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Page 1 of §
ngtontlon: Lifetime

Facility:

Licensee:

EFFLUENT SEMIANNUAL REPORT
31-DEC~-89 THROUGH 30-JUN-90
SUPPLENENTAL INFORMATION

Prairie Island Nuclear Generating Plant

Northern States Power Company

License Numbers: DPR-42 & DPR-60

A. Regulatory Limits

1. Liquid Effluents:

The dose or dose commitment to an indiv.dual from radicactive
materials in liguid effluents releasced from the site shall be
limited to:

for the guarter 3.0 mrem to the total body
10.0 mrem to any organ

for the year 6.0 mrem to the total body
20,0 mrem to any organ

2. Gaseous Effluents:

The dose rate due to radisactive materials released in
gaseous effluents from the site shall be limited to:

nobie geses €500 mrem/year total body
£3000 miem/year skin

1-131, H-3, LLP €1500 mrem/year to any organ

The dose due to radiocacti'e gaseous effluents shall be
limited to:

noble gases €10 mrad/quar’ :r gamma
€20 mrad/quarter beta
€20 mrad/year gamma
€40 mrad/year beta

I-131, H-3, LLP €15 mrem/quarter to any organ
€30 mrem/year to any organ
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1990 EFFLUENT SEMIANNUAL REPORT  REV, 1

Maximum Permissible Concentration

1.

Fission and activation gases in gaseous releases:

10 CFR 20, Appendix B, Table 2, Column 1

lodine and particulates with halflives greater than

8 days in gaseous releases:

10 CFR 20, Appendix B, Table 2, Column 1

Liquid effluents for radionuclides other than

dissolved or entrained gases:

<0 CFR 20, Appendix B, Table 2, Column 2

Liquid effluent dissolved and entrained gases:

2.0E~04 uCi/ml Total Activity

Average Energy

Not applicable to Prairie Island regulatory limits.

Measurements and approximations of total activity

1.

r

Fission and activation gases Total
in gaseous releases: Nuclide
lodines in gaseous releases: Total
Nuclide
Particulates in gaseous releases: Total
Nuclide
Liquid effluents Total

Nuclide

GelLi
GelLi

GelLi
GelLi

GelLi
GelLi

Geli
Geli

$25%

$25%

£254%

$25%
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1990 EFFLUENT SEMIANNUAL REPORT

REV. 1

1.0 BATCH RELEASES (LIQUID)
1.1 NUMBER O BATCH RELEASES

1.2 TOTAL TIME PERIOD (HRS)

1.3 MAXIMUM TIME PERIOD (HRS)
1.4 AVERAGE TIME PERIOD (HRS)
1.5 MINIMUM TIME PERICD (HRS)

1.6 AVERAGE MISSISSIPPI RIVER FLOW (CFS)

2.0 BATCH RELEASES (GASEOQUS)
2.1 NUMBER OF BATCH RELEASES

2.2 TOTAL TIME PERIOD (HRS)

2.3 MAXIMUM TIME PERIOD (HRS)
2.4 AVERAGE TIME PERIOD (HRS)
2.5 MINIMUM TIME PERIOD (HRS)

3.0 ABNORMAL RELEASES (LIQUID)
3.1 NUMBER OF RELEASES
3.2 TOTAL ACTIVITY RELEASED (CI)
3.3 TOTAL TRITIUM RELEASED (CI)

4.0 ABNORMAL RELEASES (GASEOUS)
4.1 NUMBER OF RELEASES

4.2 TOTAL ACTIVITY RELEASED (CI)

PAGE 3
QTR: 01 QTR: 02
7.70E+01 3.40E+01
1,25E+402 | 6.05E401
2.785E+00 7.47E400
1.63E+00 1.78E+00
1.33E+00 1.33E+00
9.38E+03 | 2,23E+04
QTR: 01 QTR: 02
3.60E+01 1.50E+01
2.67E+02 1.43E+02
2.38E+01 2.40E+01
7.42E+00 9.51E+00
i 1.00E-02 7.00E-02
QTR: 01 QTR: 02
0.00E+09 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
QTR: 01 QTR: 02
0.00E+00 | 0.00E+00
I 0.00E+00 0.00E+00
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TABLE 1¢

1990 EFFLUENT SEMIANNUAL REPORT  REV. 1 PAG
GASEOUS EFFLUENTS - GROUND LEVEL RELEASES
13,0 FISSION AND ACTIVATION GASES
CONTINUOUS MODE BATCH MODE
NUCLIDE | UNITS {‘QTR: 01 | QTR: 02 QTR: 01 | QTR: 02
¥ -
AR-41 c1 5.01E-02
KR=85 c1 1,476400 | 3.86E-01
KR-85M c1 1.51€-02 3,02E-03
KR-88 c1 1.28E-04
XE-131M | C1I 4.25E-01 4.64E-01 | 3.92E-03
XE-133 c1 6.11E401 1.54E401 | 1,46E=03
XE-133M | CI §.62E~01 9,37E-02
XE~135 c1 6.45E-01 6.43E-02
TOTAL c1 | 6.278401 | 0.006400 || 1.756401 | 3,91E-01
IODINES
CONTINUOUS MODE BATCH MODE
NUCLIDE | UNITS || QTR: 01 | QTR: 02__JP.QTR: 01 | QTR: 02
1-131 c1 1.42E-03 | 1.79E-06 || 3.91E-06
1-133 c1 4.4BE-05 | 4.54E-06 || 2.30E-06
TOTAL c1 1.46E-03 | 6.33E-06 || 6.218-06 | 0.00E+00

5
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TABLE 2A
BIQUID EFFLUENTS - SUMMATION OF ALL RELEASES

16.0

17.0

18,0

19.0

20.0

21.0
22.0

23'0
24.0

25.0

26.0

VOLUME OF WASTE PRIOR TO DILUTION (LITERS)

VOLUME OF DILUTION WATER (LITERS)

FISSION AND ACTIVATION PRODUCTS
18.1
18,2 AVERAGE DILUTED CONCENTRATION (UCI/ML)

TOTAL RELEASE W/0 H-3, RADGAS, ALPHA (CI)

TRITIUM *#%* SEE ATTACHED NOTE FOR ADDITIONAL
TRITIUM DOSE CALCULATIONS
19.1 TOTAL RELEASE (CI)

19.2 AVERAGE DILUTED CONCENTRATION (UCI/ML)
DISSOLVED AND ENTRAINED GASES

20.1
20.2

TOTAL RELEASE (CI1)

AVERAGE DILUTED CONCENTRATION (UCI/ML)

GROSS ALPHRA (CI1)

TOTAL TRITIUM, FISSION AND ACTIVATION
PRODUCTS (UCI/ML)

TOTAL BODY DOSE (MREM)

CRITICAL ORGAN

24.1

DOSE (MREM)

24.2 ORGAN

PERCENT COF TOTAL BODY TECH SPEC LIMIT (%)

PERCENT OF CRITICAL ORGAN TECH SPEC LIMIT (%)

PAGE
QTR: 01 QTR: 02
5.62E+07 5.47E+07
1,09E+11 7.95E+10
8.39E~-03 9.12E~03
7.69E-11 1,15e-10
1.69E402 8.63E+01
IOSSE-OG 1008;’06
1.176-02 3,32E-03
1.07E-10 4,18E-11
0.00E+00 4.40E~05
1.55E-06 1.0BE~06
4.33E-04 | 2.64E-04
4,33E-04 2.64E-04
TTL BODY TTL BODY
1.44E-02 8.80E-03
1.44E-02 8.80E~03
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YABLE 2A

PIGE ¢

IQDO.EFFLUENT SEMIANNUAL REPORT REV, 1
LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES
28.0 DISSOLVED AND ENTRAINED GASES
CONTINU DS MODE BATCH MODE

NUCLIDE UNITS QTR: 01 QTR: 02 QTR: 01 QTR: 02
XE-131M CI 4.50E-04
XE-133 €1 1.1¢E-02 2.99E-03
XE-133M €1 2.65E-05 1.81E-05
XE-135 o 3.65E-05 3.16E-04
TOTAL CI 1,17E~02 3.32€E-03
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Page 2

It should be noted that the total airborne dose (99% plus of which is
due to tritium) is greater than the total waterborne tritium dose.
Even though the newly identified pathway delivers additional tritium
to the critical receptor it i3 a lower concentration than that already

in the body due to airborne exposure,

Dose calculation

Average
Dose Diluted Whole Fish
Quarie: Conversion X Tritium = Body + Fathway =
Factor Concentration Dose Dose
(mrem/quarter (uCi/ml) (mrem) (mrem)
per uCi/ml)
1 2.55E4 1.55E-6 3.95€-2 4.33E-4
2 2055;‘ 1008!"6 2.75!-2 2.645-4

Dose Report

Total
Liguid
Dose
(mrem)

3099!-2
2.78E-2

LIQUID EFFLUENTS -~ SUMMATION OF WATERBCRNE TRITIUM AND FISH PATHWAYS

TOTAL BODY DOSE (MREM)
CRITICAL ORGAN
DOSE (MREM)
ORGAN
PERCENT OF TOTAL BODY TECH SPEC LIMIT (%)
PERCENT OF CRITICAL ORGAN TECH SPEC LIMIT (%)

