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TABLE I I. l -B-1 

WASTE MANAGEMENT FACILITIES, 100-B AREA CRIBS .AND BURIAL GROUNDS 

Site Designation 
Current 
(Past) 

118-C-1 
(1D5-C Burial Ground) 

118-B-1 
(1D5-B ·Burial Ground) 

118-B-2 
(Construction Burial 
Ground No. 1 ) 

118-B-3 
(Construction Burial 
Ground No. 2) 

118-B-4 
(1D5-B Durrmy Storage 
Burial Ground) 

118-B-5 
(Ball 3X Burial 
Ground) 

118-B-6 
(108-B Solid Waste 
Burial Ground) 

116-B-1 
(1D7-B Liquid Waste 
Disposal Trench) 

116-B-2 
(105-B Storage Basin 
Trench) 

116-B-3 
(105-B Pluto Crib) 

116-B- 4 
(105-B Durrrny Decon
tamination Disposal 
Crib) 

116-B-5 
(108-B Crib) 

116-B-6 
(111-B Cribs (2)) 

116-B-7 
( l 904Bl Out fa 11 
Structure) 

Location 

N67316.00/W80005 .48 
N67316 . 00/W79748 .48 
N67249 .63/W79494 . 48 
N66920.00/W79494.48 
N66920 . 00/W80005 . 48 

1100 feet west of 182-C 
(reservoir and p1J11p house) 

350 feet directly east of 
the 105-B Building . 
Approx. 30 x 60 feet 

East of the other con
struction burial trench 

Approx. 200 feet east of 
103-B 

150 feet east of 115-B 
(gas recirculation) 

350 feet NW of 105-B 
Reactor 

Approx. 200 feet directly 
east of the 107-B basin 

250 feet NE of 105-B 

100 feet ea st of 105-B 

Approx. 50 feet south of 
105-B Crib 

200 feet north of 1713-C 
(solvent storage) 

Irrrnediately north and 
south of the 11 
111-B Building 

Approx . 600 feet west of 
the 1904-B-2 outfall 
structure 

Service Dates 
Removed 

Function In Service From Service 

Disposal of miscellaneous radioac- 1953 
tive solid waste from 105-C 
Building. 

Disposal of miscellaneous 
radioactive solid waste 
Also received 100-N Area 
waste . 

Used for the disposal of dry 
waste from the 107-B basin 
repairs and for waste from 
115-B alterations . 

Disposal of waste from efflu
ent line modifications . 

1944 

1954 

1956 

Six storage tanks were 1956 
installed below ground for 
fuel spacer disposal . 

Received irradiated material January 
such as thimbles and step 1951 
plugs removed from Reactor 
during the ball 3X work in 
1953. 

Two concrete pipes 18 ft long 1950 
and 6 ft in diameter placed ver-
tically in ghe ground for the 
disposal of dry tritium waste 

Received effluent water from the 1950 
B Reactor during outages due to 
a ruptured fuel element . 

This trench was dug after a fuel 1946 
element was accidentally cut in 
half in the storage basin. The 
basin was cleaned by draining the 
water into this trench . 

Received water from isolated tubes 1951 
containing ruptured fuel elements. 

Disposal of radioactive waste 1957 
from decontamination of process 
durrrnies and poison wh i ch was 
done on the wash pad. 

Disposal of liquid tritium 1950 
waste. Only waste of less 
than lµCi/cc of tritium was 
discharged to this crib. 

Received radioactive waste from 1951 
the 111-B Building . 

Currently used for disposal of 
water plant treatment waste 
water. 

I I. 1-8-12 

1944 

1969 

1974 

1956 

1960 

1968 

1953 

1953 

1968 

1946 

1956 

1968 

1968 

1968 

In Use 

) 



TABLE 11.1-B-1 (Continued) 
I 

Site Designation Service Dates 
Current Removed 
(Past) Location Function In Service From Service 

116-8-8 300 feet north of 107-8 Received and discharged reactor 1944 1968 
(1904-82 Outfall retention basin's NE coolant effluent to the 
Structure) comer Coh,nbia River. 

116-C-1 1000 feet . east of the 107-8 Received effluent water from the 1952 1968 
(107-C Liquid Waste retention basin reactor during outages due to a 
Disposal Trench) ruptured fuel element. 

116-C-2 275 feet east of the NE Received contaminated waste 1952 1956 
(105-C Pluto Crib) comer of 105-C fror. the dunmy decontamination 

done on the wash pad and water 
from the 105-C metal examining 
facilities . 

116-C-3 300 feet NE of 105-C Two 27,000-gallon tanks 1964 1969 
( 105-C Chemi ca 1 received caustic waste from 
Waste Tanks) dejacketing and acid waste 

from extruding of irradiated 
fuel elements in the metal 
examination facility . 

116-C-4 Approx. 900 feet east Received and discharged reactor November 1969 
( 1904-C Out fa 11 of the 1904-8-2 coolant effluent to the Columbia 1952 
Structure) structure identified River . 

previously as 116-8-8. 

107-8 N71660/1~80560 Retained coolant effluent water 1944 1968 
(107-B Retention N71660/W80090 from B Reactor for radioactive 
Basin) N71430/W80560 decay prior to release to the 

N71430/W80090 Columbia River . 

107-C Center pts . at : Retained coolant effluent water 1952 1969 
(107-C Retention N71045/W79970 from C Reactor for radioact ive 
Basins) N71045/W80320 decay prior to release to the 

Columbia River . 

\.. 
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TABLE I I. l -B-2 

WASTE MANAGEMENT FACILITIES, 100-D AREA CRIBS AND BURIAL GROUNDS 

Site Designation 
Current 
(Past) 

118- ll-1 
(l 00-D Burial 
Ground No . l ) 

118-0-2 
( 100- D Buri a 1 
Ground No. 2) 

118-D-3 
(100-0 Burial 
Ground No . 3) 

118- D- 4 
(Construct ion 
Buri a 1 Ground) 

118- D-5 
(Ball 3X Burial) 

118-DR- l 
(105-DR Gas Loop 
Bur i a 1 Ground) 

116-D- 1 -
(105-D Storage Basin 
Trench l. 
116-D-2 
(105-D Pluto Crib) 

116-D-3 
(108-0 Crib No . 1) 

116-0- 4 
(108-D Crib No . 2) 

116-0-5 
(1904-D Outfall 
Structure) 

116-DR-l 
(107-DR Liquid Waste 
Di sposa 1 
Trench No . 1) 

116-DR-2 
(107-DR Liquid Waste 
Disposal 
Trench No . 2) 

116-DR-3 
(105-0R Storage 
Basin Trench) 

Location 

N90380.0/W53205. 0 
N90380 .0/W52755 .0 
N90005.0/W52755.0 
N90005.0/W53205. 0 

N90582/W55652.00 
N90582.00/W55295 .00 
N89493 . 00/W55295 .00 
N89500 .W55652.00 

N91222 . 61/W52543 . 30 
N91346 . 35/W52543. 13 
N91461.09/W52377 .65 
N91473 .66/W51950.73 
N91317 . 73/W51725 . 0l 
N91323 . 05/W51435 . 73 
N91264 . 50/W51430 .74 
N91262.57/W51998. 27 
N91224.19/W52099 . 07 

600 x 200-foot burial area 
which starts approx. 
200 feet east of 115-D 
(gas recirculation) 

100 feet south of 
105- DR 

600 feet south of 105-DR 

100 fee t. east of 105- D 

100 feet east of 115-0 
(gas recirculation) 

Directly east of 
108-0 (Technical 
Development Laboratory) 

100 feet east of 108-D 

Approx . 400 feet west of 
the 107-D retention basin 

100 feet east of 107-DR 
basin's NE corner 

Directly southeast of 
107-DR liquid waste 
disposal Trench No . 1 

150 feet east of 117-DR 
(filter building) 

Service Oates 
Removed 

Function In Service From Service 

Contains irradiated dulffllies, 
thimbles, rods, gunbarrels 
and other contaminated solid 
waste 

Contains miscellaneous con
taminated solid waste 
Starting in April 1966 , 
100-N Area solid waste was 
also buried here 

Miscellaneous contaminated 
solid wastes and irradiated 
dummies, splines, rods, 
thimbles, and gunbarrels . 
Also used for disposal of 
100-N Area sol id waste 

Several trenches used for 
disposal of contami nated 
material removed from the 
reactor building . 

Thimbles remov~d from the 
105·-DR Reactor during the ba 11 
3X work in 1954 were buried in 
this trench . 

August 
1944 

1949 

1956 

1953 

1954 

Irradiated metal assembly from 1963 
the 105-0R gas loop was buried 
here . 

Received contaminated sludge 1947 
from the 105-D storage basin . 

Received water from isolated 1950 
reactor tubes contain ruptured 
fuel elements. 
Used for low level fis!ion pro- 1951 
duct waste fran a contaminated 
maintenance shop and cask decon
tamination. 

Used for contaminated waste from 1956 
maintenance shop and technical 
laboratory . 
Received reactor coolant water 1944 
from the 107-D retention basin . 
In-service to receive waste 
from the area process sewer. 

Received effluent water from the 
105-D or 105-DR reactor when 
either had a ruptured fuel 
element . 

A second trench for disposal of 
effluent from D and DR systems 
during outages caused by 
a ruptured fuel element . 

Contaminated sludge removed from 
105-DR basin in 1955 was 
buried here . 

II. l-B-14 

1950 

1955 

1955 

1967 

1970 

1973 

1967 

1954 

1964 

1967 

1956 

1967 

1967 

In Use 

1967 

1967 

1955 

) 



( TABLE II.1-8-2 (Continued) 

Site Designation Service Dates 
Current Removed 
(Past) Location Function In Service From Service 

116-DR-4 40 feet NE of 105-DR Received water from isolated 1950 1956 
(105-DR Pluto Crib) storage basin trench tubes containing ruptured 

fuel elements in 105-DR. 

116-DR-5 Approx. location Received and discharged reactor 1950 1965 
(1904-DR Outfall N94651/W53657 coolant effluent to the Columbia 
Structure) River. 

107-DR Approx.: Retained reactor coolant 1950 1964 
(107-DR Retention N94680/W52516 effluent water from DR Reactor 
Basin) N94680/W52219 for radioactive decay prior to 

N94058/W52219 release . 
N94058/W52516 

107-D N94685/W53250 Retained reactor coolant 1944 1967 
(107-D Retention N94685/W52780 effluent water from D Reactor 
Sas in) N94455/W52780 for radioactive decay prior to 

N94455/W53250 release. 

' 

0 

'-.. 
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TABLE I I. l -B-3 

WASTE MANAGEMENT FACILITIES, 100-F AREA CRIBS AND BURIAL GROUNDS 

Site Designation 
Current 
(Past) 

118-F-1 
(Burial Ground No. 
Solid Waste Burial 
Ground No . 2, and 
Minor Construction 
Burial Ground No. 2) 

118-F-2 
(Burial Ground No . 2 
Solid Waste Burial 
Ground No . 1 ) 

118-F- 3 
(Buri a 1 Ground No . 3 
M.C. Burial Ground 
No. 1) 

118-F-4 
(115-F Pit) 

118-F-5 
(PNL Sawdust 
Repository) 

118-F-6 
(PNL Solid Waste 
Buri a 1 Ground) 

116-F-1 
(Lewis Canal) 

116-F-2 
(107-F Liquid Waste 
Disposal Trench) 

116-F-3 
(105-F Storage Basin 
Trench) 

. 116- F-4 
(105-F Pluto Crib) 

116-F-5 
(Ball Washer Crib) 

116-F-6 
(1608-F Liquid Waste 
Disposal Tren ch) 

116-F-7 
(117-F Crib) 

116-F-8 
(1904-F Outfa 11 
Structure) 

107-F 
(107-F Retention 
Basin) 

116-F-9 
(PNL Animal Waste 
Leach Trench) 

Location 

N78071.90/W32200.00 
N78178 . 34/W31800 . 00 
N78178.34/W31600.00 
N7767l . 09/.W31600 . 00 
N7767l.09/W32200.00 

N78990.99/W32787.00 
N78985 . 45/W32461 .78 
N78626 . 50/W32469.82 
N78623.33/W32796 . 01 

N78839 . 56/W31274.03 
N78812. 17/W31232 . 21 
N788749.49/W31273.27 
N78663.54/W31267 . 57 
N78660 . 24/W31317 . 46 
N78762.87 . W31324 . 26 

200 feet south of the 
115-F Building 

N78980 N79020 
W28990 W27900 
N78600 N78690 
W27780 W28380 

N77780 W31948 
N77390 W31720 

Natural ditch to the 
west and then north 
of 105-F (H-1 -15244) 

150 feet SE of 107-F 
Basin ' s SE corner 

130 feet south of 105- F 

100 feet west of the 105-F 
storage basin trench 
described above 

250 feet SW of 105-F 

50 feet SW of the 105- F 
storage basin trench 
Jescribed above 

Approx . 200 feet south of 
the ball washer crib 
(116-F-5) 

Approx . 850 feet north of 
107-F retention basin 

N79967 .0/W29130.0 
N79967 . 0/W28900 . 0 
N79500 .0/W28900 .0 
N79500 .0/W29130.0 

N80140 N80110 
W28880 W28910 
N79860 N79840 
W28610 W28640 

Service Dates 
Removed 

Function In Service From Service 

Miscellaneous Radioactive ·solid 
Waste Disposal 

Miscellaneous Radioactive Solid 
Waste Disposal 

Received irradiated waste such 
as thimbles and step-plugs 
removed from the 105-F pile dur
ing the ball 3X work in 1952 . 

Received silica gel from a 
dryer room . 

Low-level activity 
Sawdust from animal pens 

Animal and laboratory waste 

Liquid waste from 105-F and 
190-F Bldgs, and decontamina
tion waste from 189-F Building. 

Disposal of coolant effluent 
water containing rupture debris . 

Received effluent from fuel 
element rupture. In 1951, 
sludge from the 105-F storage 
basin was put in the trench . 

Disposal of coolant water from 
process tubes containing rup
tured fuel elements. 

1954 

1945 

1952 

1949 

1954 

1965 

1953 

1950 

1949 

1950 

Waste from decontamination of 1953 
boron-steel balls . 

Dis.posal of outage effluent 1952 
water . 

Drainage from confinement system's 1960 
filter seal pits. 

Received and discharged reactor 1945 
coolant effluent to the 
Columbia Rivet' 

Retained coolant effluent water 1945 
from F Reactor for radioactive 
decay prior to release to the 
Co 1 umbia River . 

Receives washdown from anima 1 pens. 1963 

1965 

1965 

1952 

1949 

In Use 

February 
1973 

1965 

1965 

1951 

1956 

1953 

1965 

1965 

1965 

1965 

In Use 
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TABLE I I. 1-8-4 

' 
,., 

WASTE MANAGEMENT FACILITIES, 100-H AREA CRIBS AND BURIAL GROUNDS 
Site Designation Service Dates 

Current Removed 
(Past) location Function In Service From Serv ice 

118-H- l N94185 . ll/W40650. 34 Contains dumny elements, process 1949 1965 
(110-H Suri al N94175.44/W39954.21 tubing, and miscellaneous solid 
Ground No . 1) N93835.44/W39956.31 1111ste 

N93835.44/W40680. 19 

118-H- 2 N95318.05/W41129.53 Received stainless steel tube 1955 1965 
(100-H Burial N95313.50/W40983.24 removed from the reactor in 
Ground No. 2 N95267.72/W40984 . 59 1955. During the deactivation 
H-1 loop burial area) N95266 . 68/W41127 .99 of H plant, it was used for 

disposal of a small amount of 
contaminated pipe . 

116-H-3 Approx . 800 feet south of Received sections of contaminated 1953 1957 
(Constructio11 105-H Building's SE 16" pipe used as chutes for 
Burial Ground) corner removal of thimbles from 105-H. 

118-H-4 100 feet directly west Irradiated material such as 1953 1965 
(Sall 3X Burial of 105-H VSR thimbles and guides from 
Ground) 105-H was buried in this trench . 

118-H-5 100 feet directly north of A thimble assembly from the 11811 1953 1953 ,... (105-H Th imble Pit) the 1608-H crib (see experimental hole, 105-H, was 
1608-H cri b' s loca ti on buried here . 

0 
under 11 6-H) 

116-H-1 Approx . 350 feet south of Disposa l of coolant effluent 1952 May 
(107-H l i qu id Waste the 107-H retention from ruptures . Also received 1965 
Disposal Trench) bas in water pumped from the 107-H 

basin during deactivation of . , the bas in . 

116-H-2 Directly south of Received reactor liquid effluent 1953 1965 
(1608-H Cr i b and 105-H and just outs ide during the Sall 3X project . 
Trench) of the cyclone fence 

which surround t he 
reactor building 

116- H-3 200 fee t southeast of Received the spent acid and rinse 1950 1965 
( 105-H Dummy Decon- 105-H water from the 105-H dummy decon-
tamination French tamination facility . 
Drain - Also known 
as Perf Decontami na-
tion Drain) 

116-H-4 Just off t he 105-H Bui ld- Di sposal of effluent from 1950 1952 
(105- H Pluto Crib) ing ' s southwest corner tubes containing ruptured fuel 

elements. 

116-H-5 N96258.97/W38545.56 Received and discharged reactor 1949 1965 
( 1904-H Outfa 11 N96278.97/W38502 . 56 coolant efflue·nt to the Columbia 
Structure) N96240 . 0/W38479 . 76 River . 

N96215.0/W38523.06 

rn7-H N96000 . 0/W38740. 0 Retained coolant effluent water 1949 1965 
(107-H Retention N96000.0/W38466 from H Reactor for radioactive 
Basin) N95368/W38466 decay prior to release to the 

N95368/W38740 . 0 Columbia River. 

116-H-6 Cent er Pts . At Recei ves the l iquid waste from 1973 In Use 
(183-Sasin) · N96030/W39020 the 300 Area Fuels Fabricati on 

Fac i l i ty for solar evaporation 
and recovery of metals . 
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Site Designation 
Current 
(Past) 

118-K 
(100-K Burial Ground) 

116-K-l 
(100-K Crib) 

116-K-2 
(100-K "Mile Long" 
Trench) 

116-K-3 
(1906-K Outfall 
Structure) 

116-KE-1 
(115-KE Crib) 

116-KE-2 
(1706- KER Crib) 

116-KW-1 
( 115-KW Crib) 

107-KE 
(107-KE Retention 
Basins (3)) 

107-KW 
(107-KW Retention 
Basins (3)) 

Site Designation 
Current 
(Past) 

116-N- l 
(1301-N Crib and 
Trench) 

116-N-2 
(1310-N Waste 
Storage Area) 

118-N 
(100-N Area Silos 
(3)) 

TABLE II.l-B-5 

WASTE MANAGEMENT FACILITIES, l.0O-K AREA CRIBS AND BURIAL GROUNDS 

Location 

NK5229 . 50/WK3930 
NK5229. 50/WK3651 . 50 
NK5142.20/WK3580 
NK5032 . 20/WK3380 . 75 
NK4235 . 00/WK3379.50 
NK4235. OO/WK3830 

Approx. 200 feet outside 
of the perimeter fence's 
north corner 

Starts approx. 450 feet 
outside of the perim
eter fence's north 
corner 

200 feet east of 1713-KE 
(maintenance building) 

180 feet west of 1706-KE 
building 

Approx. 130 feet east of 
l 05-KW 

Center points : 
NK5356 . 99/WK4268 . 02 
NK5328.50/WK4536.51 
NK5300.00/WK4805 . 00 

Center points: 
NK5245/WK6 l 90 
NK5245/WK6460 
NK5245/WK6730 

Service Dates 
Removed 

Function In Service From Service 

Radioactive solid waste from 
K and N Reactors were buried 
here . 

Received reactor coolant 
water from 107-K retention 
basins . 

Received reactor coolant 
water from the 107- K 
retention basins . 

1955 

1955 

1955 

Received and discharged reactor 1955 
coolant water from the 107-K 
retention basins to the 
Coll1nbia River . 
Condensate and other waste water 1955 
from the reactor gas purification 
system . 
Waste from the cleanup columns 1957 
in the 1706-KER loop. 

Condensate and other waste water 
from the reactor gas purifi 
cation system. . · 
Retained coolant effluent water 
fran KE Reactor for radioactive 
decay prior to release to the 
Columbia River . 

Retained coolant effluent water 
fran KW Reactor for radioactive 
decay prior to release to the 
Columbia River. 

1955 

1955 

1955 

December 
1973 

1971 

1971 

In Use 

1970 

1964 

1971 

1971 

1970 

TABLE 11 . 1-B-6 

WASTE MANAGEMENT FACILITIES, 1OO-N AREA CRIBS AND BURIAL GROUNDS 

Location 

Crib 
w'R5'982/NN7004 
WN5982/NN7300 
WN5856/NN7300 
WN5856/NN7004 

Trench 
1600-foot northeast exten
sion of the above crib 

Center point at 
WN5985/NN6775 

Area j ust outside of 
105-N Building's NW 
corner . 

Function 

Radioactive effluent streams 
from 105 and 109-N 

Collecting tank for N Reactor 
primary piping decontamination 
wastes . 

