h
barges per train, carried 1.,310,082 tons from the Kansas-
Nebraska border north to 5 uux City. Four docking facili-
ties exist near the Fort Calhoun Station.

Highway transportation is accomplished using an ex-
tensive network of highways, consisting of interstate free-
vays, "U. S." designated highways, state highways , and country
roads, in addition to streets located in city and townc. The
major hig'.vays are I-80, running east-ves; through Omaha-c

Council Bluffs; I-29, passing north-south through Council
Bluffs on the Iowa side of the Missouri River; I-630 and
I h80 in the Omaha metropolitan area; U. S. Highways 6, 30,
and 34, running east-west; U. S. Highways 59, 73, 75, 77,
and 275, running north-south; and an interconnecting network
of numerous state highways. Figure 2.3 h is a tap of the
principal highways shown in relationship to Fort Calhoun
Station. Highway 73 provides main access to the site.

2.3.3 Locations of Kearest Indicators From Centerline of
Containment Building

_

The distance (within 5 miles) from the Fort Calhoun
Station reactor containment structure to the nearest milk
producing animal, pork anical, beef animal, residence, vege-
table garden, and site boundary, for each of the 16 major
compass points, is shown in Table 2.3-2. Within a distance
of 5 miles, there is e ly one co==ercial Grade A milk pro-
ducer. The R. P. Flynn and Sons Dairy is located on the

ih ) [ 0 t-
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SFCTION 2 - SI'IE AND ENVIROIDENTAL INTERFACES (Continuudi

2. 3 Land Use (Continued)

2.3.3 Locations of Nearest Indicators From Centerline of
Containment Building

north edge of Blair, approximately 3.1 miles northwest of
Fart Calhoun Station. This producer milks an average of 131
cows per day, with a maximum of 150 per day. Assuming an
average daily production of 5 to 6 gallons of milk per head,
the 131 cc is within the 5-mile radius produce between 655
and 786 gallons per day; 150 head would produce between 750
and 900 gallons per day.

In keeping with close agricultural ties, many rural
residences in the 5-mile radius cultivate small vegetable
gardens where crops such as sweet corn, tomatoes, green
veans, cucumbers, rhubarb, etc. are harvested, eaten fresh,
or preserved for vinter consumption. The vegetable garden
closest to the site is 0.75 mile to the south-southwest.
The residence closest to the site is 0.7 mile to the south-
vest.

2.h Water Use

Water is used for recreation, transportation, and municipal,
industiial, and agricultt. 2 uses. Both surface and ground water
supplica are used. Recreational and transportation water use is
discussed in section 2.3. Figure 2,k-1 illustrates the location
and magnitude of industrial, municipal, and agricultural water
usage in the 7-county Omaha-Council Bluffs area.

Agricultural water usage is primarily for irrigation. Wash-
ington County has 32 registered irrigation vells and L926 irrigated
acres. Irrigation vells in the county average about 910 gallons
per minute. Harrison County has 14,708 irrigated acres and 73
egistered irrigation vells, averaging a rate of 1600 gallons per

miaute. Pottawattamie County has 3079 irrigated acres from 17
irrigation wells and 6 surface water sources. Only 1 irrigation
vell is registered within 2 miles of Fort Calhoun Station. This
has m. appropriation of 1000 acre-feet per year for irrigatir.g
1000 acres in Iowa north of the station.

Industrial water users in the vicinity of the Fort Calhoun
Station site are shown in Figure 2.h-2. Only the industrial users
whose source of supply is the Missouri River or the alluvial aquifer
could interact with liquid effluent from the plant. Most of the
industrial users in the Omaha-Council Bluffs area use Metropolitan
Utilities District water, of which approximately 60 percent comes

from the Missouri River intake located 19 7 river miles downstream.
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SECTION 2 - SITE AND ENVIRON' ENTAL INTE9 FACES (Continued)

2.h Water Use (Continued)

Wells for domestic and livestock water supply are fairly com-
mon within a 2-uile radius of the plant location. There are a total
of 61 vells within 2 miles, with only 7 of these wells located within
a 1-mile radius. More than one-half of t':e wells are found above
the flood plain, southwest of the Chicago and Northwestern Railway
track. Of those wells located along the flood plain, lh are centered
around the co= unity of DeSoto, downstream of the project area. The
remaining wells in the flood plain are in Iowa, upstream from the
project location. Generally, the wells a: e of 2 types, drilled in
vells, with well screens, and driven sand point wells.

The Fort Calhoun Station is 1 of the major water users in tne
area. Water for cooling and in-plant needs is drawn by pumps through
a concrete intate structure on the river edge. Maximum use, which
normally occura during the summer, is considered to be 365,500 gal-
lons per minute (gpm). Minimum use, occurring during reduced load
periods and during some vinter operations, is considered to be
2h5,000 gpm.

Of the maximum use of 365,500 gpm, 365,000 gpm is used for
circulating cooling water, with 360,000 gpm pumped by the 3 main
circulating vater pumps and 5000 gpm pumped by the rev vater pumps.
The additional 500 gpm pumped by the rav vater pumps is supplied
to the water treatment plant. After pretreatment, the water supply
is divided into 2 streams: 1 stream is the source of potable and
service water (approximately 200 gpm), and the other stream is
diverted to the ion exchange units (approximately 300 gpm), from
which demineralized water is supplied for the condensate makeup
system and the primary water makeup system.

All 365,000 gpm of circulating water is returned to the
Missouri River. About 3000 gpm of this circulating water is diverted
for the purpose of washing the traveling screens and is returned
to the river at the intake structure. The remaining circulating
water is returned to the river via the discharge structure after
passing through the condensers.

Most of the 500 gpm supplied to the water treatment plant is
consumed by in-plant uses, but seme vastevater is returned to the
river following treatment.

25 Ecoloey

251 Terrestrial Ecolorv

The plant site is located on the Missouri River flood
plain cdjacent to the river. The river at the site is near
the vestern edge of the flood plain, approximatcly 2000 feet
from bluffs rising to rolling uplands. The flood plain extends
cast from the site for approximately 9 miles. Flood plain

30
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SECTION 2 - SITE ANb ENVIRONMENTAL INTERFACES (Continued)

25 Ecology (Continued)

2.5 1 Terrestrial Ecoloey (Continued)

forests are concentrated along the river and at the base of
the bluff. Within the strip of forest along the river there
are lateral sloughs in various stages of biological succession,
ranging from open water to dense cattail marshes. Two creeks
flov into the Missouri River from the vest in the vicinity
of the plant; Fish Creek to the north and Long Creek to the
south. A narrow strip of forest occurs along these creeks,
where they flow through crop lands. The forests on the flood
plain are dense and are characterized oy willows, cottonwoods,
boxelder, and hackberry. These forests have well developed
shrubbery or herbaceous understory. There are a few sma]l
marshes on the flood plain occurring next to the lateral
sloughs or the creeks, where there is an abundant veter sup-
ply. These marshes are dcminated by cattails in the vettest
areas and by goldenrod and numerous grass species in the drier
areas. Muskrat, water fowl, and beaver inhabit the marshy
areas.

The uplands are separated from the flood plain by
steep irregular bluffs formed by loess which erod 'o fccm
deep gullies. The bluffs and other steep areas ar- '.marily

covered by upland forest, oak-dominated in the most ue+n-a
stands, and there is usually a dense layer of shrubby under-
growth. The uplands are primarily covered by farmland, in-
cluding pastures and are inhabited by deer, various species
of rodents, pheasant, and other birds.

Terrestrial flora are divided among individual habitat
types, including flood plain forest < upland forest, pasture
and planted grass lands, marsh lands, crop lands, and exposed
areas. The distribution of these habitat types within a 2-
mile radius of the Fort Calhoun Station is shown in Figure
2. 3-1. The percentage of the area occupied by each of these
habitat types is listed in Table 2.5-1. Of the terrestrial
flora species identified as possibly existing near the site,
two are on the Department of Interiors' list of Threatened
or Endangered Fauna or Flora. These are the prairie orchis
(Platanthera leucophaea) and the small white lady's slipper
(Cypripedium candidum). Neither has been collected on the
site.

Flood plain forest occupies 939 acres (11 7 percent)
of the 2-mile radius. Most of this vegetation type is re-
stricted to the areas adjacent to the FEssouri River, vith
a s=all tract occurring at the base of the bluff. The flood
plain forest in eastern Nebraska is dominated by a number of

4 0 7,
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Table 2.5-1
/ Habitat Types Within a 2-Mile Radius

of the Fort Calhoun Station

HABITAT TYPE ACRES
2-MILE RADIUS

Croplands 55.21 4,438.00

Floodplain forest 11.68 938.89
Upland forest 11.16 897.08

Pasture and grazing 9.57 769.27
Water 5.44 437.29
Roads 2.17 174.43

Marshland or grassland 1.92 154.34
Residential, commercial 1.46 117.36
Exposed areas 1.15 92.44

Fo't Calhoun Station Unit No. 1
Structures 0.24 19.29

TOTAL 100.00 8,038.40
(12.56 sq. mi. )
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SECTION 2 - SITE AND ENVIRON'GNTAL INTERFACES (Continued)

25 Ecology (Continued)

2.5.1 Terrestrial Ecolo y (Continued)
,

f

tree species, each of which is characteristic of certain
stages of succession. The more immature stages of succession
are found in relatively unstable areas; for example, on the
bank of the river or adjacent to a marsh. Later successional
sta6es are found in more stable areas, with the most advanced
stages being located in arean which have remained undisturbed
for the lengest periods of time. Peachleaf villow and black
villow are dominant tree species in the earliast stages of
successicn. The general succession on the flood plain is
from villows, to cottonvood, to mulberry-boxelder-hackberry
dominated forest.

Upland forest, loem ad primarily in areas too steep
or otherwise unsuitable for crop cultivation, occupies approxi-
mately 897 acres (11.2 percent) of the area included within
a 2-mile radius of the plant. It is dominated primarily by
bur oak at maturity. Immature sections are dominated by box-
elder, mulberry, and elm.

Areas of pasture or planted grass land have replaced
much of the original forest and prairie in the uplands and
occupy almost 10 percent (769 acres) of the land within a 2-
mile radius of the plant. Pasture and planted grass land
are composed primarily of introduced vegetation, but some
native species are present. Important species fo 2nd in this
habitat cre smooth brome, black alfalfa, and Kentucky blue-
grass.

Marsh lands occupy less than 2 percent of the area
within a 2-mile radius of the plant. These remain vet through-
out spring and most of the swmner, but generally dry out in
autu 'n and reestablish in spring with the melting snow. Domi-
nant s,'cies in dry marshes are goldenrod and horsetail. Wet-
ter marst_s are co: posed pritarily of cattails and arrowheads.

Fifty-five (55) percent of the land (hh38 acres) v'th-
in the 2-mile radius, including most of the flood plain, is
crop land with corn most commonly planted. Approximately 1
percent of the area is exposed, without crops or any identi-
fiable ecological succession.

In addition to a diverse population of flora, a vide
variety of terrestrial animals occur in the vicinity of the
plant. Table 2.5-2 provides e. comprehensive species list ,
which includes all of the vertebrates that have been observed
or that may cacur near the site. The habitat types in which
each species is expected and in which each has been observed

AO' ) () E
~
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Table 2.5-2
Cor:prehensive Vertebrate Species List

(Estimates of Abundance in the Terminology of the
Authors Cited - See Key Below. Habitat Preferences

Based on the Authors Cited and on Field

Observations at the Site.)
(Page 1 of 9)

YEY

P = Present, observed, but density not known.
I = Inferred, likely to be present. Range includes the study area and

suitable habitat exists, but potential density is unknown.
C = Observed or inferred, relative abundance known or estimated to be

common or abundant.
U = Observed or inferred, relative abundance known or estimated to be

uncommon.
O = Observed or inferred, relative abundance known or estimated to be

occasional.
R = Observed or inferred, relative abundance known or estimated to be

rare.
A = Observed or inferred, relative abundance known or estimated to be

accidental.

Q = Questiotable.
() = Observed or collected in a pond. ,
E = Edge of range.

N = Birds recorded sinc 7 1968 at the DeSoto National Wildlife Refuge,
but not rated for abundance.

x = Knewn from literature to occur in this habitat type.
* = Observed during the applicant's preoperational ecological monitoring

program.

REPTILES:

1. Ioth, 1974 N f. 2.2-118).
2. Dunlap and Kruse, 1973 (Re f. 2.2-35) .
3. Hudson, 1972 (Re f. 2. 2-49) .

4. Conant, 1958 (Ref. 2.2-3) .
5. Lynch, 1975 (Ref, 2.2-119).

BIRDS:

1. U.S. Department of the Interior, 1968, and E. Loth, ?^68
(Refs. 2. 2620 and 121) .

2. Fontennelle. Forest Nature Center (Ref. 2.2-122).
3. Rapp, et al., 1958 (Ref. 2.2-28).
4. Checklist of T. Kain (Ref. 2.2-12 3) .

MAMMALS:

1. Ioth, 1974 (Re f. 2. 2 ' 14) .

2. Dunlap and Kruse, 1973 (Ref. 2.2-35).
3. Nebraska Game & Parks, 1972 (Re f. 2. 2-18) .
4. Burt & Grossenheider,1964 (Re f. 2. 2-6) .
5. Hall & Kelson, 1959 (Ref. 2.2-45).
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h'Iable 2,5-2

(Continued) "

Cc:::prehensive Vertebrate Species List
(Page 2 of 9)
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Comprehensive Vertebrate Species List
(Page 3 of 9)
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SECTION 2 - SITE AUD ENVIRO'3?NTAL INT 3 FACES (Continued)

25 Ecoloey (Continued)

251 Terrestrial Ecoloey (Continued)

and the relative abundance of each species are indicated.
Certain species are of particular importance in the area
because of their economic or recreational value or because
of their rarity or i=portance in the ecosystem. Of re-
creational importance among the amphibians is the bull-
frog. Bullfrogs are hunted during state controlled hunt-
ing seasons in both Icva and Nebraska.

Some birds near the Fort Calhoun Station are also
considered to be of particular significance, either because
of their economic or recreational value, or because of their
rare or endangered status. The birds most heavily utilized

recreationally in the area are waterfowl. Fourteen (14)
species of ducks and 2 species of geese are common and nost
of these species pass through the ..dy area during the fall

and spring migration along the hic.auri River corridor of
the Mississippi Flyvay. The plant is not in an area of b 'gh.

waterfowl production, with only 3 species of ducks (vood lucks,
callards, and blue-vinged teal) known to nest at the DeSo.o
National Wildlife Refuge. In addition to waterfowl, upland

game birds, notably the bobvhite quail and ring-necked pheasant ,
are also hunted recreationally near the plant.

Four (h) species of birds which are listed as rare,
threatened or endangered may occur in the area. These are3

the American peregrine falcon, the American osprey, and the
northern bald eagle. The American peregrine falcon, con-
sidered endangered nationally and in Nebraska, does not breed
in Nebraska, but occurs as an occasional migrant and an oc-
casional vinter resident, most commonly observed in the cen-
tral snd northwestern regions of the state. The American
caprey, classi.*ied as status undetermined, has been observed
nesting in the DeSoto Wildlife Refuge on one occasion, but
the bird is considered an uncommon migrant, most abundant

along the Missouri River. Northern bald eagles, classified
as rare in Nebraska, are considered unco ==on migrants and
winter residents. The summer tanager, listed as a rare species
in Nebraska, is probably at the extreme northern edge of its
range within the study area.

Three (3) species of nat=als, potentially occurring
near the site, are rare or endangered. Some species of larger
mammals occupying the site are used for commercial or re-
creational purposes. The species hunted for recreational
purposes are the whitetail deer, eastern cottontail rabbit,
and eastern fox squirrels. Co==ercially harvested ma==als ,
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SECTION 2 - SITE AND ENVIRON' ENTAL INTERFACES (Continued)

2.5 Ecology (Continued)

2.5.1 Terrestrial Ecolory (Continued)

trapped for pelts, are muskrat, beaver, mink, raccoon, skunk,
opossum, badger, bobcat, coyote, and fox. Rare or endangered

narnals potentially occurring in the area include the southern
flying squirrel, eastern chipmunk, and swift fox. The swift

fox, listed as a endangered specier by the Nebraska Game and
Parks Commission, is most likely to occur in the southwestern
portion of the state many miles from the plant.

2.5.2 Acuatic Ecology

The aquatic habitat within a 2-mile radius of the Fort
Calhoun Station are the Missouri River, Long Creek, Fish Creek,
and several sloughs. The Missouri River near the plant is

highly controlled and channelized. It is approximately 600
feet vide and is confined to a sinuous artificial channel.
The concave banks of the channel have been stabilized by
boulder ziprap, while the convex banks have filling dikes.
The main channel has current of u to 6 feet per second, a

depth of 9 to 20 feet, and a substrate of fine to coarse shift-
ing sand. In summer and fall, the bottom consists of undulating
dunes which cause turbulence cells that appear as boils on the

water surface. Sediment load is quite high, resulting in re-
duced light penetration. Water temperatures vary from 320F
in vinter to 850F in summer. In vinter, the river may freeze

approximately halfway across along the convex bank, and the
remainder of the channel often contains floating ice cakes.
The water flow is regulated to meet the needs of barge traffic ,
flood control, irrigation, pollution control (at lov flows),
and generaticn of hydroelectric power by releases from up-
stream impoundments. During vintor, when there is no barge
traffic, the discharge from the im;,undments is reduced,
causing the water level to drop sevecal feet in addition to
the drcp caused by lov te=perature and bottom changes. A

more detailed description of tne river, along with water quality
and temperature data. is presented in the hydroloey discussion
in section 2.6.

Long Creek is a small tributary of the Idssouri River
that drains the upland terrain south of the site. It crosses

the flood plain in a northerly direction and enters the river
approximately 0.75 mile south of Fort Calhoun Station Unit
No. 1. The creek is 6.8 miles long and its banks are well
vegetated. Submerged logs and brush are common. The upper

portion of the creek is approximately 6 to 8 feet vide and
0. 5 to 1.5 feet deep, and the bottom substrate is sand with
soft silt in the eddies araund submerged logs. The lower

4
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SECTION 2 - SITE AND ENVIRONMENTAL INTERFACES (Continued)

25 Ecology (Continued)

2.5.2 Aguatic Ecology (Continued)

portion is acout 35 feet vide and 3 to 6 feet deep with a
soft silt bottom. The depth varies with river level and was
6 to 8 feet during the su==er of 1975. Flow rates have not
been neasured for Long Creek, but flows appe9: to be lov to
moderate most of the year and very lov to '.araxistent in
vinter.

The sloughs were forced by the channelization of the
Missouli River when a portion of the old channel was cut off.
These are normally very shallow (1.5 to h feet), viti aft
silt bottoms. The slough is similar in water quality ' the

Mlssouri River.

Fish Creek is a small intermittent stream that drains
a flood plain marsh northwest of the site. The lover portion
is 3 to 5 feet vide, and the water level depends on upstream
drainage and river level. Runoff from the cleared area of
the Fort Calhoun Station drains into the creek.

The biological makeup of the various aquatic habitats
near the plant is similar in many aspects. Sixty-four (6h)
species of fish have been reported for the Missouri River and
tributaries near the station, and these are listed in Table

2.5-3 Of these, 19 taxa are representative of co==ercially
or recreationally valuable species and species critical to
the functioning of the ecosystem. These species are listed
in Table 2.5-h. Of the commercial species, the channel cat-
fish, flathead cat #ish, and carp have made up most of the com-
mercial catch in recent years. Carp appear to consistently
dominate the catch in weight harvested; howcVer, the dollar
value of the catfish exceeds that of carp, and catfish may
produce a larger percentage of co=nercial fishermen's incore
than carp. The recreational species listed in the table are
those most sought after by sport fishernen, and the list of
species critical to the functioning of the ecosystem is con-
posed of representatives selected from all trophic levels of
the food vcb, which are relatively abundant at the Fort Cal-
houn Station.

Some of the fish potentially inhabiting the waters
near the plant are considered threatened in Nebraska, although
none is censidered endangered nationally. Table 2.5-5 pro-
vides a list of these. The status of these species near the
site is unknown. Table 2 5-6 shows the relative abundance
of all fish collected near the site.
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Table 2.5 4
Selected Representative Fish Species in the Missouri

River, Associated Backwaters, and Creeks Near Fort Calhoun

CATEGORY OF IMPORTANCE
SPFLIES

COMMERCIAL RECREATIONAL ECOSYSTEM

Channel catfish x a

Flathead catfish x x
Carp x x

Carpsuckers x x
Buffalofishes x x
Freshwater drum x

Sauger x
Walleye x
Goldeye x

Shortnose gar x
Gizzard shad x
Emerald shiner x

Red shiner x
Silver chub x
Crappies x x

Green sunfish x x
Blue sucker x
Shovelnoce sturgeon x

Paddlefish x x
.-
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Table 2.5-5
_

Threatened Fishes of :;ebraska

as Listed by R. R. Miller (1972)~

Chestnut lamprey (endangered) Ichthyomyzon castaneus
Silver lamprey (endangered) Ichthyomyzon unicuspis
Lake stu:geon (endangered) Acipenser fulvescens
Pallid sturgeon (endangered) Scaphirhynchus albus
Mooneye (endangered) Riodon tergisus
Sturgeon chub (endangered) Hybopsis gelida
Hornyhead chub (rare) Nocomis biguttatus
Blacknoce shiner (rare) Notropis heterolepis
Tupeka shiner (endangered) Notropis topeka
No.-thern redbelly daca

(rare and endangered) Phorinus eos
Finescale dace (endangered) Phorinus neogaeus
Bluntnose minnow (endangered) Pimephales notatus
Blacknose dace (endangered) Rhinichthys atratulus
Pearl dace (rare} Semotilus margarita
Highfin carpsucker (endangered) Carpiodes velifer
Black buffalo (indeterminate) Ictiobus niger
Golden redhorse (rare) Noxostons erythrurum
Blue catfish (indeterminate) Ictaluras furcatus
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NOTE: RELATIVE ABUNDANCE OF FISH COU rt'ED IN THE MISSOURI RIVER NEAR
FORT CALHOUN STATION BY BIO-TEST IN 1973 AND 1974.

J OMAHA PUBUC POWER DISTRICT Table 2.5-6 (Sheet 1 of 2)
FORT CALHOUN STATION Relative Abundance of Fish Collected in

the Missouri River Near Fort Calhoun
Station by Bio-Test
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CECTION 2 - SITE A'iD ENVIRCNMENTAL INTERFACES (Continued)

2.5 Ecolocy (Continued)

2.5.2 Acuatic Ecolocy (Continued)

Stomach content analysis of fish in the e.rea showed
that an important food source is drift macroinvertebrates.

These can be of terrestrial origin, washed into the river by
rain, or organisms which spend part of their li fe cycle in
the river. Approximately 140 taxa of drift macroinvertebrates
were collected during 1974 in the vicinity of the plant, as
shown in Table 2.5-7 The most abundant organisms collected
during 1974 vere the caddis fly and muy fly. Seascnal shifts
were identified with respect to species composition and den-
sity. In general, highest densities were observed during the
spring.

In addition to fish and drift macroinvertebrates , the
a. ea aquatic habitat's makeup with respect to aufvuchs , ben-
thic macroinvertebrates, zooplankton, macrophytes, periphyton,
and phytoplankton was assessed. Aufvuchs (those organisms
living attached or in close association with a submerged sub-
strate) have been collected from various artificial and
natura2 substrates in the Missouri River. Tsxa reported
from the middle Missouri River, including those collected from
artificial substrates exposed in the vicinity of the plant,
are listed in Table 2.5-8. The macroinvertebrate assemblage
was co=pcsed almost exclusively of caddis fly, may fly, and
midge fly larvae. The most abundant crganisms collected were
the same organisms. The largest abundance of total organisms
occurred during July through September. In general, the
abundances of organisms immediately downstream from the station
vere as large or larger than the abundances at any of the other
transects upstream or further downstream from the station.

Approximately 100 benthic macroinvertebrate taxa were
collected in the middle Missouri River, as shown in Table 2 5-9
The number of taxe 'ollected from the channelized areas was
generally lower than the number of taxa collected from un-
channelized areas. The benthic community was dominated by
four groups: Oli gochaeta, Ephemeroptera, 'ricoptera, and
Chirc onomidae. The average standing crop af benthic macro-
invertebrates in the channelized Missouri River near the station
van estimated to be approximately 36.6 grams per square meter.

Zooplankton (those invertebrates less than 500 microns
in length which drift with the current) are repcesented by
136 taxa collected from the middle N1ssouri River. Table 2.5-10
provides a list of these. The zooplankton community in this
area consists primarily of copepods , cladocerans , rotifers,
and protozoans. The abundance, species composition, and species
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Table 2.5-8
(Continued)

e,/ Aufwuchs Organists Collected in the Miscouri ' )
River and Adjacent Backwaters
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Additional Auf'irachs Species Identified Too Late

for Inclusion in Table 2.5-8 (from OPPD Rock Basket
Samplera at. Fort Calhoun Station, 1973-197h)

(Page 3 of 3)

..

~ ,~;y;, ,., ~;;-~ . , ,.

- ..
. . . . . . _ . . . . . .

. . . . . . .
... ,

- _ . . . . . , . . . . . . ... .... .... .

. . . .
..

. , . ......- . .
.

... - -
. . . - , .

pe.i

.._
.e

.s.,.e.. . . . . .
. ..- .