QTR: 01

3.99E-02

3.99E-02
TTL BODY
1.33E+00
1,33E+00

QTR: 02

2.78E-02

2.7BE-02
TTL BODY
9.27E~01
9.27E~01
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1990 Effluent Semiannual Report REV., 0
Page 1 of 9
Retention: Lifetime

EFFLUENT SEMIANNUAL REPORT
01-JUL-90 THROUGH 29-DEC-90

SUPPLEMENTAL iNFORMATION
Facility: Prairie Island Nuclear Generating Plant
Licensee: Northern States Power Company

License Numbers: DPR-42 & DPR~60

A. Regulatory Limits

1. Liquid Effluents:

a. The dose or dose commitment to an individual from radicactive
materials in liquid effluents released from the site shall be

limited to:

for the quarter 3.0 mrem to the total body
10.0 mrem to any organ

for the year 6.0 mrem to the total body

20.0 mrem to any organ

2. Gaseous Effluents:

a. The dose rate due to radioactive materials released in
gaseous effluents from the site shall be limited to:

noble gases €500 mrem/year total body
€3000 mrem/year skin

I-131, H-3, LLP €1500 mrem/year to any organ

b. The dose due to radiocactive g-seous effluents shall be
limited to:

noble gases €10 mrad/quarter gamma
20 mrad/quarter beta
€20 mrad/year gamma
€40 mrad/year beta

1-131, H-3, LLP €15 mrem/quarter to any organ
€30 mrem/year to any organ




1990 EFFLUENT SEMIANNUAL REPORT REV. 0 PAGE 2

Maximum Permissible Concentration

1, Fission and activation gases in gaseous releases:

10 CFR

2. lodins
8 days

10 CFR
3. Ligquid

20, Appendix B, Tahble 2, Column 1

snd particulates with halflives greater than
in gaseous relases:

20, Appendix B, Table 2, Column 1

effluents for radionuclides other than

dissolved or entrained gases:

10 CFR
4. Liguid

20, pppendix B, Table 2, Column 2

effluent dissolved and entrained gases:

2.0E~-04 uCi/ml Total Activity

Average Eneray

Not applicable to Prairie lsland regulatory limits.

Measurements and approximations of total activity

1. Fission and activation gases Total Celi $25%
in gaseous releases: Nuclide GelLi
2. 1lodines in gaseous rcleases: Total Geli £25%

Nuclide GelLi

3, Particulates in gaseous releases: Total Geli $25%

4. Liquid

Nuclide Geli

effluents Total GelLi $£25%
Nuclide Geli

Manual Revisions

1. Offsite Dose Calculations Manual latest Revision number: 11

2. Process Control Program Manual latest Revision number:

Revision date : 05-0CT-89

3

Revision date ¢ 31-MAY-90
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1990 EFFLUENT SEMIANNUAL REPORT

REV. 0

TABLE 1A
GASEQUS EFFLUENTS -~ SUMMATION OF ALL RELEASES

$.0

6.0

7.0

8.0

9‘0

10.0

11.0

12.0

FISSION AND ACTIVATION GASES

5.1 TOTAL RELEASE (CI)

5.2 AVERAGE RELEASE RATE (UCI/SEC)
5.3 GAMMA DOSE (MRAD)

5.4 BETA DOSE (MRAD)

5.5 PERCENT OF GAMMA TECH SPCC (%)
5.6 PERCENT OF BETA TECH SPEC (%)

IODINES

6.1 TOTAL 1-131 (CI1)

6.2 AVERAGE RELEASE RATE (UC1/SEC)
PARTICULATES

7.1 TOTAL RELEASE (CI)

7.2 AVERAGE RELEASE RATE (UCI/SEC)
TRITIUM

8.1 TOTAL RELEASE (CI)

8.2 AVERAGE RELEASE RATE (UCI/SEC)

TOTAL IODINE, PARTICULATE AND TRITIUM (UCI/SEC)

DOSE (MREM)

PERCENT OF TECH SPEC (%)

GROSS ALPHA (CI)

PAGE 4
QTR: 03 QTR: 04
1.35E+00 7.42E~01
1.72E-01 9.44E-02
7.73E-03 3,72E-03
6.05E-03 4.27E~-03
7.73E-02 3.72E-02
3.03E-02 2.14E-02
0.00E400 5.80E-08
1.10E~06 4 ,.89E~05
1.40E-07 6.22E-06
8.48E400 2.07E+01
1,08E+0Q0 2.63E+00
1.08E+00 2.63E+00
1.53E-02 3.87E~-02
1.02E-01 2.58E-01
2.38E-07 0.00E+00




TABLE'1C

13.0

14.0

v

1990 EFFLUENT SEMIANNUAL REPORT  REV. 0 PAG
dAsEOUS EFFLUENTS - GROUND LEVEL RELEASES
FISSION AND ACTIVATION GASES
CONTINUQUS MODE BATCH MODE
NUCLIDE UNITS QTR: 03 QTR: 04 } QTR: 03 QTR: 04
AR-41 c1 7.64E-01 | 3.50E-01 3.55E-03
KR-85 c1 EXTIRENT
KR-85M c1 |
KR-87 ClI
KR~88 CI‘ 4.84E-02
XE-133 1 1.95E-01 1.62E-02
XE-133M | C1 2.76E-04
XE-135 c1
XE~135M e
XE~-138 C1
TOTAL ;CI 9.59E~01 3.50E-01 3.94E-01 3.92E-01 '
IODINES
CONTINUOQUS MODE BATCH MODE

NUCLIDE UNITS QTR: 03 QTR: 04 QTR: 03 QTR: 04
1-131 c1 4.56E-07
1-132 c1
I1-133 Cl
1-134 c1
I-175 f 0
TOTAL c1 0.00£+00 | 4.56E-07 || 0.00E+00 | 0.008400

E



TABLE

1%.0

1990 EFFLUENT SEMIANNUAL REPORT REV. 0
1¢
GASEQUS EFFLUENTS -~ GROUND LEVEL RELEASES
PARTICULATES
CONTINUOUS MODE BATCH MODE
NUCLIDE UNITS QTF 03 QTR: 04 QTR: 03 QTR: 04.-
SR-89 C1
SR-90 (o |
Cp-109 C1 3.91E-08 2.9CE-05 %
cC-58 CI 4.835E-07 1.90E-06 1.71E-05
c0-60 Cl S.SBEtO7 2.53E-07 3.05E-07
TOTAL CI 1.10E-06 3,18E-05 0.00E+00 1.74E-05

PAGE 6
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1990 EFFLUENT SEMIANNUAL REPORT REV, 0

PAGE 8

TABLE 2A
LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES
27 ~ TNDIVIPUAL LIQUID EFFLUENT
CONTINUOUS MODE BATCH MODE
NUCLIDE | UNITS || QTR: 03 | QTR: 04 QTR: 03 | QTR: 04
AG-110M | CI | 1,38E-02 | 9.71E-03
BE-7 c1 [ 3,45E-04 | 5,558-05
C0-58 c1 ' 2.81E-02 | 2.61E-03
C0-60 c1 3,73E-03 | 4.09E-03
Ccs-134 c1 1.26E-04 | 1.81E-05
C5-137 c1 2.76E-06 1,88E-04
cs-136 c1 2.77E-06
CR-51 c1 L 1.49E-03 | 1.35E-03
C0-57 c1 ‘ 2.20E-05 | 8.85E-05
CE-144 c1 4.65E-05
FE-55 e | 1.83E-02 | 2.27E-03
FE-59 c1 { 2.37E-03 | 2.63E-03
LA-140 c1 2.23E-05 | 1.56E-06
LA-142 c1 3.60E-06
MN-54 c1 2.02E-04 | 1.45E-04
NB-97 c1 5.90E-06
ND-147 c1 | 7.12E-06
B
$B-122 c1 | 7.21E-04
SB-124 c1 j 3,90E-03 | 2.71E-03
SB-125 c1 ‘ 1.71E-03 | 2.43E-03
SB-126 e 1,44E-05
§C-47 c1 | 2,03€E-04 | 2.33E-04
SN-113 c1 [ 2.90E-04 | 8.628-04 |

CONTINUED
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PINGP 753, Rev. 2
Page 1 of 5
Retention: Lifetime

PRAIRIE ISLAND NUCLEAR GENERATING PLANT Period: /~1-90 to 12-31-90
NORTHERN STATES POWER License No. DPR-42

SOLID RADIOACTIVE WASTE DISPOSAL SEMI-ANNUAL REPORT

Table 1: Solid Waste and Irradiated Fuel Shipments

3 Solid Waste Total Volumes and Total Curie Quantities:

| | | [ Container |
I I I | Disposal |
| Type of Waste | Units | Totals | Volumes