Storage of N Reactor fuel 
spacer elements 

II. l-B-18 

Service Dates 
Removed 

In Service From Service 

Crib 1964 In Use 
Trench 1965 In Use 

1964 

1963 (one) 
1967 (two) 

In Use 

In Use 
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TABLE II.l-B-7 

ESTIMATED INVENTORIES IN REACTOR FACILITIES THROUGH 1972 

100-B 

100-D 

l 00-F 

2 Reactor Blocks 
2 Metal Storage Basins 
3 107 Basins and Soil . 

2 Reactor Blocks 
2 Metal Storage Basins 
2 107 Basins and Soil 

l Reactor Block 
Metal Storage Basin 
107 Basin and Soil 

100-H 

100-K 

100-N 

l Reactor Block 
Metal Storage Basin 
107 Basin and Soil 

2 Reactor Blocks 
2 Metal Storage Basins 
6 107 Basins and Soil 

l Reactor Block 
Spacer Storage 

TOTAL (Ci) 

Inventory - (Curies) 

18,000 (60co) 
150,000 (59Fe) 

2,000 (60co) 

160 (90Sr, 137Cs, 239Pu) 

650 (152Eu, 239Pu) 
76,100 (60co) 

150,000 (59Fe) 

NOTE: 14c data in the reactors and reactor systems· are 
insufficient to quantify at this time. 
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TABLE II .1-8-8 

100 AREAS APPROXIMATE INVENTORIES 
CRIBS AND BURIAL GROUNDS THROUGH 1972(a) 

Location 
100-B 

Solid Waste 
(Production) 

100-D 
Solid Waste 

(Production) 

100-F 
Solid Waste 

(Production) 
Solid Waste 

(Research) 
Sawdust Repository 

(Research) 
Animal Waste 

Leaching Trench 
(Research) 

100-H 
Solid Waste 

(Production) 

100-K 
Solid Waste 

(Production) 

TOTAL 

Radioactive Inventor? 
Half-Life Half-Lie 
<l Year, >l Year, 

Cf Cf 

3,soo 3,soo (60co) 
(54Mn. 95zr) 

60co 

90Sr 

239Pu 

65zn 

Cf 
25,900 

34 

1,900 (60co) 

15 (90sr) 

15 (90sr) 
0.3 (239pu) 

4 (90sr) 
0.08 (2~9Pu) 

0.38 

1,000 

. 54Mn, 95zn 3,500 

(a) Except for 100-N Area Crib. 

TABLE II.l-B-9 

ESTIMATED INPUT TO THE 100-N AREA CRIB 
THROUGH 1972 

Crib 
Inventory, 

Cf 
32P 15 

Slcr 40 

54Mn 800 

saco 14 

59Fe 80 

60co 2000 

89sr 10 

90Sr 50 

95zr 150 

99Mo 20 

106Ru . 80 
131 I 6 

134cs 90 

137cs 350 

140Ba 20 

TOTAL 3700 
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TABLE II. 1-B-10 

100-N RADIOACTIVE MATERIAL RELEASES TO THE COLUMBIA RIVER - 1972 

Via 102-ineh Discharge· Line 
(1) 

Via Seeeage Serings on Riverbank 

Gross Volume Nuclide Curies Cone . Gross Volume Nuclide Curies 
(µCi/ml) 

3.7 X 10 ll t 140saLa 10 2. 7 X 10-B 2.8 X ]09 
i l40Bala 0.5 

58Co 2 5. 4 X 10-9 60Co 0. 01 
60Co 20 5.4 X 10-8 51Cr 5. 3 
51Cr 20 5. 4 X 10-8 137 Cs 0.05 
134cs 0. 5 1.4 X 10-9 3H 7000 
137cs 5 1.4 X 10-8 1311 1. 9 
59Fe 10 2. 7 X 10-8 99Mo 1.1 
1311 40 1. 1 X 10•7 89Sr 0. 05 
54Mn 40 1.1 X 10•7 90Sr 0. 95 
56Mn 600 1.6 X 10·6 

99Mo 20 5. 4 X 10-8 

24Na 500 1.4 X 10·6 

239Np 90 2.4 X 10-7 

124Sb 0.8 2.2 X 10·9 
95zrNb 8 2.2 X 10·8 

103Ru 0.4 1.1 X 10·9 

106Ru 4 1. l X 10· 8 

l 33Xe 10 2.7 X 10·8 

(a) S1gn1f1cant reduction of the activity in this stream is expected 
followin~ the post-1972 rerouting of radi0<1ctive 1 iquid waste streams 
feeding into the 102-inch di sc harge line. 

TABLE I I. l -B-11 

GASEOUS RADIOACTIVE MATERIAL RELEASE - 1972 

N Reactor 

Volume 1.9 X 1015 ml 
41 Ar 3H 131 I 1331 

----
Total Release (Ci) l x 105 2.7 X 101 1. 3 X 10-2 0.5 
Avg . Release Rate (Ci/day) 27 0 0.07 3.6 X 10-5 l .4xl0-J 

Avg. Concentrati on (µCi /ml) 5.2 X ]0- 5 l.4x10-8 6.8 X 10•12 2.6 X 10-]0 

Plutonium Inhalation Laboratory--144-F 

Total Alpha(a) Total Beta(b) 

Volume 2 .4 X 0.09 ( ft 3) 
Ave . Concentration (µCi/ml) <5 .4 X ,o-15 <6.6 X ,o•l 4 

Ave . Release Rate (µCi/wk) <0.007 <0.087 
Max . Release Rate (µCi/wk) <0.029 <0.13 
Total Release (µCi) <0.37 <4. 5 

fal Analyzed as though alpha activity were due entirel y to 239Pu . 
b Aanlyzed as though beta activity were due entirely to 90sr. 

I I. l-B-24 

Cone . 
(µCi/ml) 

1.8x10-7 

3. 6 X 10-9 

1. 9 X 10-6 

1.8xlo-8 

2. 5 X 10-J 

6.8 X ]0- 7 

3. 9 X 10-1 

1.8 X 10· 8 

3. 4 X 10-7 
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TABLE II. 1-B-1O 

1OO-N RADIOACTIVE MATERIAL RELEASES TO THE COLUMBIA RIVER - 1972 

Via 102-inch Discharge· Line 
(1) 

Via Seeeage Serings on 

Gross Volume Nuclide Curies Cone. Gross Volume Nuclide Curies 
(µCi/ml) 

3.7xl011 i 
140sala 10 2.7 X 10-8 2. 8 X 109 

l 
140Bala 0. 5 

58Co 2 5.4 X 10-9 60Co 0. 01 
60Co 20 5.4 X 10-8 51Cr 5. 3 
51Cr 20 5.4 X 10-8 137Cs 0.05 
134cs 0.5 1.4 X 10-9 3H 7000 
137Cs 5 1.4 X 10-8 1311 1. 9 
59Fe 10 2. 7 X 10-8 99Mo 1.1 
1311 40 1. 1 X 10-7 89Sr 0. 05 
54Mn 40 1.1 X 10-7 90Sr 0. 95 
56Mn 600 1.6 X 10-6 

99Mo 20 5. 4 X 10-8 

24Na 500 1.4 X 10-6 

239Np 90 2.4 X 10-1 

124Sb 0.8 2.2 X 10-9 
95zrNb 8 2.2 X 10-8 

103Ru 0.4 1.1 X 10-9 

106Ru 4 1. 1 X 10-8 

l 33Xe 10 2. 7 X 10-8 

(a) S19n1f1cant reduct ion of the activity in this stream i s expected 
followin~ the post-1972 rerouting of radiOilctive liquid waste streams 
feeding into the 102-inch discharge line . 

TABLE I I. 1-B-11 

GASEOUS RADIOACTIVE MATERIAL RELEASE - 1972 

N Reactor 

Volume 1.9 X 1015 ml ~c._ 3H 1311 1331 

Total Release (Ci) 1 X 105 2. 7 X 10 l l .3xl0-2 0.5 
Avg . Release Rate (Ci/day) 270 0.07 3.6 X 10-5 l.4x10-J 

Avg. Concentration ( uC i /m 1) 5.2 X 10-5 1.4 X 10-8 6.8 X 1 o-12 2.6 X 10-]0 

Plutonium Inhalation Laboratory--144-F 

Total Alpha(a) Total Beta(b ) 

Volume 2 .4 X 0.09 ( ft 3) 
Ave . Concentration (µCi/ml) <5.4 X 10-15 <6.6 X 

Ave . Release Rate (uC i/wk) <0.007 <0.087 
Max . Release Rate (uCi /wk) <0.029 <O .13 
Total Release (uCi) <O. 37 <4.5 

(ab) Analyzed as though alpha activity were due entirely to 239Pu . 
( ) Aanlyzed as though beta activity were due entirely to 90sr. 

II.l-B-2~ 

10-14 

Riverbank 

Cone . 
. (µCi/ml) 

1.8 X 10-1 

3. 6 X 10-9 

1. 9 X 10-6 

1.8 X 10-8 

2. 5 X 10- 3 

6. 8 X 10-1 

3.9 X 10-1 

1.8 X 10-8 

J . 4 X 10-1 
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DATE 

6-27-72 

3-13-71 

5-23-68 
2-11-66 

1-17-64 

7-11-63 

6- 7-63 

TABLE II.1-B-12 

100 AREAS UNPLANNED RELEASES 

BLDG. DESCRIPTION 

1310-N Radioactive chemical waste handling facility p1p1ng 
leak. Approx. 90,000 gallons of radioactive wastes 
discharged to ground. 

141-C 
100-F 

105-KE 

105-KW 

107-F 

107-KW 

The main sewer lines from 141-C to 141-tl Bldgs . became 
plugged and spread contamination on the ground. Area 
20' x 40' x 40' 8000-20,000 c/m ~- Area stabilized 
with clean gravel cover . 
Release to river. 2000 Ci mixed activation products. 

Fuel element failure, releasing 600 curies of 1-131 to 
river. 

High wind spread particulate contamination out of 107-F 
basin while it was dry for repairs. Particles to 
80,000 c/m. Particles with > 5000 c/m removed. 

Northeast wind spread particulate contamination out of 
KW Basins while they were dry for repairs. Particles 
from 1000-8000 c/m. No contamination detected off 
project. Involved area controlled as radiation zone, 
contaminants seated by water flush and decayed . 

NUCLIDE & AMOUNT 

35 Ci, of which 
26 Ci were 60co. 

~ 0.005 Ci 90sr 

2000 Ci mixed F. P. 

600 Ci 131 1 

Mixed activation 
products 

Mixed activation 
products 

107-KE Wind spread particulate contamination out of KE Basins Mixed activation 
which were nearly dry due to extended reactor shutdown. products 
Maximum particle inside limited area fence was 300 mrads/hr. 
Maximum outside fence was 20,000 c/m. No contamination 
detected off project. Particle.s > 5000 c/m recovered. 

4-29-59 105-KW During discharge, a small 'fraction of a ruptured fuel 1.3 Ci mixed F. P. 
eleriient burned and particulate contamination was released 

12-6-57 107-C 

9-27-57 105-C 

4-23-57 107-C 

2-21-57 107-0 

9-17-56 105-C 

5-.15-56 107-H 

to the atnlosphere via the ventilation stack. Widely 
dispersed particulates detected on Wahluke Slope . Five 
particles ranged fran 3000 to 60,000 cpm. Control mon-
itoring plots established to determine migration of low 
activity particles; those particles> 5000 c/m recovered. 

Wind spread particulate contamination from C Basin which 
was dry for repair. General contamination of 3000 to 
6000 c/m in a fan shape area to the east and southeast 
with a maximum of 65 mrad/hr . Area posted as Rad-iation 
Zone , seasonal rains fixed contaminant in soil. 
Ruptured fuel element burned for 10-min at reactor dis
charge face . No deposition of radioactivity was found 
on the ground outside 105-C exclusion area although an 
estimated 4 Ci of filterable gross beta activity was 
emit t ed from 105-C stack. 

Mixed activation 
products 

4 Ci F.P. 

wind spread particulate contamination from C Basin which Mixed activation 
was dry for repair work. Ground contamin~tion of 5000 to products 
80,000 c/m extended in a fan shape east. A later wind 
shifted the contamination to the northeast with readings 
up to 5000 c/m on May 2, 3 and 6. Area flushed repeatedly 
with water to immobilize particulates. 
Wind spread particulates contamination out of 107•D Basin 
while it was dry for repair work . Maximum contamination. 
was 40 mrad/hr with 0-8 particles per 100 ft' inside 
100-D area fences. No signifi:ant contamination was found 
outside 100-0 Area or on Wahluke slope . Particles 
> 5000 c/m recovered . 

A fuel element burned for 6 minutes at the reactor dis
charge face resulting in stack emission of particulates . 
Contamination levels on oround were 5000 to 30,000 c/m. 
Maximum particle 350 mrad/hr. Area involved was 
decontaminated. 

Swallows used mud fr001 107-H liquid waste trench for nest 
building. The contaminated mud was being dropped around 
the 100-H water towers and at scattered locations over 
the flight path to White Bluffs across the Columbia River. 
Concentrations ranged from 0-6 particles per 100 ft 2 with 
a maximum reading of 150 mrad/hr. Nests removed at the 
building sites, waste trench exposed mud covered with 
clean gravel. 

I 1. l -B-26 

Mixed activation 
products 

239Np and mixed F.P. 
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TABLE II.1-B-12 (Continued) 

BLDG. DESCRIPTION NUCLIDE & AMOUNT 
11-1-55 105-H 

5-23-55 107-F 

5-3-55 105-H 

3-26-54 107-C 

2-25- 54 107-B 

12-4-51 P- 11 

Ruptured fuel element burned briefly during discharge 0.8 Ci BarilM!i, Rare 
resulting in a stack emission and discharge of 1000-2000Ci Earths, Yttrium 
of mixed fission products to the basins. Ground level con-
tamination was up to 12 particles per 100 ft 2 ranging from 
1000 to 10;000 c/m and a maximum level of 700 mrad/hr. The 
contamination spread south over about seven square miles. Con-
taminated soil 'removed and disposed of to burial trench. 

Water overflowed 107-F Basin after baffles broke loose 
and plugged the outlet. General contaminaticn around 
the basin _and along a narrow path to the river ranged 
fran 20,000 to 60,000 c/m with a maxillllm of 350 mrad/hr. 
Baffle boards carried into the river read 14 mrad/hr. 
Area covered with clean soil. 

Mixed activation 
products 

0.1 Cf gross Beta Removal of two ruptured fuel elements from the reactor 
resulted in release of particulate radioactivity with con
centrations as high as 20 particles per 100 ft 2 in the north
east corner of 100-H Area . Six particles were detected in 
10,000 ft 2 along the Wahluke Slope road . Particles 
were removed as located. 
Ground level contamination occurred while 107-C Basin 
was empty for repair . Particulate contamination up to 
50 mrad/hr covered 20% of 100-8 Area. No particles 
above 10 mrad/hr were found outside 100-B Area . Road 
ways were water f lushed and the concentrated ac ti vity 
was removed to t he burial ground . 
A break in 107-B Basin flooded an area around the basfn 
wf th water reading up to 13 mrad/hr . Beta radioactivity 
of the mud was 10-• to 10- 2 µCi/gm . Contamination was 
confined to the vicinity of the ·basfn. The area involved 
was covered with clean gravel . 
Fire occurred in contaminated waste storage .area of a 
remotely located research facility . Fire spread to 
cheini'cal laboratory and exhaust filters . Contamination · 
was confined to i111111edfate vicinity of laboratory . Con
taminated soil surfaces were covered with sand . 

II . 1- B-27 

soi Ra re Earths 
SI 103, 106Ru 

Traces of Sr, U, Pu 

Mixed activation 
products 

"' 0. 7 Cf Pu 
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TABLE I I.1-C-1 

200 EAST AREA TANK FARMS AND FACILITIES 

Number · Description 

"A" Tank Fann Facilities 

241-A 
241-AX 
241-AY 
241-AZ 

241-A-201 
241-A-271 
241-A-401 
241-A-431 
241-A-701 
241-A-702 
241,;.AX-801-A 
241-AX-801-B 
241-AX-801-C 
241-AY-801 

2707-AX 

241-A-152 
241-A-153 

241-AX-153 
241-AX-151,152 
241-AZ-151 

241-AY-152 
241-AZ-152 

241-AY-151 

241-A-501 
241-AX-501 
241-AY-501 
241-AZ-501 

241-A-417 

"AR Vault" Facilities 

244-AR 

2707-AR 
2714-AR 
2802-AR 
2901-AR 
2904-AR 
291-AR 
2708-AR 
244-AR-701 

6 Tanks: 10: gal each 
4 Tanks: 10 gal each 
2 Tanks: 106 gal each 
2 Tanks: 106 gal each; (one complete, one 

under construction 

Emergency Cooling Water Storage Tank 
Control House 
Condenser House 
Ventilation House (Standby) 
Compressor House 
Fan House 
AX Fann Control House North 
AX Fann Control House South 
AX Fann Control House (Diverter House) 
AY Fann Instrument House 

Change House 

Diversion Box 
Transfer Box 

Other structures include Ion Exchange Column, 
Cooling Tower, Contact Condensers, Isolation 
Jumper Pit, Emergency Water We l l 

Valve Pit 
Diverter Stations 
Diverter Stations 

Sluice Transfer Box 
Sluice Transfer Box 

Pump Out Pit 

Condensate Valve Pit 
Condensate Valve Pit 
Condensate Valve Pit. 
Condensate Valve Pit 

Condensate Receiver and Pump Pi t 

Current Acid Waste Storage and Sludge Processing 
Vault 
Change House 
General Storage 
Steam Distribution Piping 
Water Storage Piping 
Process Sewer System 
Exhaust Air Filter, Stack and Plenum 
Laundry Storage 
Emergency Generator Bldg. 

I I. 1-C-8 
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TABLE II.l-C-1 (Continued) 

Number Description 

"B" Tank Farm Facilities 

241-B 

241-BX 

241-BY 

241-BR, BXR, BYR · 
24 l -B-701 
241-BY-254 
241-BY-301 
241-BY-302 
2707-BY 
242-B 
252-BY 
244-BXR 

Diversion Boxes 

241-B-151,152,153 
242-B-152 
241-B-252 
241-BR-152 
241-BX-153,155 
241-BXR-151,152,153 
241-BYR-152,153,154 

12 Tanks: 533,000 gal each 
4 Tanks: 55,000 gal each 

12 Tanks: 533,000 gal each 

12 Tanks: 758,000 gal each 

Waste Metal Recovery Facilities 
Compressor House 
ITS No. 2 Control and Compressor House 
ITS No. 1 Control House 
ITS No. 1 Compressor House 
Change House 
Aerosol Release, Corrosion Test Facility -
Substation (13.8 kW) 
Waste Disposal Vault (Underground) 

"C" Tank Farm Facilities 

241-C 

241-CR-271 

241-C-801 
291-CR 
244-CR 

241-C-151,152,252 
241-CR-151,J52,153 

12 Tanks: 533,000 gal each 
4 Tanks: 55,000 gal each 

Control House and OfficP. 

Cesium Load-Out Building 
Stack and Fi 1 ter 
Waste Disposal Vault (Underground) 

Diversion Boxes 

Steel Tank Liner Specification(a) 

241-A 
241-AX 
241-AY 
241-AZ 
241-B 
241-BX 
241-BY 
241-C 

Steel Specification 

ASTM A283 Grade C 
ASTM A201 Grade C 
ASTM A515 Grade 60 
ASTM A515 Grade 60 
ASTM A283 Grade C 
ASTM A283 Grade C 
ASTM A283 Grade C 
ASTM A283 Gr~rle C 

AY and AZ constructed liners were heat treated in place 
for stress relief. 

(a) Equivalent current specifications for materfals used. 

Il. l-C-9 
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TABLE I I. 1-C-2 

200 WEST AREA TANK FARMS AND FACILITIES 

Number 

"S" Tank Farm Facilities 

241-S 
241-SX 
241-SY 
241-SX-281 
241-SX-401 
241-SX-402 
24 l -SX-701 
241-SX-271 
2707-SX 
242-S 
2901-SX 
2902-SX 

Description 

12 Tanks: 758,000 gal each 
15 Tanks: 106 gal each 
3 tanks: 106 gal each (under construction) 
Emergency Cooling Water Pump House 
Condenser House (North) 
Condenser House (South) 
Compressor House 
Control, House 
Change House 
Evaporator Building 
Water Storage Tank 
Water Storage Tank 

Ventilation Turbine 

Maintenance Shop 

242-S-702 

242-S-272 

241-S-151 
241-SX-151,152 

-Diversion Box 

"T" Tank Farm Facil t ty 

241-T 

241-TX 

241-TY 
241-T-601 
241-TR, TXR 
242-T 
244-TXR 
241-T-701 
242-TA 

242-TB 
241 -T-151,152,153 
242-T-151,152 
241-TX-153,154,155 
241-TY-153 
241-TR-152,153 
241-TXR-151,152,153 

Diversion Box 

12 Tanks : 533,000 gal each 
4 Tanks : 55,000 gal each 

18 Tanks: 758,000 gal each 

6 Tanks: 758,000 gal each 
Chemical Makeup · 
Waste Metal Recovery Facilities 
Waste Evaporator 
Waste Disposal Vault (Underground) 
Compressor House 
Vault 

Ventilation and Filter Bldg. 
Diversion Boxes 
Di version Boxes 
Diversion Boxes 
Diversion Boxes 
Diversion Boxes 
Diversion Boxes 

II. l-C-10 
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Number 

"U" Tank Fann Facilities 

241-U 

241-UR 
271-U-271 
244-UR 
241-U-701 

241-U-151,152,153,252 
241-UR-151,152,153,154 
241-UX-154 

241-WR 

TABLE II.l-C-2 (Continued) 

Description 

12 Tanks: 530,000 gal each 
4 Tanks: 55,000 gal each 
Waste Metal Recovery Facilities 
U Farm Control House 
Waste Disposal Vault 
Compressor House 

Divers ion Boxes 
Diversion Boxes 
Diversion Boxes 

Thorium Nitrate Storage Vault 

Steel Tank Liner Specifications(a) 

Fann 

241-S 
241-SX 
241-T 
241-TX 
241-TY 
241-U 
241-SY 

Steel Specification 

ASTM A283 Grade C 
ASTM A283 Grade C 
ASTM A283 Grade C 
ASTM A28J Grade C 
ASTM A283 Grade C 
ASTM A283 Grade C () 
ASTM A516 Grade 60 b 

(a) Equivalent current specifications for materials used . 
(b) SY constructed liners were heat treated in place for 

stress relief. 