. _ _ _ . .
. . . . . . . . . , - . .. .

. . . . , . . . . .

P g.e
.- . . . .

- . . . . . . .. . . , .

. . ..
. _ . . ,_. . .

. . . . . _ .

. . . . . . . . . .

. . . ..

. ,
. .ty .

4D'. .im 4
.

. .e.se q .is .e
. ..t... . .P 4 b.

6.f 6., . . .L16 6.4
.ed s.f f.# ed .. .

-.. .

.-- .

.. . . . .~ . . .
. . _ . _ .. . . .. . .

>

-

50

49/. 21n0
_

'



O i, jO ,fh
[f U lln Osdiddd 6

Table 2.5 0
Benthic Organisms Collectr.d in the~ Missouri

River and Adjacent Backwaters
(Paga 1 of 2)
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':'able 2. 5-9
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Benthic Organisr.s Collected in the Missouri
River and Adjacent Backwaters

(Page 2 of 2)
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9 Continued,
Zooplankton Collected in the Missouri

River and Ad.iacent Backwaters
(Page 2 of 2)
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CECTION 2 - CITE AND ENVIRONMENTAT, INTERFACES (Continued)

2.5 Ecology,(Continued)

2 5.2 Acuatic Ecology (Continued)

diversity of riv. zooplankton populations fluctuate seasonally.
In general, zooplankton densities are low during the fall and
vinter, reach a maximun in late spring, and subsequently de-
cline through the sunter. Total zooplankton densities ranced
from 13,557 per cubic meter in June to 185 per cubic meter in
August .

Fifty-seven (57) taxa of periphyton (algal species
growing on artificial or natural submerged substrates) were
identified from glass slides exposed to the >Hasouri River
near Fort Calhoun Station, as listed in Table 2.5-11. The
seasonal development of periphytic communities in the >Hssouri
River necr Fort Calhoun Station has generally reflected a
succession of diato= (P4cillariophyta) species. Comphoneta,
Fragilaria, and Nitzsenia were most prevelent in spring to
mid-summer; Navicula, Go=phonena, Cocconeis, and Biddulphia
in late sun-or; and Biddulphia, Cocconeis , Navicula, and
Nitzschia in the fall.

A 103 taxa of phytoplankton were reported from the
buscouri River in the vicinity of the station; however, 3L2
taxa were identified downstreat at 2 other power stations

( 30 and llh miles downstream) . Most species collected at
these other 2 power stations probably occur at the Fort

~ ble 2.5-12 lists species collected.Calhoun Station. 1

The phytoplanktc; emblage of the Fort Calhoun Station con-
sisted primarily c; .iatoms (Bacillariophyta) and green algae
(Cryptophyta). Groups infrequently observed included cryptomonada
(Cryptophyta), euglenoids (Euglenophyta), and dinoflagellates
(Pyrrophyta). These phytoplankton species were primarily
responsible for the seasonal variation in total phytoplankton
densities. In general, green algae were dominant during the
spring and summer months , except for a pulse of blue-green
algae in August and September, while diatoms comprised the
majority of phytoplankton in the vinter.

No aquatic macrophytes have been observed slong the
channelized banks of the Missouri River.

Additional detailed data on characteristics of the
ecological makeup of the area is available in the U2 ER.

2.6 Meteorolozy

2.6.1 Recional Climatology

The general climate of the region is classified as
continental, i.e., hotter in summer and colder in vinter than

61
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SECTION 2 - SITE AND ENVIRONME' ITAL II"I'ERFACES (Continued)

2.6 Meteorolocy (Continued)

2.6.1 Recional Climatolocy (Continued)

in lands near the ocean. However, Nebraska is located midway
between 2 distinctive climatic zones, the humid east and the
dry vest. Thus, cyclic veather conditions representative of
either zone, and combinations of both, occur. Changes in
weather result from the invasion of large masses of air aith
dissimilar properties, such as varm, moist air from the Gulf
of Mexico, hot, dry air from the southwest, and cold, dry air
frcm the northwest. The region is also affected by many storms
or cyclones (areas cf low pressure) which travel across the
country, generally * rom vest to east. Thus, periodic and rapid
changes in the weather are normal, especially in the vinter.

Annual average precipitation for the region is about
28.h inches, but annual amounts vary videly from year to year.
For example, at Omaha in 193h, the total was 1h.9 inches,
while in 1965 the total was hk.85 fnehes. About 75 percent
of the precipitation occurs during showers and thunderstorms
during April through September. Snowfall amounts to about
32.0 inches of snow for an annual average, but total annual
amounts vary videly from year to year.

The surface vind direction and speed is quite varied
during all seasons of the year. The pre railing direction from
May through December is from the south-southeast with the north-
northwesterly vinds prevailing during the remainder of the
year. The mean annual wind speed is 10.9 miles per hour.

The mean annual temperature for the region is 50.90F.
The January monthly mean iu 23.2oF, while that for July is

Th.6o?. Relative humidity in the region varies from an aver-
age of about 73 percent for the period midnight-to-noon and
about 63 percent for the period noon-to-midnight. The mean
percentage of possible sunshine over the area is about 50 per-
cent in vinter and about 70 percent in summer.

Data on air pollution levels in non-urban areas of
the region, except for levels of total suspended particulates,
are sparse or nonexistent. In the case of total suspended
particulates , both the annual and dh-hour federal primary
standards have been exceeded at some sampling locations.
However, the existing levels of air pollution are not ex-
pected to affect plant operations. The plant's contributions
to air pollItion levels are insignificant.

G )f \
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SECTION 2 - SITE AND ENVIRONMENTAL INTERFACES (Continued)

2. 6 Peteorology (Continued)

2.6.2 Local Meteorology

Data from proxical long-term National Weather Service
Stations are used to supplement the existing Fort Calhoun
data in formulating the description of the local meteorology.

The on-site weather program currently utilizes 1 veather
tower, 110 meters tall, which has been in operetion for approxi-
mately 4 years and provides vind and te=perature gradient in-
fornation. Two other weather towers, 40 feet tall and 100 feet
tall, were utilized in the past. Section 5.1.3 provides a his-
torical perspective of the on-site meteorological programs and
provides specific information in regard to monitoring capabi-
lities.

Surface (68 to 71 feet above ground level) vind data
from Omaha Municipal Airport, Eppley Airfield in Nebraska, for
the years 1951 through 1960, are used as a climatological base
to approximate the normals that may be expected at the site.
On an annual basis, south-southeast is the most frequent (18.8
percent) wind direction. The wind is from the southeast through
the south 37 percent of the time and from the northwest through
the north 29.8 percent of the time. The least frequent direc-
tions are couthwest through vest and northwest through east.
These frequencies are 6.5 percent and 7.7 percent, respectively.
Calms occurred slightly over 3 percent of the tine, and the
average vind speed for the total of all observations was 11.6
miles per hour. The maximum vind speed recorded at Eppley
Airfield in Omaha for each month of the year during a 39-year
period (1936 thrcugh 1974) is shown in Table 2.6-1.

Table 2.6-2 shows the climatological normal and mean
temperatures for the period 1941 through 1970 at Eppley Air-
field. It also shows extreme temperatures for the period
August, 1963, through December,1974 Two of the record lov
temperatures shown in the table were broken during 1975 An
extreme minimum temperature of -190F was recorded on Februar;
9, 1975, and a minimum of -1 F was recorded en March lh, 1975,
as a new record lov for that =cnth. This data correlates
closely with data from Blair, Nebraska, and North Omaha Air-
port, thus showing applicability to the Fort Calhoun Station.

The average relative humidity values for the Fort Cal-
houn site for h tineu of the day can be estimated from 11 years
of relative humidity data from Eppley Airfield. These data
are shown in Table 2.6-3.

}} .
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Table 2,6-1

/ Maximum Wind Speed for Eppley Airfield,
Omaha, Nebraska, 1936 Through 1974

MONTH MPH DIRECTION YEAR

January 57 hv 1938

February 57 hv 1947

March 73 hv 1950

April 65 hv 1937

May 73 NW 1936

June 72 N 1942

July 109 N 1936

August 66 N 1944

September 47 E 1948

Oct^ber 62 'W 1966

November 56 Na 1951

December 52 NW 1938
d

Maximum 109 N 1936

o ? **>
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Table 2.6-2
Monthly Temperature Statistics (OF) for

L'ppley Airfield, Omaha, Nebraska

EXTIEME AVERAGE MEAN AVERAGE EXTREME
OD MAXIMUM MAXIMUM TEMPERATURE MINIMUM MINIMUM

Janua ry 64.0 32.7 22.6 12.4 -22.0

February 78.0 38.5 28.0 17.4 -17.0

March 89.0 47.7 37.1 26.4 1.0

April 93.0 64.4 52.3 40.1 18.0

May 97.0 74.4 63.0 51.5 31.0

June 103.0 83.1 72.2 61.3 40.0

July 110.0 88.6 77.2 65.8 44.0

N August 107.0 87.2 75.6 64.0 43.0

September 100.0 78.6 66.3 54.0 31.0

October 95.0 69.1 55.9 42.6 13.0

November 80.0 50.9 40.0 29.1 -9.0

December 67.0 37.P 28.0 18.1 -13.0

Maximum 110.0 62.0 51.5 40.2 -22.0
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Table 2.6-3
Relstive Humidity Values for Eppley Airfield,,f

Omaha, Nebraska (1964-1974)

MEAN RELATIVE HUMIDITY
(Percent)PERIOD

__

1 180d00001 060d 1200
E

January 74 76 65 68 71

February 73 76 61 61 68

March 71 76 55 52 64

April 66 75 51 47 60

May 71 78 54 50 63

June 75 81 55 53 66

July 77 82 57 56 68

j August 80 87 59 58 71

Septeaber 83 88 62 62 74

October 77 82 56 58 68

November 77 81 63 66 72

December 78 80 68 71 74

Monthly
Average 75 80 59 58 68

1 Local standard time.

./
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SECTION 2 - SITE AND ENVIRONE'!TAL IN"ER? ACES (Continued)

2.6 Meteoroloey (Continued)

2.6.2 Local Meteoroloey (Continued)

Monthly and annual normal and extreme preci- .stion
amounts for Eppley Airfield are presented in Tabls h.
Average monthly precipitation follows a seasonal trerm,
reaching a maximum in June (4.9L inches) and a minimum in
January (0.76 inch). During the period 1936 thrcugh 1974,
extreme amounts have been as follows:

Minimum annual total 18.h3 inches (1953)
Maximum monthly total 13.75 inches (9/65)
Mdnimum monthly total Trace (12/43, 10/52)
Maximum 24-hour total 6.h7 inches (1965)

The mean number of days with measurable precipitatio. varies
between a 12-day maximum in May to a minimum of 5 hys in
November. The normals and extremes for amounts of snow and
ice pellets (including sleet) for Eppley Airfic'. : are shown
in Table 2.6-5. .During the period 1936 throusu 197h, ex-
treme amounts of frozen precipitation have been as rollows:

Maximum season total 58.5 inches (1947-19h8)
Minimum season total 8.0 inches (1953-1954)
Maximum monthly total 27 2 inches (3/48)
Minimum monthly total 0 inches
Maximum 2h-hour total 18.3 inches |2/65)

An on-site program was conducted to assess represent-
ative annual and monthly joint frequen2y distributions of vind
speed and direction by atmospheric stability class in order
to evaluate compliance with 10 CFR 50, Appendix I. These data
vere submitted to the Commission in a report entitled " Evaluation

of Fort Calhoun Stat'an Unit No.1 in Accordance With 10 CFR
Part 50, Appendix I, June 1976", with a letter dated June 2,
1976. The data presented in the report cover the periods
January 1,1974, through January 31, 1974, and January 1,1975,
through January 31, 1975 Self-explanatory data tables are
provided therein. The stability olasses used are based on
Pasquill's class structure as follows:

Pasquill Delta "
Class (Decree C.100m) Description

A <-2.0 Extremely unstable
B -1.9 to -1.7 Unstable
C -1.6 to 1.5 Slightly unstable
D -1.4 to -0.5 Neutral
E -0.h tc +1.5 Slightly stable
F +1.6 to +h.0 Stable
G >+h.0 Extremely stable
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Table 2.6 4
Normal and Extreme Precipitation Atounts (Inches)
for Eppley Airfield, 0:ahm, Nebraska (19hl-1970)

PERIOD
~'

NORMAL MAXIMUM MINIMUM MAXIMUM

January 0.iC 3.70 0.05 1.52

February 0.98 2.97 0.10 2.24

March 1,59 5.96 0.12 1.45

April 2.97 6.45 0.23 2 56

May 4.11 10.33 0.56 3.58

June 4.94 10.81 1.03 3.48

July 3.71 9.60 0.52 3.37

August 3.97 9.12 0.73 3.40

September 3.27 13.75 0.41 6.47

lOctober 1.93 4.99 T 3.13

November 1.11 4.05 0.04 2.53

December 0.84 3.30 T 1.79

Year 30.18 44.85 18.43 6.47

I T = trace

.



Table 2.6-5
Normal and Extreme Snow and Ice Pellet Acounts (Inches)

for Eppley Airfield, Omaha, Nebraska (1936-197h)

PERIOD
NORMAL MAXIMUM MINIMUM MAXIMUM

January 8.2 25.7 0.1 13.1

February 7.3 25.4 0.1 18.3

lMarch 6.9 27.2 T 13.0

April 0.8 8.6 0.0 8.6

May 0.1 2.0 0.0 2.0

. Tune 0.0 0.0 0.0 0.0

July 0.0 0.0 0.0 0.0

August 0.0 0.0 0.0 0.0

September T T 0.0 T

October O.3 7.2 0.0 7.2

Novembe r 2.5 12.0 0.0 8.7

De cerber 6.1 19.9 T 10.2

Year 32.2 58.5 8.0 18.3

I T = Trace

/
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SECTION 2 - SITE ANJ ENVIRON' ENTAL INTERFACES (Continued)

2. 6 Meteorology (Continued)

2.6.2 Local Meteorolory (Continued)

Coupled with atmospheric stsbility and derived there-
from are long-term ground release dispersion factors. These
are provided in terms of x/Q values in various vind directions
at evaluated receptors, out to 5 miles, in the report regard-
ing Appendix I, referenced above.

The Fort Calhoun site experiences onessional severe
weather, usually associated with thunderstorms which occur
sbout 48 days per year on a statewide basis, with the most
frequent activity in the month of June. Hail is observed
h days per year in most locations. Tha average number of
tornadoes expected in a 1 degree square in the general site
area is sbout 2 per year. Other severe weather conditions
include heavy precipitation, ice storms, and extreme vinds.
The probsbility of a tornado hitting the site in any given
year is estimated to be .00158, with a return frequency of
once every 633 years.

27 Hydrology and Water Quality

2. ".1 Surface Water Hydrolory

Surface water in the vicinity of the station consists
of the Missouri River and various small streams. The Missouri
River drainage basin upstream from the site encompasses 321,258
square miles and conveys runoff from T states (Nebraska, Iowa,
Mlnnesota, South Dakota, North Dakota, Montana, and Wyoming)
and the provinces of Alberta and Saskatchewan. Along the
length of the Missouri River, the U. S. Army Corps of Engineers
has constructed 6 major dams, referred to as the Missouri River
thin Sten Dams. These dams are used for the purpose of flood
control, irrigation, generation of hydroelectric power, flow
augmentation for the navigation season, and lov flow augnerta-
tion for pollution control. The major tributaries to the

Missouri River are identified in Table 2.T-1 and shown in
Figure 2. 'T-1. The table summarizes the location and river
miles of the major tributaries, the drainage area, average
discharges, and recorded maximum and minimum flow information.

The Missouri River near the site is approximately 600
feet vide and 15 feet deep, with an average discharge of 28,850
cfs at the USGS gauging station at Omaha / Nebraska. The aver-
age slope of the river from Gavins Points Dam to Omaha is ap-
proximately 0.0002 feet per foot.X The river reach from Sioux
City, Iowa, to Omaha is used for navigation and is maintained
in a relatively uniform condition with respect to vidth, depth,
and alignment. Many jetties, pile dikes, and levees have been

76 m70_,
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Table 2.7-1
Flow Data, Missouri River and Tributaries

WARR SURFACE

RIVER OR 141 CATION DA7E Or DATE CF
*M (5 MI.) ( ) C ) D )

(FEET M S .L. )

Missouri 805.8 Yankton, SD 279,500 25,520 480,000 !!75.2 13 April 1952 2,700.0 15 M r 1H)
knona-Ha r r i son
Ditch 670.; Tur in, I A 900 227 19,900 1043.0 19 February 1971 8.5 3 January 1959
Lit tle Siouz 669.2 Tur in , IA 4.027 1,078 30,000 1047.3 19 February 1971 22.0 10 rebruary 1959
Soldier 665.9 Pisgah, IA 407 125 22,500 1064.7 12 June 1950 2.0 2 January 1H5
Miss our i 646.0 Site 321,258 28,500 396,000 1008.7 IS April 1952 2,200.0 6 January 1937
Boyer 635.2 Logan, IA 1,000 306 25,000 1032.0 19 February 1971 1.5 16 July 193L
Missouri 615.9 Omaha, NB 322,800 28,850 396,000 988.4 18 April 1952 2,200.0 6 January 1917
Elkhorn --- teates loo, WB 6,900 a 124 100,000 1123.3 12 June 1944 %.0 12 unwester 1943
Platte --- South nend, Wu 88,800 5,399 124,000 1019.6 30 March 1960 240.0 3 september 1955
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SEC" TON 2 - SITE AND ENVIRO?WENTAL INTEh? ACES (Continued)

2.7 Hydrology and Water Quality (Continued)

2.7.1 Surface Water Hydrology (Continued)

constructed by the Corps of Engineers in order to provide a
uniform, relatively straight channel.

The flood plain of the bassouri River is approximately
10 miles in vidth near the site, narrowing to a few miles as
the river flows past Omaha. A typical cross section of the
river and its floci plain near the site is shown by section
32 on Figure 2.7-2. A plot of stage versus discharge at the
site is presented on Figure 2.7-3. Estimated mean velocity
versus mean discharge curves for the Fort Calhoun Station site
are shown in Figure 2.7-4. While the mean flow velocity ranges
between 3 and 5 feet per second during normal conditions , dis-
crete flow velocities may range up to approximately 7 feet per
second. The rate of flow in the river past the site is largely
controlled by the releases from the Gavins Point Dam, approxi-
mately 165 river miles upstream from the site.

The maximum historical flow recorded for the Missouri
River at Omaha, Nebraska, is 396,000 cfs on April id, 1952.
The river remains largely within its banks until a flow of
approximately 100,000 efs is ex eeded, at which point flow
spreads extensively onto the farm land on the flood plain.
Flood frequency curves are presented in Figure 2 7-5 The
2 periods of record shown in the figure represent construction
of the main stem anms.

The record minimum 1-day low flow in the FEssouri
River at 0:aha is 2200 cfs, recorded on January 6, 1937. The
10-year recurrence interval 7-day lov flow at Omaha is 3700
cfs, based upon the entire period from 1928 to 1974. For the
period 1957 to 1971, the 10-year recurrence interval T-day
low flow is h850 cfs. The first period includes the severe
drought of the 1930's and the latter, subsequent.to constructicn
of the dams, reflects lov flows due to filling of the ans
An analysis of the period 1967 to 1974, using Hazen's method,
indicates a 7 day, 10-year recurrence interval lov flow of
8800 cfs. All yearly lov flows have occurred during the vinter
months when ice jams occur.

The principal small streams occurring near the site
are Fish Creek and Long Creek. The drainage basins of these
creeks lie in the i=mc diate vicinity of the site, greatly on
the >Hssouri River flood plain. Fish Creek is dry much of
the time.
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SECTION 2 - SITE AND ENVIRONE TAL INTERFACES (Continued)

2.7 Hydrology and Water Cuality (Continued)

2.7.2 Surface Water Quality

Missouri River water quality data have been compiled
from stations extending as far from the site as Decatur (b5
river miles upstream) and Omaha (approximately 19 river m;les
downstream). The data from Decatur, Nebraska, include temper-
etures, turbidity, pH, dissolved oxygen, BOD, hardness and
l' ecal coliform among other pollutants and are presented in
Table 2.7-2. Data have been obtained from 2 sourcer in the
Omaha area, the Metropolitan Utilities District (MUD) intake
at Florence and USGS station 06610000 in Omaha. The 31TD data
are presented in Table 2.7-3 and include similar pollutants
presented at Decatur, plus total dissolved and suspended solids.
The MUD data, however, lack informatior about temperature ,
turbidity, and fecal coliform. The USGS data are listed in
Tables 2.7 k and 2 7-5 Table 2.7 h presents the Missouri
River average temperature at Omaha for each month based on
the record period 1968 through 1975 Table 2 7-5 provides a
detailed distribution of grain sizes for the suspended sedi-
ment and ted material of the Missouri River at Omt.ha. Addi-
tionally, radianctivity (gross alpha, beta) has been measured
at LUD, commencing in 1975 Although the period of record is
very limited, the readings ranged from 12 to 37 pCi/1.

2.7.3 Ground Water Hydrology

The source of ground water in the area of the site
is the alluvial sands and gravels of the Pleistoiene Valley
fill. The water table closely follows the level of the Missouri
River and varies seasonally $n a regular pattern. Gradients
are relatively flat in the flood plain, but dip toward the
river. These alluvial deposits in the flood plain are in
direct hydraulic convection to the Missouri Ri ver. The
movement of the ground water in the uplands area surrounding
the Missouri River fleed plain is toward the river.

Locations of all wells within a 2-mile radius of the
plant are shown on Figure 2.7-6. Many of the records and
entries were ectimated by the drillers and owners. Where
possible, the depths, sizes, and other physical parameters
were measured, but generally most of the wells were not
accessible. Where entries could not be reasonably estimated,
they were classified as unknown.

In the eastern Nebraska region along the Ulssouri
River valley, the ground water in storage is contained in the
quaternary and tertiary sand and gravel deposits. The amount
of water stored in this aquifer is extensive and has not been
ncticeably affected by ground water withdrawals. Average
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Table 2,7-2
Surface Water Quality, Missouri River

at Decatur, Nebraska

P ABAP't.TL A J ANUA h Y FE Ba uA k Y MAleCH APkIL MAY JUNE JUL Y AILUS 7 SEPT! %i k OTP E R WN1J4M B M CJ'E s

- -- - -- -

7emp (C) 0. 5 1.4 3.4 9.6 16.5 20.6 26.1 23.8 17.1 13.s 6.e 4 -

Turbid i t y (JTU) 16.0 22.0 91.0 43.0 34.0 61.0 21.0 21.0 18.0 26.0 23.0 ,*

pet (un i t s) 7.6 7.7 7.7 8.0 8.0 1.8 S.0 7.9 7. 7 7.8 7.9 '.4

Ot ssolved Ozygen 13.2 12.3 11.4 11.0 9. 3 8.1 1. 8 7.6 6.+ 9.7 11.2 .

BLas 2.1 2.6 5.9 2.1 3.1 1.9 1.9 1. 8 1.5 1. 4 1.2 '.4.

Fecal Cbl& form
(Col t f us m/10G al) 7,227.0 4,003.0 3.475.0 1,967.0 3.517.0 S.135.0 5,850 0 6,500.0 4,953.0 7,550.0 2,550.0 4.55

mardness 252 0 242.0 211.0 240.0 254.0 247.0 247.0 240.0 31 7, 0 249.0 236.0 14*

sg=c A f tc Cdrulactance
(sacremhs>s/cm at
25 degrees C) 120.0 724.0 649.0 707.0 726.0 737.0 747.0 762.0 14).0 743.0 707.0 '.

Magne s i an 21.0 22.0 18.0 22 0 24.0 2J . 0 22.0 22.0 21.0 22.0 21.0 2 3. :

Ca lc i ue 61.0 62.0 $3.0 61.0 63.0 64.0 61.0 60.0 5 9. D (4.0 59.0 H

Chlot tde 11.5 11.8 9. 3 12.0 10.8 10.6 10.5 11.0 14.7 10.6 10.5 11.5

CD sulf ate 215.0 197.0 152.0 191.0 202.0 205.0 213.0 215.0 210.0 212.0 206.0 ; 16. :

M
_

2 64 s are 3411&grms/119.er ( M,/1 ) pless Ot hen 15. sFEl f abd.
No replicates were t aken.
1,0Cet &OfB Of SaE[ ling : I r OS S t at e Highwa y 1 ^.'s br id'je et r $ Ver B&Ie 691 kM A ce * IrPG per godg g f ram the adjacer t No.by sska bark at ot he r pa g iody ,
Bk thr=1s of Collect ion s grap sM1e at sur f ace with weighted burket on a rope.
Hetkuts of Analysen s t arvia r d U . S . G. S . me t hud s I Re f. 2. 4 -16 and 2,4-16b) .
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Table 2.7 h
Surface Water Quality Average Monthly Temperature

for the Missouri River at Omaha, Nebraska

MONTH TEMPERATURE (C)

January 1.0

February 1.1

March 2.8

April | 8.3

May 14.6

June 20.6

July 24.6

August 24.2

September 22.4

October 13.9

November 7.2

December 3.0

./
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Table 2.7-5
P>urface Water Quality Suspended Sediment Gradation,

Missouri River at Omaha, Nebruska

Susmuo n=w n=w new === rouw n=w n=w nxrm,0s,,,.,

DA7T SEDIMDFF *

DISOsAmLE 0.062 sum 0. 3 25 mm 0. 50 amm 0.500 mm 0.062 m 0.125 == _ 0.250 m. 0. 500 emf g,
I FI

BED MA7TRIA1, 535f D:4D SEE)IntJff

_3 _972.