[ I | | (List) |
| I 3 | I |
| A. Resins | _ ft | 988.9 | 135.8 |
I I Ci I 282.690 I 178.0 I
| | | | |
| I I I 183.3 I
| | | I |
| I 3 I I |
| B. Dry-Compacted : ft | = I
| |

| I Ci | I |
| I | | |
| | i I |
| | | | |
| | 3 | | , |
| €. Non-Compacted } ft : 83.0 { 96 :
|

| | Ci | 0.232 | |
| | | | |
| I | I |
| [ | | |
I I 3 I I |
| D. Filter Media ‘ ft : : {
|

| | . C1 | | I
I | | | |
| | | | |
| | | | I
I | 3 I [ |
| §. Spent Fuel ! ft : } }
I | _Ci | I I
| | I I I
| I I i |
| ! 1 | l

1BM



PINGP 753, Rev. 2

Page 2
PRAIRIE ISLAND NUCLEAR GENERATING PLANT Period: 7-1-90 to 12-31-80
NORTHERN STATES POWER License No. DPR-&42

SOLID RADIOACTIVE WASTE DISPOSAL SEMI-ANNUAL REPORT

Table 1: Solid Waste and Irradiated Fuel Shipments (Continued)

- Principal Radionuclide Composition by Type of Waste:
Percent
TYPE (From Page 1) Nuclide Abundance
A CO=60 38.0
*  NI-63 ar.9
_C0-38_ 138
* FE-55 11.2
_cs-137 80
_MN=54_ 2.0
i lmise L L)) T -8
0200 4" -
* C= —ted
IO ¢ € - % 6 -
* = -

* = Inferred - Not Measured on Site

IBM



PINGP 753, Rev. 2
Page 3
PRAIRIE ISLAND NUCLEAR GENERATING PLANT ciod: 7-1-90 to 12-31-90
NORTHERN STATES POWER License No. DPR-42
SCLID RADIOACTIVE WASTE DISPOSAL SEMI-ANNUAL REPORT
Table 1: BSolid Waste and Irradiated Fuel Shipments (Continued)
- Principal Radiconuclide Composition by Type of Waste

(Continuation):

Percent
TYPE (From Page 1) Nuclide Abundance

l

* = Inferred - Not Measured on Site

IBM
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PRAIRIE 1SLAND NUCLEAR GENERATING PLANT
NORTHERN STATES POWER

Period: 7=1-90 to 12-31=90
License No. DPR-42

SOLID RADIOACTIVE WASTE DISPOSAL SEMI-ANNUAL REPORT

Table 1: Solid Waste and Irradiated Fuel Shipments (Continued)

3 Solid Waste Disposition:

Number of Shipments Mode
2 TRUCK
2 TRUCK
“ TRUCK
4., Irradiated Fuel Shipments:
Number of Shipments Mode
0

1BM

Destination

BARNWELL

OAK RIDZE

RICELAND

Destination







NORTHERN STATES POWER COMPANY

PRAIRIE ISLAND NUCLEAR GENERATING PLANT
OFF-SITE RADIATION DOSE ASSESSMENT FOR

January l- December 31, 1990




.the General Public from Reactor
Releases and :

There are no other uranium fuel facilities in the vicinity of the
Prairie Island site. The only other artificial source of exposure
to the general public in addition to the plant effluent releases is
from direct radiation of the reactors. This direct radiation from
pressurized water reactors has been shown to be negligible. An
array of TLD meonitoring stations around the perimeter of the site
boundary has consistently indicated that plant operation in the
past years has nc effect on ambient gamma radiation.

Therefore, the most exposed member of the general public will not
receive an annual radiation dose from reactor effluent releases and
all other fuel cycle activities in excess of the sum of the liquid
and gaseous whole body and organ doses reported in Table 1 for the
site boundary and critical receptor, respectively. These doses are
well below 40 CFR Part 190 standards of 25 mrem to the whole body,
75 mrem to the thyroid, and 25 mrem to any other organ.



TABLE 1

OFF-SITE RADIATION DOSE ASSESSMENT = PRATRIE ISLAND

PERIOL: JANUARY 1 through DECEMBER 31, 1990

Gaseous Releases



TABLE 2

QFF=-SITE RADIATION DOSE ASSESSMENT - PRAIRIE ISLAND
SUPPLEMUNTAL INFORMATION

PEPIc.  JANUARY 1 through DECEMBER 31, 1990
Gaseous Relet .
Maximum Site Boundary
Dose lLocation
(from Building wvents)

Sector WNW
Distance (miles) 0.36

Offshore Location
Within Site Boundary

Sector ESE
Distance (miles) 0.2

Maximum Off-site
Dose Location

Seo*ar SSE
Distance (miles) 0.6
Pathways Plume,
Ground,
Inhalation,
Vegetables
Age Group Child
Organ Thyroid
Liguid Releases

Maximum Off-site Dose

Location Downstream
Pathways Fish, well water
Age Group Child
Organ Whole Body




‘ . ATTACHMENT TO THE 1990 SEMIANNUAL EFFLUENT REPORT

Ligquid Pathway Dose Calculation

Quarters 3 and 4, 1990

Summary

The total liquid doses to the critical receptor for the third and
fourth quarters of 1990 are 0,0091 and 0.0118 mrem, respectively.
These doses are reported in this attachment to the semiannual report,

Beckground

In October, 1989 a well water sample of a residence close to Pl showed
low levels of tritium, Initial dose calculation results showed
estimated liquid pathway doses a hundred times higher than those
reported in past semiannual reports. These results indicated that a
new dose pathway should be considered.

Investigation into the cause of the tritium contamination led to the
assumption that the flow of water is from the discharge canal downhill
toward the Vermilion river. The resident’s well draws from the
groundwater between the canal and the Vermilion river.

ODCM Considerations

The following calculation it independent of the ODCM. At this time no
change will be made to the ODCM. Efforts are currently under way to
reduce the tritium levels in the well by extending the current
radioactive discharge point to the point where the discharge canal
empties into the river. Results of these efforts should be available
in 1991 and the problem will be eliminated or appropriate ODCM changes
will be made,

Dose Calculation Assumptions

For the purpose of dose calculation, the dose-maximizing assumption
was made that the receptor’s concentration of tritium in body water
and organic molecules is equal to the average concentration in the
discharge canal. The dose conversion factor for this assumption is
taken from page 9-3 of NUREG/CR-3312, 1Its value is 102 mrem/year per
uCi/liter of tritium in the body. When adjusted for the units
reported for the discharge canal concentration, the dose conversion
factor is 2.55E4 mrem/quarter per uCi/ml.

Discussion

The elevated tritium levels were found at the residence which is the
critical receptor (0.6 miles to the SSE of the site) for Prairie
Island., Therefore, the dose calculated for waterborne tritium is
added to the critical receptor’s fish pathway dose. This
overestimates the dose because the tritium dose from cating fish is
accounted for twice,



Page 2

1t should be noted that the total airborne dose (99% plus of which is
due to tritium) is greater than the total waterborne tritium dose.
Even though the newly identified pathway delivers additional tritium
to the critical receptor it is a lower concentration than that alread;
in the body due to airborne exposure.

Dose calculation

Average
Dose Diluted Whole Fish Total
Quarter Conversion X Tritium = Body + Pathway = Liquid
Factor Concentration Dose Dose Dose
(mrem/quarter (uCi/ml) (mrem) (mrem) (mrem)
per uCi/ml)
3 2.55E4 2.91E-7 7.42E-3 1.64E-3 9.06E-3
4 2.55E4 4.49E-7 1.14E-2 3.26E-4 1,18E-2

Dose Report

LIQUID EFFLUENTS - SUMMATION OF WATERBORNE TRITIUM AND FISH PATHWAYS

QTR: 03 QTR: 04

TOTAL BODY DOSE (MRE..) 9.06E-03 1.18E-02

CRITICAL ORGAN

DOSE (MREM) 9.06E-03 1,18E-02
ORGAN TTL BODY TTL BODY
PERCENT OF TOTAL BODY TECH SPEC LIMIT (%) 3.02E-01 3.93E-01

PERCENT OF CRITICAL ORGAN TECH SPEC LIMIT (%) 3.02E-01 3.93E-01






Item 10:

In Tables 3.3-6 through 3.,3-18, there were some inconsistencies
between the ODCM methodology and the manner in which the
calculations of the R-value (dose factor) was actually performed.
The R-values according to the ODCM f:ormulas exceed the ODCM

table values by 18 percent for Cs-137 and up to 34 percent for
I1-131 for the cow milk, goat milk, meat and inhalation pathways.
No inconsistencies were found for the inhalatica pathway R-values
in Tables 3.3-17 and 3.3-18. It was noted that the ODCM table
values could be reproduced if a value of 2.59E+06 seconds was used
for "te" and a value of 0.5 was used for "fp". Explanations of
the use of these variables and their definitions are given below:

The "te" variable

This variable is defined in the OPCM as the "period of pasture
grass and crop exposure during the growing season". ODCM tables
C-1 and C-2 give two values for "te", one for pasture and one
for stored feed. ODCM formulas C.2-3 and C.2-5 each contain two
occurrences of "te" with no distinction made for use of the
assigned values, The first occurrence is in the part of the
equation devoted to pasture and the second occurrence to stored
feed. It should be obvious that the pasture value should be
used in the first occurrence and stored feed value in the
second occurrence. However, the ODCM table values were
generated by substituting the pasture value in both variable
occurrences.