II.l-C-11 



TABLE I I. l -C-3 

200 EAST AREA LIQUID WASTE DISPOSAL SITES 
(Cribs, Ponds, Ditches, Trenches, Pits, French Drains, etc.) 

Type of 
Cons true ti on Number Description 

PUREX PLANT - 244 SR Vault, A, AX 1 AY Tank Farms 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 

FD 
FD 
FD 

FD 

FD 

FD 

FD 
C 
C 
C 

C 
FD 
FD 
FD 
C 

Pd 
FD 
FD 
C 
FD 

D 

C 
C 

C 

FD 

D 
FD 
C 
C 
C 

C 
C 
T 

C 

216-A-1 
216-A-2 
216-A-3 
216-A-4 
216-A-5 

216-A-6 
216-A-7 
216-A-8 
216-A-9 

216-A-10 

216-A-11 
216-A-12 
216-A-13 

216-A-14 

216-A-15 

216-A-16 

216-A-17 
216-A-18 
216-A-19 
216-A-20 

216-A-21 
216-A-22 
216-A-23A 
216-A-23B 
216-A-24 

216-A-25 
216-A-26A 
216-A-26B 
216-A-27 
216-A-28 

216-A-29 

216-A-30 
216-A-31 
216-A-32 

216-A-33 

216-A-34 
216-A-35 
216-A-36A 
216-A-36B 
216-A-37 

216-A-38 
216-A-39 
216-A-40 

216-A-41 

Startup Waste 
Organic waste 
203-A Silica Gel Waste 
Laboratory and Stack Drain 
Process Condensate 

Steam Condensate 
Catch Tank Ptanp Pit Drain 
Tank Fann Condenser Effluent 
Fractionator Condenser Effluent 

and N Reactor Decontamination 
Waste 

Process Condensate 

Trap Pit No. 1 Drain (French Dr) 
Trap Pit No. 3 Drain (French Dr) 
Air Sample Vacuum Pump Seal 

Drain (French Dr) 
Vacuum Cleaner Pit Drain 

(French Dr) 
Prop. Sampler Pit No. 5 Drain 

(French Dr) 
241-A Deentrairwnent Floor (Drain) 

Overflow from A-16 
Startup Waste 
Startup Waste 
Startup Waste 

NH3 Scrubber and Stack Drainage . 
203-A Con. and Floor Drain 
241-A Fan House Drain 
Overflow from A-23A 
Tank Fann Condenser Effluent 

Cooling Water (Gable Mt . Pond) 
Fan Contro 1 Room Drain 
291 Fan House Drain 
Lab, Scrubber and Stack Drain 
203-A Floor Drainage 

Cooling Water and Chemical 
Waste Ditch 

Steam Condensate 
Organ ic Waste 
E. Crane Maint. Plat. Floor 

Drain 
291-A Stack Exhaust Fans Bear-

ing Cooling Water 

241-A Condensate Cooling Water 
Va cu tan Pump Sea 1 Water 
Anrnonia Scrubber Waste 
Anmonia Scrubber Waste 
Steam Condensate 

Process Condensate 
241-AX-801 Building Drain 
244-AR Vault Cooling Water -

Emergency Diversion 
216-A-13 Stack Drainage 

(a) No diversion through CY-1973 

Bottom Area 
ft2 

900 
400 
400 
400 

1,225 

10,000 
100 

17,600 

8,400 
12,375 

30 in. diam 
30 in . diam 

2 ft diam 

30 in. diam 

2 ft diam 
4 ft diam 

4 ft diam 
6,400 

625 
625 

960 
6 ft diam 

42 in. diam 
42 in. diam 

28,000 

71 acres 
3 ft diam 
4 ft diam 

2,000 
10 ft diam 

39,000 
14,000 

700 

560 

6 ft diam 

12,300 
6 ft diam 

1,100 
5,500 
7,000 

7,800 
360 

8,000 
100 

I I. l -C-12 

Use Oates 
From To 

11/55 
5/56 
3/56 

12/55 
11/55 

11/55 
11/55 
11/55 

3/56 
11/61 

11/55 
11/55 

11/55 

11/55 

11/55 
"1/56 

1/56 
11/55 
11/55 
11/55 

10/57 
11/55 
1957 
1957 
5/58 

12/57 
3/59 
3/59 
6/65 

12/58 

11/55 
1/61 
1/63 

1/59 

11 /55 

11/55 
12/63 
9/65 
3/66 

Not Used 

Not Used 
6/66 

1/68 
1/68 

12/55 
1/63 
1/73 

12/58 
11/61 

1/70 

8/69 

1/73 

3/69 

3/69 
12/55 
12/55 
12/55 

6/65 
1/73 
3/69 
3/69 
1/66 

7/65 
6/73 
7/70 

11/67 

1/65 

7/64 

12/57 
1/66 
3/66 
9/72 

6/71 

Status 

Tenninated 
Terminated - Replaced by A-31 
Inactive 
Terminated - Replaced by A-21 
Inactive - Replaced b_y A-10 

Inactive 
Active 
Active 

Terminated 
Active 

Active 
Active 

Tenninated 

Inactive 

Active 
Inactive 

lnattive 
Terminated 
Terminated 
Tenninated 

Terminated 
Inactive 
!nae ti ve 
Inactive 
Inactive 

Active 
Terminated 
Terminated 
Inactive 
Terminated 

Active 
Active 
Inactive 

Active 

Terminated 

Terminated 
Terminated 
Terminated 
Inactive 
Inactive 

Inactive 
Inactive 

lnactive(a) 
Active 

.' 
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TABLE I I. l-C- 3 (Continued) 

r Type of Bottom Are,i Use Dates 

Construction Number Descrietion ft2 From To Status 

B PLANT 

C 216-B-1 Not Built 
D 216-8,2 Cooling Water and Chemical 

Sewer Ditch 24,570 4/45 Active 
D 216-8-2-1 Cool _ing water, Chemical 

(-2E) Sewer Ditch 19,980 3/70 11/70 Tenninated 
D 216-8-2-2 Cooling Water, Chemical 

(-2W) Sewer Ditch 14,200 3/70 5/70 Tenninated 
Pd 216-8-3 Cooling Water and Chemical 

Sewer Ditch 46 acres 4/45 Active 

RW 216-8-4 292-8 Floor Drainage 8 in. diam 4/45 12/49 Tenninated 
RW 216-8-5 224-B and 5-6 Waste 8 in. diam 4/45 10/47 Tenninated 
RW 216-8-6 222-B Waste 8 in. diam 4/45 12/49 Tenninated 
C 216-8-7A 224-B Waste and 5-6 Cell Drain 196 9/46 5/67 Tenninated 

C 216-8-78 224-B Waste 196 10/46 5/67 Tenni nated 

C 216-B-8 224-8, 5-6 and 2nd Cycle Waste 1,344 1945 1952 Terminated 
C 216-8-9 5-6 and 2nd Cycle Waste 864 8/48 7/51 Tenninated 

C 216-B-lOA 292-B Floor Drainage 196 12/49 Active 1967 
C 216-B- lOB 221-BC Decon . Waste 196 6/69 10/73 Inactive 
RW 216-B-11A&8 242-B Condensate 4 ft diam 12/51 12/54 Terminated 

C 216-B-12 U and B Plant Process Condensate 8,000 11/52 11/73 Inactive 

FD 216-B-13 291-8 Stack Drainage 4 ft diam 4/45 Active 
C 216- B-14 U Plant Scavenged Waste 1,600 1/ 56 2/56 Terminated 

C 216-B-15 U Plant Scavenged Waste 1,600 4/56 12/57 Terminated 
C 216-B-16 U Plant Scavenged Waste 1,600 4/56 8/56 Terminated 

C 216-B-17 Tank Fann Scavenged Waste 1,600 1/56 1/56 Tenninated 
C 216-8-18 U Plant Scavenged Waste 1,600 3/56 4/56 Tenninated 

C 216-B-19 U Pl ant and Tank Fann Scavenged 
Waste 1,600 2/57 10/57 Tenninated 

T 216-8-20 U Plant and Tank Fann Scavenged 
Waste 5,000 8/56 9/56 Terminated • Backfilled 

T 216-B-21 U Plant and Tank Fann Scavenged 
Waste 5,000 9/56 10/56 Tenninated - 8ackfi 11 ed 

(_ T 216-8-22 U Plant and Tank Fann Scavenged 
Waste 5,000 10/56 10/56 Tenninat~ - Backfi 11 ed 

T 216-B-23 U Plant and Tank Fann Scavenged 
Waste 5,000 10/56 10/56 Tenninated - Backfilled 

T 2l 6-Ba24 U Pl~nt Scavenged Waste 5,000 10/56 11/56 Tenninated - Backfilled 
T 216-B-25 U Plant Scavenged Waste 5,000 11/56 12/56 Terminated - Backffl led 

T 216-B-26 U Plant Scavenged Waste 5,000 12/56 2/57 Termi nated ·- Backfilled 

T 216-B-27 U Plant Scavenged Waste 5,000 2/57 4/57 Tenninated - Backfilled 

T 216-B-28 U Plant and Tank Fann Scavenged 
Waste 5,000 4/57 6/57 Tenninated - Backfilled 

T 216-B-29 U Plant Scavenged Waste 5,000 6/57 7 /57 Tenni na ted - Backfil 1 ed 
T 216-B-30 U Plant and Tank Farm Scavenged 

Waste 5,000 7 /57 7 /57 Terminated - Backfilled 

T 216-8-31 U Plant and Tank Fann Scavenged 
Waste 5,000 7/5r 8/57 Terminated - Backfilled 

T 216-B-32 U Plant and Tank Fann Scavenged 
Waste 5,000 8/57 9/57 Terminated - Backfilled 

T 216-B- 33 U Plant and Tank Farm Scavenged 
Waste 5,000 9/57 10/57 Terminated - Backfilled 

T 216-B-34 U Plant and Tank farm Scavenged 
Waste 5,000 10/57 10/57 Terminated - Backfilled 

T 216-B-35 1st Cycle Supematant - 221-B 2,520 2/54 3/54 Terminated - Backfilled 

T 216-8-36 1st Cycle Supernatant - 221-B 2,520 3/54 4/54 Terminated - Backfilled 

T 216-B-37 Evaporator Bottoms - 242-8 2,520 8/54 8/54 Terminated - Backfilled 

T 216-B-38 1st Cycle Supematant - 221-B 2,520 7 /54 7/54 Terminated - Backfilled 

T 216-B-39 1st Cycle Supematant - 221-B 2,520 12/53 11/54 Terminated - Backf111e·d 

T 216-8-40 1st Cycle Supernatant - 221-B 2,520 4/54 7/54 Terminated - Backfilled 

T 216-B-41 1st Cycle Supematant - 221-B 2,520 11 /54 11/54 Tei'm1nated - Backf1 lled 

T 216-8-42 U Plant Scavenged waste 2,520 2/55 3/55 Terminated - Backfilled 

C 216-8-43 U Plant Scavenged Waste 900 11/54 11/54 Terminated 

C 216-8-44 -U Plant Scavenged waste 900 12/54 3/55 Terminated 

C 216-~45 U.Plant Scavenged Waste 900 4/55 6/55 Tenni nated 

C 216-8-46 u· Plant Scavenged waste 900 9/55 12/55 Terminated 
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TABLE II. l-C-3 (co·ntinued) 

Type of Bottom Area Use Dates ---,. 
kl!O~tcu,tll!D Number Oescrt2tion ft2 From To Status 

C 2i6-B-47 U Plant Scavenged Waste 900 9/55 9/55 Ter11inated 
C 216-8-48 U Plant Scavenged Waste 900 11/55 7/57 Ter11inated 
C 216-8-49 U Plant Scavenged Waste 900 11/55 12/55 Terminated 
C 216-8-50 ITS No. 1 Condensate 900 1/65 Active 
FO 216-8-51 Pipe Line Drain BC Crib 5 ft dia111 1/56 1/58 Ter11inated 

T 216-8-52 Tank Farm Scavenged Waste 5,800 12/57 1/58 Tenninated - Backfilled 
T 216-B-53A HLO Waste From 300 Area 600 10/65 11/65 Terminated - Backfil 1 ed 
T 216-8-538 HLO Waste From 300 Area 1,500 11/62 3/63 Terminated - Backfilled 
T 216-8-54 HLO Waste From 300 Area 2,000 3/63 10/65 Terminated - Backfilled 
C 216-8-55 B Plant Steam Condensate 7,500 9/67 Acttve 

C 216-8-56 B Plant Organic Waste 700 Never Used 
C 216-8-57 ITS No . 2 Condensates 3,000 12/67 Active 
T 216-8-58 300 Area Waste 2,000 11/65 6/67 Terminate_d - Backfilled 
T 216-8-59 B Plant Cooling Water Diversion 

(Emergency) 8,000 12/67 Inactive(•) 
C 216-8-60 Cell Drain Cleanout 8 ft diam 11/67 11/67 Terminated 

C 216-8-61 ITS No . 1 Condensate 1,750 Not Used Inactive 
C 216-8-62 B Plant Process Condensate 5,000 11/73 Active 
D 216-8-63 B Plant Chemical Sewer Ditch 5,000 3/70 Active 

SEHIWORKS AND CRITICAL HASS LABORATORY 

C 216-C-l 201-C Process Condensate and 
Waste 184 1/53 6/57 Terminated 

RW 216-C-2 291-C Stack and Filter Drain 12 in. diam 1/53 Active 
C 216-C-3 271-C Chemical Waste . 500 1/53 3/54 Terminated 
C 216-C-4 276-C Organic Waste 200 7/55 5/65 Inactive 
C 216-C-5 201-C High Salt Waste 200 3/55 6/55 Inactive 

-: C 216-C-6 241-CX Waste Storage Cond . 200 9/55 9/64 Terminated -- C 216-C-7 290-E Critical Lab Waste 400 5/61 Active 
FD 216-C-8 271-CR Ion-Exchange Waste 6 ft diam 6/62 6/65 Terminated 
Pd 216-C-9 · C-Area Coo 1 i ng Water Pond 80,000 6/53 Active (209-E only) 
C 216-C-10 Stronti 1111 Semiworks Process 

Condensate 160 11/64 10/69 Inactive 

200 NORTH AREAS ) 
Pd 216-N-1 212-N Basin Overflow Pond 50,000 9/44 6/52 Terminated - Backfilled 
T 216-N-2 212-N Basin Cleanout Trench 500 3/47 4/47 Terminated - Backfilled 
T 216-N-3 212-N Basin Cleanout Trench 500 5/52 6/52 Ter11inated - Backfilled 
Pd 216-N-4 212-P Basin Overflow Pond 100,000 9/44 6/52 Terminated - Backfilled 
T 216-N-5 212-R Basin Overflow Trench 1,200 5/52 6/52 Tenninated • Backfilled 
p 216-N-6 212-R Basin Overflow Pond 75,000 9/44 6/52 Ter11inated - Backfilled 
T 216-N-7 212-R Basin Cleanout Trench 1,200 5/52 6/52 Terminated - Backfilled 

C . crib D • ditch RW - reverse we 11 
Pd • pond T - trench 
Pt· pit FD - french drain 
(a) No diversion through CY-1973 

/ 
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Type of 
Construction Number 

.. i· 

TABLE I I. l-C-4 

200 WEST AREA LIQUID WASTE DISPOSAL SITES 
(Cribs, Ponds, Ditches, Trenches, Pits, French Drains, etc.) 

Description 
Bottom Area 

ft2 
Use Dates 

From To Status 

REDOX PLANT, 222 laboratory, 242-S 

C 
C 
C 
FD 
C 

C 
C 
T 
C 
D 

Pd 
Pd 
T 
C 
T 

Pd 
D 
Pd 
Pd 
T 

Pd 
C 
C 
C 
C 
C 

216-S-1 
216-S-2 
216-S-3 
216-S-4 
216-S-5 

216-S-6 
216-S-7 
216-S-8 
216-S-9 
216-S-10 

216- S-10 
216-S-11 
216-S-12 
216-S-13 
216-S-14 

216-S-15 
216-S-16 
216-S-16 . 
216-S-17 
216-S-18 

216-S-19 
2'16-S-20 
216-S-21 
216-S-22 
216-S-23 
216-S-25 

T PLANT, 242-T EVAPORATOR 

D 
RW 
RW 
D 
Pd 

T 
C 
C 
C 
T 

T 

T 

Pt 
Pt 
T 

T 
T 
T 
Pt 
C 

Pt 
T 
T 
T 
T 

T 
C 
C 
C 
FD 

216-T-l 
216-T-2 
216-T-3 
216-T-4 
·216-T-4 

216-T-5 
216-T-6 
216-T-7 
216-T-8 
216-T-9 

216-T-10 

216-T- ll 

216-T-12 
216-T-13 
216-T-14 

216- T-15 
216-T-16 
216-T-17 
21'6-T-18 
216-T-19 

216-T-20 
216-T-21 
216-T-22 
216-T-23 
216-T-24 

216-T-25 
216-T-26 
216-T-27 
216-T-28 
216-T-29 

D-2 Process Condensate 
Overflow from S-1 
241-S TK 101 and 104 Condensate 
241-S TK 101 and 104 Condensate 
Steam Condensate - Cooling water 

Steam Condensate - Cooling water 
0-2 Process Condensate 
Startup Waste 
D-2 Process Condensate 
Ditch to S-11 Pond 

1,800 
1.800 

100 
30 in. diara 

44,100 

44,100 
. 5,000 

6,000 
9.000 

13,500 

202-S Cheiaical Waste Pond 5 acres 
202-S Chemical Sewer Pond 1/5 acres 
291-S Stack Wash Water 1,800 
Organic Waste and 204-5 Su~ Waste 1,300 
Organic Startup Waste 800 

241-S TK 110 Condensate 
Process Cool ine W.a ter Ditch 
Process Cooling Water Pond #2 
Process Cooling Water Pond #l 
Ste• Cleaning Pit 

175 
6,800 

31 acres 
17 acres 

1.soo 
222-S Cooling Water (Pond) 3.5 acres 
222-S Waste 3,600 
241-SX Condensate 2,500 
293-S Caust ic Scrubber Waste 350 
Process Condensate · (D-2) 3,600 
242~S Process and Steam Condeflsate 5, 750 

Steam Heater Condensate - Ditch 
222-T lab Waste 
224-T and 5-6 Waste 
Cooling Water · Ditch 
Cooling Water Pond 

2nd Cycle and 112-T Waste 
224-T and 5-6 Waste 
224, 5-6, and 2nd Cycle Waste 
222-T lab Waste 
Equip. Decontaminati on Waste 

(Trench) 

Equip. Decontamination Waste 
(Trench) 

Equip . Decontamination Waste 
(Trench) 

Retention Basin Sludge (Pit) 
Equipment Decontamination Pit 
1st Cycle Supemate Waste (221-T) 

5,475 
3 1". diam 
8 irt. di• 

6,800 
2 .S. acres 

500 
1,260 

26,200 
1,260 

500 

500 

500 
150 
400 

2,200 

- 1st Cycle Supernate Waste (221-T) 2,400 
1st Cycle Supernate Waste (221-T) 2,400 
1st Cycle Supernate Waste (221-T) 2,400 
Scavenged Waste Supernatant (221-T} 100 
242-T Process & Steam Condensate 33,200 

155 TX Catch Tank Waste (Pit) 100 
2,400 
2,400 
2,400 
2,400 

1st Cycle Supernate Waste (221-T) 
1st Cyc le Supernate Waste (221-T) 
1st Cycle Supernate Waste (221-T) 
1st Cycle Supernate Waste (221-T) 

242-T Evaporator Bottoms 
Scavenged Waste Supernatant 
300 Area LOB Waste 
221-T Decontamination Waste 
Sand Filter Drains 

1,800 
(221-T} 900 

900 
900 

5,280 
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1/52 
1/52 
8/53 
8/53 
3/54 

11/54 
1/56 

11/51 
7/65 
2/54 

5/54 
5/54 
7/54 
1/52 

12/51 

12/51 
9/56 
9/56 
3/52 

10/54 

2/52. 
3/52 

11/54 
10/57 
1/69 

10/73 

11/« 
1/45 
6/45 

11/44 
ll/44 

5/5S 
8/~ 
4/43 
5/50 

2/51 

6/ 51 

'6751 
11/54 
6/54-
1/54 

1/54 
2/54 
2/54 

11 /53 
9/51 

ll/52 
6/54 
7/54 
7/54 
8/54 

9/54 
8/55 
9/65 
2/60 
3/49 

1/56 
1/56 
8/56 
8/56 
3/57 

7/72 
7/65 
2/52 
1/69 

7/72 

7/54 
7/72 
1/52 

10/52 
7/72 

4/54 
10/54 

5/73 
12/70 
6/67 
7/72 

5/50 
8/45 

5/55 
6/51 

ll/55 
9/51 

3/54 

3/5¢ 

l /'54 
1-1/54 
6/64 
1/54' 