June 644 92,100 - - . - 33 51 100 -

July 784 95,500 - 2 74 99 25 44 99 309
Augu s t 441 59,430 - 2 67 98 40 60 100 -

Sept enke r 637 84,500 - - - - 19 34 99 100
Octoter 746 104,100 u 3 76 100 39 30 95 300
November 555 84,100 0 1 60 9') 43 sa 96 100
Des enter 546 31,700 0 2 84 100 33 50 too .

I'71

g January 754 % ,500 1 2 74 98 58 69 97 100
C3 Febr ua r y 784 60,300 0 1 85 98 36 53 1 00 -

March 1,440 170,000 1 2 77 300 87 91 3 00 -

Apt l1 1,2'? 109,300 0 2 54 98 65 76 99 100
Ra y 1,046 105,500 - - - - 53 47 99 100
June 776 70,000 0 2 79 99 58 72 100 -

,

July 757 70,500 0 4 70 100 58 u 97 3 00
August 579 53,400 1 2 57 96 50 70 99 100
September 704 65,200 0 2 74 100 23 34 98 300
Octote r 753 77,200 0 2 88 99 52 u 100 -

Ib s ente r 468 39.500 0 1 73 100 28 50 99 100
Decembe r 414 24 .v0 0 4 93 100 31 46 130 -

ID

Janua r y 288 14,300 - 0 53 76 47 54 100
*

February 382 22,900 0 3 79 99 33 45 99
I

march 451 32,600 0 2 56 97 32 48 96
00

Apr il 599 49,600 0 2 60 9B 24 35 300
May 559 51,900 0 2 1 4? 91 34 52 9e
June 1,500 159,000 0 4 to 100 73 31 100NC Jul y 480 46,400 0 4 70 98 46 62 300

~

N Augus t 529 54.300 0 4 53 92 34 43 9e
Sept eate r 479 44,400 0 2 86 100 26 42 9e
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SECTION 2 - SITE AND ENVIRO:W2NTAL INTERFACES (Continued)

2.7 Hydr 'ory and Water Ouality (Continued)

2.7.3 Ground Water Hydrolorv (Continued)

annual ground water pumpage in the Missouri River flood plain
is in the range of 100 to 200 acre-feet per square mile , while
in the uplands bordering the river valley the pumpage is in
the range of 1 to 3 acre-feet per square mile.

For the middle Missouri River region of the IHssouri
River basin, in which the site is located, approximately 75
percent of the land is in crops and 95 perce.nt is in agricul-
tural usage. Projected population growth in the area is a
20 to 25 percent increase by the year 2020, while the rural
population is expected to remain constant or decrease Llightly.
Industrial ground water 1 sage is expected to increase, but it
is unlikely that any significant industrial development will
occur upgradient from the site because of the unfavorable
upland topography and distance from the river.

2.7.h Ground Water Quality

Water samplea have been obtained from the 5 pie cceters
located at the plant site. A chemical analysis of the samples
taken from the piezometers has been performed. The results
are presented in Table 2 7-6. The range of total dissolved
solids is from 593 to 1230 mg/ liter which is above the normal
recommended limit for drinking water.

2.8 Geology and Seismology

The U1 FSAR adequately summarizes the geologic and seismic
characteristics of the site (5 2.L and 2.61 The following con-
clusions are drawn from these sections:

2.8.1 The site is subject to infrequent slight ground motion
from regional shocks. Conservatively, and in line with USC
& GS reco cendations, the pl9nt is designed for earthquake
intensities postulated on the baais of a fault system in the
vicinity of the site.

2.8.2 The bedrock beneath the site provides suitable sup-
port for the plant structures. There is no geologic feature
of the site or surrounding area which adversely affects the
ure of the site for a nuclear power plant.

Stretching the Fort Calhoun Station does not alter these conclusions.

2.9 Recional Historic Features

There are several previously discovered archaeological sites
within a 10-mile radius of Fort Calhoun Station. The following is

4N ]90
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Table 2.7-6
Chemical Analysis ,_ Ground Water

DETERMINATION UNITS B-201 B-204 B-209 B-212 B-228A

pli 0 10.0 degrees C 7.15 7.40 7.30 7.85 7.20

Simcific Conductance
@ 25.0 degrees C micrombos/cm 1540.00 1070.00 1340.00 1210.00 800.00

Alkalinity mg/l as CACO 768.00 5%.00 802.00 Mo . 00 38A 00
3

Tc' al Dissolved Polids
(evaporation) mg/l 1230.00 738.00 933.00 845.00 593.00

Total liardness mg/l as CACO 815.00 529.00 m.M W.@ 3D.N
3

Sulfate mg/l as SO 310.00 105.00 105.00 115.00 115.004
Chloride mg/l as C1 1.54 3.09 1.03 1.54 1.54

m Nitrate mg/l as NO -N 0.04 0.01 0.03 0.03 0.05
e 3

Total Soluble Iron mg/l as Fe 0.54 0.26 1.09 0.12 0.10

Manganese mg/l as Mn 2.64 1.83 2.04 1.12 0.20

Sodium mg/l as Na 98.00 77.00 8: ,0 86.20 84.50

Potassium mg/l as K 10.70 8.50 10.50 10.60 12.20

Calcium mg/l as ca 316.00 156.00 204.00 170.00 100.00

Silica mg/l as SiO 11.50 11.50 9.30 13.70 15.602

;2

%
Ni

N

O



SECTION P - SIT;' AND ENVIRO??m:TAL I?CERFACES (Continuel)

2. 9 Regi onal Historic Features (Continued)

a listing of sites published by the Nebraska State Historical Society:

2.9 1 Site 25 WN6 is a burial site 1 to 2 miles southwest
of Fort Calhoun Station.

2.9.2 Site 25 W' 7 is a burial site to which no cultural
affiliation has been assigned. The site is 5.5 miles vest-
southwest of Fort Calhoun Station.

2 9.3 The Renne Site is a Nebraska Culture earthlodge vil-
lage site located about 8.1 miles southwest of Fort Calhoun
Station.

2.9.h The O'Hanlan Site has shell beads on a hilltop burial
site which suggests a Woodland occupation. This site is about
1.8 miles vest of Fort Calhoun Station.

295 The Peters i Site is a Nebraska Culture earthlodge
village located 7.i tiles south-southwest of Fort Calhoun
Station.

2 9.6 The Nelson Site is a location from which a stone axe
has been collected. The site is located 7.6 miles south-south-
west of Fort Calhoun Station.

2.9 7 The Dawson Site has a Clovis point reported from it,
giving an approximate date of 10,000 B.C. and is located 7.8
miles south-southwest of Fort Jalhoun Station.

2.0.8 The James Site, a Nebraska Culture earthlodge village
site, is located 9.1 miles southwest of Fort Calhoun Staticn.

2.9.9 The Frank Parker Site, located about 11 tiles south-
east of Fort Calhoun Station, is a Nebraska Culture earthlodce
village site.

2 9 10 The Kelly Site, located on a ridge sbout 9.2 miles
southeast of Fort Calhoun Station, is a buriel site excavated

in 1938.

There are also several historical sites within 10 miles of the
station. The site numbers and distances from the station given in
the following descriptions are shown in Figure 2.9-1.

Fort Atkinson (Fo, 1) was the second fortified position built
by Colonel Harry Atkinson in the area. The post was the largest
military post in the United States during the period 1820 to 1827
The fortification contisted of a rectangular arrangement of 1-story
barracks fashioned of horizontal logs and is believed to have been

usfia, n i
~
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LEGEND

1. FORT ATKINSON 8. DESOTO TOWNSITE
2. CONGREGATIONAL CHURCH 9. SUMMER QUARTERS
3. CROWELL HOUSE 10. ENGINEERS CANTONMENT
4. OLD MAIN 11. THE OLD DESOTO
5. THE BERTRAND STEAMBOAT 12. ANDERSON STEAMBOAT
6. CANTONMENT MISSOURI 13. cot.'NTY COURTHOUSE
7. FORT ATKINSON CEMETERY 14. CUP.ilNG CITY

/
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10-Mile Radius of, Fort Calhoun Station

93
__

ifO' 'cn;



SECTION 2 - SITE A''D ENVIRON'E'.7AL INTERFACES (Ccntinued)

2.9 Regional Historic Features (Continued)

built on the site of the Lewis and Clark Indian Council. This site
is a Natienal Historic Landmark and appears in the National Register
of Historic Places. Fort Atkinson is located 5.8 miles southeast of
Fort Calhoun Station.

The Congregational Church (No. 2) in Blair, Nebraska, was
erected in 1874 in the Gothic Revival style. The interior has been
altered, but the exterior has not. The church is 3.4 miles north-
west from Fort Calhoun Station.

The Crowell House (No. 3) in Blair was a 3-story frame struc-
ture erected at a cost of $85,000 in 188k by Christopher C, Crowell.
This High Victorian mansion was by far the most elaborate house in
Blair. A historical marker now marks the previous location of the

Crowell House and is located 3 7 miles northwest of Fort Calhoun
Station.

The Old Main (No. 4) Dana College, Blair, was constructed when
the college was founded in 188h. It was first designed to house L0
students, the president's family, classrooms, and administrative
offices. The house is 4.5 miles northwest of Fort Calhoun Station.

The Bertrand (No. 5) is the wreck of a Missouri River steamer
which sank in DeSoto Bend in April,1865, while on her maiden voyage
upstream with cargo for the Montana goldfields. Excavation of her
cargo has proven to be an important time capsule for artifacts re-
vealing articles needed in vestern gold mine towns in the 1860's.
The Bertrand is listed in the National Register of Historic Places,
and is located 3 miles east of the Fort Calhoun Station in DeSoto
National Wildlife Refuge.

The Fort Atkinson Cemetery (No. 7) served the fort as post
cemetery from 1820 to 1827 It is probably located approximately
h to 5 miles southeast of Fort Calhoun Station.

The DeSoto Site (No. 8) is the site of the historic town of
DeSoto which served as river port and ferry town from 1854 to the
mi d-1800 ' s . Nothing remains of this old steamboat town that once

flourished on the Omaha to Decatur road, but the platted city limits
are only a few yards southeast of the substation at Fort Calhoun
Station. The Nebraska State Historical Society has erected a
marker just off U. S. Highway 73 at the entrance to Fort Calhoun
Station, to indicate the significance of DeSoto.

The Summer Quarters (No. 9) vere farmed by the Mormons to
supply their immigrant trains heading vest to Utah until 1847 or
18h8. It was probably located approximately 2 to 3 miles south-
southeast from Fort Calhoun Station near Fort Calhoun, Nebraska.

ne
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CECTION 2 - UITE AND ENVIHON? ENTAL IZ' EFFACES (Continued)

2.9 Regional Historic Features (Continued)

The Engineers Cantonnent (No. 10) was the wintering place for
Major Stephen H. Long's Expedition in 1819 and 1320. Major Long,
geologists, zoologists, and an artist were sent by the Federal Govern-
tent to explore the Flatte River and the mountain region beyond.
The cantonment is located approximately 10 to 11 miles southeast
of Fort Calhoun Station, along the Missouri River.

The Old DeSoto (No. 11) is located on the upper edge of the
Fort Calhoun Station Unit No. 1 borrow pit about 0.6 tiles south
of the reactor containment structure. This is the site of a his-
toric house yielding artifacts of the mid-19th Century and Fort
Atkinson brick. The original plat maps suggest that this building
was located in DeSoto's central business district.

The Anderson Steambeat Site (No. 12) is the suspected location
of a sunken steamboat. Three (3) boats are known to have sunk in
the area and private atte= pts are being made to locate these sites.
The possible site in question is about 1 mile west of Fort Calhoun
Station.

The County Courthouse (No. 13) is a 19th Cent c masonry court-
house erected in 1889 to 1891 at a cost of $36,000. The courthouse
is presently in use and is located 3.2 miles west-northwest of Fort
Calhoun Station.

Cuming City (No, lb) is an abandon 2d townsite located about
5 tiles northwest of Fort Calhoun Station.
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SECTION 3 - PLA"T DE3CRIPTIO I

3.1 External Actearance

No change in plant appearance will result from operation at
stretch power.

3. 2 Reactor and Steam-Electric System

Operation at stretch power will not require design modifica-
tions to the reactor and steam-electric system. Therefore, the
systcm description provided in section 3.3 of the U1 ER is un-
changed, with the exception of the following operating parameters:

Thermal power level - increased from lh20 MWt to 1500
bM+. .

Secondary steam pressure - increased frc= 770 psie to
alproximately~820 psia..

Saturated steam flow (full load) - increased from 6.2
x 106 lb/hr to 6.6 x 106 lb/hr.

As shown in ',he U1 FSAR, the reactor and steam systems are
currently de.=igned to support operation a; 1500 FMt.

3. 3 Plant Water Use - Heat Dissitation Systems

No significant change in plant water use will result from opera-
tion at stretch power. "aximum circulating water and raw water flows
remain the same, and water inventories within the plant are unchanged.
A general description of water usar. or heat dissipation is provided
in section 3.h of the U1 ER. Expected effluent temperatures and
resultant environmental impact are addressed in section 4 of this
application.

3.L Radwaste Systems

Operation of the unit at stretch power is not expected to in-
crease radwaste volumes or significantly increase radwaste releases
from the plant. A description of certain radvaste systems at the
plant is provided in section 3.5 of the U1 ER and section 11 of the
U1 FSAR. All systems are designed to accommodate reactor operation
at 1500 FMt and have been evaluated at the stretch rating in the
U1 FS AR.

In addition, the radwaste system has been evaluated to demon-
strate compliance with 10 CFR 50, Appendix I, at a power level of
1500 LMt. This evaluation has been submitted to the Commission for
review in the following documents:

k() f
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:,ECTI O ?. 3 - I'1. ANT Di'3CRIPT10:4 (Continued)

3.L Radvaste Systems (Continued)

Letter, dated June 2, 1976, from T. E. Short to G. E. Lear,
and enclosed report entitled " Evaluation of Fort Calhoun Station
Unit No. 1 in Accordance with 10 CFB Part 50, Appendix I".

Application for Amendment of Facility Operating License,
dated hhrch 21, 1979.

35 Chemical and Sanitary Wastes

No increases in the amount of chemical or sanitary vastes vill
result from stretching the Fort Calhoun Station.

3.6 Transmission

No additional transmission liner, are necessary due to the in-

crease in power level.

&E) .
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SECTION L - ENVIRO:..e _ L EFFEC 3 OF PLANT OPERATION"

h.1 Non-Radiolocical Effects

Onaha Public Power District is currently operating the Fort
Calhoun Station Uni; No. 1 within temperature limits, as specified
in Apper. dix B of Operating License No. DPR LO. One effect of stretch
power e.t the station vill be the increase in steam flow and resultant
BTU's discharged through the condenser cooling water system. As a
result of the fact that there vill be no change in the amount of
circulating water flow in the ecndenser cooling system, the AT
across the plant will increase. An analysis of the additional
steam flow, resulting from stretch power, has enabled the District
to calculate an increase in the current 20 F AT of 50F up to 1560*
thermal megawatt stretch power conditions. The calculated increase
in AT of 5 F vould cause changes in the current Appendix B Techni-
cal Specifications. The changes necessary for 1560 thermal negavatt
stretch power conditions are as follows:

The condenser cooling water discharge temperature shall not
0exceed 110 F.

The difference AT between the ambient te=perature of the
Missouri River, as measured just upstream from the cooling water
intake structure, and the te=perature of the cooling water at the
discharge shall not exceed 25 F when the river temperature is
> 550F.

The change necessary in the naximum discharge temperature from
105 F to 1100F was determined by the evaluation of ambient river
temperature data from two sources. The frequency of occurrence of
ambient temperatures > 800F at the Fort Calhoun Station was recorded
for the 6 year period, 1973-1978. Under 1560 thermal megawatt con-
ditions and with a AT of 250F, the maximum discharge temperature
during the 6 year period would have been 1090F. This temperature
would have persisted for 35 total hours in the 6 year period. A one
time occurrence of 850F vas recorded in 1969 (data from 1955 to 1972*)
at the North Omaha Station water inlet. Based upon thi occurrence
and a 25 F AT, as a result of a thernal increase due to stretch power,
a 1100F taxitum discharge temperature , which will be required, is
calculated. This temperature vill occur quite infrequently in the
future under similar Missouri River f1cv conditions.

The once through condenser cooling system, as designed, increases
the temperature of the ambient river water pumped through the conden-
ser cooling system during full load operation by 200F. Once dis-
charged, the added heat rapidly mixes with the ambient Missouri
River water and produces a thermal plume, which hugs the Nebraska
bank downstream of tne cooling water discharge.

The District has studied the effects of station operation on
thermal plune dinensions in excess of 5 years, in accordance with
rechnical Specification 2.1 of Operating License No. DPR-LO. A5
year report, consisting of a thermal plume sunmary, was submitted
to the Cc= mission in July,1978.

* Data from the Metropolitan Utilities District water inlet (approximately
R.M. 527) and the North Omaha Station. _ c

-
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SECTION h "*/IFONMENTAL EFFECTS OF PLANT OPERATIO:i s Cantinued)

h.1 Ncn-Fadiological Ef fects (Continued)

Thermal plume dimensions are pr esent ed in the Five Year Ee-
port (Tables L.1-1 and b.1-2). Maximum lengths and widths of plume
isotherns ceasured are presentea on these tables. Under average
river flow conditions (35,000 efs to LO,1CO cfs), the average length
of the SoF isother= downstrean of the station's discharge was 985
feet. The width of the SoF isother= under the average flow condi-
tions was 101 fuet from the shoreline. During conditions of low
river ficv (10,800 efs to 22,400 efs), the average length of the
5 F isotherm was approximately h450 feet downstream'of the discharge,
but the taximum width of approximately 100 feet for the SoF iso-
thern remained similar to river vidth under the average flow condi-
tions.

These data indicate that the average SoF AT thermal plume dimen-
sions, under average suster river flow conditions, when the highest
discharge temperatures are realised, are less than 50% of the pre-
dicted ( AEC,1972) vidth of 250 feet and lencth of 2000 feet , as in
tne Fort Calhoun Final Environmental Assessment. Based on our pre-
lininary estimations, the additional SCF AT, resulting fro 1560
thermal regawatt stretch power conditions, will result in plune
dimensions that are expected to fall within the 1972 projections.

The Fort Calhoun Station is not currently operating under any
limits or constraints, with respect to thermal plune dimensions.
Under federal regulations (40 CFR Parc h23), Fort Calhoun is classi-
fled as an "old unit" and is not prohibitea from the discharge of
heat. Fort Calhoun's thernal discharge to the ?hescuri River oper-
ates on National Pollutant Discharge Elinination System Permit No.
NE 0000hl8 and has its only tecperature requirement a thermal maxi-
mum of 1050F. In order to operate under stretch power conditions,
an NPDES permit change vill be pursued with the State of Nebraska
Department of Environmental Control (D.E.C.). The thermal maximum
must be changed to 1100F, which could be reached with a 25cF AT and
a river temperature of 850F. The D.E.C. has been contacted with
respect to our intent to pursue this change. The District's permit
application requirenents are not known at this time, but should be
known soon.

Organists subjecced to the effects of AT are those which are
components of the condenser cooling; water, which is used to cool
turbine exhaust steam. Organists mixed with the thermal discharge
at the river interface experience the full AT and thermal maximum
for only a very short period of time. River flow (average approxi-
tately 5 feet per second) rapidly noves the discharged water and
entrained organista downstream to areas of reduced thermal load.
Sessile organisms, attached to rock and pile substrates downstream
of the plant, are exposed to the plant's thermal discharge. Due
to tne rapid nixing characteristics of the Missouri River, organisms
exposed to the highest temperatures are in a small sone near the
plant (< 500 feet). Fishes in the area may also encounter the
thermal plune. The plume at no time blocks the river and allows
the fish to seek preferred temperatures in it or avoid it completely.

n f
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h.1 Non-Radiolorical Fcrects (Ccntinued)

During the firat 5 years of station operation, ctudies were

conducted on the thernal and/or mechanical effects on the biotic
connunities entrained in the Fcrt Calhoun condenser cooling systen-
The entrainment of scoplankton, phytcplankton, and macroinvertebrates
was determined to have minical effecta Phytoplankton productivity
indices (co-bon fixation per unit chlorophyll a) 7 ncurs after col-
lection in .lcated slit,ht mean inhibition in the summer (9%) (Kline,
1977). The total Incsouri River effect, however, was < 0.5% for
all collection periods 7 through 72 hours following collection
(Kline, 1977). When high absolute diccharge tecperatures (1 35C)
were observed at the Fort Calhoun Station, entrainment losses for
total zooplankton ranged frca 5 5% to 21.6%. Impact based on de-
layed effects ranged fron < 0.1% to 0.6% losses of the total zoo-
plankton asceablage passing the plant (Rodgers, 1978). During periods
of high absolute temperatures of 32 to 37C, entrainment losses for
macroinvertebratec averaged 10.0% (Carter, 1978). Apparently, most
of the entrained biotic organisms are able to withstand higher ab-
solute temperatures, otherwise much higher tortality rates would
have been detected. An assessment of taximum entrainment losses
at the Fort Calhoun Station on the assemblage of zooplankton, phyto-
plankton, and tac. oinvertebrates drifting past the plant was deter-
nined to be < 0.6%, < 0 5%, and approximately 0.25, respectively
(Rodgers, 1978), (Kline, 1977), and (Carter, 1973). Due to this
cnall percentage ci effect, a Facility Licence Change was approved
by the Commission in 1978 to eliminate these studies from the original
Technical Specification requirements.

.' t is expected that the increased a? (250F) and thermal tax 1-

man tetperature (1100F) will not kill all the entrained zooplankton,
phytoplinkton, and tacroinvertebrates, due prinarily to the short
tera of exposure (approximately 2 to 3 minutes) . The worst case
can be discussed, however, if 100% nortality is assumed. In the
summer, when the highest absolute temperatures r.re r ? ached, river
flows average approxinately 33,500 nfs. Under these ccaditions,
the taxinun withdrawal for conde ; cooling will be 802 cfs. As-
suming complete homogeneity of o_ m Aists in the "issouri River, the
maximum worst case total river cortality for each of the 3 drift
components is calculated to be 2. h%. We do not believe this minor
reduction in population size will endanger the balanced indigenous
population of fish and fauna in the vicinity of the station.

A fourth component of the entrainment studies involved the
determination of the effects of station operation on the ichthyo-
plankton con = unity. Larval tish studies also included analycia of
species composition, abundance, and distribution. The impact of
entrainment cn cane fish (including sauger-walleye and white bass)
and cornercial fish (including carp, channel catfish, and flathead
catfish) was low tecause larvae of these species generally made up
a very low percentage of the entrained ichthyoplankton. Annually,
freshwater drum accounted for approximately 75% of the larvae that

h[-. n f ,e .
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L.1 Non-Radiclorical Effects (Continued)

were entrained. Entrainment of ichthycplankten during peak larval
fish periods always occurred when there was heat transfer. This
prevented the separaticn of techanical frer thernal effects. Survival
following condenser passage was nearly 30% in 1977 when discharge
temperatures ranged from 29 to 3 toc (SL.2 to 95.60F). Survi/al of
larvae at temperatures above 300C (660F) was attributed to the s;. ort
duration of exposure to absolute discharge temperatures (approxi-
mately 2 to 3 minutes).

A station operational effect of 5.3% cn the larval assemblage
passing the plant has been calculated assuming 1000 mortality as a
result of larval fish entrainment. Due to the fact that the circulat-
i .g water volume used will not change and no increase in the number
of larvae entrained will be experienced, the worst case (100% tortality)
estimate for increased temperature, as a result . :tretch power,

will not differ from the 5 3% calculated for current conditions.

^= - result of the larval fish studies conuucted at the Fort
~ '' ation and a demonstration of the maximum eff'et of the

1 _. 5. 3%, the Nebraska State Lepartnent of Environmental Con-
t has allowed continued cperation of the Fort Calhoun Station
c.ce through cooling syster. In this document, the worst case as-
sumption of 1005 cortality was used to calculate the effect on the
drift population passing the plant of 5. 3%. This level of effect
was determined to be acceptable and we believt should continue to
be acceptable under stretch power conditions.

Ot'r er entrainment studies conducted at the Fort Calhoun Station,
as stated earlier, have resulted in minical effects on the availability
and corposition of the phytoplankten, scoplankton, 1Ld nacroinverte-
brates in the drift of tre Misscuri River. These major food iters
utilised by the adult fish tave apparently been available in suf21-
cient quantities and no alteration in feeding habits (Bliss, 1978)
has been noticed in fish stomach analysis conducted since 1973.
Additional reductions due to stretch power are not expected to todify
this situation.