Use of the pasture value in place of the stored feed value
gives a non-conservative result, i.e., the calculated dose
factor produces a smaller dose than would be generated using
the stored feed value.

The "fp" variable

This variable is defined in the ODCM as the "fraction of the
year that the cow or goat is on pasture". A value of 0.667 was
assigned to this variable on page 119 of the ODCM, Revision 9.
However, a value of 0.5 i{s used in the NRC GASPAR code annual
critical receptor determinations and in the PINGP USAR. The
value of 0.5 is also the value used to generate the ODCM

table values.

Use of the 0.5 value for "fp" instead of 0.667 gives a
non-conservative result, i.e., the calculated dose factor
produces a smaller dose than would be generated using the
ODCM-assigned value,

The ODCM was modified in the following manner to address these
inconsistencies:

a. The "te" variabl'e was split into the variables "tep" and
"tes" with the former used in the first part of the milk
and meat equations related to animal intake of radicnuclides
from pasture and the latter will be used in the second
part of the equaticn related to intake from stored feed.
The assigned values are 2.59E+06 and 5.18E+06 seconds,
respectively. This change will ensure the correct factor
for exposure of pasture and stored feeds is used in the dose
calculation.
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RECORD OF REVISIONS
Revision No, Date Reason for Revision
Original June 7, 1979
1 April 15, 1980 Incorporation of NRC Scaff

comments and correction of
miscellaneous errors

2 August 6, 1982 Incorporation of NRC Staff
comments

3 February 21, 1983 Change in milk sampling
location

4 November 14, 1983 Change in milk sampling

location and change in
cooling tower blowdown

5 March 27, 1984 Change Table 3.2-1

6 February 14, 1986 Change in location to collect
cultivated crops (leafy
green veg.) and removal of
meat animals from the
land use census.

7 July 31, 1986 Retype and format ODCM.
No change in content,

8 January 8, 1987 Addition of Discharge
Canal Monitor Setpoint
calculation.

9 June 29, 1987 Ctange inhilation dose

factor tc child and
address change in land
use survey.

10 April 27, 1989 vhange in method for
calculating liquid
effluent monitor
setpoints. Fix of
various typing errors.
Change in location of two
REMP sampling locations.
Deletion of one REMP
sampling location,

11 October 5, 1989 Change in Tables 3.3-6
thru 3.3-16. Appendix C
equations corrected,
Section 5 figures replaced.
Sample point definitions
corrected.
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- T | Noble Gases

’

The dose rate at the site boundary resulting from
noble gas effluents is limited by 10 CFR 20 to

500 mrem/yr to the total body and 3000 mrem/yr to
the skin. The setpoint determinations discussed
in the previous section are based on the dose(z)
calculational method presented in NUREG-0133.

They represent a backward solution to the limiting
dose equations in NUREG-0133. Setting alarm set
trip points in this manner will assure that the
limits of 10 CFR 20 are met for noble gas releases.
Therefore, no routine dose calculations for noble
gases will be needed to show compliance with this
part. Routine calculations will be made for

doses from noble gas releases to show compliance
with 10 CFR 50, Appendix 1 as discussed in

Sesction 3.3.1.

3,2.2 Radioiodine, Radicactive Particulates, and
Other Radionuclides

The dose rate at the site boundary resulting from

the release of radioiodines and particulates with

half lives greater than 8 days is limited by 10

CFR 20 to 1500 mrem/yr to any organ. Calculations
showing compliance with this dose rate limit will

be performed for batch releases prior to the

release and weekly for all releases. The calculations
will be based on the results of sample analyses
obtained pursuant to the PNGP Technical Specifications.
To show compliance, Equations 3.2-1 will be

evaluated for 1-131, tritium, and radioactive
particulates with half-lives greater than eight

days.
z Pil (x/Q,) Qi < 1500 mrem/yr (3.2-1)
where
Pi1 = child critical organ dose parameter for

radionuclide i for the inhalation pathway,
mrem/yr per pCi/m® (Table 3.2-1);

annual average relative concentration fqr
long-term release at the critical location,
sec/m® (Appendix A, Table A-3);

(x/Q,)

1BM
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where:

X
"

The air dose factor due to gamma emission
for each identified noble gas radionuclide
i, mrad/yr per uCi/m®; (Table 3.3-1)

Ni = the air dose factor due to beta emissions
for each identified noble gas radionuclide
i, mrad/yr per uCi/m®; (Table 3.3-1)

b
~
O
SN
<
"

the annual average relative concentration
for areas at or beyond the restricted area
boundary for long-term ve:r’ releases
(greater than 500 hr/year), sec/m?®
(Appendix A, Table A-4);

the relative concentration for areas at or
beyond the restricted area boundary for
short-term vent releases (equal to or less
than 500 hrs/year), sec/m® (Appendix A,
Table A-7);

—~
>
N
Fal
~r
"

the total release of noble gas radionuclide
i in gaseous effluents for short-term vent
releases from both units (equal to or less
than 500 hrs/year), uCi;

the total release of noble gas radionuclide
i in gaseous effluents for long-term vent
releases from both units (greater than 500
hrs,yr), pCi;

~
<
"

8

107 the inverse of the number of seconds in

a year.

Noble gases will be released from PNGP from up to
giX vents.

Long-term x/Q's were given in Appendix A.
Short-term x/q's were calculated using the
USNRC computer code "XOUDOQ'" assuming 100 hours
per yvear short term releases and are given in
Appendix A (Table A-7). Values of M and N were
calculated using the methodology presented in
NUREG-0133 and are given in Table 3.3-1.

3,3.1.2 Cumulation of Doses

Doses calculated monthly will be summed
for comparison with quarterly and annual
limits. The monthly results will be
added to the doses cumulated from the
other months in the quarter of interest
and the year of interest and compared to
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The above equation will be applied to each
combination of age group and organ. Values of
R, have been calculated using the methodology
giégk in NUREG-0133 and are given in Tables 3.3-2
through 3.3-20. Dose factors for isotopes not
listed will be determined in accordance with the
meth ' iology in Appendix C. Equation 3.3-3 will
be applied to a controlling location which will
have one or more of the following: residence,
vegetable garden and milk animal. The selection
of the actual receptor is discussed in Section
3.3.4. The source terms and dispersion
parameters in Equation 3.3-3 are obtained in
the same manner as in Section 3.2. The W
values are in terms of x/Q(sec/m®) for the
inhalation pathways and for tritium (Tables
A-4 and A-7) and in terms of D/Q(l/m?) for all
other pathways (Tables A-5 and A-8).

3,3,2.2 Cumulation of Doses

Doses calculated monthly will be summed
for comparison with quarterly and annual
limits. The monthly results should be
added to the doses cumulated from the
other months in the quarter of interest
and in the year of interest and compared
with the limits in Equation 3.3-3. If
these limits are exceeded, a special
report will be submitted in accordance
with the PNGP Technical Specifications.
1f twice the limits are exceeded, a
special report showing compliance with 40
CFR 190 will be submitted.

Projection of Doses

Doses resulting from the release of gaseous
effluents will be projected monthly. The doses
calculated for the present month will be used as

the projected doses unless information exists
indicating that actual releases could differ
significantly in the next month. In this case

the source terms will be adjusted to reflect this
information and the justification for the adjustment
noted 1f the projected release of noble gases

for t! month exceeds 2 percent of the calendar

year limits of equation 3.5-1 or 3.3-2, additional
waste gas treatment will be provided. 1f the
projected release of 1-132, tritium, and radioactive
particulates with half-lives greater than 8 days
exceeds 2 percent of the calendar year limit of
equation 3.3-3, operation of the ventilation

exhaust treatment equipment is required if not
currently in use.
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Type of
Sample

River Water
River Water
Drinking Water
Vell Vater
Well Water
Well Water
well Water
Sediment-River
Sediment-River
Sediment-Shoreline
Periphyton or
Invertebrates
Fish

Fish

Milk

Milk

Milk

Milk

Milk

TABLE 5.1-1

PRAIRIE ISLAND NUCLEAR GENERATING PLANT
RADIATION ENVIRONMENTAL MONITORING PROGRAM

SAMP'.ING LOCATIONS

Collection Site

Upstream of Plant
Lock & Dam #3

Red Wing Service Center

Kinneman Farm

Lock & Dam #3
Community Center
Plant Well #2
Upstream of Plant
Lock & Dam #3
Downstream of Plant
Upstream of Plant
Downstream of Plant
Upstream of Plant
Downstream of Plant
Kinneman Farm
Gustafson Farm
Johnson Farm

Place Farm
Christensen Farm

H&4
Rev. 11
Page 62

Location

2.3 mi @ 348°/NNw
1.6 mi @ 129°/SE
3.3 mi @ 158°/8SE
11.1 mi @ 331°/N)

1.6 mi @ 129°/SE
1.0 mi @ 321°/WN)
0.3 mi @ 5)6°/NW
0.9 mi @ 45°/NE
1.6 mi @ 129°/5E
3.0 mi @ 116°/ES:
2.3 mi @ 348°/NN.
3.0 mi @ 116°/ES
1.3 mi @ 0°/N