2/54 
2/54 
6/54 

11/53 

ll/52 
8/54 
8/54 
8/.54 
8/54 

9/54 
11 /56· 
11/65 
12/66 
3/64 

Tcn:,inated - Replaced by S-7 
Tenninated - Replaced by S-7 
Tenninated 
Tenninated 
Tenninated - Replaced by S-6 

Inactive 
Teminated 
Tenninated - Backfilled 
Tenainated 
Active 

Inactive 
Active 
Terwtinated - Backfilled 
Inactive 
Tenr.inated - Backfilled 

Tenninated - Backfilled 
Inactive 
Active 
Terninated - Covered 
Tenrinated - Backfilled 

Active 
Inactive 
Inactive 
Terainated 
Inactive 
Active 

Acthe 
Tewinated 
Terwin~t.ed 
Active 
Active 

Ten-inated 
Terminated 
TerlliMted 
Terai rrated 

Terminated - 8ackf1l Ted· 

Tenninatecf - l!ackfflled 

Tenninated - Backfilled 
Terminated - Backfilled 
Tenninated: - Backfilled 
Tel"IIIT!lated - Backfil 1 ed 

Terminated - Backfilled 
Tena:l,aated - Backfil 1 ed 
Tef'fflinated 
Tenntnated - Backfilled 
Active 

Tenninated - Backfilled 
Tenninated - Backfilled 
Termi nated - Backfilled 
Tenninated. - Backfilled 
Termina·ted - Backfilled 

Tenninated - Backfilled 
Termtnated. - Backfilled 
Terminated 
Tenninated' 
Inactive 



TABLE I 1.1-C-4 (Continued) 

Type of Bottom Area Use Dates 
.. 
'\ 

ft2 Fr~To ' Construction Number DescriEtion Status 
, 

216-T-30 TK-154 Di vers ion Box Spill 14,400 7/53 7/53 Tenninated - Covered 
FD 216-T-31 241-TX French Drain 36 in . diam 10/54 2/62 Tenninated - Replaced 
C 216-T-32 224 T Waste 950 11/46 5/52 Tenninated 
C ~16-T-33 2706-W Building Waste 150 1/63 2/63 Tenninated 
C l16-T-34 300 Area Waste 6,000 5/66 3/67 Tenninated 

C 216-T-35 300 Area Waste 4,500 3/67 12/67 Inactive 
C 216-T-36 221-T, 221-U Miscellaneous Waste 1,600 6/67 12/68 Inactive 

U PLANT 

C 216- U-1 224-U Waste 196 3/52 6/67 Tenninated 
C 216-U-2 Overflow from U-1 196 3/52 6/67 Tenninated 
FD 216-U-3 241-U TK 110 Condensate 72 in diam 5/54 8/55 Tenninated 
RW 216-U-4,4A, 

4B 222-U Laboratory Waste 6, 36 and 36 in. diam 3/47 7/70 Tenninated 
T 216-U-5 Startup Waste - 221-U 400 3/52 3/52 Tenninated - Backfilled 

T 216-U-6 Startup Waste - 221-U 750 3/52 3/52 Tenninated - Backfilled 
FD 216-U-7 221-U Counting Box Floor Drainage 30 in . diam 3/52 6/57 Tenninated 
C 2l 6-U-8 221-U, 224-U Process Condensate 

and 291 -U Stack Drainage 8,000 6/52 4/60 Tenni nated - Replaced by U-12 
D 216-U-9 Cooling Water and Chemical · Waste 

Ditch (U-10 Pond Overflow) 19,800 3/52 4/54 Tenninated - Backfilled 
Pd 216-U-10 Cooling Water and Chemi ca 1 

Waste Pond 22 acres 7/44 Active 

D 216-U-11 Overflow from U-10 Pond 
(Old Ditch) 9,DOO 11/44 7/55 Termi nated - Backfi 11 ed 

D 216-U-11 Overflow from U-10 Pond 
(New Ditch) 17,200 7 /55 Active 

C 216-U-12 224-U Process Condensate and 
291-U-1 Stack Drainage · 1,000 4/60 Active 

T 216-U- 13 241-UR Steam Cleaning Waste 8,000 3/52 3/56 Termi nated - Backfilled 
D ,·o-U-14 Laundry Ditch to U Pond 44,800 7/44 Active 
Pt · 216-U-15 Contaminated Solvent (Pit) 400 5/55 5/55 Tenninated Backfilled 

Z PLANT 

D 216-Z-l 231-Z, 234-5 Cooling Water Ditch 17,000 12/44 3/59 Terminated - Backfilled 
C 216-Z-1 D-6 Waste 196 6/49 4/69 Terminated 
C 216-Z-lA Overflow from Z-1, 2 and 3 26,000 6/49 3/59 Replaced by Z-12 

Rec l amation Waste 6/64 4/69 Terminated 
C 216-Z-2 D-6 Waste 196 6/49 6/52 Replaced by Z-3 

Reclamation Waste 6/52 5/66 Tenninated 

C 216-Z-3 D-6 Was t e 350 6/52 3/59 Replaced by Z-12 - Tenninated 

Pt 216-Z-4 231-Z Lab Waste 100 6/45 6/45 Tenni na ted - Backfi 11 ed 
C 216-Z-5 231-Z Proc. Waste 1,120 6/45 2/47 Replaced by Z-7 Terminated 
C 216- Z-6 ,6A 231-Z Proc . Waste 300 6/45 6/ 45 Termi nated 
C 216-Z-7 231 - Z Lab Waste(a) 1,400 2/47 2/67 Terminated 

,. FD 216-Z-8 Recuplex Waste 36 in . diam . 7/55 4/62 Tenninated 

C 216-Z-9 Recupl ex CAW Waste 1,800 7/55 6/62 Terminated 
RW 216-Z-10 231-Z Waste 6 i n. diam 2/45 6/45 Replaced by Z-5 Terminated 
D 216-Z-llE Cooling Water Ditch 10,680 6/49 5/71 Terminated - Backfilled 
C 216-Z-12 D-6 Waste 6,000 3/59 5/73 Inactive 
FD 216-Z-13 234-5 Tunnel Dra i n 36 in . diam 6/49 Acti ve 

FD 216-Z-14 Evaporator Cond . Water 36 in . diam 6/49 Act i ve 
FD 216-Z-15 Evaporator Cond. Water 36 in. daim 6/49 Active 
C 216-Z-16 231-Z (BNW) Process waste 1,800 3/68 Active 
T 216-Z-17 231-Z Ditch 3,000(b) 2/67 2/68 Tenninated - Backfilled 
C 216-Z-18 High Salt Was t e 10,350 4/69 5/73 Inactive 

C 216-Z-19 234-5, 231-Z Cool ing Water 
and Condensate 10,700 5/71 Active 

(a) 2 cri bs i n parallel C - crib D ditch RW - reverse we 11 
(b) 5 cr ibs in parallel; two not used Pd - pond T trench 

Pt - pit FD - french drain 
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·TABLE II . l-C-5 

, 200 EAST AREA 
( DRY RADIOACTIVE WASTE BURIAL GROUNDS 

Burial 
Ground 

Number Descrietion Designation Status 

218-E-l Dry Waste Burial Grounds Inactive 
218-E-2 Industrial Burial Grounds 2 Inactive 
218-E-2A Regulated Equipment Storage Site 2A Inactive 
218-E-4 Minor Construction Burial Grounds 4 Active 
218-E-5 Industrial Burial Grounds 5 Inactive 
218-E-SA Industrial Burial Grounds SA Inactive 
218-E-7 Vault (Behind 222-B) Inactive 
218-E-8 Construction Waste Burial Grounds Inactive 
218-E-9 Regulated Equipment Storage Site· Active 
218-E-10 Industrial Waste Burial Grounds Active 
218- E-12A Dry Waste Burial Grounds (North) 12 Active 
218-E-12B Dry Waste Burial Grounds (South) 12B Active 
218-E-13 Solid Waste Disposal Site 

(Contaminated Concrete) Inactive 
218-E-14 Failed Equipment Disposal Tunnel 

(Purex) Inactive · 
218-E-15 Failed Equipment Disposal Tunnel 

(Purex) 2 Active 

TABLE II. l-C-6 

200 WEST AREA 
DRY RADIOACTIVE WASTE BURIAL GROUNDS 

Burial 
Ground 

Number Descrietion Designation Status 

218-W-l Dry Wast~ Burial Grounds Inactive 
218-W-lA Industrial waste Burial Grounds 1 Inactive 
218-W-2 Dry Waste Burial Grounds 2 Inactive 
218-W-2A Industrial Burial Grounds 2 Active 
218-W-3 Dry Waste Burial Grounds 3 Inactive 
218-W-3A Dry Waste Burial Grounds 3A Active 
218-W-4A Dry Waste Burial Grounds 4A Inactive 
218-W-4B Ory Waste Burial Grounds 4B Active 
218-W-4C Dry Waste Burial Ground 4C Active 
218-W-7 Vault South of 222-S Inactive 
218-W-8 Vault South of 222-T Inactive . 
218-W-9 Dry Waste Burial Grounds Inactive 

\ 218-W-11 Regulated Equipment Storage Site Active 

II.l-C-17 
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II.1-C, Part 3 Details of 200 East Area Facilities and Operations 

The flowchart of Figure II.l-C-3 depicts the transfer of waste generated in the Purex processing 
of N Reactor fuels. The fractionization of stored waste in B Plant requires the sluicing of 
tank farm sludges and the liquid waste transfers schematically depicted in Figure II.l-C-4. 

Fuel Processing - Purex Plant 

The irradiated fuel separation processes of Purex Plant yield waste streams which are routed to 
various processing and disposal s·ites. Figures II.l-C-5 and II.l-C-6 identify the waste streams 
produced by the Purex Plant and their destination, when Purex is both in operation and in 
standby status. Liquid waste lines emanating from the Purex Plant are shown in Figure II.l-C-7. 
They are described in Table II.l-C-7. 

Waste Fractionization (B Plant) and Waste Encapsulation and Storage Facility (WESF) 

The waste fractionization and encapsulation and storage activities of B Plant and WESF yield 
waste streams which are routed to various processing and disposal sites. Figures II . l-C-8 and 
II.l-C-9 identify the waste streams produced in B Plant and their destination, when B Plant is 
both in operation and in stanpby status. Figure II. l-C-10 identifies waste streams produced 
in the waste encapsulation storage facility. 

Liquid waste lines emanating from B Plant and the WESF are shown in Figure II.l-C-11. They are 
described in Table II.l-C-8. Lines used in the transfer of stored waste for fractionization 
are ~hewn in Figures II.l-C-12 and II.l-C-13, and are described in Tables II.l-C-9 and II.l-C-10. 
The 244-AR vault has an active role in waste processing and transfer operations. Input/output 
diagrams for vault activities are shown in Figures II.l-C-14, II.l-C-15, and II.l-C-16 for pro
cessing current acid wastes and acidified sludge, and standby. 

Boiling Waste Storage Facility Effluents 

Liquid waste lines used to dispose of process c~ndensate and condenser cooling water are shown 
in Figure II. l-C-17. They are described in Table II.l-C-11. 

In-Tank Solidification - 200 East Area 

Inter and intratank farm lines used for ITS processes in B, BX and BY tank farms are shown in 
Figures II. l-C-18 and II . l-C-19. The lines are described in Tables II. l-C-12 and II.l-C-13. 
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STORAGE 
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l RUN/DAY 

B PLANT 

2500 GAL/BATCH 

ITS-1,2 SOLIDIFIABLE 
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500 GAL/BATCH 

2 BATCHES/DAY 

SUPERNATES FOR CESIUM REMOVAL 
10 TO 50,CXXl GAL/RUN 
1-RUN/l OR 2 DAYS 
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HIGH-LEVEL WASTE A,AX,AY,AZ 

AR VAULT . 
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FIGURE II.l-C-3 TYPICAL PROCESS SOLUTION TRANSFERS 200 EAST AREA -
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4.000 GAL/BATCH r;R-:AULT 
1 3 TO 4 BA TCHIDA Y ,. __ 

SLUDGE WASH 
10,000 GAL/BATCH 
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IRRADIATED 

ESSENTIAL 
MATERIALS 

__ FU,_EL_......,SEE TABLE 11. l-f-5 

SANITARY 
WATER 

l.6xlo8 
GAL/YR 

jsT~I 
8.3xlo8 
f/YR 

~ 
~ 
3.6xl09 

GALJYR 

(alASSUMES ltxm/YR OF N 
REACTOR FUELS NONRADIOACTIVE 

INPROCESS 
INPROCESS RADIOACTIVE MATERIALS 

SOLIDS GASES LIQUIDS 

SOLi DS: NONE U • 20 TONS NONE ·u • 100 TONS 

BOILING 250 GAUT Pu-25 KGS Pu-130 KGS 
90s r-lxlo5 Ci 90s r-4x!o5 Ci 

WASTE LIQUIDS: 30 VOLS TBP IN NPS 
rncs -1x1o5 Ci 137 Cs-4xlo5 Ci 20, OOJ GAL HNO3 (ml 
95z r-Nb-5x105 Ci 95z r-Nb-2xlo6 Cl 25, OOJ GAL 
144ce-lxlo6 Ci 144ce-4xlo6 Ci 

TO B PLANT GASES: NONE Ru, TOT-3x!o4 Ci R u
1 

TOT-9xlo4 Ci 
VIA AR VAULT 237Np-0.2 KG 23 Np-I KG 

AMMONIA 
SCUBBER 

WASTE 

2!6-A-36-8 
CRIB 

NONBOILING 
WASTE 

C 
TANK FARM 

PROCESS 
CONDENSATE 

216-A-10 
CRIB 

CHEM 
SEWER 

216-B-3 
POND 

STEAM 
CONDENSATE 

216-A-30 
CRIB 

FILTERED 
EXHAUST 

GAS 

ATMOSPHERE 

COOLING 
WATER 

216-A-25 
POND 

FIGURE II.l-C-5 PUREX PLANT INPUT-OUTPUT DIAGRAM (OPERATING N FUELS)(a) 

SANITARY 
WATER 

5x o7 
GAL/YR 

NONRADIOACTIVE 
INPROCESS 

SOLi OS: NONE 

LIQUIDS: 30 VOLo/, TBP/NPH 
10, 000 GAL HN03 
(5<»,) 15, 000 GAL 

GASES: NONE 

NON 
BOILING 
WASTE 

TO C FARM 

PROCESS 
CONDENSATE 

216-A-10 
CRIB 

~ 
T. 

5. 7xlQB 
GAUYR 

I ST~MI 
Llxlo8 
fNR 

INPROCESS RADIOACTIVE MATERIALS 

SOLi OS 

NONE 

STEAM 
CONDENSATE 

GASES 

NONE 

FILTERED 
EXHAUST 

GASES 

SOLUTIONS 

U - <l TON 

Pu -<250GMS 

COOLING 
WATER 

CHEM 
SEWER 

216-A-30 ATMOSPHERE 216-A-25 216-B-3 
CRIB POND POND 

FIGURE II.l-C-6 PUREX PLANT INPUT-OUTPUT DIAGRAM (STANDBY) 
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J. 

'· 
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6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

1,. 

,. 

\, 15. 

-ms Fm 
TO 221-11 FACILITY 

B PlANT 

0 

-3910 FID 
TO 241-8-154 

DIVERSION BOX 

i . 
i 

200 400 600 800 

-mo Fm 
TO 216-A-25 POP«l 

GABLE MT.POI() 

PUREX CURRDIT ACID WAST£----- 1 
B Pl.ANT NE\JTIW.IZED HIGH·UVa. WASTE- 2 
PROCESS C0t()EHSAT£------- 3 
sruMCOl()EH~Tt-------, 

2'1-AZ 
TANK FARM 

AMMONIA SCRUBBER WASTE---- S 
216-11·2 CATCH TANK WAST{ - ---- 6 
COOLING WATtR -------- 7 

00 

' 7 

CHEMICAi. SEW[R -------- I 
REACTOR FUa. DEO.ADDING WASTE --- 9 
ORGANIC WASH WASTE ----- • 10 
SUMP WASTE --- · 11 
LABORATORY WAST£-------- · 12 
NON-BOILING WASTt-------13 
NON-BOILING WAST£ ----- ·· · 14 
PROCESS COt..DEHSATt SAMPLE PIT DRAIN-15 

TO 216·8·3 PONO 
B PlANT POt..D 

l--====7 

FHT 2!6-A·3b8 CRIB 

FIGURE I I. 1-C-7 202-A FACILITY PUREX PLANT ACTIVE WASTE TRANSFER LINES 

TABLE II. l-C-7 

PUREX PLANT ACTIVE WASTE TRANSFER LINES 
Funct ton Ouc r1pt1on Cathod1c Prouct1on Stcond1 rl Conti 1nff'l!nt 8ur111 o.eth !t.nl Ag• !iursl 

Current Acid Wute to 3 in., Sllinles s Steel Kot Requt red ConcNte 8 to 20 7 to 23 
B Phnt via LU-A.R Vault (,chedult 10) 

High-Loe) Wuu 8 Phnt 3 in •• Su in less Steel Not Rt quired Concr-e:te ; ... tth Une S to 20 0 to 23 
to J..Y 1nd J..Z Tank s vh (schedu le 10) fl 
244 -AR v,ult 

Process Condenu te to 8 1n., St11n1us Steel Yes No 25 11 
216-A-10 Crib (schedult 5) 

Stu• Condenu te 16 in. , Steel (schedul e 40) Not R.equf red: Coa ltd No 5 to 25 5 to 19 
to 216-A-JO Crib 1nd Wrapped 

NHi Scrubber Wuu 6 1n .• H.a i nless sa,1 to Yt< No 11 to 21 
to 216 - A- j 6d t r io 

216-A-2 C,tch T1nk into 4 in •• SU in less Stu I Yes No 4 to 20 to 19 
Pure• ( scnedul• 10) 

Cool in9 W,ter to 30 in., Steel (Schedule JO); Hot Rec:iui rtd No 2 to 13 16 
216-A-25 30 in. utrl•strength 
(Gabl e Ht.) Pond vitreous chy; 30 to ,2 in. 

14 9i u~ c0rru91 Ud ine U 1 

Chemi Cl 1 Sr.er to 12 1n., V1trrous Clay No t R,c:iuired Conc:reu; Pl rt ill 6 to 1 J u 
216-8-J Pond 

Oeclldding Wutt to 3 in., Stl1nlu s Steel P,rthl Conc:rtU; P1rthl 9 to 19 7 to 20 
C r,,... T1nk 10• (schodules 10 1nd •OJ 

Or91nic W-ash Wute to 3 tn, 1 Stiinhss Stul Pirth 1 Concrete; Plrthl 9 to 19 to 20 
C F1r• T1nk 104 (schedules 10 ,nd 40) 

SuftlP wute to C Fann 3 in., Stainlus Suel Partial Concrete t P1rt1i l 9 to 19 to 20 
T•nk 104 (schedules 10 1nd •o) 
L•b. wuu to C r,,.,. J in. , Suinl us 5teol P,rtii 1 Concrete; P1rth 1 9 to 19 to 20 
Tonk 104 (schedules 10 ind 40) 

C r,m T•nk 104 to 3 in. 1 Stainless Steel Tes No 2 to 12 
241-t-151 Diversion Boa (schedult •OJ 
(nonboiltng ~uu) 

Nonboiling Waste, J in., 11 91u9t Yu No 5 to 10 27 
241-t-151 to 241-8-154 18-8 Colun<>ian 
Divers 1on Boaes Suinless Steel • 
Process Condenu te 4 tn. 1 SU in less Stttl Yes No J• 20 
Sa111Plt Pit to 216-A-5 (schedule 40) 

II. l-C-23 



mo 
IPASI 

OR 
I ',I_,; ~ t ~ r¥l t ~ 

ESSENTIAL 
MATL'S 

&. 8xlo8 
GAUYR 

3.5xlo8 
I/YR 

2.9x10IO 
nfYR 

ux1o8 
GAL/YR 

SE[ TABLE 
11.1+2 

INPROCESS RADIOACTIVE MATERIALS 

NON RADIOACTIVE MATERIALS 
IN PROCESS 

SOLIDS: NONE SOLIDS: NEGLIGIBLE 

LIOUIDS:0.5M D2EHPA--0.3M TSP 
·NPH, 60'.() GALLONS 
"lHo INH41zCO) 10. 000 
GALLONS 

GASES : NONE 

GASES: NONE 

HIGH
LEVEL · 

WASTE 

INTERMEDIATE • 
LEVEL 

WASTE 

BOILING 
WASTE 

PROCESS 
CONDENSATE 

STEAM 
CONDENSATE 

FILTERED 
EXHAUST 

GASES 

SOWTIONS 
IN PROCESS 

IOMCi 

l·lOMCi 

0.3 MCi 

15MCi 

LDN·LEVEL 
WASTE 

CHEMICAL 
SEWER 

TO 216·8·12 CRIB TO ATMOSPHERE TO 216·8·63 TRENCH. 