Other research conducted has used species ccaposition and re-
lative abundance data to evaluate the status of the adult fishery.
On the basis of data collected from 1973 through 1977, it appears
that station operation has had minimal effects on the distribution
and relative abundance of fish populations. Other physical aspects
of the habitat and seasonal and yearly changes in flow characteristics
probably have greater influence on the adult fishes than the heated
e f fluent . The catch per unit effort data indicate that certain species
may be attracted to the heated effluent, while others may avoid it.
Since the stretci. im er thernal plune, as discussed Earlier, is only
slightly larger than the plume studied since 1973, we believe that
the adult fish copulation will not be adversely affected.

k0 L3
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SECTIOS h - ENVIRON" ENTAL EFFECTS OF PLANT OPERATION (Continued)

h.1 don-Radiolorical Effects (Continued)

In addition to the entrainment and fish population studies ,
periphyton and tacroinvertebrate tonitoring studies were also con-
ducted at the Fort Calhoun Station. Glass slide and rock basket
techniques were utilized with 3 wcck exposures to obtain samples
from thermally affected and unaffe:ted zcnes. Results of these
studies indicate that the station's thermal discharge influenced
the assemblages of these organists only in the immediate vicinity
of the station's discharge. These effects were localized and rarely
statistically significant.

Biochemical reaction rates are normally accelerated by in-
creases in temperature. This was verified by higher productivity
(based upon chlorophyll a values of periphyton and biomass of
macroinvertebrates) in the ittediate area of the thermal discharge.
Comparisons of productivity levels further downstrean of the thermal
discharge were comparable to upstrean or unaffected river conditions
indicating that the increased productivity was very localized in
the immediate discharge area.

Bicmass analysis frca nacroinvertebrates samples was normally
greater at the most thermally affected zone, except on oertain occasions,
which normally occurred during the hot su==er months when temperatures
were greater than 300C (86cF). During these periods, the locations
upstream frcn the thernal dis harge and downstrean of the discharge
generally exhibited higher biomass than the location nearest to the
immediate discharge.

Being the highest temperatures (> Toy) will still be located
in the area of the ittediate discharge when dT is increased, the area
where biomass may be reduced will be small. The reducticn in bicmass
is not believed to be of any significance due to recovery when ten-
peratures are reduced, annual repopuleticn from the river and the
fact that adult fishes food habits have not been documented to have
been affected under the current conditions.

Based upon this evaluaticn, it is the District's belief that
an increase AT of approximately SoF will not cause any major alter-
ation in the Missouri River biota. The total impact from an increase
in temperature as a result of stretch power will be minimal due to
tl- mixing characteristics of the submerged discharge, rapid dissipa-
tien of heat, short exposure to plune tenperatures greater than 50F
AT, and the low percentage of river water used for cooling.

* NOTE: All of the above analyses and conclusicns conservatively
apply to a thermal power of 1500 M4th.

k.2 Radiological Effects

No adverse radiological environmental impact will result from
operation at stretch power. All releases are intended to be nade
in accordance with 10 CFR Part 50, Appendix I, dose design objectives.
No significant increase in the amount of radioactivity released to
the envirens is anticipated.

'i O) 7 9/r ,
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Table 4.1-1
Length of Isotherns in Feet Downstream
of the Immediate Thermal Discharge

OPPD Surface Thermal Plumes

River

% Flow
Date Power e fs 70F 50F h0F 30F 20F 10F

High River Flow Conditions

7-25-75 80 60,500 250 300 310 560 810 >5500
8-21-75 86 6h,000 310 LOO 500 570 1L30 >5500
9-5-75 86 67,000 300 375 LLO 720 2560 >5500
20-16-75 86 6h,000 375 L70 810 940 2870 >5500
11 L-75 87 C Jo 310 560 670 1250 2560 >5500
12-3-75 87 5 ,000 220 379 625 1300 3250 >5500
Average 85.3 v3,167 294 413 559 890 2247 >5500

Low River Flow Conditions

12-2-7L 80 18,500 2 LOO 5000 >5500 >5500 >5500 >5500
2-28-77 96 16,800 4700 >5500 >5500 >5500 >5500 >5500
3-16-77 96 22,400 870 3900 5200 >5500 >5500 >5500
Average 90.7 19,233 2657 >4450 >5400 >5500 >5500 >5500

Average River Flow Conditions

7-26-Th 77.5 37,000 650 1300 None >5500 >5500 >5500
B-8-7L 79 36,000 250 Lho 720 3970 >5500 >5500
9- 6-7 L 79 35,000 300 630 1260 3875 >5500 >5500
10-18-74 80 30,09 LOO 1688 3040 L750 >5500 >5500
9-3-76 76 40,100 250 525 600 1350 5310 >5500
b-15-76 96 35,000 375 620 1250 1750 L870 >5500
5-6-76 95 39,000 h30 1690 2950 6800 >5500 >5500
Average 83.21 36,870 384 985 1637 >3714 >5383 >5500
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Table 4.1-2
Width cf Isotherms in Feet Across

River from Nebraska River Bank

CPPD Surface Thermal Plumes

River
) Flow'

7F SoF h0F acy pop lop0Date Power efs

High River Flow Conditions

7-25-75 80 60,500 65 75 86 100 106 136
8-21-75 86 64,000 65 75 99 110 125 200
9-5-75 86 67,000 38 63 78 90 130 175
10-16-75 86 6h,000 34 73 88 100 112 56
11 h-75 87 64,500 52 Th 88 108 138 162
12- 3-75 f>7 59,000 27 37 h4 68 92 125
Average 85.3 63,167 47 66 81 96 117 142

Low River Flow Conditions

12-2-74 80 18,500 18 62 75 87 100 132
2-28-77 96 16,800 63 82 95 112 125 145
3-16-77 96 22,400 165 175 183 187 193 212
Average 90.7 19,233 89 106 118 129 139 163

Average River Flow Conditions

7-26-74 77.5 37,000 125 161 None 200 222 235
8-8-74 79 36,000 75 102 130 170 200 237
9-6 74 79 35,000 60 73 8h 104 1h7 172
10-18-74 80 36,000 31 87 100 125 137 1h8
9-3-76 76 40,100 65 108 118 129 137 150
h-15-76 96 35,000 78 190 106 118 122 140
5-6-76 95 39,000 71 76 81 8L 130 137
Average 83.21 36,870 72 101 103 133 156 174
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SECYION 5 - EFFLUF';T ENVIBON:'ENT/1L 'EASUFE:ENT /JiD ':0 NIT 0iiiNG PRCORIJG

51 : ion-Radiolacical Programs

Various non-radiolocical conitoring prograns have been ecn-
ducted by OPPD and environmental consultants to OPPD. These pro-
grams have monitored various media, includin~ surface waters, cround
water, air, and land, as described in the following subaections.

5.1.1 surface 'iater Monitorine Proccarl

Jurface water prc;;rans have included measurement of
both physical and chemical parameters and ecological parameters.
Table 5.1-1 provides a listing by conth frcn January,197h ,
through December, 1975, of the tonitoring programs used for
measuring physical and chemical parameters of surface waters
on or nea" the site, as well as relevant studies away from
the site. Studies in progress or completed prior to January,
1974, are also indicated. The following list describes some
of the more important prograna used for ceasuring physical
and chemical parameters of surface waters.

Physica.1 Para-eter Fy itorinc

1. Fort Calnoun Continuous Temperature Measurementa

in the Missc.Ji River (OPPD)

Upstrean river ambient and discharce temperatures
at Forn Calhoun Station Unit No. I were continuously
toritored and recorded prior to 197k and have been con-
t i .. ' through the present. Measurements are currently
male from permanently emplaced thermistors upstream out
of the influence of the Unit lio. 1 intake structure
and within the outfall tunnel prior to any mixing with
river water. This program is part of the operational
monitoring program for the " ort Calhoun Station.

2. Fort Calhoun Surface Thermal Plune Measurement
in the Missouri River (OPPD)

Temperatures within the top 6 inches of river
water have been monitore? L_athly over the entire ex-
tent of the station plume f ror 1973 to present. Meas ure-
cents are made on a standard grid, and locations in
the river were established using optical range finders
and river mile narkers along the banks. This progran
is part of the operational conitoring program for the
station. Its continuation 13 not deemed necessary due
to the extensive dsta base generated durina the past
years. See Section L for thermal impact assessment
of stretch power.

3. Fort Calhoua Monthly Triple-Depth Terperature

Measurements in the I/dssouri River (OPPD)

Temperatures are measured at the surface, at half
the total depth, and near the river bottcm, on a standard

m 7 ,]-
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Table 5,1-1
Physical and Chemical Parameters Measured in the

Missouri River and Adjacent Bodies of Water

RX R 0
t: :g

>

Calhoun Continuous Tezperature N asurements x xxx xxx xxx xxx xxx xxx xxx xxx
; i d PD)

t Fort Calhoun Thermal Pi m Measureraents (OPPD) x xx xxx xxx xxx x xxr xxx xx _

Fort Calhoun Nnthly Triple Depth N asurements a wax xxx xxx x xxx xxx xxx
(OPPD)

f
Fort Calhoun Radioactive Waste Disposal System & x xxx xxx sxx xxx xxx xxx xxx xxx
Steam Generator Blowdown Chemical Discharge (OPPD)

Port Calhoun Missouri River hater Quality n x xxx xxx x x xxx xxx x
Sampling (OPPD)

H Fort Calhoun River Water Chemical Aulysis taken x xxx xxx xxx xxx xxx xxx xxx xxx
O Upstream & Downstream of Lagoon & Snitacy Waste

Dircharges (OPPD)

Fort Calhoun Aerial Infrared Surface Scans xx

.(OPPD/TI)

Fort Calhoun Thermal & Flow Nasur w nts (QiDR) x x x

Fort Calhoun Cm parati-e Water Quality Studies in x x x x
the Missouri River, La eral Slough, & Inng Creek
(CNDk)

Fort Calhoun Water Quality Measurements in Lateral axx xxx xx
Slough & long Creek (QiDR)

George heal Station Water Quality & Thermal P1we x
Mea =uren.cnts (H^y & Baldwin)

Fort Calhoun & Cooper Station Preoperational x

Water Chemistry & Tenq+rature Nasurements
(Dept. of Env. Control, State of Nebrask )

DeSoto Lake Teucerature & Water Chemistry z
Measurements (Huggins)

Missouri kiver Water Duality (EPA) x xxx xxx xxx xxx xxx xxx xxx xxx

Missouri River, Snyder Bend Iake & DeSato Ide x
Water Chewistry (Dillon & Hansen)

Cooper Station Terpeneture & Water Chemistry x x xxx xxx xxx x x xxx xxx xxx
p, Measurements (Pio-Test)
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SECTION 5 - EFFLUENT F;VIRON' ENTAL ?IASUREMD;T A"D "0NITORII 3 PROGRA!U

(Continued)

5.1 Non-Badiolocical Prorrams (Continued)

5.1.1 Surface Water '!anitorinr Programa (Ccntinued)

3 Fort Ca2 houn Monthly Triple-Depth Temperature

Measurements in the Microuri River (OPPD) (Continued)

grid. Locations were established using an optical
range finder and river mile markers. This progran
:s part of the operational monitoring program at the
station and is not expected to continue due to the
adequate data base already established.

k. Fort Calhoun Radioactive Waste Dispocal System
and Steam Generator Blowdown Chemical Discharge
Monitoring (OPPD)

A]l radioactive batch discharges and 3 steam
generat or blowdown samples per week are chemically
wialyzed. Analyses are used in conj unction with
steam generator blowdown rates, monitor tank release
rates , and circulating water flows to calculate con-
centrations of chemical consti.tuents in the c; rculat-

ing water discharge. Analyses for iron, copper, nickel,
and chromium were performed 1.ccording to Technical
Specification requirements This program 10 part of
the operational monitoring program for the statica.

5. Fort Talhoun '-:issouri River W'ater Quality Sampling

(OPPD)

Samples for water quality were pumped from the
bHssouri River into glass carboys by integrated sampling
at each of the sites designated in Figure 5.1-1. This
water is thoroughly mixed and 2 1-11:er aliquots re-
moved for physical and chemical analyses. Such sampline
proceeded on a bi-weekly basis in 1972 (June through
October) and 1973 (March through October). Sampling
frequency increased to weekly in 197h (:/ arch through
October) and ccntinued April, 1975, through 1977
The following parameters were measured: water temper-
ature, dissolved oxygen, biochemical oxygen demand,
turbidity, an=cnia nitrogen, nitrite nitrogen, nitrate
nitrogen, organic phosphate, and inorganic phosphate.
This program was part of the operational monitoring
program for Unit No. 1.

6. Fort Calhoun River Water Chemical Analyses Taken
Upstream and Downstream cf the Incoon and Sani-
tary Waste Disc:;arges in the Misnouri River (OPPD)

River water samples were collected and chemically

analysed once per week, upstrent of the cooling water _ ,iq -_ .
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SECTIO:i 5 - EFFLUE:i? ENVIRON'E':TAL "FASUREME':T AND MONITORI: 3 PROGRA:G
(Cont inued )

5.1 Non-Radiological Procrams (Continued)

51.1 Surface Water "onitorinc Procrams (Continued)

6. Fort calhoun River Water Chemical Analyses Taken

Upstream and Downstream of the Lagoon and Sani- '

tary Waste Discharges in the Missouri River (OPPD)

intake and 75 feet downstream o.' the lagoon and sani-
tary waste discharge. This analysis includes pli, alka-

linity, methyl orange alh:2inity with phenolpthalein,
turbidity (Klett Units), oil, total dissolved solids,
dissolved oxygen, biochemical oxygen demand, and total
coliform bacteria. This program was part of the opera-
tional monitoring program for the station, but was
suspended, for the sanitary lagoons , when permanent
zero discharge retention basins were installed. The
program was suspended for chemical lagoons pursuant
to a Technical Specification chsnge in January, 1978.

7 Fort Calhoun Aerial Infra *ed Surface Scans of
the Missouri River (OPPD/TI)

Two aerial infrared scans were made in January
and February,1975, by Texas Instruments to characterize
the surface thermal plume at times when ice on the river
prevented access by boats. This program is part of

the operational monitoring program for the station
and will continue as needed.

8. Fort Calhoun Thermal and Flow Measurement in the
Missouri River (GHDR)

In order to obtain river velocity and temperature

within the plume, 2 sampling programs were conducted
to examine the flow field on the Fort Calhoun Station
discharge. In 1 program, recordings were made at 1
foot intervals to a depth of 10 feet on a grid pattern.

In the cher program, measurements were made at 2 depths,
2 feet from the surface and 2 feet from the bottom,

on a grid pattern more extensive than that used for
the 1974 measurements.

9 Fort Calhoun Comparative Water Quality Studies
in the ?dssouri River, Lateral Sloughs, and Long

Crees (GEDR)

Water samples were collected in 1975 from the
river, between the thermal discharge and the chemical
lagoon outfall on February : 7 and from the Long Creek
and the south slough on May 5 These samples were

nin.-
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SECTION 5 - EFFLUE:IT ENVIRONME' ITAL MEASUREMENT AND MO:iITORING PROGRA"3
(Continued)

51 Non-Radiolocical Procrans (Continued)

5.1.1 Surface Water Monitorinc Programs (Continued)

9 Fort Calhoun Connarative Water Quality Studies
in the Missouri River, Lateral Sloughs, and Long

Creek (CHDR) (Continued)

analyzed by Nebraska Testing Labs for the following
constituents: earbonate alkalinity, ammonia nitrogen,
nitrite nitrogen, nitrate nitrogen, chloride, sulfate,
hardness, suspended solids, dissolved solids, phcsphate
as P, biochemical oxygen demand, sodium, mercury, total
coliform bacteria, fecal coliform bacteria, and pH.
Samples were also taken at all 3 locations in July and
October, 1975

10. Fort Calhoun Water Quality Measurements in Lateral
Sloughs and Long Creek (GHDR)

Measurements of temperature, pH, dissolved oxygen

(DO), and conductivity were made at 350 and 1000 feet
from the mouth of Long Creek and in the sloughs up-
stream and downstream from the existing plant. Water

quality measurements were taken concurrentiv vith the
biological sampling beginning in April,19i), (except
DO which was begun in June, 1975). The measurement
program with monthly samples in the slough and bi-
veekly samples in Long Creek were continued through
Noveiber, 1975

11. Fort Calhoun and Cooper Station Preoperational
Water Chemistry and Temperature Measurements in
the FEssouri River (Department of Environmental
Control, State of Nebraska)

Temperature measurements were taken at 6 points
on transects across the Missouri River in July, September,
and November, 1970, and April, 1971. The stations were
located at the following river mile locations:

Station Fort Calhoun Cooper

1 645.9 532.6
2 645.55 532.1
3 640.0 523.6
4 641.4 527.0
5 637.0 523.2
6 633.7 519.7

._ n;c
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SECTION 5 - EFFLUENT L:;VIRONMEZAL ?EASUREMENT AND MONITORI::G PROGRAM 3
( Continaed)

51 Non-Radiological Programs (Continued)

5 1.1 Surface Water Monitoring Programs (Continued)

11. Fort Calhoun and Cocper Station Freoperational
Water Chemistry and Temperature Measurements in
the dissouri River (Department of Environmental
Control, State of Nebraska) (Continued)

Station 1, at Fort Calhoun Station, was located
immediately upstream from the power plant effluent,
and at Ceoper Station, was located at the north boundary
of the plant. Recordings were made aL the surface
and at 5-foot depth intervals.

Water analyses were made at Fort Calhoun Station
and Cooper Station in July, September, and November,
1970, and April, 1971. Dissolved oxygen was measured
at all locations where temperature was measured. The
other analyses were made of samples taken at Stations
1, 2, h, and 6 for Fort Calhoun Station and Stations
1, 2, 3, and 6 for Cooper Station. The parameters
analyzed were calcium carbonate, hardness, calcium,
magnesium, sodium, conductivity, total dissolved solids,
sodium absorption ratio, pctassium, sulfate , turbi M ty,
carbonate alkalinity, pH, chloride , nitrate nitrogen,
and total phosphate.

Ecological Parameter Mor.itoring

Table 5.1-2 provides a listing of ecological monitor-
ing prograus of surface waters conducted through 1975 The
following list summarizes important programs.

1. Fort Calhoun Fish Impingement Monitoring Program

(OPPD)

Impingement studies have been conducted at Fcrt
Calhoun Station from May,1973, to the tresent. Sam-
ples were taken daily at noon and midnight, plus or
minus 2 hours , from May through Octotar and at noon,
plus or minus 2 hours, during November through April.
Only 1 of the 6 screens was sampled during each sam-
pling period, but all are sampled on a rotational basis.
For the first 20 minutes, the screen being sampled
was cleaned. All impinged organisms were then collected
for the next 60 minutes and identified, measured for
length, and recorded as alive or dead.

n7/
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Table 5 1-2
Aquatic Ecological Background Field Studies
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SECYION 5 - EFFLUENT ENVIRONMENTAL MEASURF'E:"I' AI!D M3NITORING PRO ^JUCC
(Continued)

5.1 Non-Radiological Procrams (Continued)

5.1.1 Surface Water Monitoring Prcrrams (Continued)

2. Fort Calhoun Fish Impingement Study (GHD3)

Beginning in September, 197L, an impingement study
was begun to assess the diurnal variability in fish
impingetent rate. Sampiing was conducted once in September
and 3 times in November, 197L. Sampling in 1975 was
conducted once in January, Fe'aruary, and April and twice
monthly in May and June. Samples were taken twice
monthly July through December. The procedure used
was to collect all the organisms impinged on each of
the 6 screens every time the screens moved over a 2k-
hour period. All the organisms collected were identi-
fled, weighed, and measured. During all or part of
the sampling periods in January, February, May, and
December, the screens vere running continuously an1
sampling was conducted for 15-minute intervals very
h5 or 75 minutes.

The plant was not generating power from February
through April and 2 of the screens were not operating
due to maintenance work on them during the February
and April sampling periods.

3. Fort Calhoun Missouri River Reactor Shutdown
Monitoring (OPPD)

On February 7, 1975, the Fort Calhoun Station
was taken out of service until May 9,1975 The plant
was operating at 75 percent power and decreased power
by 7 percent per hour during shutdown. The discharge
area was visually monitored for aquatic organisms at
255, 205, and 330 feet downstream from the screenhouse
by OPPD personnel for 1 hour at the beginning of shut-
down and then for 1/2-hour intervals each hour until
shutdown was completed.

L. Fort Calhoun Missouri River Monitoring Program

(Bio-Test)

Sampling of adult fish at Fort Calhoun Station
began in 1973 (October and November) and is continuing
with sagles taken once nonthly May through November
by means 01 electroshocking. Sampling locations are
transects parallel to the bank,1 on each side of the
river and 1 in the main channel, above and below the
plant for a total of 6 stations (see Figure 5.1-2) .
The electroshocking catch is summed along the whole
transect for each sample.
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GECTIO:i 5 - EFFLUE'iT E: VIRO ,:E: ITAL MEASUEE'E'iT A: D ':CNITORI';G PROGRU.'

(Continued)

5.1 Ncn-Radiclorical Prcerans (Continued)

5.1.1 Surface Water Monitoring Procrans (Continued)

4. Fort Calhoun Missouri River Monitoring Prcgram

(Bio-Test) (Continued)

Fish larvae collections were made in the river
twice monthly in the spring ana summer of 197L (April
through July) by Bio-Test. Duplicate samples were
taken at 7 locetions in the river in May and June:
near the intake, at mid-river, and at the Iowa side
at the level of the intake, at ;he discharge outfall,
and at 3 locations on a transect acrcra the river
from 0 5 to 3.0 miles downstream fron the discharge
where the 1 degree C isotherr was reasured (see Figure
5.1- 3 ) . Larval collections were discontinued at the
downstream mid-river location in July. Samples were
placed in 5 gallon containers and inmediately returned
to the laboratory at the site for separation into li.c-
dead fractions.

In 1975 through the present, sampling for fish
larvae was conducted during the period of larval drift
(May through July) . Campling locatie c, methods, and
statistical analyses were the same as n the 1974 study,
with few exceptions.

Duplicate samples of drifting nacroinvertebrates
were collected beginning with 1 collecticn in Octobcr,
1973, and continuing twice monthly from november,1973,
on for the operational monitorinc. These collections
are made adjacent to the intake and discharga of the
station (see Figure 5.1 L) using a flow-tctered conical
plankton net. Sample volumes average 1900 cubic feet.
Immediately after collection, live and dead organisms
are separated and preserved for later identification
and enumeration. Fercent differential mortality was
determined. This program was part of the station's
operational tonitoring program and was terninated in
January,1978, pursuant to a Techn3 cal Specification
change.

Duplicate zooplankton samples (nat simultaneous)
were collected with an Icanberry filter pump system
at the intake and discharge of Fort Calhoun Station
year-round, =cnthly sampling beginning in October,
1973. Samples, everaging 10.6 cubic feet, were filtered
through a screen and live samples, maintained at up-
Stream ambient water temperature, were examined 0. 3,
4, and 24 hours after collectinn for evidence of motility.
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SECTION 5 - EFFLUENT EP/IRgENTAL MEASUREMENT AND MONITORING PROGRA'C
(Continued)

5.1 Non-Badioloeical Programs (Continued)

5.1.1 Surface Mater Monitoring Procrams (Continued)

4. Fort Calhoua Missouri River Monitoring Prograa
(Bio-Test) (Continued)

Percent differential icnotility and mortality were
determined. Zooplankton were preserved at the con-
clusion of each survival analysis for later identi-
fication and counting. This program was part of the
station operational monitoring program and continued
until January,1978, when it was terminated 7ursuant
to a Technical Spacifier. tion change.

Phytoplankton samples were collected by Bio-
Test twice monthly year-round beginning in October,
1973, at the intake and discharge of Fort Calhoun
Station. Duplicate ermposite water samples, 6.3
gallons each, were sampled from each location using
a 1.6-gallon E-tmerer bottle. Each composite sample
was maintained at ambient river temperature in trans-
lucent carboys during incubation in diurnally con-
trolled light-dark growth chambers. Carbon fixat$on
rates, chlorophyll a, and ATP concentrations were
measured at 7, 24, h8, and 72 hours after sample
collection from the intake and discharge. Phyto-
plankton abundance and species composition were
determined for the incubated samples at 7 and 72
hours after collection. Samples were collected
during station operation with no temperature differen-
tial to de cernine me?hanical effects. This was part
of the Unit No. 1 operational monitoring program and
was terminated pursuant to a Technical Specification
change in January,1978.

5 Fort Calhoun Long Creek and Slough Populations
(GHDR)

Fish were gill-netted in Long Creek once in April
and twice monthly in May and June,1975, and once in
the north and south sloughs in June, 1975. Sampling
was done twice monthly in Long Creek and monthly in
the sloughs from July through November.

Fish were seined in Long Creek at the Chicago
and Northwestern Railroad crossing in May and June,
1975, and adjacent to the bluffs in June,1975 This
program was continued monthly at both locations from
July through November,1975

i} ) f
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SECTION 5 - EFFLUENT ENVIRO!NENTAL ?EASURE'ENT AND MONITORING PROGRAMS
(Continued)

51 Non-Radiological Procrats (Continued)
q

5 1.1 Surface Water Monitoring Programs (Continued)

5 Fort Calhous Long C.eek and Slough Populations

(GHDR) (Con *inued)
.

;

f Fish were seined near the mouth of Long Creek

in April and in the sloughs from April through June,

1975 Three hauls were made in the creek and 1 to
3 hauls in each of the sloughs. Seining was continued
in the sloughs from July through November, 1975

Fish larvae vere collected at Fort Calhoun Station
once in May and twice in June and July,1975 Dupli-
cate night tous were taken once monthly in the touth
of Long Creek in May and June and 1000 feet from the
creek mouth in July. Qualitative ichthyoplankton
samples were also collected from the north slough,
the south slough, and near the mouth of Long Creek
once in Fay and twice monthly in Jure and July by dip
netting. All organists were preserved for taxonomic
enumeration.