3.5 mi @ 113°/ES

11.1 mi @ 331°/N
2.2 mi @ 173°/8¢
2.¢ mi @ 60°/ENL
3.5 mi @ 25°/NNE
3.7 mi @ 88°/E

!
'
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TABLE 5.1-1 (Continued)
PRAIRIE ISLAND NUCLEAR GENERATING PLANT
RADIATION ENVIRONMENTAL MONITORING PROGRAM
SAMPLING LOCATIONS

Type of
Sample Code Collection Site Location
Direct Radiation
(TLD) PO6A Property Line 0.4 mi @ 249°/WSW
Direct Radiation
(TLD) PO7A Property Line 0.4 mi @ 268°/W
Direct Radiation
(TLD) PO8A Pronerty Line 0.4 mi @ 291°/WNW
Direct Radiation
(TLD) PO9A Property Line 0.7 mi @ 317°/NVW
Direct Radiation
(TLD) P10A Property Line 0.5 mi & 333°/NN)
Direct Radiation
(TLD) POl1B Tom Killian Res. 4.7 mi @ 35E°/N
Direct Radiation
(TLD) PO2B Roy Kinneman Farm 4.8 mi @ 17°/NNE
Direct Radiation
(TLD) PO3B Wayne Anderson Farm 4.9 mi @ 46°/NE
Direct Radiation
(TLD) PO4B Nelson Drive (Road) 4.2 mi @ 61°/ENE
Direct Radiation
(TLD) POS5SB County Rd E & Colee 4.1 mi @ 102°/ES.
Direct Radiation
(TLD) PO6B William Houschildt Res. 4.4 mi @ 112°/E¢S
Direct Radiation
(TLD) PO7B Red Wing Public Works 4.7 mi @ 140°/St
Direct Radiation ]
(TLD) POSB David Wnuk Res. 4,1 mi @ 165°/5:
Direct Radiation
(TLD) POSB Hwy 19 South 4.2 mi @ 187°/8
Direct Radiation
(TLD) P10B Cannondale Farm 4.9 mi @ 200°/8.

IBM



Type of
Sample

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

Direct
TLD)

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

Direct
(TLD)

* 'e" denotes control location.

PRAIRIE I1SLAND NUCLEAR GENERATING PLANT
RADIATION ENVIRONMENTAL MONITORING PROGRAM
SAMPLING LOCATIONS

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

Radiation

TABLE 5.1-1 (Continued)

P11B

P12B

P13B

P14B

P135B

PO1s

P02S

2038

PO4S

PO5S

PO6S

P25

Collection Site

Wallace Webe.,g Farm

Roy Gergen Farm

Thomas O'Rourke Farm

David Anderson Farm

Holst Farms

Federal Lock & Dam #3

Charles Suter Res.

Carl Gustafson Farm

Richard Burt Res.

Kinney Store

Earl Flynn Farm

Robert Kinneman Farm

The letters after numbered TLD's are as follows:

”A"

NBH

"§" denotes special interest locations.

1B

H&4
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Location

o

4.5 mi

4.4 mi

4.9 mi

4.2 mi

1.6 mi

0.5 mi

2.2 mi

2.0 mi

2.0 mi

@

e

@

9 mi @ 221°/8VW

247° /WS\

270° /W

306°/NW

347°/NN

129°/8SE

155°/88

173¢°/8

202°/88\,

270° /W

2.5 mi @ 299°/WN

11.1 mi @ 331°/N.

denotes locations in the general area of the site boundary.

All other locations are indicatovs.

denotes locations about & to 5 miles distance from the plant.
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SITE BOUNDARY TLD LOCATIONS
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FIGURE 5.1-2 .

RADIOLOGICAL ENVIRONMENTAL SAMPLE POINTS WITHIN Rev. 1l
10 - MILE RADIUS
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MONI TORING LEGEND
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APPENDIX C

DOSE PARAMETERS FOR RADIOIODINES, PARTICULATES AND TRITIUM

This appendix contains the methodology which was used to

calculate the dose parameters for radioiodines, particulates, and
tritii ) to show compliance with 10 CFR 20 and Appendix 1 of 10 CFR 50
for gaseous effluents. These dose parameters, P. and Ri’ were
calculated using the methodology outlined in NURiG-0133 along

with Regulatory Guide 1.109 Revision 1. The following sections
provide the specific methodology which was utilized in

calculating the Pi and Ri values for the various exposure
pathways.

C.1 Calculation of P,

The parameter, P,, contained in the radiciodine and
particulates porlion of Section 3.2, includes pathway
transport parameters of the ith radionuclide, the receptor's
u-age of the pathway media and the dosimetry of the
exposure. Pathway usage rates and the internal desimetry
are functions of the receptor's age: however, the child

age group, will always receive the maximum dose under the
exposure conditions assumed.

C.1.1 1Inhalation Pathway

P, = K'(BR) DFA (C.1<1)
II i
where:
Pi B dose parameter for radionuclide i for3the
1 inhalation pathway, mrem/yr per uCi/m”;
K' B a constant of unit conversion:
= 10° peisuci;
BR - tge breathing rate of the child age group,
m"/yr;
DFAi = the maximum organ inhalation dose factor _
for the child age group for radiouuclide i,
mrem/pCi.

IBM
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The ape group considered is the cgild group. The child's
breathing rate is taken as 3700 w”/yr from Table E-5 of
Regulatory Guide 1.109 Revision 1. The inhalation dose
factors for the child DFAi, are presented in Table E-9

of Regulatory Guide 1.109%in units of mrem/pCi. The total
body is considered as an organ in the selection of DFA,.
The incorporation of breathing rate of the child and tﬁe
unit conversion factor results in the followi ..

p. = 3.7 x 107 DFA (vrs02)
iy i

Calculation of R,

The radioiodine and particulate Technical Specification is
applicable to the location in the unrestricted area where the
combination of existing pathways and receptor age Broups
indicates the maximum potential exposure occurs. The
inhalation and ground plane exposure pathways shall be
considered to exist at all locations. The grass-goat-milk,
the grass-cow-milk, grass-cow-meat, and vegetation pathways
are considered based on their existence at the various
locations. R. values have been calculated for the adult,
teen, child, dnd infant age groups for the ground plane, cow
milk, goat milk, vegetable and beef ingestion pathways. [he
methodology which was utilized to calculate these values is
presented below.

C.2,1 1lnheslation Pathway

RiI = K'(BR)a (DFAi)a (C.2-1)
where:
Ri = dose factor for each identified

1 radionuclide i of.the organ of interest,
mrem/yr per uCi/m™;

K' = a constant of unit conversion:
= 10° peisuci;
(BR)a =  breathing ratg of the receptor of
age group a.m"/vr:
(DFAi)a = organ inhalation dose factor for

radionuclide i for the receptor of
age group a, mrem/pCi.

The breathing rates (BR)_for the various age groups are
tabulated below, as giveﬁ in Table E-5 of the Regulatory

Guide 1.109 Revizion 1.
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A shielding factor of 0.7 is suggested in Table E-15
of Regulatory fuide 1.109 Revision 1. A tabulation
of DFG, values is presented in Table E-6 of
chulaiory Guide 1.109 Revision 1.

C.2.3 Grass-Cow or Goat-Milk Pathway

At l’ g tep . B, (e 1)
R 1°f r(l=e 1 Py ¢ Pgyt'" -
y * xix'q}.v”rm(mi)‘ e tt, | =5 - P
L "o
i, t -
E, es itb
(et gy [t + By U= Vi b (c2en)
P 5'E, LT
where:
R1 = dose factor for the cow milk or goat milk
M pathway, for each identified radionuclide i
for the organ-sf interest, mrem/yr per
uCi/sec per m °;
K' i a constant of unit conversion;
= 10% peisci;
QF = the cow's or goat's feed consumption rate,
kg/day (wet weight);
Ua B the receptor's milk consumption rate for age
P group a, liters/yr;
Y B the agricultural productivisy by unit area
P of pasture feed grass, kg/m";
Ys = the agricultural proguctivity by unit area
of stored feed, kg/m“;
4 Fm = the stable element transfer coefficients,
pCi/liter per pCi/day;
r B fraction of deposited activity retained on
cow's feed grass;
(DFLi)‘ = the organ ingestion dose factor for

radionuclide i for the receptor in age group
a, mrem/pCi;
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AE E Ai + Aw;
Ai = the radiological degfy constant for
radionuclide i, sec *;
L B the decay constant for removal of activity
on I!af and plant surfaces by weathering,
sec
= 5.73 x 10'7 sec -1 (corresponding to a
14 day half-life);
te = the transport time from feed to cow or goat
to milk, to receptor, sec;
ty B the transport time from harvest, to cow or
goat, to consumption, sec;
ty = pericd of time that activity builds up in
soil sec;
Biv B concentration factor for uptake of

radionuclide i from the soil by the edible
parts of crops, pCi/Kg (wet weight) per
pCi/Kg (dry soil);

P B effectiye surface density for soil, (dry
soil)/m";

f B fraction of the year that the cow or goat

P is on pasture;

fB 3 fraction of the cow feed that is pasture
grass while the cow is on pasture;

te - period of pasture grass exposure during

P the growing season, sec;

tas = period of crop exposure during the growing
season, sec;

Ii = factor to account for fractional deposition
of radionuclide i.