TO TANK FARM TO 216· 6·55 CRIB .,, TO 216·8·,PONO 

WAS IT 

'IOSr 
TO ENCAPSULATION 

TO ENCAPSULATION 

,lalASSUMES PROCESS I NG Of 
200, 000 GAL SW OGE OR 
250, 000 GAL CAW PER YEAR 

FIGURE II.l-C-8 WASTE FRACTIONIZATION - B PLANT PROCESS INPUT-OUTPUT DIAGRAM (OPERATING)(a) 

FEED 
ENCAPSULATION 

PLANT WASTE 

NON RADIOACTIVE 

SOLIDS: NONE 

LIOU IDS: 0.5M D2EHPA-0.3[!1 
TBP - NPH, f:/:XXJ 

GALLONS 

GASES: NONE 

NON 
BOILING 

WASTE 

TO B FARM 

PROCESS 
CONDENSATE 

216-8-12 
CRIB 

~ 
9 

7xlo8 
GAUYR 

STEAM 
CONDENSATE 

216-8-55 
CRIB 

1,,~· I 
2xlo8 
f/YR 

G;J 
2. 6x1Ql0 

RADIOACTIVE MATERIALS 

·IN PROCESS 

90sr 

137cs 

Fl LTERED 
EXHAUST 

GASES 

ATMOSPHERE 

0 

0 

COOLING 
WATER 

216-B-3 
POND 

SANITARY 
WATER 

lxl08 

GA YR 

CHEM 
SEWER 

216-8-63 
TRENCH 

FIGURE II.l-C-9 WASTE FRACTIONIZATION - B PLANT PROCESS INPUT-OUTPUT DIAGRAM {STANDBY) 
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90sr 
30MCI 
PER YR 

137cs 
45MCI 
PER YR 

~ 
2.5xlo7 
tNR 

SANITARY 
WATER 

20x1o6 
GAL/YR 

NONRADIOACTIVE 
INPROCESS 

SOI.IDS: NONE 

LIQUID: NONE 

GASES: NONE 

TO B PLANT 
1-BATCH/DAY 
50 GAL/BATCH 
90Sr<2 Cl /GAL 

l37 Cs <0.5 Cl/GAL 

ESSENTIAL 
MATERIALS ~ 

SEE TABLE 11. l-f-3 

~ I 
5 TO ~lo6 20xlo6 

INPROCESS RADIOACTIVE 
MATERIALS 

SOLIDS LIQUID~ 

90sr 0. 3 MCI 90sr 0.2 MCI 

137cs LOMCI mes 0.5 MCI 

GASES: NONE 

ATMOSPHERE 

GA R GA R 

CAPSULE STORAGE 

SOLIDS 

137cs INCREASING 
90

sr INCREASlt.G 

l37 Cs-750 CAP/YR 
90s r-200 CAP /YR 

COOLING 
WATER 

25 TO 70x 106 GAL/YR 
216·8·3 POND 

FIGURE II.1-C-1O 225-B ENCAPSULATION INPUT-OUTPUT DIAGRAM 

i 
·•· 0 200 400 600 800 

I FEET 

B PLANT PROCESS CONDENSATE (BCPr- I 
B Pl.ANT STEAM CONDENSATE (BCSI-- 2 
BCP At-.0 BCS,------ -- 3 
CAW, NHW At-.0 CENTR IFUGE WASTE - - 4 
ION EXCHANGE WASTE - --- 5 
ION EXCHANGE WAST£----- 6 
CHEMICAL SEWER - ----- 7 
Cal. Z3 BOTTOMS------- 8 
TANK COOLING WAITR ----- 9 
CONDENSER COOLING WAITR-- -- 10 
NON -BOILI NG WASTr------ 11 
NON-BOILING WASTE---- - 12 
NON-BOILI NG WAST£---- -- 13 
TANK FARM SUPERNATANTS--~- 14 

241-BY 0000 
TANK FARM OOOO 

0000 

24l·BX·155 

JO 

216·8 ·59 TRENCH 

TO 216·8·3 PONO 
B PLANT PONO 

/ 

NOTE: COOLED WATER NORMALLY 
ROUTED TO 207 -B RETENTION 
BASIN via LI NE 110 

9 11 - 2746 FEET 
TO 241-C-152 
DIVERSION BOX 

-3380 FEET · 
TO 244-CR VAll.T 
ANO 
-3495 FEET 
TO 244-AR VAll.T 

FIGURE I I. l -C-11 221-B AND 225-B ENCAPSULATION ACTIVE WASTE TRANSFER LINES 
I 
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TABLE II.l-C-8 .. 
\ 

B PLANT ACTIVE WASTE TRANSFER LINES 

Buried 
Cathodic Secondary Depth Age 

Function Descri~tion Protec ti on Con ta i rwent {feet} {years} 
1. Process Condensate 4 in., Steel Not No 3 to 13 5 to 8 

Sample Tank to (schedule 40), Required, 
216-B-12 Crib and 4 in., Fiberglass coated and 

wrapped 
2. Steam Condensate 6 in., Steel Not No 4 to 9 8 

Sample Tank to (schedule 40) Required, 
216-8-55 Crib coated and 

wrapped 
3. 5 Lines: B Plant 3in.,SS ~sch. 4ol-2 Yes No 5 8 

Condensates to 4 in., SS sch. 40 -2 
Samp 1 e Tanks of 3 in., SS (sch. 10)-2 
#1 and #2 

4. 2 Lines: High- 3 in., Stainless Steel Not Concrete 4 to 20 0 to 23 
level waste to (schedule 10) Required 
and from 244-AR 
Vault (Purex Table 
#1 and #2) 

5. Ion Exchange Waste: 3. 5 in. , 11 gauge Not Concrete 8 to 1·2 26 
241-BX-154 to 18-8 Colunbian Required 
241-BX-155 Stainless Steel 
Diversion Boxes .• 

No(a) 6. Ion Exchange Waste: 3.5 in., 11 gauge Yes 10 to 21 27 
241-BX-155 to 18-8 Columbian 
241-BX-153 Div. Box, Stainless Steel 
to BX Farm Tank 104 

7. Chemical Sewer to 6 to 15 in. Vitreous Not No 5.5 to 15.5 1, to 25 ) 
216-B-63 Trench Cla~; Acid Proof Joints Required 

8. Cell 23 Bottoms to 3. 5 in. , 11 gauge Yes No(a) 5 to 22 24 to 27 
B Farm Tank· 101 via 18-8 Columbian 

' 241-B-154 and Stainless Steel 
241-B-151 Diversion 
Boxes 

9. High-risk Cooling 6 in., Steel (sch. 40); Not No 4 to 14 7 
Water to 216-B-3 8to12in., Steel Required, 
Pond via 207-B (sch. 20); Coated and 
Retention Basin 14 in., Steel (sch. 10); wrapped 

15 1n., Extra Strength 
Vitrified Clay 

" 10. Low-risk Cooling 24 in., Cast Iron; Not No 4 to 18 24 
Water to 216-B-3 24 and 30 1n., Required 
Pond via 207-B Vitreous Clay 
Retention Basin 

11. 2 Lines; 241-C-151 3 in., 11 gauge Yes No 5 to 10 27 
to 241-8-154 Diver- 18-8 Col1111bian 
sion Boxes (Purex Stainless Steel 
Table #14) 

12. 241-B-l54 to 3. 5 in., 11 gauge Yes No 1 o to 14 27 
241-B-152 to 18-8 Columbian 
241-BX-153 Stainless Steel 
Diversion Boxes 

13. 241-BX-153 and 3 in., Steel ~sch. 40~; Not Concrete, 3 to 10 7 to 22 
241-BYR-15? 6 in., Steel sch. 80 Required; Partial 
Diversion Boxes to coated and ' BX Farm Tank 103 wrapped 

14. Tank Farm j.5 in., 11 gauge Yes No 5 to 12 24 
Supernatant from 18-8 Colunbian 
241-B-154 Stain 1 ess Stee 1 
Divers f on Box 

(a) To be replaced with encased line. 

I I. l -C-26 



,,,.-
-3910 FEIT 

TO 241·8·1S4 
DIVERSION BOX 

AND +---~"f'""--.. 
-mo Fm 

TO 221-8 FACILITY 
B PLANT 

! 
·•· 

~ 

0 100 200 300 400 SOD 600 700 800 
e-, 

FE£T 

UJ' 

PUREX SlUICING SUPERNATANTS IPSS>-l 
PUREX SlUICING SUPERNATANTS IPSSl-2 
CENTRIFUGE WASTE SUPERNATANTS---l 
SUPERNAlANTS-------- 4 
SUPERNATANTS--------S 
SUPERNATANTS-------- 6 
SUPERNATANTS--------7 
Al.TrRNATE SUPERNATANT TRANSFER LINE-8 . 

00 241-AZ 
TANK FARM 

241-AX·ISI 

FIGURE II. l-C-12 244-AR VAULT ACTIVE WASTE TRANSFER LINES 
FOR TANK FARM SUPERNATANTS 

- 70l! FEIT 
..._ TO 216-A-25 PON> 

... 

• I 

' \ 

SLUDGE PROCESSING------- I 
SlUOGE PROCESSING------- 2 
SI.UOCE PROCESSING------- 3 
PUREX ACIDIFIED SLUDGE IPASJ---- 4 
PUREX SLUICING SUPERNATANTS IPSSJ-- S 
CENTRIFUGE WAST! FROM PAS PROCESSING- 6 
COO.ING WAT!R AND STEAM CONOENSAT!- 7 

• 

! 
·•· 
I 

0 200 'aJ 600 800 

FEIT 

0 241-< 0 0 TANK FARM 

000000 
000 

241-AZ 
TANK FARM 

00 

241-,\X 
TANK FARM 

241-A 
TANK FARM 

CAllE MT. PON> 

FIGURE II. l-C-13 244-AR VAULT ACTIVE WASTE TRANSFER LINES FOR SLUDGE SLUICING 
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TABLE I I. l-C-9 

TANK FARM ACTIVE TRANSFER LINES FOR SUPERNATANT 

Function 

1. Sl uic1ng Supernatant 
A Farm Tank 104 to 
241-AY-151 
Diversion Box 

2. Sluicing Sup., 
241-AY-151 to 
AX Farm Tank 103 

3. Centrifuge Sup . , 
A Farm Tank 101 
to Tank 104 

4. AX Fann Tank 103 
to 241-C-151 
Divers ion Box 

S. 241-C-151 
Divers ion Box 
to C farm Tank Hl:> 

6. C Fann Tank 105 
to 241-C-152 
Diversion Box 

7. 241-C-152 
Diversion Box 
to B Plant Via 
241-B-154 
Diversion Box 

8 . Alternate Li ne; 
A farm Tan k 101 to 
C Farm Tank 105 
via 241-C - 151 
Divers ion Bo x 

Descr1pt1on 

3 in .. , Steel 
(schedule 40) 

3 and 4 i n., Steel 
(schedule 10) 

4 in . , Steel 
(schedule 80) 

3 in., Steel 
(schedule 40) 

3 in . , 18-8 Colll!lbi1n 
Stainless Steel; 
3 1n., SS (sch. 10) 

3 1n., Stainless 
Steel 
(schedule 40) 

3 in., 11 gauge 
18-8 Co llrnb1an 
Stainless Steel 

2 i n . , Steel 
(schedule 40) 

Cathodic 
Protection 

Not 
Required; 
coated and 
wrapped 

Not 
R~qu1red 

Not 
Required; 
coated and 
wrapped 

Yes 

Yes · 

Yes 

Yes 

Yes 

(a) To be rep 1 aced wi th encased 11 nes 

TABLE II. l-C-10 

Secondary 
Con ta 1 nment 

No 

Concrete ; 
r.a 1 van i zed 
Corrugated 
16 ga • .-.etal 

No 

No(•) 

No 

No 

No 

Buried 
Depth 
(feet) 
3 to 9 

5 to 21 

3 to 8 

5 to 11 

2 to 13 

2 to 13 

5 to 10 

3 to 7.~ 

244-AR VAULT ACTIVE TRANSFER LINES FOR SLUDGE 

· function 

1. 4 Lines : A Farm 
via 241-A- 153 
diversion bo x, 
and AX Farm vi'a 
241-P.Y-152 
s 1 uice tran sf!r 
box 

2. A Fa rm , from Ta nks 
102, 103, 106 to 
#1 Above 

3. AX farm, from Tanks 
101, 103, 104 t o 
11 Above 

4. Acidified Sludge to 
B ~lant via 
241-AX-151 01 verter 
Station and 244 -CR 
Vault 

S. Sluicing Supernatant 
to A farm Tank 104 

6 Centr i fuge Waste, 
B Plant to A farm 
Tank 101 via Vault 
and 241-AX-151 
Divers i on Box 

7. Cc>ol Ing WJter and 
Steam Condensate 
to 216-A- 25 
(Gable "t.) Pond 

Description 

6 in . , Steel 
(schedule 40) 

6 in., Steel 
(schedule 40) 

6 1n., Steel 
(schedule 40) 

3 and 4 in . , Sta in
less (schedule 10); 
2, 3 and 3. 5 in., 
SS (schedule 40) 

3 and 4 in . , Stain
less (schedule 10) 

Cathodic 
,rotection 

Yes 

Not 
Required ; 
coated and 
wrapped 

Not 
Re4uired ; 
coated and 
wrapped 

Part 1a 1 

Yes 

3 to 4 in . , Stainless Partial 
(schedule 10) 
3. 5 in . Stainless 

2, 3 and 6 1n. 
Steel; 
12 In . , Concrete 

Not 
Required; 
coated and 
wrapped 

Bur1ed-
Secondlry Depth 

Containment • ~ 

No 

No 

Concrete 

~oncrete; 
Partial 

Concret~; 
Partial \a) 

Concrete; 
Part1a 1 

No 

4 to 14 

3 to 8 . 5 

2 to 3 . 5 

4 to 19 

s to 17 

4 to 20 

5 to 16 

( a ) Direct bur i al portion of l i ne will be re placed with ~ncas·ed line 

I I. l -C-28 

Age 
!lli!:!l. 

4 

10 to 11 

20 

6 

3 

27 

10 

<1 

7 to 23 

7 to 10 

D to 23 
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~ 
SANITARY 

WATER ER 

7 lx o6 

CAW FROM PUREX 
1250 GAL/TON OF Ul 

GALNR GALNR 

INPROCESS 
NONRADIOACTIVE 

MATERIALS 

SOLi OS: NONE 

LIQUIDS: NONE 

GASES: NONE 

COOLING WATER ANO 
STEAM CONDENSATE 

216-A-25 
POND 

~ 
ESSENTIAL § MATERIALS 

3.5xl07 L 0 
t/YR NEGLIGIBLE FT3fYR 

INPROCESS RADIOACTIVE 
MATERIALS 

SOLi OS: NONE 

LIQUIDS: 90sr 
rncs 
95zr-Nb 
144ce 
TOTRu 

GASES: NONE 

3xlo6 Cl 
2xlo6 Ci 
lxlQ7 Cl 
2xl07 Cl 
6xlo5 Cl 

Fl LTERED EXHAUST 
GASES 

ATMOSPHERE 

lalASSUMES CAW FRO't\ 
PROCESSING lCXXlTNR 
OF N REACTOR FUEL AT 
PUREX 

CAW 
TO B PLANT 

FIGURE II. l-C-14 244-AR VAULT INPUT-OUTPUT DIAGRAM - CAW PROCESSING(a) 

SWRRIED SLUDGE 
IFRO't\ 241-A, AX 
TANK FARMS) 

~ 
~ 
l.3xlo8 

SANITARY 
WATER 

lxl06 
GAUYR GAUYR 

INPROCESS 
NONRADIOACTIVE 

MATERIALS 

S OLI OS: NONE 
LIOU I OS : NONE 
GASES: NONE 

COOLING WATER ANO 
STEAM CONDENSATE 

216-A-25 
PONO 

lsr~I ESSENTIAL 

~ MATERIALS 

5xl07 
NEGLIGIBLE 

L2xl010 
t/YR FT3fYR 

INPROCESS RADIOACTIVE 

SOLi OS 
ANO 

LIQUI OS 

GASES : 

MATERIALS 

90sr 
137 

Cs 

NONE 

2xlo5 Cl 

lxlo4 Ci 

FILTERED EXHAUST 
GASES 

ATMOSPHERE 

PAS 

PSS 

(alASSUMES PROCESS ING 
OF 200, <XXl GAL SWDGE 
PER YEAR 

TO B PLANT 
VIA 
CR VAULT 

FIGURE II. l-C-15 244-AR VAULT INPUT-OUTPUT DIAGRAM - PAS PROCESSING(a) 
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NEGLIGIBLE 

SANITARY 
WATER 

NEGLIGIBLE 

1NPROCESS 
NONRADIOACTIVE 

MATERIALS 

SOLi DS~ NONE 
LIQUIDS: NONE 
GASES: NONE 

COOLING WATER IN 
STEAM CONDENSATE 

216-A-25 
POND 

NEGLIGIBLE 

ESSENTIAL 
MATERIALS 

NONE 

I NPROCESS RADIOACTIVE MATERIALS 

SOLIDS: NONE 
LIQUIDS: NONE 
GASES: NONE 

Fl LTERED EXHAUST 
GASES 

ATMOSPHERE 

FIGURE II.1-C-16 244-AR VAULT INPUT-OUTPUT DIAGRAM (STANDBY) 
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241-AY 
TANK FARM 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

8 8 8 
8 8 e 

µ M 
0 lO 60 90 120 

FilT 

' ·•. 

I 

PROC£SS CQjDENSAT[ I 
PROC£SS CONDENSA T[ z 
PROCESS CQjOENSA T[ 3 
PROCESS CONDENSAT[ ' ION EXCHANGE COWMN CONOENSAT[ FllD- S 
I ON EXCHANGE COW MN EFfWENT 6 
WAST[ COOi.iNG WAT[R 7 
CQjOENSA T[ WAST[ I 

-8840FUT 
TO Zl6-A·25 PQjD 
CABUMT. P0N11 • 

-eoFm 
TO Z16·A-I CRI I 

.. 
COOi.i NG WA TD! 

FROM ZOZ·AFACIUTY 
PUREX PLANT 

' 

FIGURE II.l-C-17 A, AX, AND AY TANK FARMS ACTIVE WASTE TRANSFER LINES 
FOR PROCESS CONDENSATES AND COOLING WATER 

TABLE I I. 1-C-11 

A, AX AND AY TANK FARMS: ACTIVE WASTE TRANSFER 
LINES FOR PROCESS CONDENSATES AND COOLING WATER 

Buried 
Cathodic: Secondary Depth 

Function Desc:rietion Protection Con ta i rwnent lli!!L 
Proc:. Cond. froa 6 in. , Steel Not no 14 to 16 
Condensers to (sc:hedule 80) required; 
Receiver and PUIIIP coated and 
Tank 241-A-TK-417 wrapped 

241-A-TK-417 to 2 and 3 in . , Not No 6 to 12 
241-AY-501 steel required; 
Valve Pit (schedule 40) coated and 

wrapped 

241-AY-501 to 2 in., Steel Not No 10 to 12 
AY Farm Tanks (schedule 40) required; 
101 and 102 coated and 

wnpped 
241-AY-501 to 2 and 4 in . , SS Not Concrete 10 to 20 
AX Farm Tanks (schedule l 0) required 
101, 102, 103 
and 104 

241-A-TK-4 l 7 to 2 in., Steel Not No 3 to 9 
Ion Exchange Col 1.11111 (schedule 40) required; 

coated and 
wrapped 

241-A-TK-417 2 in . , Steel Not No 3 to 16 
Overflow and Ion (sch. 40); required; · 
Exchange Col 1.11111 to 6 in. Steel coated and 
Sallll)ler Pit 12 (sch. 30) wrapped 

Cooling Water : 21 in . , 16 gauge Not Concrete 11 to 37 
Condensers to 911 van1 zed requ1 red; under 
216-A-25 Corrugated (asphalt 
(Gable Ht.) Pond coated) metal 

coated roadways 

Condensate; 16 1n . , Steel Not Concrete 4 to 7 
Saq,ler Pi t 12 (schedule 20) required; under road 
to 216-A-8 Cr1 b coated and l 

wrapped 

II.1-C-31 

Age 
.l.r.!llil 

16 

5 to 11 

s 

5 to 11 

4 

4 to 15 

16 

18 
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FIGURE II. l-C-19 ITS NO. l AND ITS NO. 2 ACTIVE WASTE TRANSFER LINES 
FOR PROCESS CONDENSATES AND COOLING WATER 
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TABLE II. l-C-12 
I ITS NO. 1 AND 2 ACTIVE INTERFARM WASTE TRANSFER LINES 

Buried 
Clthod1c Secondary Depth 

Function Descrietion Protection Con ta i ,...nt (fHt) ...il!!.!:!l 
1. BX Farw Tank 105 3 in., StHl Not No 3 to 9 5 

to BY Farw Tank 101 (schedule 40) required; 
BX Farw Tanks 105 to insulated 
106, 110 to 111, 
BY Farw Tanks 
101 to 104 
(Project 641) 

2. BY Fuw Tanks 3 in . , StHl Not No 3 to 9 3 
107 to 104 to 105 (schedule 40) required; 
to 103 to 106 to 109 insulated 
(Project 646) 