Drifting macroinvertebrates were sampled monthly
at Fort Calhoun Station in the sloughs and in Long
Creek from May through November, 1975 The locations
were the same as for GHDR fish larvae samples (Figure

5.1-5).

In order to sample benthos, duplicate Ponar dredge
samples of 36 square inches were collected =cnthly
from April through November, 1975, in the north slough,
the south sloug'.., end in Lonb ' reek and 9000 feet from

the mouth. The samples were sieved through a st andard
vindow screen and all the organists were preserved
for identification and enumeration.

Zooplankton samples were collected in the 2 sloughs
and Long Creek near Fort Calhoun Station monthly from
May tnrough November, 1975. Raalitative samples were
collected at night in the mouth of Long Creek in May
and June, From July through November, the sampling
location was 1000 feet up from the creek mouth durings

b'gh water. In addition, qualitative samples were
collected in the nortn and south sloughs. Organisms
were preserved for identification and enumeration.

Phytoplankton vere collected monthly from Long
Creek and the north and south sloughs in surface water
samples from April through November,1975 Samples
taken vere preserved for identification and enumeration.
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SECTION 5 - EFFLUENT ENVIRONMEN*AL ?EASURE?E.;T AND 'DNITORING PROGRA"Z,

(Continued)

5_.1 Non-Radiological Provrams (Continued)

51.1 Surface Water Monitorine Programs (Continued)

6. Fort Calhoun Missouri River bbnitoring (OPPD)

Fish larvae were collected in the Missouri River
on 27 sampling dates between May 8 and August 23,197h.
Four stations at 35, 150, 300, and 450 feet from the
Nebraska bank were sampled on a transect across the
river t river mile 646 (0.2 mile upstream of Fort
Calhoun Station). Subsurface camples were collected
using a 30-inch diemeter net 70 inches long with
526-micron aperture mesh net. The net was connected
to an 11-inch diameter 5-gallon plastic bucket and
had a flovmeter mo2nted in the mouth.

Lsrval fish and eggs were collected in June, lo75,
from the discharge of Fort Calhoun Station Unit No. 1,
using the same net described immediately above. The
net anchored by a 10-pound weight tied to the briule,
was lowered into the diacharge area on approximately
10 feet of line, The sampling duration varied with
larval densities, but was approximately 3 minutes.
Larvae and eggs were separated from detritus and divided
inte live, dead, and viable categories. Specimens
were then watched for 2 hours , and the normal eggs
and living larvae were placed into 1 callon jars with
an air pump to aerate and circulate the water and eggs.
Fish were kept in the gallon jars and fed a commercial
fish fry food. After the first group of fish eggs
died from fungus, a drop of methylene blue was added
to later collection jars to inhibit such infestations.
Fish and hatching eggs were kept in the 1 gallon jars
for 2 weeks, after which they were transferred to a
20-gallon community aquarium and fed a combination
of zooplankton and commercia] brine shrimp.

Periphyton were collected from the rock baskets.
The organisms retained by the 0.h5-micron sieve were
weighed and tested for caloric content, protein con-
tent, respiration, and photosynthetic activity. In
addi+, ion, the samples were analyzed for chlorophyll a
and b. Representative 'amples were preserved and
stored. This program is terminated pursuant to a
Technical Specificatic a change.

The thermal plume produced by the Fort Calhoun
Nuclear Power Plant influer.ces the periphyton popula-
tion downstream from the discharge. Pigment analyses
were performed on populations obtained from unaffected
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3ECTIGN 5 - EFFLUENT ENVIRO:iMENTAL MEASUREMENT AND MONITORINO PROZA?C
( Contir ued )

5.1 Non-Radiolocical P_rocrams (Continued)

5 1.1 Surface Watar Monitoring Procrams (Continued)

6. Fort Calhoun Missouri River Monitoring (OPPD)
(Continued)

and thermally exposed artificial substrates to deter-
mine total amounts and proportions of chlorophylls
a, b, c, phaeophytin a, and carotenoids. This study
was undertaken to test the feasibility of using pig-
tent analysis as an indicator of thermal impact on
periphyton populations.

Fort Calhoun L' ssouri River Monitoring (Hergen-7. d
rader)

Larval fish were sampled in the "i ssouri River
near F ort Calhoun Station April throt, July , 197h ,
and 1975 and 1976. Simultaneous duplicate samples
were collected both dqy and night at bi-veekly in-
tervals using 1.6-foot diameter flow metered nets
tovei 3 feet below the water surface. Stations sam-
plem were the same as those in the Bio-Test fish lar-
vae entrainment sampling program conducted at Fort
Calhoun Station. In the 1975 samples, larvae were
separated into live and dead fractions, and live lar-
vae were held at ambient river temperature ta be ob-
nerved for delayed effects. The 1976 samples received
the same treatment. Specimens were preserved for
taxonomic identification and enumeration.

8. Fort Calhoun Physiological Studies (OPPD)

Aurvuchs samples have been collected at Fort
Calhoun since 1972 utilizing rock basket samplers,
each containing several concrete bricks with a sur-
face area of 326 plus or ninus 16 square inches. The
baskets were placed at 5 shore stations on both sides
of the river located at river miles 646.0, 6h5.6, 6ht.8,
6hl.4, and 640.2 (see Figure 5.1-6). They were sampled
every 2 to k weeks from March thrcugh October of each
year. The rock surfaces were picked and scraped for
organisms. Each sample was washed with filtered river
water and then filtered through 965, 165, and 0.h5-
micron mesh aperture sieves. Biomass, respiration,
caloric measurements were performed on aliquots of
those organisms retaincd by each sieve. Representative
specimens and aliquots were preserved for future reference.
This program was part of the station operational monitor-
ing program and was terminated pursuant to a Technical
Specification change in January, 1978.
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Figure 5 1-6
OMAHA PUBLIC POWER OtSTFuCT Sampling Stations Near Fort Calhoun Station
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SECTIO:1 5 - nFFLUE ;T 1:iVIRO:;?E: TAL ?'dmSUR'C:iT A:!D MO .ITGhi::3 P30GRA ,

(Continued)

5.1 Non-Radiolorical Procrans (Continued)

5.1.1 Surface Water Monitorine Procrams (Continued)

9 Fort Calhoun Taxonomie Studies ( ?!G LP )

Preoperational rock basket aufwuchs samples were
co.locted at 6 stations near Fort Calhoun Station in
1970 and 1971. Five stat ons were on the Uebraska
side of the river and 1 on the Iowa side (see Figure
5.1-6) at river miles 6h6.1, 6h5.9, 6h5.8, 6h5.6,
6hh.h, and 6h3.8. Rock baskets of crushed limestone
were suspended at a depth of L feet from the downstream
side of pilings for approximately 21 days for each
sampling period (May, July, September , and October) .
The rocks were then cleaned of all organisms, and the
washed material was poured through a U. S. Standard
#h0 mesh screen sieve. The organisr, retained were
preserved for identification, counting, and deter-
mination of wet and dry weicht.

10. Fort Calhoun Missouri River Transects (OPPD)

Zooplankton were sampled by pumped water samples
collected weekly from March through October since 1972
from 3 points on transects across the river near Fort
Calhoun Staticn (see Figure 5 1-1) at the same river
mile locations used for rock baskets. A 1-gallon depth-
integrated whole water sample was taken at each of the
3 transect stations and the samples filtered throurn
965, 16h, and 0.h5-micron sieves. Siomass, respira-
tory, and caloric measurements were determined for
subcamples of the 3 f iltrate fractions. Subsamples
were preserved for future reference. Samples were
collected and processed on the same schedule for an
additional 5 years.

Phytoplankton were collected in a similar ranner
to tne OPPD zooplankton sampling methods. Phytoplankton
ranging in size from 165 to 0.h5 microns were weighed
and tested for caloric content, respiration, and photo-
synthetic activity. In addition, the camples were
analyzed for chlorophyll a and b and protein content.
Representative aliquots were preserved and stored (cata-
logued). Samples were collected and processed as in
1975 for an additional 5 years.

11. Fort Calhoun Missouri P.iver Sampling ( N%d')

Periphyton samples were collected in the Missouri
River from June to July, August to September, and in
:Jovember , 1970, and in May, July, September, and :ovember,
1971, near Fort Calhoun. Duplicate glass slides were naq

7 [U/h09//
12h



LECTIO:. 5 - EFFLUE'IT E:iVIRO ::E;TAL IE/6URE'E;T A !D "3HITORI':0 PROGRA"J
(Continued)

51 Non-Radiolorical Prcerams (Continued'

5 .1.1 Surfcce Water Monitorine Programs (Continued)

11. Fort Calhoun Missouri River Sampling (:;G&P)
(Continued)

suspended 3 inches under the water surface by bouyant
slide holders attacheu to the downstream side of
pilings at 6 stations (see Figure 5.1 6) . One series

of the duplicate slides was analyzed for chlorophyll
pigments and the other preserved for identification
and enumeration,

12. Larval Fish Recruitment Study (OPPD)

The origins of larvae found in the drift had not
been documented, and information .ohusing larvae spawned
at locations other than upstream of the Fcrt Calhoun
Station aas not available before commencement of the
recruitment study. Calculations of the percent of the
larvae in the drift removed by the plant could be
partially nitigated by demonstrating that larvae are
recruited to the drift downstream of the Fort Calhoun
Station. In 1978, h utilities, campling a 400 mile

stretch of the !?J ssouri River (river mile 808 to river
mile h11) bcth upstream and downstream of the Fort
Calhoun Station on 7 transects, determined larval fish
concentrations. Boat towed .75 meter diameter plankton
nets were used to c.mple the drift. Calculations of
the number of larvae passing each transect were sub-
jected to statistical evaluation. Increases in the
nudber from 1 transect to the next would demonstrate
recruitment to the drift. This study will continue

in 1979

13 Backwater Larval Fish C >1lection Program (OPPD)

Larval fish spawned and raised in local backwater
(adjacent areas connected to the river, but notareas

receiving full river flow) may be in part responsible
for 3rpporting the standing crop of adult fishes in
the vicinity of Fort Calhoun Station. Investigations
into the production cf backwater zones were conducted

in 1977 and 1978. Various larval fish collection
techniques were utilized to sample the backwater habitats
during the spawning season (April-August). Similar
studies will take place in 1979
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SECTION S - EFFLUENT ENVIRONME'!TAL MEASURBE!T AND MONITORING PROGRIN
(Continued)

51 Non-Radiological Programs (Continued)

5.1.2 Ground Water Monitorine Programs

Ground water contours were determined as discussed in
Section 2.7. This prcgram is not on-going.

5.1. 3 Meteorolorical Monitorine Procr1ms

The meteorological on-site data acquisition program
was begun in June, 1967, by Omaha Public Power District at
the Fort Calhoun Station site. Initially , a c imatological
station was instrumented with standard-type Weather Sureau
quality instruments for reearding temperature (thermograph),
relative humidity (hygrothermograph), precipitation (rain
gauce), barometric pressure (barograph), and wind. The wind
system, a Meteorology Research, Inc. (MRI) techanical weather
station (Z4S), was installed atop a LO-foot fold-over tower
at a location adjacent to the Missouri River and slightly
south-southeast o f the reactor centerline. This
tower was operable, producing valid data, until June, 1977
In addition, a hilltop station for recording temperature was
instrumented during September, 1968. The hilltop thermograph
was the same model as that inetalled at the climatological
station and was locatea on a 310-foot hill about 1 mile scuth-
west of the reactor. The 310-foot elevation difference bet-
ween the 2 temperature sensors provided interin vertecal te=-
perature Cradient measurements. The technique of selection
of the temperature differences (delta T) wnich are represent-
ative of the various Pasquill-Turner Stability Classes sac
based on the various temperature gradient parameters developed
at NRTS. Table 5 1-3 presents a list of the above inst ruments
including the description, specifications, and installation
levels of each sensor.

During 1970, a Rohn 160-foot guyed weather tower was
installe d on the Fort Calhoun Station plant site which operated,
producin ; valid data, until June, 1977 The weather towere

was located more than 1/2-mile northwest of the reactor build-
inc. It was located upwind of the prevailine winds over the
reactor in order to more accurately measure the winds prior
to their passage over the reactor conplex towards the great-
est concentrations of population in the area. The weather
tower was originally instrt.1 nted with 3 aspirated terperature
sensors: 1 at an elevation of approximately 32.8 feet above
the plant ventilation discharge duct at ll" feet above ground
level ( AGL),1 at approximately 32.8 feet bclow the duct cut-
let, and the third at approximately 6.6 feet AGL. An MRI
"vectorvane" wind system was mounted near 115 feet AGL, the
above-duct outlet elevation. See Table 5.1-h for a list of
the above sensors which includes the description, specifica-
tions, and installation levels of each. The meteorological
sensors listed in Table 5.1-3 were continued for backup.
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Table 5.1-3
Fort Calhoun On-Site Meteorological Measurement Program

(Initial Instrumentation and Recording System)

CLIMAWIDGICAL STATION - FOLD-Ovik 40-FOOT MLH AND HILLTOP STATION

MLTtOROIDGICAL INSTRUMENT S t.N50R LIVt L-,, ,G F M M
INJTRUMINT MODEL (feet)

Wand direction, speed and Meteorology MWS 1071 . t. Carection
t er% + r .a t u r e (Mechanical Research, Inc.
weather station) Starting threshold: 9.7 5 mph

Delay distance: 4 feet (50 g erc er.t
recovery)

Damping ratio: 0.5-0.6
Range: O degrees -3fC degrees 1 1 p<rcent

of full scale (accuracy)

Speed
P Sthrting threshold: <t.75 x,h

9esgense distsnce: 18 fec* (03 percer.t
recovery)

Flow coefficient: 1.9 ft/rev.
Accura y 1 2 percent
Temperattrer ! 3 degrees F

Temperature Bendix Corpsration W-0 5.7 Bimetal strip, accuracy: 1 2 degrees F
(Thermograph) Calibrated range : -35 to +110 degrees F

5.7 Bimetal '' rip, accuracy: 1 2 degrees F
Hilltop Calibrated range: -35 to 4110 degrees F

310.0

kelative H eidity Belfort Irmt rum. nt 5-594 5.7 Ban)n spread hsan hatr, accuracy: . 4 per-*

(Higrothesnograph) Company cent
Calibra ed range < 0-100 percent
B1 metal strip, accuracy: + 2 degrees F
Calibrated range: 0-110 degrees F

Frecipitattor, peltort Instrument 5-78G 33 Weighing gauge, accuracy: 1 1 percent
(Rain gauge) Company Calibrated range: 0-12 in. water

Barometrac Pressure Belfort Instrumert 5-800A 4.7 Bellows, accuracy: 1 0.3 miltibars
(harometer) Company Calibrated range: 28.5 - 31.0 in, mercury

E'=
*n I

All levels are elevat ions atove gr ourid levcl (AGI).
M

N
o
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Table 5 1-4
Fort Calhoun On-Site Meteorological Measurement Program

(Instrumentation and Recording System)

kallN GUYED 160-FOOT WEATHER WATR
-

METEOROID.;1CA L
. . , , y SENSOR SPECIFICATIONS

INSTRUMENT SENSOR IJVEL-
INSTh0 MENT MODEL l'eet)

Wind spc<d and direction Meteorology 1053 Mark III 115 Direction
rizontal and vertical Research, Inc. "Vectorvane"

(WSI, Al & SDE & SDA, Starting threshold: 0.75 mph
M e 3f (50 p>rcentrespectively)

__

Dampint ratio: '
%

Rangen azimuth 0-540 degrees 1 1 percent
(accuracy)
elevation -60 degrees to +60 de-

grees + 2 percent
(accuracy)

ru
CD S wedi

Starti.,9 threshold: 0.75 agh
Fesgonse distance: 3 feet (63 gercer t

recovery)
Range: 0-100 mg.h 1 0.2 sph or 1 percent

(whichever is greater)

Temperature Meteorology YSI Thermilinear 84.2 Thermistor accuracy: 1 0.15 degrees C
Research, Inc. No. 44203 Calibrated range -3n to 50 degrees C

Beckman Whatley Aspirated Shield

[+1ta Temperature Meteorology YSI 'Ibermalinear 6.56 Thermistor accuracy: * 0.15 degrees C
(Tl & T3l kes.' arch, Inc. No. 1001 147.5 Calibrated r-

, -30 to 50 degrees C
Beckman Whit 1., Aspirated Ehleld

Copper /coratantan, accuracy 1 0.1 degrees C
Threshold 0.1 percent r a nge : 0-100 My
Celibrated range -1.5 to 3.5 degrees F

Eccorders Leed s & 610xL Multipoint Reactor Bldg.
Northsup

I All 'evels are ,'evatic.ns above g r oiand leve l (AGL).

O
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SECTIC:I 5 - EFFLUE:!T E:IVIRO:BE;TAL EASURE'E:IT A'ID MO'iIT0"I:iG PRG33A':3
(Continued)

51 Hon-Radiolacical Programs (Continued)

5.1. 3 Meteorolocical Monitorine Procran (Continued)

Due to the limited amount of data which was being re-
covered, Omaha Public Power District began an update and an
improvement program of the instrumentation system on the Rohn
160-foot weather tower in late 1973 In January, 197h, the
updated system became operational and in full compliance
with the Regulatory Guide 1.23 In Table 5.1-5 is shown the
updated weather tower system with instruments and sensors
listed with specifications and mounted elevatiens of each.
The meteorological parameters sensed on the 160-foot Rohn
tower were transmitted to a remote recording system which
has hard copy strip charts and is located in tre control
room. In addition, all parameters from the weather tower
were stored digitally through a data logger c.i dices for com-
puter processing to hourly average values which, in turn,
were hard copied to hourly data logs.

In 1976, a 110 meter weather tower was installed and
became operable. The tower is currently equipped with win.
direction, wind speed, ambient temperature , delta tempe.ature ,
and sigma azimuth meteorological instrumentation located at
various levels. Table 5.1-6 provides a listing of meteorological
instruments located on the 110 meter tower giving manufacturer,
model number, sensor elevation, quantity, and important cen-
sor cpecifications. Figure 5.1-7 sheas the location of the
tower, along with former locations cf the mechanical tower
and Rohn tower discussed above.

5.1. L Land Monitoring Procrams

Ilon-radiological lant monitoring programs consist
primarily of Fort Calhoun Stat ~on Unit !a. 1 and 270. 2 pre-
operational surveys of geologic '.1 characteristics of the
site, seismological investigaticis, land use and denographic
surveys, and surveys of terrestri'.1 ecology. The results of
these prograre are discussed in Se' tion 2. With the excepticn
of some population surveys required to i:aplement 10 CFR 50,
Appendix I, these programs are not o -going.

5.2 Radiological Monitorinc Procrats

Radiological environmental monitoring programs are designed
to provide data concerning the types and amount of radioactivity
preaent in tne environment of the Fort Calhoun Station before and
during operation. The preoperational program was des 1Jned to assess
environmental conditions before arrival of fuel and is de cribed in
Section 2.10.2 of the Unit No. 1 FSAR. The operational monitoring
program is intended to monitor any changes in environmental conditiens
due to plant operation. It is not enpected that any change in the

<0$
'S

1,9
129



- - - ?-_____

Table Sol-5
Fort Calhoun On-Site Meteorological Measurement Program

(Update Instrumentation and Recording Systems)
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Deley distance 4 feet (50 percent

recoveryl
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Range s O degrees -540 degrees * 1 percea
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Speed
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Reeponse daet ences 18 feet 143 percent
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r ios s nef f 4C ' est . " . 9 f ts rew
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Accur ssy i I 0. 4 opa

Teater at ur e met eoro logy Yet Werealinear 42. 1 The re a s a esrecy 0.15 degrees C
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Soc kman teh3tley hapareted Shte Ad

Delte Temperature meteorology f 51 Thereilanear 12. 3 Therstatore, acevracy. -* 0.15 deerees C
(DTNT) Reeeerch. I nc . 30, 1001 147.5 Calabrated rappei -S.4 to S.4 degrees F

tocaman whatley Asparated Satels

Recorde r e Leede 6 A2AE Reactor Sidg. Coppe r / con s tantan , occuracy * L.1 degreee C
por thr up " Speed <esa-n". Threshold U.1 percent

fault apoint Cala.brated range s -1.5 to 3.5 degrees F
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recovery)
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Speed
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mesponso distance s le feet (63 percent
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5. 7 B utet al st r a p, acevr ac y : 4 degrese f
ut :1 top Calabrated rangen -35 to *i10 degrees F

310

selet two umidity Se l f or t Instrument 5-SS4 9.7 Banjo aeread hwan %ste ac cur ac y i I4
C<spny

twrrent
Cal abrated r ange s 0-100 pers ent
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C41Lbratee range n 0-100 degrees F

Fr os tettet son 'solf art Inst rmat %,700 3. 3 We igh t ng gauce , accuracy t I 1 percent
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Table 5.1-6
Fort Cal ~aoun 110 Meter Tower Instruments

Instru ent Instrument

Meteorological Instrument Manufacturer Madel Sensor Elevation (ft) Quantity Sensor Specifications

Wind Direction Climatronics Fh60 1365.9 (at 110M) 1 Azimuth 0-5400
1152.6 (at LSM) 1 Starting Threshold 0.9 mph

1037.8 (at 10M) 2 Accuracy 1 50
Damping Rat lo 0.6
Delay Distance h ft

Wind Speed Climatronics Fh60 1365.9 (at 110M) 1 Speed Range 0-100 mph
1152.6 (at 45M) 1 Starting Threshold 0.9 .ph

1037.8 (at 10M) 2 Accuracy 1 0.5 mph
Response Distance 8 ft

Ambient Temperature Climatronics TS-10 1037.8 (at 10M) 3 Range -500C to +500F
Accuracy 1 0.100C

U
Delta Temperature Climatronics YSI-703 1037.8 - 1365.9 3 Range -500 tc F150C

(at 110M - 10M) Accuracy 10.1 )C

Sigma A71muth Climatronics Special 1365 9 (at 110M) 1 Azimuth 0-5400
1037.8 (at 10M) 2 Starting Threshold 0 9 mph

Accuracy 1 5
Dam ing Ratio 0.6,

Delay Distance h ft
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Figure 5.1-7
a ',0.'$C %C W/Meteorological Tower Incations
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SECTION 5 - EFFLUENT ENVIRONMENTAL BEASURDENT AND MONITORING PROGRIL'C
(Continued)

52 Radioloeical Monitorinc Programs (Continued)

e; vironmental operational monitoring program vill be required as a
resu ; of stretching power at the station.

Section 3.11 of the Fort Calhoun Station Technical Specifica-
tions provides a schedule of environmental samples routinely taken
and evaluated for radioactivity content. This schedule provides
sample type, collection frequency, analysis frequency, and number
of samples. Sensitivity requirements and sensitivity of the analysis
is provided by Tables 3-10 and 3-11, respectively, of the Technical
Specifications. Figure 2.10-1 of the Unit No. 1 FSAR depicts loca-
tions from which samples are taken.

In addition to environmental monitorin6, all liquid and gaseous
discharges are analyzed prior to release and are continuously moni-
tored during release. The amount of radioactivity released is docu-
mented as a standard plant operating procedure and is reported routinely
in the Fort Calhoun Station Semi-Annual Report. In-plant radiological
monitoring and radvaste handling is currently being evaluated by the
Cornission in connection with assessment of station co=pliance with
10 CFR 50, Appendix I.

i r) 7 ') O Q
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SECTION 6 - EWIRO'i"EUTAL EFFECTS OF ACCIDENTS

6.1 Radiological Consequences Study of a Fuel Handline Accident
in the Suent Fuel Pool

6.1.1 Physical Model

The possibility of a fuel handling accident is remote
because of the many administrative controls and physical limi-
tations imposed on the ?uel handling operations.

Should a fuel assembly be dropped or otherwise damaged
during handling, radioective release could occur in either the
containennt or the auxiliary building. The ventilation ednaust

air from both of these areas is monitored before release to the
atmosphere.

The potential radiological consequences resulting from
the occurrence of a postulated fuel handling accident in the
spent fuel pool have been analyzed using assumptions and para-
meters that are consistent with Regulatory Guide 1.25 recom-
mendations. A description of the mathematical model utilized

in the dose calculations is included.

6.1.2 Assunctions and Conditions

The enlculational methods and assumptions described in

Regulatory Guide 1.25 were assumed as: (1) the values for
maximum fuel rod pressurization, (2) peak linear power density
for the highest power assembly discharged, (3) maximum center-
line operating fuel temperature for the assembly in item (2)
above, and (h) average burnup for the peak assembly above are
assuned less than the corresponding values in Regulatory Guide
1.25

An evaluation of the failure of all fuel rods in a fuel
rod assembly (176 fuel rods) was not performed since this evnlu-
ation is performed only to demonstrate the capabilities of the
fuel handling building ventilation system.

6.1.3 Mathematical Models Used

1. Inhalation Thyroid Dose

The inhalation dose to the thyroid due to iodine
can be determined by use of the following equation in
accordance with Regulatory Guide 1.25:

D = FcIFPB (X/0)(DCF)(DF ) (DF )p f

134 70)f
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Table 6.1-1
Parameters Used in Evaluating the Radiological

Consequences of a Fuel Handling Accident

-

Parameter Assumptions Reference
_ ..