For radionuclides other than iodine, the factor I, is
equal to one. For radioiodines, the value of 1 ﬁay
vary. However, a value of 1.0 was used in calcuia

the R values Tables 3.3-9 through 3.3-16.

ting

Milk cattle and goats are considered to be fed from two
potential sources, pasture grass and stored feeds.
Following the development in Regulatory Guide 1.109
Revision 1, the value of f_was considered unity in
lieu of site-specific infofmation. The value of fp

was 0.5 based upon an 6-month grazing period.
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Table C-1 contains the appropriate parameter values and
their source in Regulatory Guide 1.109 Revision 1.

The concentration of tritium in milk is based on the
airborne concentration rather than the deposition.
Therefore, the R1 is based on X/Q:

th = R'K"'Fmoru‘p(DFLi)‘ 0075(045/“) (Ccz'A)
where:

RT = dose factor for the cow or zoat milk pathway
' for tritium for the organ of interest,
mrem/yr per uCi‘m™;

K" = a constant of unit conversion:

= 10° gu/Kg;
H - absolute humidity of the atmosphere, gm/m3;
0.75 = the fraction of total feed thi. is water;
0.5 = the ratio of the specific activity of the

feed grass water to the atmospheric water.
and other parameters 3“d values are given above. A value

of H of 8 grams/meter”, was used in lieu of site-specific
information.

C.2.4 Grass-Cow-Meat Pathway

The integrated concentration in meat follows in a
similar marner to the development for the milk pathway,

therefore:
-) t
“ho t ib
- t E, ep B, (l-e )
& ' i's r(l-e i ") + _iv
R‘B 1K'QU Fo(DFL) e £1, VT, £
1 i
-3t
-\, t ib g
(l-f f \ r(l-‘ Ei el) < Biv(lue ) [ Aith (C'2-5)
p e Y )
8 EI i
where:
Ri B dose factor for the meat ingestion pathway
B fQ; radionuclide i for any organ of interest,
mn“ mrem/yr per uCi/sec;
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Ff = the stable element transfer coefficients,

pCi/Kg per pCi/day;

U. = the receptor's meat consumption rate for age

P group a, kg/yr;

t, - the transport time from slaughter to
consumption, sec;

ty = the transport time from harvest to animal
consumption, sec;

te B period of pasture grass exposure during

P the growing seascn, SecC;

tes B period of crop exposure during the growing
season, Sec;

Ii = factor to account for fractional deposition

of radionuclide 1.

For radionuclides other than iodine, the factor I, is equal
to one. For radioiodines, the value of 1, may vafy.
However, a value of 1.0 was used in calcuiating the R
values in Tables 3.3-6 through 3.3-8.

All other terms remain ti'e same as defined in Equation
C.2-3, Table C-2 contains the values which were used
in calculating Ri for the mcat pathway.

The concentration of tritium in meat is based on its
airborne concentration rather than the deposition.
Therefore, the Ri is based on X/Q.

RTB = K'K"'FfQFU‘p(DFLi)‘ 0.75(0.5/H) (C.2-6)
where:

RT = dose factor for the meat in?estion pathway
B for tritium for aRy organ of interest,
prem/yr per pCi/m™.
All other terms are defined in Equation C.2-4 and C.2-5,
above.

C.2.5 Vegetation Pathway

The integrated concentration in vegetation consumed by
man follows the expression developed in the derivation
of the milk fact.r. Man is con:iiered to consume WO
types of vegetation (fresh and stored) that differ only
in the time period between harvest and consumption,
therefore:
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-l t
. Ot 1%
8% lr-e EL %) 4 By (e )
Uaf . - P’ - .
v 21 Ai
-) o
cedy t *p
gil-e M % . B0 ) (C.2-7)
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dose factor for vegetable pa’'lway fcr
radionuclidg i for the organ of
interest, m mrem/yr per pCi/sec

a constant of unit conversion:
10° pei/uce;

the consum; tion rate of fresh leafy
vegetation by the receptor in age

group a, kg/yr;

the consumption rate of stored
vegetation by the receptor in age
group a, kg/yr;

the fraction of the annual intake of
fresh leafy vegetation grown locally;

the fraction of the annual intake of
stored vegetation grown locally;

the average time between harvest of
leafy vegetation and its consumption,
sec;

the average time between harvest of
stored vegetation and its consumption,
sec;

the vegetation areal density, kg/mz;

period of leafy vegetable exposure
during growing season, sec;

factor to account for fractional
deposition of radionuclide i.
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TABLE C-1
Parameters For Cow and Goat Milk Pathwa' .

Parameter Value Reference (Reg. Guide 1.109 Rev. 1
Qp (kg/day) 50 (cow) Table E-3

6 (goat) Table E-2
A (kg/%) 0.7 Table E<15
ty (seconds) 1.73 x 105 (2 days) Table E-15
r 1.0 (radioiodines) Table E~15

0.2 (particulates) Table E-15
(ﬂFLi). (mrem/pCi) Each radionuclide Tables E-11 to E-14
Fn (pCi/day per pCi/liter) Each stable element Table E«1 (cow)

Table E-2 (goat)

t, (seconds) 4.73 x 10° (15 yr) Table E<15
T (kg/m%) 2.0 Table E-15
Y, (kg/n°) 0.7 Table E-15
ty (seconds) 7.78 x 106 (9C days) Table E-15
U (liters/yr) 330 infant Table E-5
o 330 child Table E-5

400 teen Table E-5

310 adult Table E-5
tep (seconds) 2.59 . 106 (30 days) Table E-15
t,, (seconds) 5.16 x . 0° (60 days) Table E-15
B, (pCi/Kg (wet weight) Each stab e element Table E-1

ﬁg: pCi/Kg (dry soil))

P (Kg (dry soil/m®) 240 Table E-15
1BM
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TABLE C-2
Parameters For The Meat Pathway
Parameter Value  Reference (Reg. Guide 1.109 Rev. 1
r 1.0 (radioiodines) Table E~15
0.2 (particulates) Table E~15
Ff (pCi/Kg per pCi/day) Each stable element Table E~1
U. (Kg/yr) 0 infant Table E-5
P 41 child Table E-5
65 teen Table E-5
110 adult Table E-5
(DFLi). (mrem/pCi) Each radionuclide Tables E-11 to E-14
A (kg/n%) 0.7 Table E-15
Y, (kg/m%) 2.0 Table E-15
t, (seconds) 4.73 x 10° (15 yr) Table E-15
A (seconds) 1:73.m 106 (20 days) Table E-15
ty (seconds) 7.78 x 106 (90 days) Table E-15
p (peconds) 2.59 x 10° (30 days) Table E-15
ks (seconds) 5.18 x 106 (60 days) Table E~15
Qg (kg/day) 50 Table E-3

B, (pCi/Kg (wet weight) Each stable elcment Table E~1
ﬁer pCi/Kg (dry soil))

P (Kg (dry soil)/a®) 240 Table E-15

1BM
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1.0 GENERAL
1.7 Purpose

The purpose of this Process Control Program (PCP) is to detail the means
by which the dewatering and/or solidification of radioactive waste from
liquid systems can be assured:

1.2 Scope
This PCP incluues the following processas:
1.2.1 Solidification of liquid waste concentrates.
1.2.2 Manual solidification of waste liquids.
1.2.3 Manual solidification of wet trash by submersion.
1.2.4 ’rocessing of wet trasn by compaction/cemantation.
1.2.5 Dewatering ¢f bead resin.
1.2.6 Dewatering of powered resin.
1.2.7 Dewatering of spent filter elements.
1.2.8 Appendix A - PCP for In-container Solidification of Bead Resin.
1.3 Definitions
1.3.1 Batch

A quantity of liquid waste concentrate« (for ~xample, the contents
of 121 Waste Concentrates Tank) *. be solidified. A batch of waste
concentra es can normally t2 drummed in not more than two days

1.3.2 Solidification

The conversion of wet radioactive wastes into a form that meets
shipping and burial ground requirements.
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1.3.3 Dewatering

1.4 Applicable Tech, Spec

-y

SOLIDIFICATION OF LIQUID WASTE CONCENTRATES

2.1 Purpos:
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2.4.2 Detailed Description
A. 121 Waste Concentrates Tank

121 WCT is an upright cylindrical, vented tank of approximately
1700 gal. capacity. Tre tank is electrically heated to keep the
contents in solution,

121 WCT receives concertrates from either the 5 GPM ADT
Evaporator, the 2 GPM Waste Evaporator, or the coagulation
tank. The tank is located in a shieded vault for radiation
protection and is equipped with a high level alarm to prevant
over-filling. A direct reading float-type level gauge provides
level indication from outside of the shielded vault,

121 WCT pump and discharge piping are arranged for
recirculation and mixing of the tan< contents or for pumping the
contents to the Atcor System for solidification. A sample valve
IS provided near the pump discharge.