3. B Farw Tank 109 3 in., Steel Not No 3 to 8 2 
to BX Fal'II Tank 105; (schedule 40) required; 
BX Fane Tank 112 insulated 
to BY Fane Tank 110; 
B Fan, Tanks 112 
to 1(8 to 102 to 103 
to 106 to 109 to 1C8; 
BX Fam Tanks 110 
to 108 to 106, 112 to 
111 (Project 657) 

4. Salt Well Liquid 2 in., Steel Not No 4 to 6 
in B Fal'II; to Tank (schedule 40) required; 
102 fr011 Tanks 101, insulated 
104, 107, 110 

5. BY Fann Tanks 3 in., Steel Not No 2 to 5 
102 to 105; (schedule 40) required; 
B Fann Tanks insulated 
101 to 105 

6. BY Fam Tanks 3 in., Steel Not No 1.5 to 3 6 
108 to 109 to 112 (schedule 40) required; 

insulated 

7. BY Fann Tanks 3 in., Steel Not No to 3.5 5 
111 to 110 to 107 (schedule 40) required; , 
to 1(8 insulated 

8 . BY Fann Tanks 3 in., Steel Not No 1 to 2 
102 to 111 (schedule 40) required; 

r insulated 
\ 

9. BY Fann Tanks 1.5 in., Steel Not No 4 8 
112 to 111 (schedule 40) required: 

insulated 

10 . BX F&rffl Tanks 2 in . , Steel Not No 3 
108 to 109 (schedule 40) required ; 
(Phosphoric Ac i d insulated 
Solidification 
Process Prototype) 

TABLE II.1-C-13 
ITS NO. 1 AND 2 ACTIVE WASTE TRANSFER LINES FOR 

PROCESS CONDENSATES AND COOLING WATER 
Bur i ed 

Cathodic Secondary Depth Age 
Funct i on Descri2tion Prot ect i on Conta i rrnent ili!!.L ~ 

1. Condensate from 1.5 and 2 in , , Steel Not No 2 to 6 2 to 7 
Tank Exhausters (schedule 40) Required ; 
to BY Fam Tank coated and 
109; B Farm-2 wrapped 
Exhauster s 
BX Farm-2 Exhausters 
BY Farm- 1 Exhauster 

2. Condensate from 1 and 2 in . , Steel Not No 3 to 7 1 to 9 
one BY Farm (schedule 40) Required; 
Exhauster and ITS coated and 
n to Ion Exchange wrapped 
Unit 

3. Condensate from 2 in. , Steel Not No Above b 
ITS 11 to Ion (schedule 40) Required; Ground 
Exchange Unit insulated (5 feet) 

4 . ITS Ii Condenser 4 in. , Steel Not No 3 to 5 6 
Coo 1 i ng to 216-8-3 (schedule 40) Required; 
Pond vi a 207-8 coated and 
Retention S.s i , wrapped 

5. ITS #2 Condenser 6 in . , Steel Not Concrete; 3 10 
Cooling to 216-8-3 ( schedule 80 and Requ i red; Partial 
Pond via 241-BYR- schedule 40) coated and 

\ 154 Divers ion Box wrapped 

6. Condensate Processed 2 in . , Steel Not No a 10 
by Ion Exchange (schedule 40) Required ; 
Unit to 216-B Cribs coated and 

wrapped 

I I. 1-C-33 
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II.1-C, Part 4 Details of 200 West Area Facilities and Operations 

The Typical Process Solution Transfers within 200 West Area are shown in Figure II.1-C-20. The 
interarea transfer line is shown in Figure II.1-C-21. 

Plutonium Processing - Z Plant 

Plutonium processing operations of Z Plant (including scrap reclamation, chemical conversion and 
finishing operations) produce waste streams which are routed to various processing and disposal 
sites. Figures II.1-C-22 and II. 1-C-23 identify the waste streams produced by Z Plant and their 
destination when Z Plant is both in operation and standby status. Liquid waste lines emanating 
from Z Plant 6 are shown in Figure II.l-C-24 and described in Table II. 1-C-14. 

Uranium Processing - U0 3 Plant 

Calcining uranyl nitrate hexahydrate (UNH) solution to produce uranium trioxide (00 3 ) produces 
waste streams which are routed to various -processing and disposal sites. Figure II . 1-C-25 and 
II.1-C-26 identify the waste streams produced by the U0 3 Plant (224 U) and their destination, 
when the plant is both in operation and in standby status. Liquid waste lines emanating from the 
uo 3· Plant and the adjacent U Plant facilities are shown in Figure II.1-C-27 and described in 
Table II.1-C-15. 

222-S Laboratory - REDOX 

Laboratory operations yield waste streams of varying types which are routed to waste management 
facilities. Figure II.l-C-28 shows liquid waste lines emanating from the laboratory and their 
destination. The lines are described in Table II.1-C-16 . Lines for unloading and transfer of 
liquid waste received from the 100 and _300 Areas are also shown and described in the above figure 
and table. 

Decontamination--T Plant, Laundry and Mask Station 

Active decontamination and laundry waste lines are shown in Figure II . 1-C-29, and are described 
in Table II. 1-C-17. 

Evaporation/Solidification - 200 West Area 

Tank farm operations, including waste solidification facilities 242-T and 242-S, produce waste 
streams which are routed to various processing and disposal sites. Figures II.1-C-30 and 
II. 1-C-31 show the waste and transfer lines and are further described in Table II. 1-C-18. Fig
ure II. 1-C-32 shows the details of the 242-S evaporator and associated tank farm waste transfer 
lines and are further described in Table II . l-C-19. 
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241-UX-154 

FROM 200E AREA 

Z PLANT WASTE T, TX, TY 10,00J GAUBATCH 
T PLANT 

3,00J GAL/BATCH TANK FARMS 45 BATCHES/YR 
2 BATCHES/DAY 

Z PLANT 242-T 
EVAPORATOR 

T02<XlAREA 

8,00J GAL/BATCH 
U PLANT 20 00) GAL/BATCH U, S, SX TANK 1-BATCH/YR 

2 BATCHES/MO FARMS 

CUSTOMER 242-S 
WASTE EVAPORATOR 

222-S 
LABORATORY REDOX PLANT 

FIGURE II.l-C-20 

Material of Construction : 

Cathodic Protection: 

Secondary Containment : 

Buried Depth : 

Age : 

200 WEST AREA 

TYPICAL PROCESS SOLUTION TRANSFERS , 
200 WEST AREA 

3 in. sta i nless tubing per ASTM 

A-269-47 Type 347, -3. 5 fo . 0.0. 

0. 120 in . wall 

Yes 

Concrete encased 

5.5 to 16 ft 

23 yr 

ROAD 200 AREAS FIRE STATION 

I 

TRANS FER LINES 

I -
2CXXl FT 

FIGURE II.l-C-21 200-E AND 200-W TRANSFER LINES 
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PURIFIED Pu NITRATE 

Pu REWORK AND SCRAP 

SANITARY 
WATER 

Bx o7 
GAUYR 

NONRADIOACTIVE 
MATERIALS 

SOLi DS: NONE 

LIQUIDS: NONE 

GASES : NONE 

NONBOILING 
WASTE 

242-T EVAP 

COOLING 
WATER 

Z-19 DITCH 

~ ~ 
ESSENTIAL 
MATERIALS 

L5xlo8 ux1011 
SEE TABLE 11 . 1-f-6 

f/YR FT3/YR 

INPROCESS 
RADIOACTIVE MATERIALS 

SOLIDS: PWTONIUM. SEVERALlOOKG 

LIQUIDS: PWTONIUI,\ 200KG 
AMERICIUM. 1000 GM 

GASES: . NONE 

FILTERED 
EXHAUST 
GASES 

ATMOSPHERE 

(alASSUMES CONTINUOUS OPERATION 
OF Pu RECLAMATION ON PRODUCT 
REWORK AND SCRAP PROCESSING; 
Pu PROCESSING OPERATED AS 
REQUIRED TO SUPPORT RECLAMATION 

IN STORAGE 

SOLIDS: Pu 

LIQUIDS: Pu 
Am 2KG 

GASES: NONE 

i---- Pu OFFSITE 

,__ __ Am OFFSITE 

FIGURE II. l-C-22 Z PLANT INPUT-OUTPUT DIAGRAM {OPERATING)(a) 

SANITARY 
WATER 

5x107 
GALJYR 

[s7[ 
6xl07 
f!YR 

RADIOACTIVE MATERIALS 
IN STORAGE 

Pu VARIABLE 

NONBOILING COOLING 
WASTE WATER 

~ · 

l.5xl011 
FT3/YR 

FILTERED 
EXHAUST 

GASES 

242-T EVAPORATOR .Z-19 DITCH ATMOSPHERE 

FIGURE II. l-C-23 Z PLANT INPUT-OUTPUT DIAGRAM {STANDBY) 
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1. 

2. 

3. 

4. 

l 
'-. •.. 

242-T 

241-TX 
TAP!IK FARM 

0000 
00000 
00000 

000 

• 241-TXR -lSI 

200-W ACTIVE 
WAST[ TRANSFER LINES 

0 500 
I I I I I I 

Fm 

FIGURE II.l-C-24 Z PLANT 

TABLE I I. 1-C-14 

Z PLANT ACTIVE WASTE TRANSFER LINES 

Cathodic Secondary 
Function Descri et ion Protection Conta i rment 

High Sa 1t Waste 2 in., Stainless Yes Pipe in Pipe 
• from 234 ,5-Z to Steel (2) 

242-TA Tank R-1 

234,5-Z Cooling 15 in. , Vitrified No Concrete 
Water, Condensate Clay (2) 
and Chemical Sewer 
to 216-Z-19 Ditch 

231-Z Cooling 8 in., Vitrified No No 
Water, Condensate Clay; 10 in., 
and Chemical Sewer Wrought Iron 
to 216-Z-19 Ditch 

231-Z Process 3 in., Stainless No No 
waste .to 216-Z-16 Steel (3); 3 in. and 
Crib 4 in . , PVC 

I I. l-C-39 

Buried 
Depth Age 
(feet} (.~ears l 
3.5 to 5 

3. 5 to 6 12 

3.5 to 8 8 

3.5 to 18 6 



SANITARY 

~ ls1~M I 
·~ 

lalASSUMES PROCESSING 
WATER OF lCOO TONS OF URANIUM ER 

PER YEAR 
2xl07 L7xlo8 . 7xl07 2.8xlo9 

GAUYR GAUYR f/YR FT3rvR-

NONRADIOACTIVE RADIOACTIVE 
UNH REWORK PUREX 

UNH FROM STORAGE SOLIDS: NONE 
SOLIDS: U-20TONS 
LIQUID: U-15 TONS U~ OFFSITE 

(700 TONS PEAK 
LIQU ID: NONE GASES: NONE RECOVERED NITRIC 

INVENTORY) ACID TO PUREX 
GASES: NONE 224 -U AND 224-UA 

PROCESS 
CONDENSATE 

216-U -12 
CRIB 

STEAM 
CONDENSATE 

FILTERED 
EXHAUST 

GAS 

COOLING 
WATER 

CHEM 
SEWER 

216-U-12 ATMOSPHERE 216-U-10 216-U-10 
CRIB POND POND 

FIGURE II. 1-C-25 U0 3 PLANT INPUT-OUTPUT DIAGRAM (OPERATING)(a) 

SANITARY 
WATER 

NEGLIGIBLE 

~ 
~ 

NEGLIGIBLE 

is,~I 
NEGLIGIBLE 

NONRADIOACTIVE RADIOACTIVE 
INPROCESS INPROCESS 

SOLi OS: NONE 
LIQUIDS: NONE 
GASES : NONE 

SOLi OS: U-9 TONS 
LIQUIDS: NONE 
GASES : NONE 

PROCESS 
CONDENSATE 

216-U-12 
CRIB 

STEAM 
CONDENSATE 

216-U-12 
CRIB 

216-U-10 
POND 

FIGURE II . l-C-26 U0 3 PLANT INPUT- OUTPUT DIAGRAM (STANDBY) 
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FROM 241 -U-154 

200-W ACTIVE 
WASTE TRANSFER LINES 

0 500 

FEIT 
___,. , ......... 

FROM 241 -ER · ISI Mil TO 241-ER-151 

241 -U 
TANK FA RM 

f?CJ 
216-U-12 

FROM 241 -S·ISI 

FIGURE II.l-C-27 U PLANT AND U03 PLANT ACTIVE WASTE TRANSFER LINES 

TABLE II.1-C-15 

U PLANT AND U03 PLANT ACTIVE WASTE TRAI-ISFER LINES 

Buried 
Cathodic Secondary Depth Age) 

Function ·oescrietion Protection Con ta i nr11cnt {feet) (.z:ears 

1. Decontamination 3 in., Stainless Steel Partial Concrete 8 to 18 25 
Solutions from (11 gauge) 
221-U to U Farm 
Tank 107 via 
Diversion Boxes 
241-UX-154, 241-TX-
155, 241-U-152 and 
153 (Al so for T 
Plant Waste) 

2. 224-U Process 24 in . , 1itrified Not No 6 to 17 20 
Cooling Water to Clay Required 
216-U-14 Ditch via 
207-U Retention 
Basins 

3. 291-U Stack Drain 3.5 in., Stainless Yes Partia 1 4 to 8 20 to 22 
to 241-UR-154 Steel 
Diversion Box, to (schedule 40) 
Tie-in from 224-U 

4. Also 224-U Process 
Condensate to Tie-in 
Point for 216-U-12 
Crib line 

3,4 .Tie Point (Above) 6 in., Vitrified Clay Not No I 4 to 19 14 to 20 
to 216-U-12 Crib Required 

I I. l - C-41 
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1. 

2. 

3. 

4. 

5. 

__):::========::::._ 
7 

216-U-14 DITCH 24!-S-ISI 
2111 -s 

TO 216-U-10 POl'll TANK FARM 

242-S 0000 
0000 
0000 

00000 2'1l·SX 
OO O O O TANK FARM 
00000 

o 241 ·SX ~02 & 401 
D 

216-S-25 

200-W ACTIVE 
WASTE TRANSFER LINES 

0~ 
FtET 

FIGURE II. l-C-28 REDOX PLANT AND 222-S LABORATORY ACTIVE WASTE TRANSFER LINES 

TABLE II.l-C-16 

222-S REDOX PLANT ACTIVE WASTE TRANSFER LINES 
Buried 

Cathodic Secondary Depth Age 
Function Description Protection Containment (feet) (years) 

Process Waste from 3 in., 11 gauge Yes Concrete 2.5 to 23 22 
222-S Lab. to 240- Stainless; 
S-151 Diversion Box 3 in., Steel ( sch. 80) 
via 219-S and 202-S 
Buildings ( to U 
Fann as Above) 

Railroad Tank Car 2 and 3 in. Stainless Yes Yes 3 to 25 3 to 23 
Waste to U Fann Steel (schedule 40); 
Tank 107 via 204-S 3 in. , Stee 1 (sch. 80) 
Tanks Pump and 
Diversion Boxes 
240-S-152, 151 and 
241-U-153 

Waste Water from 8 in., Vitrified Not No 3.5 to 12.5 22 
222-S Lab. to Clay Required 
216-S-19 Pond via 
207-L Retention 
Basins 

Waste Water from 12 in., Vitrified Not No 3. 5 to 19 23 
202-S and High Clay Required 
Tank Overflow to 
216-S- l O Pond 

Stack :Jrain 3 in., Stainless Yes Concrete 4 to 12 23 
Line to the Steel (sch. 40) 
202-S Bldg. 
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1. 

.. 
2. 

3. 

-/ 
\ ., _ 

-·--
200-W ACTIVE 

¥ASTE TRANSFER LINES 

TO 216-U·IO 
POt-.0 

i\ 
FROM 241· 0 500 

I I I I I I 241· ~-- U·l54 
FEET 

FIGURE II.l-C-29 T PLANT, LAUNDRY AND MASK STATION 
ACTIVE WASTE TRANSFER LINES 

TABLE II. l-C-17 

T PLANT, LAUNDRY AND MASK STATION ACTIVE WASTE TRANSFER LINES 

Buried 
Cathodic Secondary Depth 

Function Descr i et ion Protection Containment {feet} 

Neutralized Decon- 3 in . , 11 gauge Partial Concrete 8 to 18 
tamination Waste Stainless Steel 
from 221-T to U 

. Farm Tank 107 vi a 
Diversion Boxes 
241-TX-154, 155 
and 241-U-152, 
153 (Al so for U 
Plant Waste) 

Waste Water fran 8 and 10 in . . Vitreous No No 3.5 
2724-W Laundry and Clay; 24, 36 and 
2773-W 1•1ask 42 in; Concrete 
Cleaning to 
216-U-14 Ditch 

Stack Condensate · 3.5 in., 11 gauge Yes Concrete 4· 
from 291-T Stainless Steel 

I I. l-C-43 

Age 
{.~ears} 

25 

29 

30 
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EARTH DIKE 

0000 
0000 
0000 

~1-T 
TANK FARM 

000 
000 

~I-TY 
TANK FARM 

200-W ACTIVE 
WASTE TRANSFER LINES 

0 500 
11 II II 

FEIT 

FIGURE II . l~C-3O T FARM AND EVAPORATOR ACTIVE WASTE TRANSFER LINES 

EARTH DI KE 

DITCH 

216-U-10 
POND 

TO 216-U-ll POND 

200-W ACTIVE 
WASTE TRANSFER LINES 

0 500 
L.J......IJ...L 

FEET 

FIGURE II. 1-C-31 S, SX AND U FARMS AND EVAPORATOR 
ACTIVE WASTE TRANSFER LINES 
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TABLE II.1-C- 18 

EVAPORATOR AND TANK FARM ACTIVE WASTE TRANSFER LINES 

Buried 
Cathodic Secondary Depth Age 

Function Descrietion Protection Containment (feet} (xears} 

1. Cooling Water from 4 in. Steel No No 3 to 7 20 
242-T Evaporator (schedule 40) 
to 216-T-4 Pond 
via 207-T 
Retention Basins 

2. Process Condensate 3.5 in . . Stainless Yes No 3.5 to 18 18 
from 242-T Evapora- Steel; 3 in. Steel 
tor to 216-T-14 
Crib via 241-TX-153 
Di version Box 

3. Cooling Water from 24 in. Corrugated No No 3. 5 to 8 
242-S Evaporator Meta 1 , Zinc Coated 
to 216-U-10 Pond via 
216-U-14 Ditch 

4. Process Condensate 4 in. Steel No No 3.5 to 8 
from 242-S Evapora- (schedule 40) 
tor to 216-S-25 
Crib 

5. Process Waste 3 in. Stainless Steel Yes Concrete 7 to 20 20 
Transfer Between (18-8 Columbian) 
S and SX Farms 
Diversion Box 
241-S-151 and U 
Farm Box 241-U-152 

6. East Area Neutral- 3 in. Stainless No Concrete 3 to 18 2 
ized High-Level Steel (2) 
Waste to Sand SX (schedule 10) 
Farms for Evapora-
tor Feed via 
Diversion Boxes 
241-UR-154, 
241-S- 151 and 
241-SX-151 

/ 
7. 242-S Evaporator 2 and 3 in. Steel No No 3 to 4 . 

Supernate Feed · (schedule 40) 
from 241-S-02A _ _. 
Pump Pit; A 1 so 
Slurry Discharge 
to S Tank Farm 

8. Condenser Cooling 8 in. Steel No No 3.5 to 5 19 
Water, SX Farm to (schedule 40) 
216-U- l O Pond 

\, __ 
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2. 

3 . 

4. 

5. 

SLURRY FROM 2'12-S 

ROAD 

V~VE PIT 2'11-S-C 

2•11 -S-TANK FARM 

242-S EVAPORATOR ACTIVE WAST[ LINES 

0 50 
~ 

FEET 

SUPERNAT[ TO sx-s-vAi.VE PIT 
SLURRY TO SX-B V~VE PIT 
SLURRY TO SX-1, V~VE PIT 

SUPERNATt: TO S)(.,t, V~'/E PIT 

SLURRY WAST[ - · -- I 
SUPERNATE WAST[- - 2 
EMERGENCY DUMP-- 3 
PROCESS CO!-IJEN~Tt: _ 4 

DIVERSION 
S n:A M COIi> ENSA n:__ 5 

DIVERSION 

FIGURE II. l-C-32 242-S EVAPORATOR ACTIVE WASTE TRANSFER LINES 

TABLE II:l-C-19 

242-S EVAPORATOR AND ASSOCIATED TANK FARM WASTE TRANSFER LINES 
Buried 

Cathodic Secondary Depth Age 

Function :Jescrietion Protect ion Containment ~ ~) 

Slurry transfer 2 in. Carbon Steel No No 3 to 4 

l i ne network fran ( schedule 40, 
242-S to Tanks Insulated) 
241-S-101 through 
241-S-11 2 via 
valve pi ts 24 1-S-
A, B, C & D. 

Supernate transfer 3 in. Carbon Steel No No 3 to 4 

line network from ( schedule 40, 
Tan ks 241- S- l 01 Insulated) 
through 241 - S- 112 
to 242-S via valve 
pits 241-S-A, B, 
C & D. 

Emergency slurry 10 in. Carbon Steel No No 
dump transfer line ( schedule 40, 
from 242-S Insulated) 
Evaporator 
to the 24 1-S-103 
tank 

Process condensate 6 in. Carbon Steel No No 7 

diversion tra nsfer (schedule 40, 
line fran the Insulated) 
242-S Evaporator 
to the 241 - S-103 
Tank . Floor drain 
waste is also 
routed to the 
241-S-103 tank 
via this line. 