Source Data:

Power level, Mwt 1500 FSAR
~

Radial peaking factor 1.65 ' TSAR
Burnup f5-15-18

| gltDW[e_
releae scheat tull pow %er

Decay time, h 72 FSAR
,

humber of failed rods 56

Fraction of fission product gases Regulatory
contained ir the gap region of the Guide 1.25
fuel rods, %

Kr-85 30

Other Noble Gases 10

Iodine 10
;

Activity Release Data Regulatory
Guide 1.25

Fraction of gap activity released 100
to pool , %
Minimum water depth above damage; rods 23,

ft

Pool decontamination factor for nu'le 1a

gases

1

-

--
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Table 6.1-1
(Continued)

Paraneters Used in Evaluating the Radiological
Consequences of a Fuel Handling Accident

i

Parameter
Assumptions Reference

E f fe cti ve i o d i nHe con tamiiia tTon~fa c t6r Regulatoryfor pool ...c2r 100 Guide 1.25
_ _ _ _ . . - _ _ .

_-

Iodine chemical form released to fuel Regulatory
building Guide 1.25

Elemental iodine, % 75

Organic iodine, % 25

Charcoal filter availability Assumed not
avai-lable

_ _. _ . _ _ _ _ _ . _ _

,

Activity released to fuel pool, Ci -

Isotope
3I-131 6.14x10 (g)
IXe-131m 5.00x10
4Xe-133 1.24x10
2Kr-85 2.41x10

Dispersion Data

Distance to exclusion area ~

l boundary, m 910
-
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Table 6.1-1
(Continued)

Parameters Used in Evaluating the Radiological
Consequences of a Fuel Handling Accident

.

_

ReferenceParameter Assuinptions

Distance to LPZ outer boundary, m 4828
~~

~ ~ ~

Atmospheric dispersion factors,sec/m3 _ _ _ .
-_

EAB 4.4 x 10-4
LPZ (0-8 Hrs) 1.57 x 10-5

_ _ _ _ _ _ _ _ _ _ _

,
- .

.

.

.

(a) Determined f om Regulatory Guide 1.25 assumptions and core inventories
based on plant operation at full power with burnup at 15-15-18 month
cycle reload scheme.

.

"g?7,,,
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TABLE 6.1-2

Dose Factors

~ ~ ~ ~ - -ISOTUPIC PAR METERS
-~~

~

-

-

Average
MeV/ Disintegration MeV/ Disintegration

Isotope Half-Life (gamma) (beta)

I-131 8.06 D 0.381 0.194
I-132 2.28 H 2.333 0.519
I-133 21 H 0.608 0.403
I-134 52 M 2.529 0. -'

I-135 6.7 H 1.635 0.4,5
Kr-83m 1.86 H 0.002 0.037
.Kr-85m 4.48 H 0.159 0.253
Kr-85 10.73 Y 0.002 0.251
Kr-87 76.31 M 0.793 1.324
Kr-88 2.80 H 1.950 0.375
Xe-131m 11.9 D 0.20 0.143
Xe-133m 2.?5 D 0.0416 0.190
Xe-133 5.29 D 0.0454 0.135
Xe-135m 15.65 M 0.432 0.095
Xe-135 9.15 H 0.247 0.316~

Xe-138 14.17 M 1.183 0.606
H-3 12.3 Y None 0.006

~~

10 DINE DOSE CONVERSION FACTORS

Isotope Rem-thyroid / Curie Inhaled

6I-131 1.48 x 10
I-132 5.35'x 104
I-133 4.00 x 103
1-134 2.50 x 104
I-135 1.25 x 105

~ ~ ~ ~

BREATHING RATES
_

-

Time after Accident m /s
-4O to 8 hours 3.47 x 10 .

-48 to 24 hours 1.75 x 10
-41 to 30 days 2.32 x 10 .

4 )| b00
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SECTICN 6 - ENVIRONMENTAL EFFECTS OF ACCIDENTS (Continued)

6.1 Radiological Consecuences Study of a Fuel Handling Accident

in the Suent Fuel Pool (Continued)

Where:

D is the thyroid dose (rens)

Fg is the fraction of fuel rod iodine inventory
in fuel rod void space (0.1)

I is the core iodine inventory at time of accident
(curies)

F is the fraction of core damaged so as to release
void space iodine

P is the fuel peaking factor
B is the breathing rate (cubic meter per second)

DF is the effective iodine decontamination factorp
for pool water

DFr is the effective iodine decontamination factor
for filters

X/Q is the atmospheric dispersion factor at receptor
location (second per cubic meter)

DCF is the adult thyroid dose conversion factor fva
the iodine isotope of interest (rems per curie
inhaled)

2. Whole Body Doses

The external W ole body doses are calculated using
semi-infinite cloud assumption. The beta skin dose rate
equation is:

D = 0.23 EsX

The gamma whole body dose rate equation is:

D = 0.25 E_ Xy

Where:

_D = dose rate from semi-infinite cloud (rads' hour)
Eg = average beta energy per disintegration
Ey = average gamma caergy per disintegration
x = concentration of beta or garna emitting isotope

3in the cloud (curie /m )

139
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Table 6.1-3
Radiological Consequences of a Postulated Fuel

Handling Accident in the Fuel Building

Result Value

(56 fuel rods)
Exclusion Area Boundary Dase (0-2h), rem -- -- - - --

1Thyroid 3.74 .4 10

Beta-skin 1.76 x 10-1
Total body gamma 6.35 x 10-2

LPZ Outer Boundary Dose (duration), rem: *

Thyroid l.34'

Beta-skin 6.29 x 10-3

Total body gamma 2.27 x 10-3

.

Results:

As these values for thyroid and whole body gamma dose show the duse
calculated using these conservative assumptions are well within the
limits of 10CFR100.

*For conservatism, the LPZ dose calculations are based on a dispersion
factor for 0-8 hours.

1h0
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SECTION 6 - E?NIRONMENTAL EFFECTS OF ACCIDENTS (Continued)

6.1 Radiological Consequence; Study of a Fuel Handline Accident

in the Suent Fuel Pool (Continued)

6.1. 4 Uncertainties and Conservatisms

The uncertainties and conservatisms in the assumptions
used to eva]uate the radiolog2 cal consequences of Lhe fuel
handling accident in the cpent fuel pocl are as fo.'. lows:

1. Tb gas gap Letivity inventory is cont ervatively
calculated based upon plant operation at 'all power
with bu_nup at 15-15-18 month cycle reload scheme.

2. The number of fuel rods that are assumed to fail
in the asse=bly is a conservative number for the de-
sign case.

3. No credit is taken for icdine decontaminatien
factor for the filtration system in the spent fuel
pool area.

6. 2 Radiolocical Consequences Study of a Fuel Handline Accident
in Containment

6.2.1 Physical Model

The potential radiological consequences resulting from
the occurrence of a postulated fuel handling accident inside
the containment building have been analyzed using assumptions
and models presented in Table 6.2-1.

The analysis investigated the possibility of activity
release through the containment purge system and found that
no release via the purge exhaust system is eTrected. The auto-
matic closure of the containment isolation dampers, due to in-
creased act vity level, preclude any radiological releases.

6.2.2 Assumutions and Conditions

As a very conservative accident estimate, the follow-
ing assumptions vill be made:

1. All fuel rods in the dropped assembly fail (176
fuel rods).

2. No credit for containment isolation.

3. No credit for iodine filtration (except pool de-
contamination) or mixing within the containment.

h. Radioactivity releesed, instantaneously reaches
the dose evaluation poirt (EAB), that is, no credit
taken for decay,

141
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Table 6.2-1
Para:neters Used in Evaluating the Radiological Consequences

of a Fuel Handling Accident in Containment

Parameter
,

Assumptions Reference

Source Data:
_. __

Power Level,fiwt 1500
Radial Peaking Factor 1.65
Burnup 15-15-18 month

cycle reload
scheme at full r ower

Decay Time, hr 72

Number of Failed Rods 176

Activity Release Data:
Fraction of gap activity re'. eased 100 Reg. Guide 1.25
to pool
Pool De:entamination Factor for Noble 1 Reg. Guide 1.25
Gases

Factor for Iodine
Inorganic 133 Reg.Guice 1.25
Organic 1 Reg. Guide 1.25

,

Iodine Chemical Form Released to
Containment Building

Elemental, % 75 Reg. Guide 1.25
Organic, % 25 Reg. Guide 1.25

Activity Released to Containment Pool,Ci:
2

Kr-85 7.5x10
2

Xe-131m 1.57x10 (g)
Xe-133 3.89x10

4
I-131 1.93x10

Dispersion Data:
~

~~

Distance to Exclusion ~~910
Area Boundary, EAB, m

Atmospheric Dispersion Factor, 4.4 5 15-4
'~ ~~

//Q,sec/m3
Containment Building Design Parameters:

Containment Isolation Iodine Removal
Efficiency None
Release Location Radioactivity

released
instantaneously

, , , _ _

reaches the dose
evaluation point

(EAB),

(a) Determined from Regulatory _Ffu1F) power _ssumntions and. core inventories
-

-

Guide .25 a
based on pla~nt operaUon a UW fli tec Tuer) with burnup a
15-15-18 month cycle reload scheme.
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Table 6.2-2
Radiological Consequences of a Postulated Fuel
Handling Accident in the Containment Building

Value
Result (175 fuei rods)

Exclusion Area Boundary Dose (0 to 2 hr), rem

Thyroid 3.74 x 101
Total body gamma 2.06 x 10-1

,

Results. *

As these values for thyroid and whole body Samma dose show, even without
a containment building, the dose calculated using these conservative
assumptions are well within the limits of 10CFR100.

.
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.EC PI ON 6 - ENVIRu: WEN'?A1, EFFil"iu n? A<''C!Ir ;Niu (Continue l)

6.2 Badiological Consequences Study of a Fuel Han,11i nc Acc i dont

in Containment (Continued)

6.2.2 Assumntions and Conditions (Ccntinued)

It is accumed that the activity released from a dropped
as cap activity of the assembly.assembly is equal to the muitum e

This activity, except for those iodines filtered out by the
pool, is assumed to be released to the EA3 instantaneously.

The nr.jor assumptions and parameters assume 1 in the
analysis are itemized in Table 6.2-1.

6.2.3 Mathematical Models Used

Mathematical models ured in the analysis are described
in the following sections:

1. The atmosphoric dispersion fac ' ,rc used in the
analysis are taced on meteorolorica. onditions

assumed present during the co.'ese o: the accident.

2. The potential thyrriid inhalation doce and total-
body garna immersion do:e to an individual exposea
at the exclusion area bc.ndary are analysed using
the =cdel described in nhoectior. 6.1.3 and results
are listed in Table 0.2-

6.2.h Uncertainties and Ccmiervatisms

The ur. certainties and conservatisms in the assumptions
used to evaluate the radiological consequences of the fuel
handling accident in containment are as follows:

1. Tne radioactivity releases as a result of the
fuel handling accident, instantaneously reached the
dose evaluation point.

2. No credit is taken for containment isolation.

3 No credit for iodine filtration (except pool de-
contamination) or mixing within the containment.

h. All fuel rods in tha assembly are assumed to fail

(176 fuel rods).

5 The gas gap inventory is conservatively calculated
based upon plant operation at full power with
burnup at 15-15-18 month cycle reload scheme.

lLL
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;i;C'JI O:; 6 - i::iV RHO:UL' PAL c:!'FEC'd OF ACCIDM. /l ( Con t i n ue'1)

6. 3 Radiolacical Conceauences of a San Decay Tank Rupture

6. 3.1 Physical Model

The ucct limiting vaste cac accident it defined as an
unexpected and uncontrolled release to the atmcaphere of the
radicactive Xenon and Krypton ficcion caces and Iodines that
r 'ce : tored in one vaste c decay tan 1.

Thic accident 20 considered a limiting fault, and a
rupture of a wacte gas decay tank is analyzed to define the
worst consequences of a gaceous release that could result fror
any malfunction in the gaseous radwaste system.

6. 3. 2 Ansumntions and Ccnditions

The major assumptions and parameters ascumed in the
analysis are itemised in Table 6. 3-1

It is asauced that the plant has been operating ut
1500 Mvt with 3% failed fuel for an ex. ended period, cuffi-
cient to achieve equilibrium radioactive corcentrations in
the reacter coolant. The maximun gas activity would occur
af ter shutdown and coolant degaaification.

It is also arsumed that the activity released frcm
a gas decay tank rupture is the maximum quantity that can be
contained within the tank at its maximum operating pcecaure
of 100 psig (when the core is operating at 1% failed fuel).

The tank in answned to rupture and all of the noble
gases and iodines assured to be released to the atmosphere
in a 2-hour period, consistent with Regulatory Guide 1.2L.

Table 6. 3-1 lista the conservative accumptions For
vaste gas decay tank rupture and waste gas decay tank inven-
tory prior to relelse.

6.3.3 Mathematical Models Used

1. Inhalation Thyroid Doce

Tne inhalation doce to the thyroid due to iodine
ccn be determined from the following equation:

D = Q.B t (X/Q) (DCF)

Where:

D ic the thyroid doce (remo,

Q is the average iodine releace rate (curies /cecond)
dB is the breathing rate (neter /cecond)

1h5 k97 5$0
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Table 6.3-1
Assu: ptions for 'daste Gas Decay

Tank Ralease Accident

Parameter Assumption _, Reference
i

A. Source Data

1. Power Level, Mwt 1500 FSAR

I2. RCS Radioactive Maximum Values based FSAR

Concentrations on 1% failed fuel Regulatory Guide 1.24

3. Decay Time, hrs. O FSAR
,

All gases stripped from Regulatory Guide 1.24
processi.9 the entire RCS
volume are irrediately

,

passed to gas decay tank
which fails. Accident
occurs immediately fol-
lowing a cold shutdown

Ireleasing entire tank
inventory.

4. Gas Decay Tank
,

(i) volume, scf 2875 FSAR

(ii) pressure, psig 100

5. Tank Activity, Ci

Isotope (a)
-2

1-1 31 2.631 x 10
3I-132 4.209 x 10 2

I-133 2.762 x 10--3
I-134 1.973 x 10-

9.734x10+fI-135
Kr-85m 8.024 x 10+2
Kr-85 5.261 x 10+
Kr-87 4. 341 x 10 +2

1.447 x 10+3Kr-88
2

Xe-131m 5.656 x 10,4
! Xe-133 9.602 x 10+3

Xe-135 3.025 x 10+2
Xe-138 1.973 x 10

i

t

_
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Table 6. 3-1
Ass =.ptions for Waste Gas Decay

Tarl Release Accident

7
N rameter Assumption

. Reference j

o. Activity Release: All gases released from FSAR
tank leak from auxiliary Regulatory Guide 1.24
building at ground level
within 2 hour period

C. Dispersion Data, X gf -4 3(i) EAB 4.4 x 10 sec/m-5(ii) LPZ ( 0-8 hrs) 1. 57 x 10 sec/m3

3(a) Determined from a 23,720 f t volumetric gas flow and conservative
influent specific act.ivities when the core is operating a 1% failed
ft el, into a 2375 scf gas decay tank.

.

-
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Table 6.3-2
Radiological Consequences of a Fostulated

Gas Decay Tank Rupture

Radiological
Exposures (rem) EAB LPZ*

Thyroid 7.86 x 10-3 2.8 x 10-4

Whole Body Gamma 9.61 x 10-1 3.48 x 10-2

Beta Skin 1.57 5.61 x 10-2

- ...

.

Res ul ts:

As these values for thyroid and whole body gamma dose show the dose
calculated using these conservative assumptions are well within the
limits of 10CFR100.

*For conservatism, the LPZ dose calculations are based on a dispersion
factor for 0-8 hours.

-
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''ECTION (; - ENVIROW''-T."AL 'FFECTI OF ACCTDEN?C (continued)

(> . 3 Badi ol ogi c al Connequencen of' a Can Doeny Tir.k Runture (continueu)

6.3.3 ''athematical "odeln Uned (continutd)

t 10 the exposure time (seconda)
X/Q in the dicpersion factor at the receptor location

(seconds / meter 3)
DCF is the adult thyroid done convernion factor for

the iodine icotope of interest (rema/ curie inhaled)

2. Whole Pody Docen

The external whole body doces are calculated using
ceni-infinite cloud assumption. The beta akin doce rate
equation is:

_

D = 0.23 E xg

The gamma whole body dose rate equation in:
-

D = 0.25 E xy

Where:

D = doce rate from cemi-infinite cloud (rado/ hour
E3 = average beta energy per dicentegration
E = average gamma energy per disentegration

X = concentration of beta or gamma emitting isotope

in the cloud (curie /m3)

6. 3. h Uncertainties and Conservatiamn

The uncertainties and conservatiums in the accumptions
used to evaluate the radiological consequences of the gas de-
cay tank rupture are as follows:

1. No credit is taken for radioactive decay durini:
transit from RCS to the gaseous wacte management sys-
tem or for holdup in the gas decay tank.

2. The auxiliary building leak rate is assumed to
be equal to tank leak rate.

3. The gas decay tank inventory is conservatively
calculated based upon plant operation with 15 failed
fuel,

b. No credit is taken for Piltration in the auxiliary
buildirg.

lL9
.
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''ECTIO!. 6 - E'.~/IRO!!!!E';TAL EFFECT'' O! A C C ITE;"" (continued)

6.h Ra linlovical Conneouencen Ptwiv of a Control Ele ent Ar m n!v
Ejection Accident

6.h.1 Physical !4odel

The evaluation of t.:e radic'.ogical conaequencea of a
postulated control element asceml's (CEA) ejection accident
assumes a coincident loss of offsite power nt the time of tur-
binc trip. Thus, activit.v is released via 2 pathways:

1. From the reactor coolant, through the ruptured
CEA drive macbanism pressure housing, to the contain-
ment, and to the environment vit. containment leakage.

2. From the reactor coolant to the steam generatar
secondary side (primary-to-secondary leakage), and to
the environment via mass releaue fran secondary relie:
and dump valves operated during initial cooldown.

Previ ous malysis of thi, accident revealed no fuel
rod cladding dama;e which resulta in at.ditional ficulon pro-
ducts di ccharged into the coolant. Tlis is again accumed to
hold true.

6.h.2 Ancumptiona and Coneitions

The major assumptions and parametera accumed in the
analycis are itemized in Table 6.4-1.

Reactor coolant activity levnls are calculated acaumin,-
that, prior to the accident, the plant operated with imultane .

1% failed fuel and a 1 cal / min ,ri mnry-to-::ec ontinr'r lot'. "-

conservatism, the secondary sycten ic assumed to con',ain acti-
vity levels of 6.1 pCi/cm I-131 DEC.

1. | ctivity Release from Containment

The activity avalle.ble rcr leakar e from contain-
ment is based on the equilibrium reactor ecolant noti-
vity. The nuclide activity instantar.cously available
lor release from containment la 100% of the noble gacea

and 25% of the iodines.

The activity available for leakage from contain-
ment is accumed to be instantaneously mixed in the con-
tainment free volume. ictivity ic assumed to leak out
at the limit (0.2 vol. %/ day) for the first day and
at half this rate for the duration of the accident
(1-30 days).

150
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Table 6.h-1
Parameters Used in Evaluating Radiological Consequeneca

of a CEA Ejection Acc dent

Parameter Assumptions Reference

Power Level (Mwt) 1500 FSAR

Percent Fuel Experiencing Clad Failure 0 FSAR ,

3Primary Coolant Liquid Volume (f t ) 6616 FSAR

Primary Coolant Liquid Mass (lbm) 412,8',0 FSAR

Steam Generator Liquid Mass (lbm) 79,530

Steam Generator Steam Mass (Ibm) 4,986

Purification Flowrate 36 gpm FSAR

(=1800 lb/hr)

Reactor Coolant Spacific Activity, Table (a)
before accident (uCi/gm) 6.4-2

Secondary System Spec. Activity. 0.lpCi/gm
before accident (pCi/gm) DEC I-131

|

Notes:

(a) RCS specific activities estimated per ANSI N237 Standard Methods, witn
following assumptions employed to yield conservative values:

1. Adjustment factor of "8" introduced to obtain results for operation
with 1% failed fuel-

2. iloble Gases: Reactor coolant removal rate conservatively assumed to
be zero.

3. Icdines- Reactor coolant removal rate conservatively taken as 0.039
hr -l'

k97151



Tal;1e 6.k-1

(Continued)
Parameters Used in Evaluating Radiological Concequences

of a CEA Ejca+ ion Accident.

Parameter
Assumptions Reference

3 6Containment Volume (ft ) 1.05x10 FSAR

Containment Leak Rate
j(1) 0-24 hr, vol%/ day 0.2 FSAF ;

| I
i

(2) 1-30 day, vol%/ day 0.1 Re

!
g. Guide 1.4i

|

Percent Coolant Fission Products Assumed 100%(noble) Reg. Guide 1.77
released to Containment 25%(iodines) f
Iodine Removal System Parameters

Notutilized|
|

Credit for Radioactive Decay i
i(1) Holdup in containment yes Reg. Guide 1.77;

(2) In transit to Dose Point no Reg. Guide 1.77!
Activity Available for Release from Table 6.4-4 (b) {Containment 0 t=0

|
Activity Release from Containment Table 6.4-5 |(c) i

Primary to Secondary Leak Rate 8640 lb/ day
Secondary Mass Release to Atmosphere (rate)
(1) Safety Valves, lbm/hr 5.16 x 104 (d) |~
(2) Dump Valves, Ibm /hr 2.27x10'

(averaged over t=3.08 hours)

Steam Generator Deccatamination Factor 10
(water to steam)
Activity Release from Secondary System Table 6.4-3
Atmosphere Dispersion Factors, (sec/m3)

EAB 4.4 x 10-4
LPZ (0-8 hours) 1.57 x 10-5

Notes:
(b) Determined from Regulatory Guide 1.4 and 1.77 assumptions and core inventories,

based on ANSI N237 standard

(c) Determined from previous item of the taale with credit taken for t :e removal
mechanisms of decay, iodine removal system and containment leakage. Values
represent the activity available for leakage from the containment 40 days
following the accident.

(d) For conservatism, mass release rato (average) based on calculated steam
releases (secondary) for postulated CEA ejection accident at Millstone II
power plant. i

|, _
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GECTION 6 - Em/ TRON %..TAL EFFECT9 GF ACCIM""C (continued)

6.h Rrtdi olori en1 Conneauencen Stute of a Control Eler.ent Annenbly
Ejection Accident (Continued)

6.h.2 Ascumptions and Conditions (Continued)

No credit for iodine removal system operation is

taken. The activity in containment is assamed to de-
cay due to holdup. After leaking from containment,
no radioactive decay or ground deposition is assumed
during transit to the doce point.

2. Activity Release from Secoedary Systen

The activity released fron the econdary cycten
10 the activity released to the atmosphere from the
main steam safety (relief) valves and atmospheric dump
valves during the cooldown p. lase until the chutdown
cooling cystem is placed in operation. Primary-to-
cecondary leakage continues at 1 gpm until chutdown
cooling is initiated.

The d 2 ration of the macs release will be assumed
to Le 11,092 seconds ( 3. 03 hourc ) until shutdown c ool-
ing is placed in operation. The mass release of 2.8
x 105 lba (total) is assumed to take place u- a con-
straint rate over the 3.08 hour period. Since this
results in rapid turnover of the S/G steam volume,
decay is not taken into account.

6. h. 3 Mathematical "odelo Used

Mathematical models used in the analysis are deom 1 bed

in the following sections:

1. The atmospheric dis 'rsion factors used in the
analysis .are based on meteorological conditions

assumed present during the course of the acciuent.

2. The potential thyroid inhalation dose and total-
body gamma immersion doce to an individual exposed at
the exclusion area boundary or outer boundary of t:te
low population zone (LPZ) are analyzed usin6 the models
described in Subsection 6.3. 3 and results are listed in
Table 6.4-6

)\O10
7
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Table 6.L-2
RCS Specific Activity

Nuclide Specific Activity (uCi/gm)
Kr-83m 9.9 (-2)

-85m 5.2 (-1)
-85 8.7 (+1)
-87 2.8 (-1)
-88 9.5 (-1)

Xe-131m 7.1 (-1 )
-133m 1.1 (0)
-133 9.9 (+1)
-135m 6.1 (-2)
-135 1.7 (0)
-138 2.1 (-1)

I-131 2.6 (0)
-132 6.5 (-1)
-133 2.5 (0)
-134 3.1 (-1)
-135 1.4 (0)

.