Atcor Solidification System

The Atcor Solidification System is designed to mix waste liquid
concentrates with cement, to convey the blended mass into §5
gal. drums, and to store the filled drums in a shielded area for
curing. The system consists of the foliowing principle
components:

1. Waste Metering Tank

The waste metering tank is a tank of approximately 700 gal.
process capacity. The tank is equipped with heaters to
maintain contents in solution and is equipped with an
agitator to ensure homogeneity ot liquid. The tank is
equippecd with a positive displacement discharge pump
having discharge rate variable up to 10 GPM. The pump
discharges directly into the mixer feeder.
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2. Cement Bin

The cement bin is a bin of approx. 100 cu. ft. process
capacity. The bin is equipped with a vibrating lower cone to
preciude bridging of cement and to ensure uniform flow of
material having a consistent bulk density. The cement bin
's fitted with a discharge auger having a discharge rate
variabie from 0.3 to 3.3 CFM. The auger discharges directly
into the mixer/feeder

3. Mixer/Feeder

The mixer/feeder is a double enveloping screw type mixer
which simultaneously blends the liquid waste and cement
while convev'r  the mass to the discharge chute. The
discharge ¢ .te directs the blended mass into the shipping
container by gravity flow.

4. Controls

Contrais for the solidification system are contained on a
panei shielded from the waste materials.

Gauges indicating feed rate of cement and waste liquid are
located on the control panel.

Rates of cement feed and liquid feed are adjustabla from
the control pane! during processing.

A closed circuit TV camera and monitor are provided for
viewing drum movements from the control panei.

5. Cement Type

Cement normally used is type "M" masonry cement having
50% lime and 50% portland cement, conforming to
ASTM-C-9"- 64 and ASTM-C-270-61T.
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2.5 Sequence of Operation
2.5.1 Recirculation of 121 WCT

Betore beginning the solidification process, the contents of 121
WCT should be recirculated for at least three volume changes to
assure complete mixing and homogeneity.

2.5.2 After recirculation, a sample of the 121 WCT is to be drawn and
analyzed for isotopic content, pH and % boric acid.

If pH is greater than 5.0, no adjustments need be made. If the pH
is less than 5.0, it must be increased to between 5.5 and 7.0 with
the addition of lime. Adjustments to pH, if required, should be
made to the liquid in 121 WCT. As an alternate, pH adjustments
may be made in the Atcor Metering Tank.

2.5.3 After sampling and pH adjustment, if required, the waste liquid is
transferred to the Atcor Weste Metering Tank for solidificatian.

Filled grums are stored in the Atcor Drum Storage Aisies until
solidification can be verified.

2.5.4 Flowrates

Normal flowrates with operating tolerance together with the
discharge volume are as follows for typical evaporator bottoms:

Waste Liquid Flow 50 + - 2% gpm
Masonry Cement 0.8 + - 10% cfm
Product Discharge 1.0 ¢fm

Other flowrates may be used if demonstrated to result in
solidification.

2.5.5 Cure Time
Cure time is variable and depends upon waste pH, Boron

concentration, and mix ratios. Normally, a two 10 three week cure
time can be expected for comolete solidification.
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2.5.6 Verification of Solidification

Representative barrels of each batch are to be inspected to verify
solidification and the absence of free water. A drum may be
considered solid when the cementec mass offers significant
resistance to penetration by a hammer, or similar object. Absence
of free water may be determined visually.

If solidification fails to take place, the process SHALL be suspended
until the cause is determined and remedies are defined.

2.5.7 When solidification and absence of free water | a3 been verified, the
drums may be capped, deconned and removed from the Atcor
Drum Storage Aisles. As an aiternate to0 this sequence and in the
interest of minimizing perconnel exposure, the drums may be
removed individually for capping and deconning.

2.5.8 When the drums are removed from the Atcor Drum Storage Aisles,
and after they are capped and deconned, the drum number (s
recorded together with the batch number, contents and radiation
level. The drums are then placed in storage to await shipping and
burial.

2.6 Sample Solidification of Liquid Waste Concentrates
2.6.1 Sampling Requirements

If it is not feasible to verify solidification and the absence of free
water i the full-scale product, sample solidification SHALL be
corducted for at least every tenth batch of liqu.d waste
concentrates.

2.6.2 Prereguisites

Before drawing a spec'men from 121 WCT for sample solidification,
the contents must be iadequateiy mixed to achieve a reprasentative
mixture.

2.6.3 Sample Preparation

A. Obtain a specimen frora 121 WCT in the required volume. The
volume requirec will be approximately 200 ml tor each s&¢ pie
mixed plus 10 ml for a poric acid analysis
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B. Remove approximately 10 ml for boric acid analysis. Record
% boric acid on Attachment 1A.

C. Place the remaining waste liquid in a beaker. Maintain the
temperature of the liquid to prevent precipitation of boron.
Record the volume of waste in the beaker on Attachment 1A.

D. Check the mixture pH and record this value on Attachment 1A,
If the pH is less than 5.0, slowly add lime to the liquid while
continuously stirring until a pH value of 5.5 to 7.0 is achieved.
Record the final pH and the weight of lime added on
Attachment 1A,

E. Because of the reiatively long cure time required, three
samples should be mixed from the initial test specimen using
different liquid/cement ratios. One sample will be mixed at the
recommended full scale operating mix ratio. The »*“~ two
samples should have more and less liquid than re.c “nded
for full scale mixing.

Additional sampies may be mixed from the initial test epecimen
at the discretion of the Rad Waste System Engineer using
additional mix ratios or using different pH values. 1! . ollowing
table defines the mix ratios which should be used:

VOLUME OF VOLUME WT OF LIQUID/CEMENT
WASTE LIQUID CEMENT CEMENT RATIO
(ml) (mi) (gm) (Vo'ume)
176 (NOTE #1) 218 0.88
200
166 200 218 0.83 (NOTE #2)
156 200 218 0.78

NOTE #1: Cement volume is thooretical and is listed for
reference only. For accirat~ sample preparation
cement must be measu - o v weight

NOTE #2: Liguid/cement ratio (vehkime) recommended by Atcor
for full scale mixing.

F. Place the required amount of cement in a beaker. Measure out
the correct amount of waste liquid for the sample. Thoroughly
mix the liquid and cement togather {0 ensure homogeneity
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Some water may appear on the surface and be reabsorped
during solidification

» Acceptance Criteria
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3.0 A FICATION OF WASTE LIQUIDS

3.1 Purpose

To establish parameters which provide reasonable assurance of complete
solidification ¢! waste liquids wiien mixed manually.

3.2 Applicability
This section of the PCP is applicahle to manual solidification of waste
liquids with masonry cement. Manual solidificaticn may include the use of
a portable, power-operated mixer,
Waste liquids which are normaily solidified manually include:
¢ | Laundry sludge
o 2 Decon solutions, etc. not suitable for evaporation

3.3 Se f tion

3.3.1 Place desired amount of liquid in 85 gal. drum (normally 1/2 to 2/3
full),

3.3.2 Commence mixing.

3.8.3 Add cerment while continuing to rmix at the rate of 1 f3 (1 pag) per
6.25 gal. of liquid or until mixture begins to thicken. Continue to
mix until all of the cement is incorporated and the mixture is
smooth.
Remo' e the mixer. (if applicable)

3.4 Cure Time
Solidification can normally be expected within two to three days.

3.5 Verification of Solidification

3.5.1 Each drum of manually solidified waste liquid SHALL be inspected
to verify solidification and the absence of free water. A drum may
be considered solid when the cemented mac. offers significant
resistance to penetration by a hammer or similar object. Absence
of free water may be determined visually
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if solidification fails to take place, the process SHALL be suspended
until the cause is determined and remedies are defined.

3.5.2 When solidification and absence of free water has been verified, the
drum may be capped and deconned. The drum number is recorded
together wit the batch number, contents, and radiation level. The
drum is then placed in storage to await shipment and burial.

4.0 PROCESSING OF CERTAIN WASTE LIQUIDS THRU SPENT BEAD RESIN

4.1

4.2

Purpose

To estabiish an alternate method of processing certain waste liquids in iieu
of solidification. This method Jtilizes spent bead resin to filter out
suspended particulates allowing ncrmal processing of the resultant liouid
Disposal volumes and personnel exposures are thus reduced.

Applicability

The following waste liquics may be processed using this procedure:
4.2.1 Laundry sludge

4.2.2 Decon solutions, etc. not suitable for ev ap0rétnon

4.2.3 Filter siudge

4.2.4 Mop bucket slurry.

4,2.5 Tank bottoms,

4.2.6 Sump bottoms

1 NOTE: - Evaporator Coicen‘rates may not be processed using
% 3y | this procedure

B e i s i de

The above list is nct to be considerec complete. Items may be
aaded or deleted upon evaluation of the Rad Waste System
Engineer
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4.3 n f tion

4.3.1 Ensure there is a layer of bead resin in the liner to act as a filter
(the type of liner is determined by the activ ty of the material to be
disposed of).