Steam condensate 10 in. Carbon Steel No No 

diversion trans- (schedule 10, 
fer 1 i ne from coated and wrapped) 
242-S to the 
241-S-103 tank . 
Sump drainage 
from 242-S is 
also routed to 
the 241-S-103 tank 
via this line . 
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II.1-C, Part 5 Radionuclides Stored Beneath Selected 200 Areas Cribs 

II.1-C.1 Ground Disposal [X.24] 

At Hanford, liquid waste containing intermediate-levels of radionuclides has been discharged to 
the ground via structures collectively tenned cribs. The cribs are subsurface liquid distr i bu
tion systems from which waste solutions percolate downward through underlying sediment columns 
(Figure II.l-C-33). During this downward percolation, the solutions react with t~e sediments 
and nearly all of the disposed radionuclides are retained by the earth materials before reaching 
the water table. 

The ground disposal operations at Hanford · have been carried out under carefully controlled condi
tions. Many of these conditions were based upon laboratory studies of sediment characteristics 
and upon dynamic tests conducted using representative waste and soil columns. 1 Controls based 
on these laboratory studies have been verified by careful examination of the behavior of radio
nuclides in the ground beneath actual disposal sites through drilling and ground water monitoring 
operations. 

~:"!··~--": 
. - - .. -. -... - - -· ... -._ . - . 
... -... 
- : . --.. 

MONITORING WELLS 

_,. 

WATER TABLE 

DIRECTION OF FLO; 

>·-r SANO 

. , . 
·-2: SILT 

~~/ -~_r) 
./· :·•:; / SANO 

-~ - ';\ 
0 
N 

;,~ 
/}',, 
•~~• SANO,GRAVEL 
·~i~' a SILT 7.-, ,:,_:/, 

/ oo; ~ .1 
>; 

FIGURE II.1-C-33 BLOCK DIAGRAM SHOWING RELATIONSHIP BETWEEN SEDIMENTARY MATERIALS 
AND DISTRIBUTION OF WASTE LIQUIDS IN THE VADOSE ZONE BENEATH A 
TYPICAL HANFORD CRIB 

II .1-C.2 Field Study of 216-S-1 and -2 Cribs Site 

The most complete data regarding radionuclide migration in the vadose zone were obtained from 
the 216-S-l and -2 Cribs si t e. 2 This disposal facility consisted of two timbered cribs buried in 
an excavation 11 meters (36 ft) deep, 12 meters (39 ft) wide, and 30 meters (98 ft) long. Three 
monitoring wells were initially drilled through the bottom area of the excavation to a depth of 
46 meters (151 ft), termina t ing 18 _meters (59 ft) above the regional water table. 

This facility was in service from January 1952 until January 1956. During this four-year period 
approximately 1.5 x 108 liters (4.0 x 101 gallons) of waste liquid were discharged into the 
ground through the bottom area of the excavation. Contained in this liquid waste were an 
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estimated 750,000 Ci of mixed fission products, including 3,000 Ci of 90sr and 2,000 Ci of 137Cs. 
The crib was removed from service when the 137Cs ~nd · 90sr concentrations in samples taken from 
the monitoring wells reached levels equal to ERDA Concentration Guides listed in ERDAM-O524, 
Annex A, Table 2, Column 2. 3 · 

Early in 1956, following the termination of discharges to the 216-S-l and -2 Cribs site, an 
exploratory- field study was undertaken to determine the spatial distribution of radionuclides in 
the underlying sediments. An evaluation of the field data and results from radiochemical analysis 
of the sediments cored from these wells was made. Three of the shallow wells located at this 
site were deepened and six additional research wells were drilled through the contaminated 
sediments. A special well logging program was initiated to detect possible changes in the radio
nuclide distribution pattern with time. Well logs showing profiles of ganma activity throughout 
the vadose zone were obtained with a scintillation counter probe. Later a neutron probe was 
incorporated into this monitoring zone in each well. 

In 1966, 10 years after the first field exploration at the 216-S-l and -2 Cribs site, five addi 
tional wells were drilled to determine the extent of radionuclide redistribtuion. The logging 
data indicated that very little change had occurred around the periphery of the crib site, so 
attention was focused on the sediment column directly underlying the crib excavation. 

Figure II.l-C-34 shows two diagra11111atic cross-sections· and a plan view of the 216-S-l and -2 
Cribs site and the associated monitoring wells. The radionucli·de distribution, determined ~t the 
time the crib site was removed from service in 1956, is indicated in the upper portion of F.ig
ure I I . l-C-34 and the results of the 1966 evaluation are shown in the lower portion. The isocon
centration line, selected to delineate the shape of the 90sr and 137Cs contamination patterns in 
these two cross-sections, was arbitrarily chosen at 10-4 µCi per gram of sediment. A schematic 
log of the geology beneath this area and the position of the regional unconfined water table are 
shown in these cross-sections. The grain size definitions for the sedimentary materials are 
given in Table II.l-C-2Oa. 

The upper cross-section in Figure II. l-c : 34 depicts the 1956 study results. The approximate 
degree of .lateral spreading of liquids is indicated by the isoconcentration line at the 10-4 

µCi/g value. Very little lateral spreading of the long-lived radionuclides had taken place, with 
strontium and cesium being detected in only three of the wells (299-W22-ll, -15, and -18) drilled 
adjacent to this crib site at distances up to 35 meters (115 ft). The contamination pattern in 
the sediment column irimediately beneath the excavated crib site was determined from the 46 meter 
(151 ft) depth downward by deepening the three original wells. Radiochemical analy~es of sedi
ment samples removed from the bottom of the wells showed both 90sr and 137 Cs present in concen
trations above 10- 4 µCi/g. Some question existed as to whether this activity resulted from 
radionuclide migration through the sediment column or from channeling of the liquid waste down 
well casings. As a result of this investigation it was concluded that the bulk of the long-l i ved 
fission products were contained in the sediments underlying the crib excavation to a depth of 
about 15 meters (49 ft). 

The lower cross-section in Figure II.l-C-34 depicting 1966 results also shows the 10-4 µCi/g 
isoconcentration lines for 90sr and 13 7Cs. By 1966 nearly all of the radionuclides with half
lives of less than one year had decayed to concentrations below their routine analytical detection 
limits. Of the nuclides with half-lives greater than one year, all were below the 10-4 µCi/g 
limit except where they were detected within the contaminated zones shown for strontium and cesium. 
Wi thin these contaminated zones, the following maximum concentrations were noted : 6 °Co, 2 x 10- 1 

µCi/g; 1 2 5Sb, l x 10- 1 µCi/g; and 106 Ru, 9 x 10-4 µCi/g. The concentration distribution of these 
nuclides followed the same general pattern as that observed for strontium and cesium. The data 
from these field investigations indicate that greater than 99.9% of the strontium and cesium 
curies discharged to this disposal site are contained within the first 5 to 10 meters (16 to 33 ft) 
below the bottom of the two cribs 10 years after the distribution of liquid to the facilities had 
been terminated. 

The lower cross-section in Figure II.l-C-34 indicates that liquid waste, in draining through the 
sediment column, transports small yet measurable amounts of strontium and cesium downward from 
the zones of high concentration irrvnediately below the cribs. The lenticular-shaped zones of 
strontium and cesium, designated A through E in this cross-section, probably represent sedimen
tary interbeds with greater capacity for removing the radionuclides from tbe liquid waste. Fig
ur~ II.l-C~35 shows the 137Cs and 9bsr concentration profiles in two wells drilled through the 
bottom area of the 216-S-l and -2 Cribs site. The concentrations were determined from radio
chemical analyses of the sediments cored during the drilling operation. These logarithmic graphs 
show that the bulk of the cesium activity is in a relatively narrow zone and that the strontium 
activity has built up on the sediments to concentrations above 10-1 µCi/g over a 15 meter (49 ft) 
vertical section. The letter designations on these two graphs indicate the positions of the 
lenticular zones shown in Figure II.l-C-34. 
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TABLE I I. l -C-20a 

GRAIN-SIZE DEFINITIONS OF SEDIMENTARY MATERIALS AS USED IN THIS 
REPORT AND IN COIIMON USAGE IN HANFORD GEOLOGIC RESEARCH4 

{sieve size} 
Descrietion rrm in. 

Very fine clay 0.00024 to 0.00049 0.0000096 to 0.000019 
Fine clay 0.00049 to 0.00098 0.000019 to 0.000038 
Medium clay 0.00098 to 0.00195 0.000038 to 0.000077 
Coarse clay 0.00195 to 0.0039 0.000077 to 0.00015 

Very fine silt 0.0039 to 0.0078 0.00015 to 0.00031 
Fine silt 0.0078 to 0. 0156 0.00031 to 0.00062 
Medium silt 0.0156 to 0.313 0.00062 to 0.0013 
Coarse silt 0.0313 to 0.625 0.0013 to 0.0025 

Very fine sand· 0.0625 to 0.125 0.0025 to 0.0049 
Fine sand 0.125 to 0.25 0.0049 to 0.0098 
Medium sand 0.25 to 0.50 0.0098 to 0.0197 
Coarse sand 0.5 to l 0.0197 to 0.0394 
Very coarse sand l to 2 0.0394 to 0.079 

Very fine gravel 2 to 4 0.079 to 0.157 
Fine gravel 4 to 8 0.157 to 0.315 
Medi um gravel 8 to 16 0.315 to 0.630 
Coarse gravel 16 to 32 0.630 to 1.26 
Very coarse gravel 32 to 64 1.26 to 2.52 

Sma 11 cobbles 64 to 128 2.52 to 5.04 
Large cobbles 128 to 256 5.04 to 10.08 

Sma 11 boulders 256 to 512 l 0. 08 to 20.16 
Medium boulders 512 to l 024 20.16 to 40. 31 
Large boulders l 024 to 2048 40.31 to 80.63 
Very large boulders 2048 to 4096 80.63 to 161. 3 

There are two possible explanations for the higher strontium and cesium concentrations at the 
46 meter (151 ft) depth (Zone Din Figures II.l-C-34 and C-35). Perhaps liquid waste channeled 
down from the well casings to this depth, with lateral spreading taking place above the caliche 
horizon (CaC0 3 ) known to be present here. If bypassing down the well casings occurred, the 
contamination pattern shown in the lower cross-section of Figure II.l-C-34 would actually repre
sent the•migration in two disposal sites, one on top of the other. 

Zones A, B, and C in Figures II.l-C-34 and II.l-C-35 show the extent of migration from beneath 
the crib structures while Zone E shows the migration from the. liquid. waste entering the ground 
at Zone D. The other possibility is that the selectivity of _the minerals in the sediments in 
this zone are significantly greater for strontium and cesium than those in strata where the peak 
activities occur at positions A, B, and C. Experience at Hanford has shown that geologic strata 
underlying the Hanford Reservation have significantly different mineral contents. In Zone D 
beneath this disposal site, a significant change in mineralogical composition of the sediments 
occurs which accounts for the observed increase in radionuclides concentrations (Figure II.l-C-35). 
Calcium carbonate and mica are present in significant quantities. Both of these minerals are 
very selective for strontium and cesium ions. 

Data from the well. logging program indicate that the waste liquid is draining from the ·vadose 
ZOl)e beneath th.is disposal site. Figure II. l-C-36 shows l) a plot of the gamna activity and 
moisture content in the ground beneath the 216-S-l and -2 Cribs between the 44 meter (144 ft) and 
60 meter (197 ft) depths and 2) a sediment log. In the 44 to 46 meter (144 to 151 ft) zone the 
sediments are predominantly sand and silt, with some gravel; below the 46 meter (151 ft) depth 
the materials are mostly coarser grained sands and gravels. The gamna profiles in this figure 
are for the years 1958, 1959, )963, and 1966. The neutron logs presented are for the years 1965 
and 1966. These were the only logging records available for this crib site. The neutron count 
rates were converted to percent moisture by volume. 
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Two distinct gamma peaks are shown on the 1958 profile; one at the 46 meter (151 ft) depth and 
one at the 52 meter (170 ft) depth. Each successive year the count rate decreased and the rela
tive positions of the peaks moved progressively lower in the section (comparison of point l or 
2 on the curves). The garrma data indicate that the activity recorded is predominantly 106Ru, 
which has a 1-year half-life. This nuclide is not appreciably exchanged on the sediments and 
provides some infonnation on the. rate of movement of the liquid through the sands and gravels. 

The average rate of moisture movement downward during the period 1958 to 1959 was about 1.5 meters 
(4.9 ft) per year. From 1959 to 1963 the average rate dropped to about l meter (3.3 ft) per year, 
then from 1963 to 1966 the downward rate averaged 0.5 meters (1.6 ft) per year. Although these 
data are only approximate, they do show that the rates of movement appear to be decreasing with 
time, as would be expected. The reduction in moisture content from 1965 to 1966 amounted to 
about 1% by .volume. 

The movement of 90sr and 137Cs within the groundwater system, if such radionuclides should ever 
reach groundwater, would be orders of magnitude slower than the flow of the groundwater due to 
absorptions-desorption-absorptions on the soils, sands, and mineral through which the groundwater 
is flowing. To assume for an impact calculation that the materials do reach the groundwater in 
quantity and then move to the Columbia river. so rapidly as to neglect radioactive decay is not 
in keeping with the facts known about the crib-groundwater-radionuclide system. To take even 
the mininum flow time of 15 years for water and hence about l ,500 years for 90sr and 137Cs, 
would give about 50 half-lives of decay. These nuclides will not likely ever enter the ground
water in quantity from the cribs because no motive or driving force is present over a long 
enough period of time to cause a continued downward movement. If the nuclides took only 15 half
lives to reach the river, the EPA calculated dose would be reduced to 0.02 man-rem. 

II. 1-C.3 Additional Exploratory Drilling 

In 1966 a study4 was made to evaluate the quantity of long-lived radionuclides retained on the 
sediments within 25 feet (7.6 meters) of the regional water table beneath selected crib sites. 
Eleven major waste disposal sites (including the 216-S-l and -2 site) were investigated by drill
ing and sampling the underlying sediments. The exploratory wells drilled during this study and 
their relationships to given cribs are listed in Table II.l-C-20b. The results of the drilling 
are sunrnarized below according to the disposal site area. The 216-S-l and -2 Cribs are not 
discussed here because of the more detailed infonnation given above 

TABLE II.l-C-20b 

WASTE FACILITY EXPLORATORY WELLS 
Disposal Depth {Meters 

Site Monitored Well Number ili& Aeerox} 

216-BY-1 Crib 299 E33-1A 146 (45) 
216-BY-3 Crib 299 E33-2A 233 {71) 
216-BY 2 & 3 Cribs 299 E33-3A 141 ml 216-BY-4 Crib 299 E33-4A · 230 

216-A-5 Crib 299 E24-1A 320 (98) 

216-BC-3 Crib 299 E13-3A 338 (103) 
216-BC-7 Trench 299 E13-7A 100 (31 l 
216~BC-.J7 Trench 299 E13-14A 94 (29) 

216-A-24 Crib 299 ~26-4A 245 (75) 

216-A-8 Crib 299 E25-6A 208 {64) 
216-A-8 Crib 299 E25-SA 85 (26) 

216-S-1 & 2 Cribs 299 W22-1A 202 (62) 
216-S-l & 2 Cribs 299 W22-3A 207 (63) 
216-S-1 & 2 Cribs 299 W22-1B 206 (63) 
216-S-1 & 2 Cribs 299 W22-11A 115 (35) 
216-S-1 & 2 Cribs 299 W22-1C ·206 {63) 

216-S-7 Crib 299 W22-14A 212 !65) 
216-S-7 Crib 299 W22-13A 212 '65) 

216-T-28 Crib 299 W14-2A 205 {63) 

216-S-9 Crib 299 W22-26A 216 (66) 
216-S-9 Crib 299 W22-27A 215 (66) 

216-Z-9 Crib 299 W15-83 100 (31) 
216-Z-9 Crib 299 Wl 5-94 95 (29) 
216-Z-9 Crib 299 W15-94A 50 (15) 

216-Z-12 Crib 299 W18-SA 212 ml 216-Z-12 Crib 299 W18-5B 50 
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216-BY Cribs. The 216-BY crib site was selected for investigation because of 1) the large amount 
of radioactivity disposed, 2) the nature of the waste, and 3) the location .of the cribs in the 
northern _part of 200 East Area. The eight combined cribs received ~3.5 x 107 liters (9.2 x 106 
gallons) of waste containing <u4.4 x 105 gross beta Ci of U Plant high salt scavenged waste. The 
waste contained ~3000 Ci of 137Cs and ~10,000 Ci 90Sr. 

The highest measured 137Cs and 90sr concentrations were detected in Well 299-E33-2A. The highest 
concentration of 137Cs and 90Sr was ~29 µCi/g at a depth of 20 feet (6 meters) beneath the crib 
(Figure II.1-C-37). 

216-A-5 Cribs. The 216-A-5 Crib received Purex process condensate from November 1955 to October 
1961 . Tota 1 disposal was ~3000 gross beta Ci (mostly ruthenium). Total water disposed was 
1.8 x 109 liters. Figure II.1-C-38 shows that in Well 299-E24-1A, 137Cs rapidly decreases from 
a concentration of 4.4 x 10-3 µCi/g at about 40 feet (12 meters). Strontium-9O was below detec
tion limit (~1 x 1O-s µCi/g) . Ruthenium-1O6 was plotted to show the soil concentration in rela
tion to the 137Cs. 

216-BC Cribs and Trenches. The 216-BC Cribs and trenches together received the greatest amount 
of radioactivity disposed at any one site on the Hanford Reservation (~9 x 105 gross beta Ci) in 
1.2 x 108 liters (3 . 2 x 107 gallons) of tank farm and U Plant high salt scavenged waste. Of this 
volume, ~6 x 105 Ci were disposed in 8 x 107 liters (2 x 107 gallons) to trenches on a specific 
retention basis. Specific retention disposal relied on a long-tern storage of the waste in the 
pore space of the soil above the water table. Disposal volumes were much less than the total 
pore volume of soil beneath the trenches. 

Well 216-El3-3A was drilled to a depth of 339 feet at the east edge of the BC-3 Crib. Figures 
II.1-C-39 and -C-4O show the 137Cs, 90sr, 125Sb, and 106Ru concentrations as a function of depth 
detected in the well. Other wells drilled in the area of the BC cribs and trenches showed lesser 
amounts of 137Cs and 90sr, except for 216-El3-14A where 137Cs reached 0.22 µCi/9 at 15 feet 
(4.6 meters) below the surface, dropping rapidly to background (~1 x 10-6 µCi/g) below 25 feet 
(7 . 6 meters). Apparently the bulk of the long-lived radionuclides are retained from 150 to 
200 feet (46 to 61 meters) above the water table at the BC location south of 200 East Area. 

216-A-8 Crib. An estimated 1000 Ci of long-lived isotopes 137Cs and 90sr were disposed at this 
Crib. Two test wells were drilled near the inlet end of the Crib. Only low levels of radio
active contamination were detected in the drilling samples. Cesium-137 concentrations were below 
detection limits (~1 x 10-6 µCi/g) in both wells below 40 feet (12 meters). Strontium-9O concen
trations were less than 3 x 10- 4 µCi/g at depths greater than 25 feet (7.6 meters) in both wells. 

216-A-24 Crib . The waste disposed of between May 1958 and December 1965 contained an estimated 
500 Ci of 137cs and 80 Ci of 90sr. The highest measured 137Cs concentration (~0.5 µCi/g) and 
90sr concentration (~6 x 10- 3 µCi/g) occurred at 19 feet (5.8 meters) below the ground surface in 
a well drilled at the inlet end of the Crio. 

216-T-28 Crib. The 216-T-28 Crib received a total. of ~42 x 106 liters (11 x 106 gallons) of 
waste containing ~6 x 104 gross beta Ci prior to the site investigation . A well drilled adjacent 
to the corner of this facility showed peak concentrations of 2.5 x 10-3 ~ci 137Cs/g of soil at 
32 feet (9.7 meters) below the surface. 

216-S-7 Cribs. This facili ty consisted of two 5O-foot (15 meter) square timbered cribs operated 
in parallel. A replacement for the S-1 and -2 Cribs, it received 3.8 x 103 liters (1 .Ox 103 gal
lons) and ~3.0 x 10 5 gross beta Ci between January 1956 and July 1965. This waste contained 
approximately 3000 Ci of 90sr and 500 Ci of 137Cs. A maximum 137Cs concentration of 13 uCi/g of 
soil and 106 Ru concentration of 18 µCi/g of soil occurred at 21 feet (6.4 meters) below ground 
surface in a we 11 dri 11 ed 25 feet (7. 6 ·meters) from the center of one of the cribs (Fig-
ure II. l-C-41). Strontium-9O concentration peaked at ~3 µCi/g, also at 21 feet (6.4 meters) 
(Figure II. l-C-42). The nuclide concentrations dropped sharply and were less than detection 
limits (<l x 10- 4 µCi/g) below 150 feet (45.7 meters). Results in a second well drilled adjacent 
to the other crib showed peak concentrations of 137Cs at 1.5 x 102 µCi/g and 90sr of ~6 x 10-2 

µCi/g of soil. Concentrations of the nuclides beyond 150 feet (45.7 meters) beneath the surface 
were below detection limits. 