Table 6.h-3
Activities Released (Seccndary System)

Nucl ide Activity Released (Ci)

Kr-83m 5.0 (-2)
-85m 2.6 (-ll
-85 4." (+1)
-87 1.4 (-1)
-88 4.8 (-1)

Xe-131m 3.6 (-1)
-133m 5.5 (-1)
-133 5.0 (+1)
-135m 3.1 (-2)
-135 8.5 (-1)
-138 1.1 (-1)

I-1 31 2.9 (0)
-132 2.2 (-1)
-133 1.3 (0)'

-134 3.7 (-2)
-135 4.9 (-1)

154 7gn
497 o''



"r:CTIG:; 6 - E?iVIET.NE? ITAL FFECTS OF ACCIDF !TI (Continued),

6.h Padiological Conneouences Study of a Control Eler.ont Assembly
Ejection Accident (Continued)

6.k.3 Mathemntical Nodels Used (Continued)

3. Release Eate

A. Containment ReleLse

The average release of a specific isotope
which is released from the containment during
a time interval assuming a constant leak rate,
r moval of iodine by the containment iodine re-
moval system and radioactive decay until release
i s given by:

-(A + A2) t )( l
A1Qi = Fp.Fb (4s/P )i

2 ((1-e
o p^ ,A+A1 )

where Qi is the average release of the ith isotope,
(C uries )

F is the fraction of the isotope relessedp
from the reactor to the containment build-
ing (0.5 for iodine)

Fb is the fraction of the isotope which re-
mains airborne and available for release
from the containment to the atmosphere,
(0.5 for iodine)

(qs/P )1 is the saturation inventory of the r 5o
isotope contained by the reactor per anit
reactor power, (Curies /Mwt)

Al is the containment leak rate to the atros-
phere, (hours -1)

A2 is the radiological decay constant fo. the
ith isotope (hours -1)

t is the time interval since the start of
release during which exposure is assumed
to take place, (seconds)

Po is the rated reactor power level (1500 N:vt)

155
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31:C7103 6 - E'iVIRONENTAL EFFECTS OF ACCIDENTS (Continued)

6.h Radiolorical Concequencen Stu t of a Control Element f.n c omb 1:,
Ejection Accident (Continued)

6. h . 3_ Mathe .atical Models Used (Continued)

3 Releace Rate (Continued)

B. Secondary Releases

(1) All nob:e races entering the acccndary
system via the primary-to-secondary leak
mechanism ar e accumed discharged to the ut-
mosphere for the 3.08 hour period following
the accident.

I - '"' e iodine activity releuaed from the-

s e e .. ry syctem is given by:

Q = Ao + A /s - App

where Q = activity released (CE)
Ao = initial activity in C/G (liquid),

Ci
Apf3 - acti'.ity leaked into S/C (secondary)

from the RC3 durium the 4.0S hc ir
time period folicving the accident,
Ci

Ap = final activity in C/G (liquid) at
t= 3.03 hour (in Ci)

6.L.h Uncertainties and Conservatismo

1. Reactor coolant equilibrium activities prior to
the accident are baced on 1% failed fuel, which is a
factor of 2 to O greater than that norma 21y obcerved
in past PWR operation.

2. Steam generator equilibrium activity for both
steam renarators is assu ed to be equal to the Tech-
nical Spec.1fication limit. The Technical Speci fica-
tion limits are conservatively derived based on ac-
ceptable offsite doces from accidentL cuch as the CEA
ejection accident.

3 Loss of offsite power is a conservative aasumption.

L. The containment leakage rate is taken to be the
leakage rate at naximum peak pressure for the firct
24 hours and 50% of this value thereafter.

5 No credit for the iodine removal systen vac an-
a u~.e d . The operator could " initiate" containment re-
circulation at a nominsl time of 1800 secondo after )i

7 'Lthe accident to mitigate the consequencea of the aeg g] IJ
cident.
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Table 6,h b

Activity Available for Release from Containment
at Time "0"

Nuclide Activity (Ci)

Kr-83m 1.9 (+1 )
-85m 9.8 (+1)
-85 1.6 (+4)
-87 5.3 (+1)
-88 1.8 (+2)

Xe-131m 1.3 (+2)
-133m 2.1 (+2)
-133 1.9 (+4)
-135m 1.2 (+1)
-135 3.2 (+2)
-138 3.9 (+1)

I-131 1.2 (+2)
-132 3.0 (+1 )
-133 1.2 (+2)
-134 1.5 (+1)
-135 6.6 (+1)

157 ,q^,i , , ,
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SECTIO!! 6 - MIVIRO:i'EIITAL EFFECTS OF ACCIDE'ITS (Continued)

6.h Radiolocical Consequences Study of a Control Element Assembly
Ejection Accideri (Cortinued)

6.h.h Unce rtaintie s and Conservatisms (Continued)

6. The secondary system mass release was maximized
by assuming:

All heat must be removed through the steamn.

generators, and

B. A full year beginning-of-cycle case. This

is conservative as (1) mass land heat) removal
actually occurs due to coolant flow through the
break to containment and (2) because the full
power beginning-of-cycle case results in the
worse power transient with regard to secondary
system releases.

AGditionally, mass releases are based on analysis of
JEAEA for Millstone II, a 2570 Mwt plant. Secondary

releases from Fort Calhoun would be less.

7 Reactor coolant activities based on extended opera-

tion at 1500 Mwt.

6.5 Radiological Consequences Study of a boss of Coolant Accident
(Including Containment Purge for Hydrogen Control)

6.5.1 Physical Model

1. Containment Leakage Contribution

Following a postulated double-ended rupture of
a reactor coolant pipe with subsequent blowdevn, the
ECCS limits the clad temperature to well below the
melting point and ensures that the reactor core re-
mains intact and in a coolable geometry, minimising
the release of fission products to the containment.
However, to demonstrate that the operation of this
nuclear power plant does not represent any undue
radiological hazard to the general public, a hypothe-
tical accident involving a significant release of fis-
aion products to the containment is evaluated.

It is assumed that 100% of the noble gas ind 50%

of the iodine equilibrium core saturation fle; ion pro-
duct inventory is immediately released to the contain-
ment atmosphere. Of the iodine released to the con-
tainment, 50% is assumed to plate out onto the inter-
nal surfaces of the containment or adhere to internal
components. The cemaining iodine and the noble gas
activity is acc n;d to be immediately available for
leakage from the containment.

- 'I77
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Table 6.L-5
Activity Release from Containment

Nuclide Activity Release Activity Release

0-2 hrs (Ci) 0-30 day (Ci) _

Kr-83m 2.23 (-3) 2.23 (-3)
-85m 1.40 (-2) 1.46 (-2)
-85 2.66 (0) 4.57 (42)
-87 5.37(-3) 5.3/ (-3)
-88 2.36 (-2) 2.37 (-2)

Xe -131m 2.16 (-2) 1.72 (0)
-133m 3.46 (-2) 5.34 ( '.)
-133 3.15 (0) 1.26 (+2)
-135m 3.75 (-4) 3.75 (-4)
-135 4.95 (-2) 7.80 (-2)
-138 1.11 (-3) 1.11 (-3)

I -1 31 1.99 (-2) 1.18 (0)
-132 3.75 (-3) 3.76 (-3)
-133 1.94 (-2) 8.75 (-2)
-134 1.25 (-3) 1.25 (-3)-

-135 9.93 (-3) 1.21 (-2)

Ud4's:
l.t/I

159

-



, , , , - ., . ,-

. _ . . . _ _ _

Table 6.4-6
Radiological Consequences of a Postulated Control

Element Assembly Ejection Accident

Dose from Containment Leakage
Dose and Secondary Releases (Rem)
Type

EAB (0-2 Hr) LPZ (0-30 days)*

Thyroid 7.54 (-1) 3 36 (-2)

Whole Body
Gama 8.19 (-4) 5.69 (-5)

Beta-Skin 2.26 (-3) 5.11 (-4)
:

:

-

i

* For conservatism, the LPZ dose calculations are
based on a dispersion factor for 0-8 hours.

.
.
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TCTIO:1 6 '.?; VIRO:;:E";"'AL ITFECTS OF ACCDE:.7, (Continued)

6.5 Radiolocical Consequences Study of a T.onn of coolaat Accident

(Continued)

6.5.1 Physical Model (Centinued)

' ntinued)1. Containment Leakage Contributian i

Once the caseous fission prod _mu uetivity is re-
leased to the containment ats; sphere, it is subj ect
to various mechanisms of rrmaval which operate simul-
taneously to reduce the amount of activity in the con-
tainment. The rencval mechanisms includa radioactive
decay, containment iodine removal system, and contain-
ment leakage. For the noble gas fission products, the
only removal processes considered in the containment
are radioactive decay and containment leakage.

A. Radioactive Decay - Credit for radioactive
decay for fission product concentrations located
within the containment is assumed throughout the
course of the accid at. Once the activity is
released to the environment, no credit for radio-
active decay cr deposition is taken.

B. Containment Iodine Removal System - Credit
for the removal of iodine frcm the containment
building atmosphere is assuuea during the course
of the accident resulting from filtration in the
iodine removal system. Tc sys+.em consists of
4 air handling units; 2 having filtering capacity
and the other 2 having no filteri ig cupacity.
In the calculation of the radiological consequences
an absorption efficiency of 0.9 and operation or
only 1 of the 2 containrent filtering units is
assumed. The filtration capacity o r this unit
is conservatively assumed to be 100,000 CFN'.

C. Containment Leakage "'he containe.ent leak

rate is 0.2 percent of the free volume per day
for the first 2h hours, and at 50% of this leak-
age rate for the remaining duration of the acci-
dent. The contribution to the potential intecrated
thyroid, beta-skin, and total-body gamma doses is
the result of direct leakage from the contaiament
to the environment. The resultant activity re-
lease to the environment is accu =ed to be released
at ground level. The activity released to the
environment is treated as a semi-infinite cloud,
i.e., a cloud containing radioactive matericl that
is infinite in all directions above the ground.
The concentration of radioactive material within

9<161
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'ECTIO?i G -- E!iViliO!!MFJiTAL EFFl:CT'] OF ACCIDMi'1Q (Continued)

6. 5 Radiolocical Conceouencer Study of a Loss of Coolant Accident
(Continued)

6.5.1 Physical Model (Continued)

1. Containment Leakage Contribution (Continued)

C. Containment Leakage (Continued)

the cloud is assumed uniform and equal to the
maximum centerline ground-level concentration
that would exist in the cloud at the point of
immersion of an J ndividual J ocated at the ex-
clusion area boundary or the c ' -" boundary of
the low population zone (LPZ).

2. Hydrogen Purge Contribution

The OPPD FSAR describes the design and opera-
tion of the hydrogen purge system. The hydroge1 purga
system is placed in operation h0 days aI ter u .20CA
to prevent the hydrogen concentration from exceeding
h.0 vol%. The hydrogen purge cyctem performs a 5.0
standard ft3/ min bleed and feed operation on the con-
tainment atmosphere. The LOCA source term available
for purging is presented in Table 6.5-1. These source
terms are based on the same Regulatory Guide 1.h as-
sumptions used in the containment leakage contribution
with credit taken for LG days of radioactive decay,
ccntainment iodine rerc'al system and leakage.

Hydrogen purge system filter efficiencies for
iodines are presented in Table 6.5-1. Activity re-
lease models and dose models are similar to those used
in the containment laskage model. The radiological
consequences at the LPZ are presented in Tacle 6.5-2.

3. Leakage from Engineered Safety Features (ESF)
Components Outside Containment

Subsequent to the injection phase of ESF system
operation, the water in the containment recirculation
sumps is recirculated by the HPSI pumps and the con-
tainment spray pumps. Bece"se the LOCA vill cause the
sump water to contain much of the radiciodine, the
poter.tial ofrsite exposures due to operation of this
external recirculation path with leakage are evaluated.
The dose calculations are based on 50% of the core
iodine inventory being immediately released. The iodine
is assumed to bo homogeneously mixed with thc water
in the reactor coolant system and in the coatainment
at t ie ceginring of recirculation. Since t he minimum

il l) [ J
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Table 6.5-1
Paraneters Used in Evaluating the Radiological

Consequences of a Loss of Coolant Accident

-

.

Pa rameter Assumptions! Reference
!

A. Source Data

1. Power level, Mwt 1500 FSAR

2. Fraction of core r t.ivity Regulatory Guide 1.4
initially airborne in the
containment, %

a) fioble Gas 100
b) Iodine 25

B. Activity Release Data

1. Containment Leakage l'.a te,
Vol 2/d

a) 0 to 24 hours 0.2 FSAR

b) I t0 30 days 0.1 Regulatory Guide 1.4

2. Fraction of containment' 100 FSAR
leakage that is unfiltered,%

3. Credit for containment iodine
absorption system

a) Iodire Removal Constants, FSAR
hr -l

(1) Elemental 5.14 ,

(2) Organic 5.14 '

(3) Particulate 5.14

I
b) Decontamination Factor '

(1) Elemental 10
(2) Organic 10
(3) Particulate 10

163
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'2able 6 5-1.

(Continued)
Parameters Used in Evaluating the Radiolacical

Consequences of a Loss of Coolant Accident

Parameters Assumptions Reference

c. Fraction not effected by
the filters

I (1) Elemental 0
(2) Organic 50

(3) Particulate 0

, 4. Activity initially airborne in the
containment building,Ci

Isotope

I - l ',1 1.04 (+7)
I-132 1.53 (+7) (a)
I-133 2.11 (+7)
I-134 2.28 (+7)
I-135 1.96 (+7)

Xe-131m 2.94 (+5)
Xe-133 8.46 (+7)
Xe-135m 1.71 (+7)
Xe-135 1.51 (+7)
Xe-138 6.75 (+7)

i

Kr-85m 1.05 (+7)
Kr-65 3.34 (+5)
Kr-87 1.93 (+7)
Kr-88 2.76 (+/)

5. Initiation of Containment purge I
Ifor hydrogen reduction, days fol-

lowing event 40 FSAR

6. Duration of hydrogen purge, days 4000 !

|
7. Containment airborne activity at

time of hydrogen purge initiatio i,
curie
Isotope

I-1 31 4.87 (+3) sb) |
-

I-132. 0.0 j
I-133 0.0
I-134 0.0
I-135 0.0
Xe-131m 2.14 (+4)
Xe-133 3.22 (+5)
Xe-135m 0.0 '

Xe-135 0.0 |
Xe-138 0.0

|
-. I ,on
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MECT: UN 6 - EN VI RON:' .NT/il, MFFD:'.", OF ACCl DiMi ( Con ti nued )

6.5 luulioloci ca l Connequenceo Study or a Loca of Coolunt Accident

(Continued)

6.5.1 Physical Model (Continued)

3 Icakage from Engineered Safety Featurec (ESP)
Components Outcide Containment (Continued)

time interval between the initiation of the injection
and recirculation phaaec of ESF cyctem operation is
27.h minutes, the iodine decay is calculated for this
amount of time in order to obtain the correct activity
at the time recirculation is initiated. The dissolved
noble gas activity in the recirculation loup io negli-
gible since noble gaces are not readily entrained in
water and are assumed for accident analycis to be in
the containment atmosphere. Table 6. 5-3 definec the
iodine inventory in the sump water at the beginning
of recirculation.

Leakage rate was obtained by dividing the leakage
from ESF systems (2L86 cc/hr) by the total volume of
the recirculation water 1.67 x 109 cc. Thus, s leak-
age rate of 1.49 x 10-6 hr-1 is used. Both E3F trains
e.re assumed to operate at 100% capacity for the 30
days following the accident.

The offsite thyroid dosec resulting from thic leak-
age were obtained using the atmospheric dilution fac-
tors of OPPD. As iodine-water partition fe.ctor of
0.1T. is used to calculate the amount of iodine which
is available fcr releace fron the pump rooms. Acti-
vity was accumed to be disperced instantaneoucly from
the punp rooms to the atmosphere with na further nuclide
holdup or decay. Further, only the thyroid doce was
calculated, since the iodine contribution to the total-
body doce, compared with other nuclides, is negligible.

T'a resulting thyroid doce in the first 2-ho ur.

period at the exclucion area boundary and the thyroid
doces at the LPZ outer boundary ac a function of time
are given in Table 6.5-3. The doces resulting from
this cource are small compared to those resulting from
the activity released due to containment leakage.

6.5.2 Assumntions and co_pditiens

The major assumptions and parameters accumed in the
analysis are itemized in Table 6.5-1.

In the evaluation of a LOCA, the fission product re-
lease assumptionc of Regulatory Guide 1.4 were followed. The
following specific assumptions were used in the analysis:
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Table 6.5-2
Radiological Consequences of a Postulated

Loss of Coolr.nt Accident

Result Value

Exclusion area boundary dose (0 to 2 hours), rem

Thyroid:
Due to containment leakage 8.68 x 101
Due to recirculation leakage 2.4 x 10-2

Beta-skin:
Due tc containment leakage 8.08 x 10-1

1

Total body gamma:
'

Due to containment leakage 1.64

LPZ outer boundary dose (0 to 30 dayr l em
'

Thyroid:

Due to containment leakage 1.61 x 101
Due to recirculation leakage 4.67 x 10-2
Due to hydrogen purge 1.68 x 10-3

Beta-skin:
Due to containment leakage 3.81 x 10-1
Due to hydrogen purge 1.35 x 10-1

Total body gama:
Due to containment leakage 2.58 x 10-1
Due to hydrogen purge 4.74 x 10-3

Results:

As these values for thyroid and whole body gama dose show the dose cal-
culated using these conservative assumptions are well within the limits
of 10CFR100.

* For conservatism, the LPZ dose calculations are based on a dispersion
factor for 0-8 hours.

-

_
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jECTI O:. 6 - E:iVIRG:i:C! ITAL EFFECW OF ACCIDE:J"'O (Continued)

6.5 Radiolcgicsl consequences study or a Toss of coolant Accident

(Continued)

6.5.2 Assurntions and conditions (Continued)

1. The reactor core equilibrium noble gas and iodine
inventories are based on long-term operation at 100%
of the ultimate core power level of 1500 Mwt.

2. One hundred percent of the core equilibrium radio-
active noble gas inventory is immediately available
for leakage from the containment.

3. Twenty-five percent of the core equilibrium radio-
active iodine inventory is immediately available for
leakage from containment.

L. Of the iodine fission product inventory released
to the containment, 91% is in the form of elemental
iodine, 5% is in the form of particulate iodine, and
4% is in the form of organic iodine.

5 Credit for J.odine removal by the containment
iodine removal system is taken starting at 0.02 hours
following the accident. Credit for organic iodine

removal is taken until a reduction of 50% is achieved.
Credit for elemental and particulate iodine removal

is teken for the course of the accident.

6. The following iodine removal constants for the

containment spray system are assumed in the analysis:

Elemental Iodine - 5.lk hr-1
Organic Iodine - 5.14 hr-1
Particulate Iodine - 5.lh hr-1

7. The containment is assumed to leak at 0.2 vol%/d
during the first 24 hours immediately following the
accident and 0.1 vol%/d thereafter.

6. 5. 3 Mathematical Models Used

Mathematical n.odels used in the analysis are described
in the following sections:

1. The atmospheric dispersion factors used in the
analysis are baned on neteorological conditions
assumed present during the course of the accident.

163 y77
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SECTIO:1 6 - E:iVIRO:;ME::TAL EFFECTS OF ACCIDE:U' (Continued)

6.5 Endioloci .1 Consequencer Study of a Lonn of Coolant Accident ~~~~
(Continued)

6.5.3 Mathematical Models Uc g (Continued)

2. The potential thy oid inhalation doce and total-
body ganna immersion dose to an individual exposed at
the exclusion area boundary or outer boundary of the
low population zone (LPZ) are analyzed using the nodels
deceribed in Cubcection 6.3.3 and recultn are linted in
Table 6.5-3.

3. Release Rate - Containment

The average release of a specific icotopt which
is released from the containment during a time inter-
val accuming a constant leak rate, removal or iodine
by the containment iodine removal system and radio-
active decay until release in given by:

- (A +A +A3) t )Qi = F Fb (4s/P ) 1
(1 l 2p o

3(C _e )c
)PAl+A2+A

where Q is the average release of the ith icotope,
i (Curies)

F is the fraction of the icotope releaced fromp
the reactor to the containment building (0.5
for iodine)

Fb is the fraction of the icotope which remainc
airborne and available for release from the
containment to the atmocphere, (0.5 for iodine,

(q3 /P )1 is the caturation inventory of the ith icotopea
contained by the reactor per unit reactor
power, (Curies /Mwt)

A 13 the containment leak rate to the atmosphere,
1 (hours -1)

A is the radiological decay constant for the2
ith isotope (hours-1)

A 3 is the e ntainment iodine removal cyctem con-
stant (hours -1)

t is the time interval sirce the start of re-
lease during which exposure is assumed to
take place, (seconds)

Po is the rated reactor power level (1500 !!wt)

h. Release Rate - E3F

The iodine activity released to +,he ESF pump rooms
due to leakage within the recirculation system in cal-
cultted by the following equation-

A = ( Lho/ A ) 1 - e xp (- A t ) PF

n7 77*,
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Table 6.5-3
Activity Initially in the Containment Building

"
'. Surp at Time of Recirculation Mode

' . * ",-
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. -

-
a ,

Nuclide ~

Activities (Curies);
..

.

I-131 2.09 (7)
. .

1-132 2.66 (7) -'

I-133 4.15 (7) }
I-134 3.17 (7). . -
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': ECTIO I 6 - F'."/IRO:iEITAL rrr M Z, OF ACCIDE CS (Continued)

6.5 Badiolocical Conne,uencen Study of a Loss of Coolant Accident
(Continued)

6.5.3 IMthe atical findela Uced (Continued)

L. Release Rate - ESF (Continued)

where A = activits released, Ci e
L = leakage rate, hr-1 (l.h9x10-6)

A0 = activity in containment cump water at recir-
culation startup, Ci

A = rac.oactive decay constant , hr-1
t = time after initiation of recirculation, n
PF = partition coefficient for iodine (0.00.)

The leakage from ESF systema to the auxiliary buildinc
.is accumed to be 2k86 cc/hr. '11 of the leakage rates
accume that 2 containment apray and 2 HFGI pumps are
in operation. Leakage rates include LPSI components
that are not operating during recirculation.

6.5.L Uncertainties and Concervatisms

The uncertainties and conservatism 3 in the assumptions
used to evaluate the radiological consequences of tne LOCA are
as follows:

1. The ECCS is designed to prevent fuel cladding
damage that would allow the releace of the fisaica
products centained in the fuel to the reactor coolant.

.-

Severe degradation of ; be ECCS , i.e. , to the unlikely
extent of simultaneous failure of redundant components ,
woula be necessary in order for the release of ffssion

products to occur of the magnitude a cused in analysis.
'

2. The release of fission products to the contain-
ment is assumed to occur instantaneously.

3 It is assumed that 50% of the iodinec released -

to the containment a;nosphere are abtorbed onta inter-
nal surfaces of the containment or adhere to internal
components; however, it is est#matel that the removal
of airborne iodines by various physical phenomena cuch
an adsorption , adherence, and settling could reduce
the reaultant doses by a factor of 3 tv 10.

L. The activity releastd to the containment atmos-
phere is assumed to leak to the environment at the
containnent leakage rate of 0.2 vol%/d for the first
2b hours and 0.1 vol%/d thereafter. The initial con-
tainment leW<ase rate is based on the peak calculated

aq7 7 l ',
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DECTION 6 - E:iVIRONME: ITAL EFFECTS OF ACCIDE:iT3 (Continaed)

6.5 Radiolacical Consecuences Study of a Loss of Coolant Accident
(Continued)

6.5.4 Uncertainties and Conservatisms (Continued)

4. (Continued)

internal containment pressure anticipated after a LOCA
as stated in the OPPD F3AR. The pressure within the
containment actually decreases with time. Taking into
account that the containment leak rate is a function
of pressure drop, the resultant doses could be reduced
by a factar of 5 to 10.

S. Credit for iodine removal by the containment iodine
removal system is not taken until 0.02 hours following
the accident. Credit for organic iodine removal is
not ta:;en ufter a reduction of 50% is achieved.

6.6 Radiological Conceauences Study of Post-LOCA Control Room Per-
sonnel

This r.nalysis will be supplied under separate cover at a later
date.

6] Radiological Consecuences of a Main Steam Line Break

6.7.1 Physical Model

To evaluate the radiological consequences due to a
postulated main steam line break (outside ecntainment), it
is assumea that there ic a complete severance of a main steam
line cutside the containment with the plant in a hot zero power
ecndition where the transient is initiated shortly after full
power operation. It is also assumed that there is a simultaneous
loss of offsite power. The hot zero power condition assures
the maximum water inventory in the steam geaerators and the
shutdown from full power (in conjunction with the loss of off-
site power) assures the maximum decay heat which muct be re-
moved tf manual control of the atmospheric dump valve associated
with the intact steam generator.

The main steam isolation valves are installed in the
main steam lines from each stea.. generator, downstream from
the safety relief valves and atmospheric durp valves outside
containment. The severance of the main steam line is assumed
to be upstream of the main steam isolation valve. A reactor
trip is actuated by a low steam generator pressure signal.
A main stean i solaticn signal ( GIG) is actuated to shut the
main steam isolation valves from both steam generators. The
affected steam gen?rator (steam generator connected to the
severed steam line) blows down completely. The steam is vented

172 7 !
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Table 6.7-1
Parameters Used in Evaluating the Radio.3gical nsequences

of a Main Steam Line Break Accident (MSGA)

Parameter Assumptions Reference
Data and assumptions used to estimate
radioactive source
Ceneral

Power level, Mwt 1500 FSAR

Burnup End of cyclc Assumption

Percent of t'uel perforated 0 Assemption
Reactor cool'.nt activity after 60 pai/gn
accident Iodine spike caused by DEC I-131 Assumption
accident

Steam generator activity before 0.1 pCi/gm Assumption
accident dose equiv.