4.3.2 Ensure adequate volume for the quantity of material to be
processed

4.3.3 Pump/pour li¢. id slurry into liner.
4.3.4 Flush drum and/or container, pump and hoses to liner,

4.4 Dewatering Procedure

Dewater as per Sertun 7.0 "Dewatering of Be~ s Resin" 10 ensure there is
no free standino water in either the resin or the sludge.

MANUAL SOLIDIFICATICN OF WET TRASH BY SUBMERSION

5.1 Purpose

To establish parameters which provide reasonabie assurance of complete
solidification of liquid contained in wet trash.

5.2 Applicability

This section of the PCP is applicable to solidification ot wet trash with
masonry cement.

Wet trash includes contaminated material such as mopheads, wet rags,
waper towels, etc.

5.3 Sequence of Operation

5.3.1 Place desired amount of liquid in 55 gal drum (rormally 1/2 to 2/3
full),

NOTE: | Contaminated liquids may be used for this purpose.
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6.3.2 Commence mixing.

5.3.3 Add cement while continuing to mix at the rate ¢f 1 cu. ft. (one bag)
per 6.25 gal of liquid or until the mixture begins to thicken.
Continue to mix until all of the cement is incorporated and the
mixture is smooth. Remove the mixer (if applicable).

5.3.4 Immerse items of wet trash into the cemented mass using a stick

or similar device. Attempt to put as many items of trash as
possible into the barrel within the limits of ALARA.,

5.4 Cure Time

Oolidification can normally be expected within two to three days.

5.5 Verification of Solidification

Each drum SHALL be inspected to verify solidification and the absence of
free water. A drum may be considared sohd when the cemented mass
offers significant resistance to pen<.ration by hammer or similar object.
Absence of free water may be determined vis.ally.

If solidification fails to take place, the process SHALL be suspended until
the cause Is identified and remedies are determined.

5.6 Disposition

When solidification and the absence of fre2 water has been verified, the
drum may be capped and deconned. Record the drum numbe: together
with the batch number, contents, and radiauon level, The drum is then
placed in storage to await shipment and burial.

6.0 PROCESSING OF WET TRASH BY COMPACTION/CEMENTATION

6.1 Purpose

To establish parameters which provide reasonable assurance that wet
radioactive trash is packaged safely and with an absence of free water.

6.2 Applicability

This section of the PCP is applicable to the compaction of wet trash using
the trash compactor while concurrertly absorbing any free water with
masonry cement.
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DTWATERING OF BEAD RESIN

7.1 Purpose

D59
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7.2 Applica' .4

This section of the PCP is applicable to ¢!l radioactively contaminiated bead
resin which is intended to be shipped dewatered (not solidified) for
disposal.

Dewatering Procedure

The dewatering procedure varies with the supplier of the resin liner, with
the type of liner, whether a steel line or a high integrity containier (HIC),
and with the dewatering requirement of the burial site. Indi\vi.ual shipping
procedures unique to the particular container and burial site refer 1o the
appropriate dewatering procedure

In general, however, the dewatering process normally consists of the
following steps after the liner has been filled:

7.3.1 |Initial pumpdown with the diaphragm pump until suction is lost,
7.3.2 A waiting period (twenty hours, for example).

7.3.3 Final dewatering consisting of one or more pumpdowns using a
Japhragm pump Or a vacuum pumping system.

Verification of Dewatering

Precedir 1 shipment, connect and operate the dewatering pump as before,
if no water is present, the dewatering process is complete.

If water is found, pump until vacu im is lost. Repeat the pump/wait cycle
as required. When no more water can be removed, the dewatering
process is compiete.

8.0 DEWATERING OF POWDERED KESIN

8.1

8.2

Purpose

To describe the process used to provide reasonable assurance that
powdered resin is dewatered to meet applicable burial site 2riteria.

Applicability

This section of the PCP is applicable ‘o all radiocactively contaminated
powdered resin which is intended to te shipped for burial
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8.3 t ription

Contaminated powdered resin originates in the Condensate Polishing
System Filter Demineralizers of both units.

Spent resin is purged from the Filter Demineralizers to the Backwash
Waste Receiving Tank where it awaits the dewatering/drying prouess.

The dewatering/drying process takes place in the Clamsheii Backwash
Waste Filter ("Clamshell"),

There are two Clamshells to serve the needs of both units, each capable
of being aligned to either unit. It is the function of the clamshells to filter
the powdered resin cut of the waler-resin slurry that is pumped from the
Backwash Waste Receiving Tank, thru the Clamsheiis. When a cake of
resin develops in the Ciamshell to a predetermined thickness, the fiitering
process automatcally switches t0 a purge phase followed by a forced air
drying phase The duration of the air drying phase can be adjusted.
Experience, however, has demoinstrated that a drying cycle of
approximataly 12 minutes produces a product sufficient'y dry to meet
burial site rcquirements yet not so dry as to create ar air-borne
contamination hazard.

When the air-dry cycle is completed, the resin is dumped from the
Clamshell into a hopper from which it is concucted down an enclosed
chute to a container below. If the resin is insufficiently dried it will not
flow freely down the chute.

8.4 Disposal

Pcwdered resin which has been processed thru the Clamshell system
does not normally receive further dewatering treatment. Powdered resin
may, therefore, be shipped in a container not fitted with dewatering
equipment such as a steel drum or box. Because processed powdered
resin is sufficiently dry to flew freely, and because powdered resin is
normally very low in specific activity, it may be used to fill interstitial
space in shipments of non-compatible trash or to fill voids in other
chipping containers where they occur.
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9.4

0.5

9.3.7 Repeat the preceding two steps until the container is full.
Cewatering

The dewatering process may vary w th type and manufacture of container
and with requirements of the burial site. Typically, however, the

Gev atering process consists of the following steps:

9.4.1 Allow wait period (typically 20 to 24 hours) for water if prescnt tu
migrate to the bottom of the container.

9.4.2 Connect the dewatering pump to the dewa‘ering element hose
Conduct the pump discharge hnse 1o a container to0 enable
monitoring of discharge volume.

9.4.3 Start the dewatering pumr. If no waier is found, the container may
be considered to be de.vatered.

If water is found, pump until vacuum is lost, stop the pump and
begin another wait period

Repeat the pump/wait cycle until no more water can be removed.

Verification of Dewatering

Preceding shipment, connect and operate the dewatering pump as before.
If no water is present, the dewatering process is complete

¥ water is found, pump until vacuum is lost. Repeat the pump/wait cycle
as reqauired. When no more water can be removed, the dewatering
process is complete.
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Appendix A Process Control Program for In=Container Solidification of
1.0 GENERAL

2.0

Bead Resin

Bead resin is normally shipped in the bulk dewatered form. However,
high activity resin may be solidified if desired.

Following a brief system gescription, the Hittman Nuclear and
Development Corp. PCP for In-Container Solidification of Bead Resin is
appended.

This document is proprietary and is reproduced in its entirety as an
appendix to the Prairie Island Proness Control Program for
Solidification/Dewatering of Waste From Liquid Systems.

Certain plant specific exceptions to the Hittman document are noted in
the system description,

SYSTEM DESCRIPTION

The resin disposal system for the purposes of this PCP consists of 121
Spent Resin Tank, 122 Spent Resin Pump, a portable dewatering pump
and related piping, hoses, and valves. In addition are included those
items furnished by the resin disposai contractor including a shipping
cask, shipping liner, solidification equipment and related controls and
appurtenances

Resin is pumped in @ water slurry from 121 Spent Resin Tank to the
shipping liner in the proper amount. The water is then pumped out to
the drains system, after which the solidification proress wili begin in
accorcdance with the contractor's procedures

Because of the high activity of the resin requiring solidification, sampie
solidification using nonradioactive resin is normal. References in the
PCP to sampling the spent resin tank, therefore, do not apply.

NOTE: | Because of its proprietary nature, the Hittman |
' Nuclear and Development Corpcration Process l
. Cantrol Program for In=Container Solidification of |
' vead Resin #STD-P~05-004 is retained in the Rad
| Protection Files for reference.

L -8 e —_
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FIGURE 1 SOLID RADWASTE FLOW DIAGRAM
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ATTACHMENT 1A
SAMPLE VERIFICATION FORM
RPS Date Time
Waste Type
PRETREATMENT
i1 Initial pH e . Initial Temp °F % Boric Acid
’2 Specimen Volume mi
P3 Lime Added gm
P4 Final pH _
Lime Ratio = P3 X534 = — _bs_
P2 gal
SAMPLE PROPORTIONS
Sample No o
S1 Sample Waste Liquid Vol iRy
S2 Sample Cerment wt gm

Liquid/Cement Ratio (vol) = &1 X 1.089" =

* Density corre ~*ion fa

§2

Aoy
W b
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ATTACHMENT 1B

SAMPLE VERIFICATION FORM

Sample No.

Describe sample =ppearance, water amount, hardnecs, etc.

CURE TIME | CONDITIONS NOTED . : |

0 HRS | |

|

|

F

] {

L 0 ,
|
|
{
|

Sample is/is not solid Date

RPS Signature