I-131
General

Loss or . site power, yes Assumption
Credit for radioactive decay no Assumption
in transit to dose point

Affected steam generator
'

Primary-to-secondary leakage rate,1b/d 8,640 Assumption
(1 gal / min)

Secondary mass release to atmosphere 233,498
(through severed line), lbm

Mass of primary-to-secondary leakage, 491 Assumption
ibm

Steam generator decontamination factor 1 Assumpti$n
betwecn steam and water phase

Unaffected steam generator
Primary -to-secondary leakage rate, lb/d 0 Assumption

'

Dispersion Data:
Atmospheric dispersion ractors, sec/m3

EAB 4.4 x 13-4
LPZ (0-8 hours) k.57 x 10-5

" h)- ~3 '
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SECTION 6 - ENVIRO:DE: ITAL EFFECTS OF ACCIDE:;TS (Continueu)

6.7 Radiological Consequences of a Main Steam Line Break (Continued)

6.7.1 Physical Model (Continued)
<

\

directly to the atmosphere. The atmospheric dump valve of the
unaffected steam generator is used to initiate a 75F/h cool- ;
down of the reactor coolant system 180C seconds after initia- '

tion of the accident. The steau is vented directly to the
atmosphere. Mass release from the _ affected steam generator ;

is terminated when the shutdown cooling system is initiated
at a reactor coolant system temperature of 3000F.

In this evaluation, a case with an iodine spike caused
by the main steam line break accident was evaluated for radio-

logical consequences. The mathematical models, assumptions,
and parameters used in this analysis were identical with the
design basis main steam line break accident without an iodine
spike and described in the above paragraphs with che follow-
ing exception:

,

Prior to the main steam line break acciuent the re-
actor coolant system activity is based on 1% failed fuel.

However, at the initiation of the MSLB accident, the
I-131 equivalent source tern (released from fuel) is assumed
to increase. The iodine release rate is assumed to increase
by a factor of 500.

6.7.2 Assumptions and Conditions

The major assumptions, parameters, and calculational
methods used in the design basis analysis are presented in
Table 6.7-1. Additional clarification is provided as follows :

1. neactor Coolant Activity

The reactor coclant equilibrium activity is based
on long term operation at 100% of tne ultimate core
power level of 1500 Mwt and 1% failed fuel. Source
terms are listed in Table 6.7-1.

.
.

2. Secondary System Activity

The activity in steam generators is conservati"ely
assumed to be equal to 0.1 pCi/gm dose equi"alent . , dine-
131 (I-131).

3. Primary-to-Secondary Leakage

The primary-to-secondary leakage of 1 gal / min
(Technical Specification limit) was assumed to conti-
nue through the affected steam generator at a constant
rate until shutdown cooling is nitiated.

to7 339
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Table 6.7-2
Activity Released from the Steam Generator

Nuclide Activity (Curies)

DEC I-131 23.93
Kr-83m 1.86 (-2)
Kr-85m 1.08 (-1)
Kr-85 1.93
Kr-87 4.8 (-2)
Kr-88 2.12 (-1)
Xe-131m ' 61 (-1).

Xe-133m 9.44 (-1)
Xe-133 2.20 (1)
Xe-135m 4.83 (-3)
Xe-135 3.63 (-1)
Xe-138 1.54 (-2)

.

g &
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SECTION 6 - ENVIRONMENTAL EFFECTC OF ACCIDEhrS (Continued)

6. 7 Radiologierl Consecuences of a Main Steam Line Break (Continued)

6. 7. 3 Mathematical "odels Used

Mathematical models used in the analysis are described
in the following sections:

1. The atmospheric dispersion factors used in the
analysis are based on meteorological conditions
assumed present during the course of the acci-
dent.

2. The potential thyroid inhalation dose and total-
body gamma immersion dose to an individual exposed
at the exclusion area boun?.ary or out(r boundary of
the low population zone (LPZ) are analyzed using the
models described in Subsection 6.3.3 and results are
in Table 6.7-3.

6.7.h Uncertainties and Conservatisms

1. An 86h0 lbm/d (1 gal / min) steam generater primary-
to-secondary leakage is assured, vnich is greater by
a factor of 50 to 200 than that normally observed in
past PWR operation.

2. The steam generator equilibrium activity for both
steam generators is assumed to be equal to the Tech-
nical Specification limit (0.1 pCi/g dose equivalent
I-131) for the duration of the accident. This speci-
fic activity is greater than the normal steam generator
equilibrium activity (refer to Table 6.7-1) by a factor
of approximately 1300.

3. Tha meteorological conditions assumed to be pre-
cent se the site during the course of the accident
are based on X/Q values for the exclusion area boundary
or LPZ outer boundury. Furthertore, no credit has
been taken for the transit time recuired for activity
to travel from the point of release to the exclusion
area boundary or LPT outer boundary. Hence, the
radiological consequences evaluated under these con-
'tions will be conservative.

6.8 Radiol- Consequences of a Sinrle Reactor Coolant Pumn Geizure

6. 8.1, _ Physical Model

Following seizure of a reactor coolant pump shaft, the
< ore flowrate rapidly decreases to the value that would occur.

with only 3 reactor coolant punps operating. The reduction in
coolant flowrate causes a reactor trip on low coolant flow.

}Qffn?
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Tab.'' (.7-3
Radiological Consequences Eue to a Postulated

Main Steam Line Break

Iodine Spike Caused
Resul t by Accident

Exclusion Area
Boundary Dose
(duration) rem:

Thyroid 5.41
Total Body Gamma 1.19 x 10-3

LPZ Outer Baundary Dose *
(duration), rem:

Thyroid 1.91 x 10-1
Total Body Gamma 4.2? x 10-5

Resul ts:

As these values for thyroid and whole body gamma dose show
the dose calculated using these conservative assumptions
are well within the limits of 10CFR100.

* For conservatism, the LPZ dose calculations are based
on a disp.rsion factor for 0-8 hours.

~
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SECTION 6 - ENVIROREiTAL EFFECTS OF ACCIDE?.'ZG (Ceutinued)
-

6.8 Radiological Consecuences of a Sincle Retetor Coolant Pumn Seizure ~~ E
(Continued)

'

6.8.1 Physical Model (Continued)
'

E
The reactor trip produces an automatic turbine trip. _-

Following the turbine trip, offsite power is available to
-

. Provide AC power to the auxiliaries. Due to the turbine
trip, the turhine bypass valves would normally open. If -

the steam bypass centrol system is in the manual mode and =

no credit is taken for immediate operator action, the steam
rgenerator safety valves will open to relieve steam and pro-

vide an ultimate heat sink for the USSS. The operator can -

in tiate a controlled system cooldown using the turbine by-
-

pass valves any time after reactor trip. The steam release -

to the atmosphere, even if operator action is delayed for
30 minutes following first indication of the event, would be -

no more than that following a loss of all normal AC power.
This is due to the fact that the steam bypass system is un- -

available for loss of normal AC power. This results in -

significantly higher releases for the loss of normal AC power. "

The analysis of the radiological consequences of a
. reactor coolant pump shaft seizure considers the most severe

release of secondary activity as well as reactor activity y
=

leaked. The inventory of iodine and noble gas fission pro-
duct activity available for release to the en'.ironment is a
function of t he primary-to-secondary coolant leakage rate, -

the percentage of defective fuel in the core, and the mass
of steam discharged to the environment. Conservative assump- -

_
_

-

tions are made for all these parameters.
~

In this evaluation, 2% of the fuel pins were assumed
-
'

to experience DN3 and all that experience DN3 are assumed to
fail for the purpose of radiological release calculations.

6.8.2 Assumations and Conditions
_

The tajor assumptions and parameters assumed in the
analysis are itemized in Table 6.8-1. D

|
|The following assumptions and parameters are used to

calculate the activity releases and offsite doses for a single
) reactor coolant pump shaft seizure:
1

b7 1. The RCS equilibrium activity is given in Table
!

-' 6. 8- 1. :
-

-

2. The steam generator equilibrium activity for
both steam generators is assumed to be 0.1 pC1/e,m

4 dose equivalent I-131 prior to the accident.
-

. f
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Table 6.8-1
Parameters 1 id in Evaluating the Eadiological Consequences

.

of a .aingle Reactor Coolant Pup Shaft Seizure

Pa rameter Assumption Reference '

Source Data:
Power Level, Mwt 1500

Fraction Failed Fuel, % 1

Steam Generator Tube Leakage, lb/d of 8640
equilibrium reactor coolant activity (1 gal /nin)

. s_
Coircident (existing) Fuel Failure, %, 2
due to DNB

Equilibrium Secondary System Activity 0.1 uCi/gm
DEC I-131

Initial RCS Activity Inventory pCi/gm (a)isotope
Kr-85 8.7 (+1)
Xe-131m 7.1 (-1)
Xe-133 9.9 (+1)
I-131 2.6 (0)

Gas Gap Activity Ci/ assembly isotope (b)
Kr-85 7.584 (+2)-

Xe-131m 5.195 (+3)
Xe-133 5.77 (+4)
I-1 31 2.499 (+4)

Activity Release Data

Steam Discharge, Ib

Mass of steam released (0-2.78 hrs) 8.181 (+5) (c)
D persion Data:

3Atruospheric Dispersion Factors, sec/m
EAB 4.4 x 10-4'

LPZ (0-8 hours) 1.57 x 10-5
f Iodine Decontamination Factors for Steam 10

Generators (between water and steam phase)
_

Notes:,
_

(a) RCS Specific Activities estimated per ANSIN237 Standard methods, with
'

- following assumptions employed to yield conservative val ~ueci
"

-

1. adjustment factor of "8" introduced to yleid resulte r5r operation
-~

_
with 1% failed fuel

y 2. Noble Gases: Reactor coolant removal rate conservatively assumed' to be zero
-

3. Iodines: Reactor coolant removal rate conservatively teaken as 0.039
nr -l

(b) Based on plant operation at full power with burnup at 15-15-18 month cycle .
- reload scheme. lj i) , j !{ ||-| (c) Determined from conservative pl6nt data. 179
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SECTION 6 - ENVIRON'E"?TAL EFFECTS OF ACCIDENTS (Continued)

6. 8 Radioloeical Consequences of a Sincle Reactor Coolant Pump
Seizure (Continued)

6.8.2 Assumptions and Conditions (Continued)

3. Following the accident, no adaitional steam and
rad 3oactivity are released to the environment when

the 'hutdown cooling system is placed in operation.

4. Amount of steam released is released in 2 78 hours.

S. The amount of noble gas activity released is equal
to the amount present in the re'tetor coolant discharged
into the secondary side due to primary-to-secondary
leakage. The amount of noble gas activity contained
in the secondary system is negligible in comparison.

6. Iodine activity releasc'l is based on the equili-
brium activity present in the steam generators (0.1
pCi/gm dose equivalent I-131) and the amount of acti-
vity present in the reactor coolant due to failed fuel.

7. 2 78 hours after the accident, total cooldown
period is reached. No steam and fission product acti-
vities are released from the stean generator there-
after.

8. The total nmount of discharge of reactor coolant
into the secondary system through leakage is assumed
to be 1389 pounds (in 2 78 hours).

9 A post-accident DF of 10 was used in the steam
generator between the water and steam phases.

10. The pritary-to-secondary leakage of 86h0 lbm/ day
(1.0 gal / min) is assumed to be applicable to both
steam ;enerators. The portion of the noble gas acti-
vity C. cn the primary-to-secondary leakage attributed
to the steam generators is assumed to be released
during the course of the accident.

11. The amount of discharge of steam from the steam
generators is assumed to be 8.181 x 105 po unds (in
2.78 hours).

12. The activity released from the steam generators
is immediately vented to the atmosphere. No credit
for radioactive decay for isotopes in transit to done
points.

180
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Table 6.8-2
Activity Released from Steam Generator- --

N_uclide Activity (Curies)

DEC I-131 2.627 (+1)

Kr-85 61.76

Xe-131m 46.98

Xe-133 579.63

.

9
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SECTION 6 - ENVIRONMENTAL EFFECTS OF ACCIDEIES ( Jontinued)

6. 8 Radiological Consecuences of a S';ngle Reactor Cools- t Puto
Seizure (Continued)

6.8.3 Mathematical Models used

Mathematical models used ir. the analysis are described
in the following sections:

1. The atmospheric dispersion factors used in the
analysis are based on meteorological conditions
assumed present during +he course of the seci-
dent.

2. The potential thyroid inhalation dose and total-
body gamma innersion dose to an individual exposed
at the exclusion arca boundary or outer boundary of
the lov population zone (LPZ) are analyzed using tae
models described in Subs < ction 6.3.3 and results are
listed in Table 6.8-3

6.8.4 Uncertainties and Conservatists

The uncertainties and conservatisms 1 the assumptions
used to evaluate the radiological consequences of a single
reactor coolant pump shaft seizure are as follows:

1. Reactor coolant equilibrium activities are based
on 1% failed fuel, which is Greater by a factor of 2
to 8 than that normally observed in past PWR o7eration.

2. Steam generator equilibrium activity for both
steam generato.s is assumed to be equal to the Tech-
nical Specification limit. The Technical Specifica-
tion limits are conservatively derived based on acci-
dents such as the SGTR.

3 Conservative values for both the RCS and gas gap
activities were chosen, based upon plant operation at
full power with 3-year burnup.

h. 2% of the fuel pins in the core were assumed to
experience DNB, and all that experienced DNB vere as-
sumed to fail.

5 The meteorological conditions acsumed to be pre-
sent at the site during the course of the accident are
based on X/Q /alues which are expected to be worse 5%
of the time. This condition results in the poorest
values of atmospheric dispersion calculated for the
exclusion area boundary or LPZ outer boundary. Further-
more, no credit has been 'aken for the transit time

required for activity to travel from the point of re-
lease to the exclusion area boundary or LPZ cuter
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Tabl i . B-3
Radiological Consequences of n Postulated Single

Reactor Coolant Pump Shaft Seizure

5

-

2
RESULTS vai ne

a
_

Exclusion Area Boundary Dosc
(0-2 hr), Rem-

Thyro'J 5.94:

Total Body Gamma 5.05 x 10-3

LPZ Outer Boundary Dose,

(Duration, 0-2.78 hr), Rem

| Thyroid 2.12 x 10-1

Total Body Gamma 1.79 x 10-4"

A

Results:

As these values for thyroid and whole body garra dose show the
Jose calculated using these conserr ,1ve assumptions are well.

'

within the limits of 10CFR100.
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SECTION 6 - ENVIRONMENTAL EFFECTS OF ACCIDENTS (Continued)

6. 8 Radiological Consequences of a Sincle Reactor Coolant Pump
Seizure (Continued)

6.8.h , Uncertainties and Conservatisms (Continued)

5 (Continued)

boundacy. Hence, the radiological consequences
evaluated under these conditions are conservative.

6. A conservative steam generator decontamination
factor (DF) of 10 is used in the cooldown phase (re-
lease to atmospheric dump valve).

7 No credit is taken for radioactive decay of iso-
topes in transit to dose points.

6.9 Radiological Consequences Study of a Steam Generator Tube
Ruoture

6.9.1 Physical Model

The evaluation of the radiological consequences of a
postulated steam generator tube rupture assumes a complete
severance of a single steam genera. tor tube while the reactor
is operating at full rated power at i a coincident loss or off-*

site psver at the time of reactor trip. Occurrence of the
accit.ent leads to an increase in contamination of the secondary
systeu due to reactor coolant leakage through the tube break.
A reactor trip occurs automatically as a result of low pres-
surizer pressure after the tube rupture occurs. The ree.ctor
trip automatically trips the turbine.

The resulting increase in radioactivity in the secondary
system is detected by radiation monitors. She coincident of
offsite station power cauaes closure of tne turbine bypass
valtes to protect the condenser. The steam generator pressure
vill increase rapidly, resulting in steam diccharge as well
as activity release through the main steam safety valves.
Venting from the affected steam generator, i.e. , the steam
generator which experiences tube rupture, continues until the
secondary system pressure is below the main steam safety valve
setpoint. At this time, the affected steam generator is ef-
fectively isolated, enc.thereafter, no steam or activity 1.
accumed to be released from the affected steam generator. %e
remaining unaffected steam generators remove core decay heat
by venting steam through the ma3n safety valves, atmospheric
dump valve, and steam driven auxiliary turbine until cooldown
can be accomplished with the shutdown cooling system.

The analysis of the radiological consequences of a
steam generator tube rupture considers the most severe release
of seconda y activity as well as reactc" activity ler'.ed from
the cube break. The inventory of iodine and noble Jus fissi

18k h)
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Table 6.9-1 I
Paraneters Used in Evaluating the Radiological -

Consequences of a Steam Generator Tube Rupture c

:

Parameter Assumption Reference I
.

Source Data: :_

Power level, Mwt 1,500 FSAR f

Steam generator tube leakage, lb/d 8,640 (1 gal / min) Assumption -

Equilibrium reactor coolant activity _

_

Coincident (existing) iodine spike 60 Assumption
uc/g dose equivalent I-131

_

Equilibrium secondary system activity 0.1 pc/c dose Assumption
equivalent 1 131

_

Activity Release Data: -

'

Steam discharge, lb ~

Affected steam generator 5
Reactor coolant leakege to 42,300 '

steam generator (6-30 min)
6Mass of steam released 3.551 x 10

Dispersion Data:

Atmospheric dispersion factors, sec/m i

EnB 4.4 x 10-4 -

-

:

LPZ (0-8 hours) 1.57 x 10-5
Iodine decontamination factors for 10 Assumption t-

steam generators (between water and
steam phase)

.
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SECTION 6 - ENVIR0!WENTAL EFFECTS OF ACCIDENTS (Continued)

6.9 Radiological Consequences Sig4; of a Steam Generator 7tbe
Rupture (Continued)

6.9 1 Physical Model (Continued)

product activity available for release to the environment is
a function of the primary-to-secondary coolant leakage rate,
the percentage of defective fuel in the core, and the mass
of steam discharged to the environment. Conservative assump-
tions are made for all these purameters.

In this evaluation, a case with coincident iodine
spike which already exists due to a previous power transient
was considered. The mathematical models, assumptions, snd
parameters used in this analysis were identical with the de -
sign basis SGTR without an iodine spike as described in the
above paragraphs with the following exception:

The reactor coolant system inventory was assumed to
be 60 pC/g dose equivalent Iodine 131. Thia 60 pC/g is the
Technical Specification limit for full power operation fol-
loving an iodine spike for up to 48 hours.

6.9.2 Assumnt2-ns end Conditions

The major masumptiont and parameters sasumed in the
analysis are itemized in Table 6,9-1.

The following assumptions and parameters are used to
calculate the activity releases and offsite doses for a steam
generator tube rupture (SGTR):

1. The reactor coolant system equilibrium activity
is 60 pC/cc DEC I-131.

2. The steam generator equilibrium activity for both
steam generators is assumed to be 0.1 pC/g dose equiva-
lent I-131 prior to the accident.

3 Offcite power is lost; the main condenser is not
available for steam relief via the turbine bypass sys-
tem.

h. Following the accident, no additional steam and
radioactivity are released to the environment when the
shutdown cooling syntet is placed in operation.

5 There is no main condenser evacuation system re-
lease and no steam generator blowdown during the acci-
dent.

6. Only 1 steam generator is affected.

'
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Table 6.9-2
Activity Released from Steam Generator- - ~ - -

-

Nuclide Actility (Curies)

DEC 1-131 2.7423 (2)
Kr-83m 1.74

Kr-dEm 9.61

Kr-85 1.67 (3)
Kr-E7 4.71

Kr-83 17.17

Xe-131m 13.64

Xe-133m 21.08
Xe-133 1.90 (3)
Xe-135m 6.5 (-1)
Xc-135 32.07

,

Xe-138 2.12
.

%
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SECTION 6 - ENVIRONMETAL EFFECTS OF ACCIDENTS (Continued)

6.9 Radiological Consequences Study of a Steam Generator Tube
Runture (Continued)

6.9.2 Assummtiens and Conditions (Continued)

T. The amount of noble gas activity released is equal
to the amount preoent in the reactor coollnt discharged
into the secondary side following the tube rupture.
The acount of noble gas activity contained in the secondary
system is ntgligible in comparison.

8. Iodine activity released is based on the equili-
brium activity present in the steam generators (0.1
pC/g dose equivalent I-131) and the amount of activity
presant in the reactor coolant dischtrged into the af-
fected steam generator.

9 Thirty minates after the accident, the affected
unit is isolated. No steam and fission product activi-
ties are released from the affected steam generator
thereafter.

10. The total amount of discharge of reactor coolant
into the secondary system through the rupture is 42,300
pounds (in 3C minutes).

11. A post-accident DF of 10 was used in the steam

generator between the water and steam phases.

12. The primary-to-secondary leakage of 86k0 lbm/d
(1.0 gal / min) is assumed to be applicable to the un-
affected steam generator. The portion of the noble
gas activity from the primary-to-secondary leakage
attributed to the unaffected steam generator is as-
suced to be released during the course of the accident.

13 The amount of discharge of steam from the affected
steam generator is assumed to ba 3 55 106 pounds.

14. The activity released from the affected and un-
affected steam generatcra is ittediatelv vented to
the atmosphere. No credit for radioactive decay for
isotopes in transit to dose pointe.

6.9.3 Mathenatical Models Used

Mathematical models used in the analysis are described
in the following sections:

1 The atmospheric dispersion factors n.ed in the
analysis are based on meteorological canditions assumed
present during the course of the accident.
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Table 6.9-3
Radiological Consequences of a Postulated

Steam Generator Tube Rupture

Results Value
_-

,

Exclusion Area Boundary Dose
(duration), Rem

Coincident (existing) iodine spike

Thyroid 62

Total Body Gamma 2.72 x 10-2

LPZ Outer Boundary Dose (duration)$ rem

Coincident (existing) iodine spike
Thyroid 2.21

Total Whole Body 9.7 x 10-4

Resu lts_: ...

As these values for thyroid and whole body gamma dose show the
dose calculated using these ccnservative assumptions are well
within the limits of 10CFR100.

-

* For conservatism, the LPZ dose calculations are based on
a dispersion factor for 0-8 hours.
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GECTION 6 - M;iVIRONENTAL i&FECTS OF ACCIDE';T., (Continued)

6.9 Radiological Consequences Study of a Stet.m Generator Tube
Rupture (Continued)

6.9.3 Mathematical Models Used (Continued)

2. The potential thyroid inhalation dose and total-
body gamma immersion dose to an individual exposed
at the exclusion area boundary or outer boundary of
the low population zone (LPZ) are analyzed using the
models described in Subsection 6. 3. 3 and results are
listed in Table 6.9-3

6.9.L Uncertainties and Conservatisms

The uncertainties and conservatists in the assumptions
used to evaluate the raciological consequel ces of a steam genera-
tor tube rupture are as follows:

1. Reactor coolant equilibrium activities are based
on 1% failed fuel, which is greater by a factor of 2
to 8 than that normally observed in past PWR operatian.

2. Steam generator equilibrium activity for both
steam generators is assumed to be equal to the Tech-
nical Specification limit. The Technical Specifica-
tion limits are conservatively derived based on acci-
dents such as the SGTR.

3 Tube rupture of the steam generator is assumed
to be a double-ended severance of a single steam genera-
tor tube. This is a conservative assumption since the
steam generator tubes are conttructed v_ highly ductile
materials. The more probable mode of tube failure is
1 of minor leaks of undetermined origin. Activity in
the secont'.ary steam system is subject to continual
surveillance, and the accumulation of activity from
minor leaks that exceed the linits established in the
Technical Specifications would lead to reactor shut-
down. Therefore, it is unlikely that the total amount
of activity considered available for release in this
analysis would ever be realized.

L. The co.ncident loss of offsite power with the
occurrence Sf the reactor trip following the steam
generator tube rupture is a conservative assumption.
In the event or availability of offsite power, the
turbine bypass valves will open, relieving steam to
the main condenser. This will reduce the amount of
steam and entrained activity discharged directly to
the environment from the unaffected steam generators.

5 The meteorological conditions assumed to be pre-
sent at the site during the course of the accident
are based on X/Q values for the exclusion area boundary

130 [4 }[ jbh
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CECTION 6 - ENVIRO:;:0:NTAL EWECTS OF ACCIDENTS / Continued)

6.9 Radiological Consequences Study of a Steam Generator Tube Rup ure
(Continued)

6.93 Uncert ai nties and Conservatiscs

5 (Continued)

or LPZ outer boundary. Furthermore , no credit has been
taken for che transit time requried for activity to
travel from the point of releasn to the exclusion a.cea

boundary or LPZ outer boundary. Hence, the radiological
consequences evaluated under these conditions are con-
se rvative .

6. A conser<ative steam generator decontamin ation
factor (DF) of 10 is used in the cooldown phase (release
to atmospheric dump valve) .
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SECTION 7 - ALTERNATE E?'ERGY SOURCES

No cost effective and/or reliable alternatives exist to replace the
power which could be obtained by stretching the Fort Calhoun Station.
Replacement power could be provided by purchasing additional power, up-
grading other existing generating facilities, or base loading peaking
units. Purchased power is not a dependable alternative and projections
show limited availability in the near future. Upgrading of other exist-
ing generating facilities is hot considered cost effective, since these
units were not designed to support stretch ratings, as was the Fort Cal-
houn Station. Upgrading would therefore require extensive rebuilding.
Base lcading peaking plants would result in higher fuel costs, as these
<tnits are fired by oil. Burning oil for electric generation is not con-
sistent with our national energy policy. The introduction to this re-
port discussed the differential fuel costs associated with altern-te
generation.
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