216-S-9 Crib. The 216-S-9 Crib facility was drilled after having received ~3.0 x 107 liters 
(7.9 x 106 gallons) of waste containing ~9000 gross beta Ci. Two wells showed only a low level 
of 90sr (~1 x 1O-s µCi/g) at 140 feet (42.7 meters), with no long-lived nuclides detected below 
that 1 eve 1. 
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216-Z-9, 216-Z-12. Wells drilled around the periphery of the 216-Z-9 and 216-Z-12 Cribs indi
cated that sediments located a short distance beyond the boundaries of the Cribs had been only 
slightly contaminated with alpha by the lateral spread of the waste liquids. 

Gable Mountain and B Plant Ponds. Although these waste waters are normally uncontaminated, equip
ment malfunction has infrequently allowed some radiocontaminants to enter the ponds. A well 
drilled at the east end of B Pond sho~ed a very low 137 Cs concentration (5 x 10-6 µCi/g of soil). 
A well drilled at the north side of Gable Mountain Pond showed no long-lived radionuclides in the 
soil samples. 

II .1-C.4 Inventory Estimates Above the Water Table 

In 19674 the results from the additional exploratory drilling in 1966 at 11 major crib sites were 
used to estimate the maximum concentration of long-lived radiocontaminants (60co, 137 Cs, and 
9DSr) contained in the soi l column 25 feet {7.6 meters) above the existing water table at waste 
disposal facilities in the 200 East Area and 20 feet (6.1 meters) above the facilities in the 
200 West Area. 

A total of ~27 curies of 90sr, ~17 curies of 137Cs and ~15 curies of 6 0Co were P~timated present 
within a 25 foot (7.6 meters) zone and 20 foot (6.1 meters) above the water table in the 200 East 
and 200 West Areas, respectively. 

In 1971 an empirical relationship was developed from which quantities of cesium, strontium, and 
ruthenium in the lowermost 50 feet (18 meters) of the vadose zone above the water table were 
estimated. Forty-two cribs (Figure II l-C-43 and Table II.l-C-20c) were identified where quantities 
of these radionuclides were discharged to ground. The total inventory calculated for the lowest 
50 feet (18 meters) of the vadose zone was about 2000 Ci of ruthenium and about 400 Ci of 
strontium plus cesium. 
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TABLE II.1-C-20c 
ESTIMATE OF WASTE VOLUMES IN THE VAOOSE ZONE ---\ : 

Depth to Depth to 
NIIDber Ground• Coli. . N111ber Ground- eo1 ..... 

Offichl Designation of Site 1Ater, ft Voh-s Off1c111 Designation of Site 1Ater, ft Voliaes 
Site and Monitoring (Approx of Waste Site and Monitoring (Approx of Waste 
~ Waste Oescrletion Wells Meters) Dischi!:!led ~ Waste Oescr1etion Wells Meters) D1schi!:!I!!! 

216-A-5 5 310 102 24 216-T-5 14 200 
Process Condensate (95) 2nd Cycle Wastes & (61) 

241-T-112 Tank Waste 
2 2.16-A-6 270 148 216-T-7 

Steam Condensate (82) 224-T Building. 5-6 Cell 
Drain & 2nd Cycle Wastes 

3 216-A-8 7 260 20 216-T-32 
Tank Farm Condensate (79) 224-T Building Waste 

4 216-A-9 4 295 80 25 216-T-6 · 11 240 8 
N-Reactor Decontamination (90) 224-T Building & 5-6 Cell (73) 

Wastes & Acid Fraction- Drain 
ator Wastes 

26 216-T-8 0 280 0.06 
5 216-A-10 2 315 112 222-T Building Laboratory (85) 

Process Condensate (96) Waste 

6 216-A-21 315 11 27 216-T-19 5 190 
Anmon1a Scrubber and (96) 224-T Bull ding, 242-T (58) 

Laboratory Wastes Building, 5-6 Cell Drain. 
2nd Cycle, & Waste 

216-A-23A & B 0 295 85 Evaporator Wastes 
241-A Fan House Drain (90) 

28 216-T-26 6 200 0.8 
B 216-A-24 5 260 45 Scavenged Waste (61) 

Tank Farm Condensate (79) 216-T-27 
Decontamination, Scavenged 

9 216-A-30 3 295 46 and 300 Area Laboratory 
Steam Condensate (90) Wastes 

216-T-28 
10 216-8-7 3 220 6 Oecontaminat ion and 300 

224-8 Building Waste, (67) Area Laboratory Wastes 
5-6 Cell Drain & 221-8 
Construction Water 29 216-T-33 240 22 

224-T Building & 2706 (73) 
11 216-8-8 9 220 0.5 Building Wastes 

224-8 Building Waste, (67) 
5-6 Cell Drain & 2nd 30 216-T-34 2 240 
Cycle Waste 300 Area Laboratory (73) 

) Waste 
12 216-8-9 8 270 0 . 6 

5-6 Cell Drain & (82) 31 216-T-35 4 220 0. 2 
..... 2nd Cycle Waste 300 Area Laboratory (67) 

Waste 
13 216-8-lOA 295 0 . 9 

"'· 222·8 Bu1lding & 292-8 (90) 32 216-T-36 200 0.05 
Bu1ldihg Wastes Decontamination Waste (61) 

216-8-108 
8-Plant R-13 8u1lding 33 216-U- 1 & 216-U-2 220 ·,i. 7 

Wastes Decontamination Wastes (67) 

14 216-8-llA & 8 2 220 4 34 216-U-4A & B 0 240 12.5 
242-8 Building Conden- (67) 222-U Building Laboratory (73) 

sates Waste 

15 216-8-12 5 295 30 35 216-U-B 4 240 40 
U-Plant & 8-Plant (90) Process Condensate & (73) 

> Process Condensates Stack Drain 

16 216-8-14 through 216-8-34 22 325 0.6 36 216-U-12 240 13 
and 216-8-52 (99) Process Condensate & (73) 
Sea venged Waste Stack Ora in 
216-B-53A & B, 216-8-54 
and 216-8-58 37 216-Z-1 & 216-Z-2 20 190 
300 Area Laboratory Waste D-6 Tank, 236 Building (58) 

and 242 Building Wastes 
17 216-8-43 through 216-8-49 11 215 0.5 216-Z-3 

Scavenged Wastes (66) D-6 Tank Wast£ . 
216-8-50 216-Z-lA, 8, & C 
ITS Waste 236 Building & 242 

Building Low- Salt Waste 
18 216-5-1 & 216-5-2 20 200 42 

Redox Process Condensate (61) 38 216-Z-5 g 200 
l31 Bu1lding Process (61) 

19 216-5-6 190 67 Wastes & 300 Area 
Steam Condensate (58) Laboratory Wastes 

20 216-5-7 4 210 47 39 216-Z-7 200 
Process Condensate (64) 231 Building & 300 Area (61) 

Laboratory Wastes 
21 216-5-9 4 200 23 

Process Condensate (61) 40 216-Z-9 8 190 0. 5 
Recuplex Low-Salt Waste (58) 

22 216-5-20 0 220 390 
222-S Building & 300 (67) 41 216-Z-12 8 190 g 

Area Laboratory Wastes D-6 Tank Waste (58) 

23 216-5-21 190 22 4~ 216-Z-16 z I 200 74 
Tank Farm Condensate (58) 231 Building Laboratory (61) 

Waste 
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II.1-C.5 Exploratory Drilling in Actinide Trenches 

Since 1966, additional exploratory wells have been drilled through the bottom areas of two inac
tive actinide trenches containing greater than 10 kg of pu; the 216-Z-9 Trench and the 216-Z-lA 
Tile Field. 

11.l-C.5.l 216-Z-9 

The 216-Z-9 Trench (Fi~ure 11.1-C-44) is an enclosed underground cavern which received actinide
bearing waste liquids (~4 x 106 liters) from plutonium processing operations between 1955 and 
1962. A detailed examination of the distribution of actinides within the first 60 cm (24 in.) 
of sediments below the trench floor was carried out in 1973. 5 The locations of the access holes 
from which the sediment samples were obtained are shown in Figure II.l-C-44. The region of mea
sured maxirrum actinide concentration was in the vicinity of access holes B, G, and H. In 1974, 
bore hole "H" was drilled to a depth of 14 meters (46 feet). The approximate concentrations as 
a function of depth are given below. 

ACTINIDE CONCENTRATION, "G" BORE HOLE ACTINIDE CONCENTRATION, "H" BORE HOLE 
Depth Below 239Pu µCi/1 iter 21+1Am Depth Below 239Pu µCi/liter 2'+1Am 
Trench Floor of sediment l!CiL 1 iter Trench Floor of sediment l!CiL]iter 

2 cm ( 0.8 in.) 1 X 106 1 X 105 5 cm ( 2 in.) 1 X 106 1 X 105 

30 cm ~12 in.) 1 x 1 O" 1 x 1 d3 30 cm (12 in.) 6 X 103 1 X 102 
60 cm 24 in.) 6 X 103 6 X 102 7 m (23 ft) 9 X 101 3 X 1 Ql 

14 m (46 ft) <9 X lQ-l 1 X 10-1 
In general, the concentration of 239Pu in the "H" bore hole decreases by two orders of magnitude 
from the 5-cm (2.0 inches) to the 30-cm (12 inches) depth and by four orders of magnitude from 
the 30-cm (12 inches) depth to the 14-m (46 feet) depth. The water table lies at a depth of 
approximately 30 meters (98 feet) below the bottom of the "H" hole. 

• 

EDGE OF 
CONCRETE ROOF 

/ 

N39920 

fl l0CENTIMETERS 14 IN.I DIAMETER ACCESS HOLE 
• NUMBER CORRESPONDS TO 1961 OR 1963 SAMPLE 

! 
-• 

i 

0 A 20 CENTIMETERS 18 IN. I DIAMETIR ACCESS HOLE USED FOR 
NEUTRON PULS ING AND SAMPLING, 19n N39800 MCM 8173 

FIGURE II.l-C-44 216-Z-9 TRENCH SHOWING LOCATIONS OF ACCESS HOLES 
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T~c location of mineral-waste reactions associated with alpha activit) was defined by the exposure 
of prepared 216-Z-9 sediment samples to alpha --sensitive film. 6 Figure II.l-C-45 shows several 
positive prints from these films. In positive prints of the film negatives (autoradiographs), . - ·\ 
areas of high alpha concentration appear black. Sediment grains associated with areas of alpha 
contamination were subsequently identified by electron microprobe analysis. The alpha activity 
generally appears to be associated with reaction rims enclosing fragments of metamorphic and 
basaltic sediment grains . 

11.1-C-5.2 216-Z-lA 

The 216-Z-lA facility (Figure II.1-C-46) is an underground tile field lying approximately 
3.5 ~eters (12 feet) below the ground surface. The site received actinide-bearing liquid waste 
[ ,,6 x lOb liters (1.5 x 106 gallons)] from the plutonium processing operations between 1956 and 
1969 . In 1974, two wells were drilled through the bottom of the tile field at the head-end ("a" 
test hole) d!d at the far-end ("c" test hole) of the central distributor pipe (Figure II.l-C-46). 

Analys es of sediment samples from thesi wells ir1dicate that the greatest measured concentration 
of actinides occurs within 0.5 meters (1 .6 feet) below the bottom of the distributor pipe. The 
appro ximate concentrations of plutonium and americium determined from bore hole samples are 
given below: 

Depth Below "a" Test Hole "c" Test Hole 
Botto111 of 239pu 241Am 239pu 24 !Am 

T JJ..LU. tlQ.._ uCi/1 iter J.J Ci/1 iter J.J Ci/1 iter uCi/liter 
meters of sediment of sediment of sediment of sediment 

0.5 (1.6ft.) 3 x 1 O" '\.1 X 103 1 X 104 "-2.0 X 102 

2 (7 ft.) 4 X 102 '\,4 X 10 1 9 X 102 '\.8 X 10 1 

8 (26 ft.) '\.3 X 1 QI 6 X 10° '\.4. 5 X 10 1 

11 (36 ft.) '\.3,5 X 10 1 <l X 100 "-'4.0 X 101 

Concentrations of plutonium below the 2-m (7 feet) depth at the "a" site are below the limit of 
detect ion of t he ana lytical method then emp loyed (<4 x 10 ' uCi/liter) for the routine analysis 
of these sedi ment samples. In general, the concentration of 239 Pu in the "c" test well decreases 
four orders of magnitude from the 0.5-m (l .6 feet) depth to the 11 meter (36 feet) depth. The 
water ta ble lies at a depth of approx;mately 40 meters (130 feet) below the bottom of the "c" 
tc ~t well . • 
~uluradiu~rdphic c~3~i nation re vealed that the mineral waste reactions occurring in the se1 i~ent 
b~neath t he 216-Z-l ~ are also associated with the altered surfaces of metamorphic and basaltic 
,·vck fra7 1nent s IFi qure II. l-C- 45) si milar to those observed samples from the 216-Z-9 site. 

8ASALT 

A 

h , Sel ~ttiv! ro~c entrat ion of Alpha 
~m i . t rs by Ro ck Type and / or Mineral 

A, B ~re Photomicrographs 
A' \ ~• ,Ire Al pha Sensitive 

\·, to ru di ogra phs 

A' 

PLUTONIUM IS ASSOCIATED 
/ WITH DA~ KENED AREAS 

bJ ~-,. 
~~~ 
~ 

. . BI 

' 

, . .,. . '.·: 
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B. Disintegration of Basalt Fragment Due to 
Chemical Attack by Acid Waste 

FIGUR E II. l-C-45 AUTORADIOG~APHS OF SEDIMENT GRAINS 
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TABLE II. l-C-21 

·11\'.f~ WASTE INVENTORY SUMMARY 1968-1980 (IN MILLIONS OF GALLONS) 

WA~ Tl STAn!S 
19c.8 

l~lA~ WASTE VOWMEI 

,,Xi- BOILING 

CURRlNT 
WASTE 

STATUS 1972 

NON· 601 LING 

WASTE STATUS 
1976 

NON-BOILING 

WASTE STATUS 
1980 

NON· BOl~ING 

~ 
~ 

6,f§ .. ;_z:a, 151&•47:~ 
15 

eo1L1NG 

~~I 
~ 

TO BE PROCfS SEO 
FOR Sr ANO Cl Ri:/v\OVAL 

LIQUID 61 
SOLi D 16 

TOiAL "fi 

£VAP. mo 36 INTERSTITIAL 
BOTTOMS LIQUID 8 LIQUID 3 

BOIIING 

1~'1 

TO BE SLUICED 
FOR Sr AND Cs 

REMOVAL 

LIQUID '8 
sou D 22 

TOTAL 70 

[VAP. mo O INTERSTITIAL 
BOTTOMS LIQUID 6 LliJUID 7 

BOILING gl 
0 GALLONS 

TO BE SWICED 

LIQUID 14 
SOLID 37 

TOTAL ~ 

TABLE I I. l-C-22 

BOTTOMS INTERSTITIAL 
LIQUID 15 LIQUID I 

BOILING 

<1~ 

==f 
OGAUONS 

TO BE SW ICED 

LIQUID 3 
SOLID 47 

TOTAL 35 

ESTIMATED INVENTORY AND CHARACTERISTICS OF SOLIDS STORED IN TANKS - YEAR 1980(a) 

Gallons (Millions) 

Number of Tanks 

Radionucl ides (Ci/gal) (b) 
137 Cs 

90sr 
239pu 

Average Compos i tion (wt: ) 

Chemica 1 
NaN03 
NaN02 
NaOH 
Na A io2 
NazC03 

Other 

(Fe, S04, P04l 
water of Hydration 

Sulk Density (g/cc) 

Salt Cake 

38 

73 

0.6 
3 X 1 0-Z 

4 X 10-4 

In Tank 
Solidi
fied 
Waste 

80 
4 

10 
1 
_2 

2 

1.8 

Neutra 1-
i zed 
waste 

20 

2 

25 
50 

1.8 

lligh Heat Sludge 
(S~ Fanns) 

0. 6 

7 

5.0 
50 

4 X 10-3 

45 
7 
5 

20 
10 

3 

10 
2.0 

Other 
Sludges 

8 

72 

0. 3 
2 

6 X 10-4 

75 
4 

1 

18 

2 

2.0 

(a) Currently the tanks contain approximately the following amounts of actinides : 
uranium-865 metric tons, thorium-15 metric tons, plutoni~-380 kg and 
neptunium-7 . 5 kg . Huch smaller quantities of americium and curi~ are 
present in t he tanks, and trace quantities of other actinides may exist in 
the tanks . 

(b) The estimated inventories (or concentrations) of radionuclides are reported 
to one significant figure to reflect the uncertainty in the data. 
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TABLE II.l-C-22a 
( ' 

MAJOR CHEMICALS (METRIC TONS} 

LIQUID PHASE SOLID PHASE 

NaOH NaAl02 NaN03 NaN02 ~co3 NaP04 Volume 1 gal NaNOJ NaN02 NaOH NaAl02 ~co3 Volume 1 gal 

A FARM 

1000 1000 2000 1000 60 30 2,360,000 500 40 50 5 20 147,000 

AX, AY FARM 

600 800 1000 800 200 20 3,520,000 1000 50 200 30 30 306,000 

B FARM 

400 600 1000 500 100 20 1,720,000 10000 500 2000 200 300 2,550,000 

BY FARM 
1000 2000 2000 1000 300 30 2,910,000 20000 1000 2000 200 500 4,450,000 

BX FARM 

300 500 600 600 200 10 1,790,000 5cioo 400 1000 100 200 1,510,000 

C FARM 

400 500 900 200 900 50 2,,760,000 5000 400 ·1000 100 200 1,690,000 

S FARM 

2000 1000 2000 1000 300 30 2,380,000 20000 1000 3000 300 500 4,960,000 

SX FARM 
1000 1000 4000 1000 200 20 4,110,000 5000 500 500 3000 1000 1,770,000 

T FARM 

90 80 300 200 90 20 754,000 10000 400 1000 100 200 2,220,000 

TX FARM 

1000 3000 9000 3000 500 300 5,590,000 30000 1000 3000 300 500 6,220,000 

:--. 

TY FARM 
100 200 700 200 40 20 476,000 4000 200 400 40 100 749,000 

U FARM 

100 200 900 100 60 40 1,280,000 3000 200 400 40 50 674,000 

{a) The chemical characteristics for individual tanks within each farm do not vary significantly from 
the average for the entire farm. All tanks contain large concentrations of sodium nitrate, sodium 
hydroxide, sodium nitrite, and sodium aluminate. While records are available on the past history 
on chemical characteristics of the contents of all waste tanks, the task of compiling these 
voluminous data into report form would be costly and time consuming. 
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Tank 
1fil 
101 
l 02 
103 
104 
105 
106 
107 
108 
l 09 
110 
111 
112 
113 
114 
115 

Sludge Volume, 
K Gal 

466 
117 

79 
139 

37 
l 

l 09 
87 

257 
32 

125 
106 

6 
200 

6 

TABLE II.l-C-22b 

SX TANK FARM -VOLUME AND CONTENTS(a) 
(January 1975) 

Liquid Volume, 
K Gal 

457 
492 
850 
787 
899 
237 

0 
0 
0 

388 
0 
0 
0 
0 
0 

Contents 

242-S tenninal liquor 
242-S bottoms supernatant 
Dilute evaporator feed 
Dilute evaporator feed 
Dilute evaporator feed 
Dilute evaporator feed 
Dry sludge/air cooling 
Dry sludge/air cooling 
Dry sludge/air cooling 
Dilute evaporator feed 
Ory sludge/air cooling 
Dry sludge/air cooling 
Dry sludge 
Dry sludge/air cooling 
Dry sludge 

(a) Tanks 102 through 106-SX contained nonboiling wast~ and are to be used for 242-S salt 
cake storage. Tanks 107 through 115-SX fonnerly contained boiling waste. Tank 101-SX 
is currently being used to store terminal liquor from the 242-S Evaporator. 

The 108-SX prototype sludge cooler successfully demonstrated the concept of air cooling 
sludges. A pennanent sludge cooling facility has been provided for the 241-SX boiling 
waste tanks. Air is drawn through each tank to a colllllOn exhauster header. The exhaust 
air is preheated, filtered to remove particulate matter, and discharged via a centri
fugal blower to the atmosphere. The air flow to each tank is controlled by butterfly 
valves. The current plan is to solidify the liquids and continue to air-cool the hotter 
sludges until a final disposal method is developed. 

Other than the A and AX Tanks, most tanks containing sludges have never been scheduled 
to be sluiced since the concentration of strontium is sufficiently low that removal is 
not necessary. Since Tank 105-A, which has leaked, contains sludges which do have 
high concentration of strontium, the need and procedures for removing the sludge are 
being evaluated . 

Principal documents are available related to sludge retrievability or safe management: 

G. E. Backman, et al., Chemical Processing Department Hazards Evaluation In-Tank 
Waste Solidification - Project CAC-965, RL-SEP-65, November 1964. 

P. Hatch, et al., Chemical Processing Department Hazards Evaluation, TK-108-SX 
Stabilization Prototype, IS0-937, June 1967. 

F. K. Pittman, Plan for the Management of AEC-Generated Radioactive Wastes, 
WASH-1202, July 1973. 
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TABLE II.1-C-23 

/ ESTIMATED INVENTORIES{a) RADIOACTIVE LIQUID WASTE 
TO GROUND 200 AREAS 

Decay Through 1972 {From Startup) 200 East 

To Ponds To To Specific 
Total(b) Units and Ditches Cribs Retention Sites 

Vollne (1) 0.3 X 1012 0.2 X 1011 · 0.1 X 109 0.3 X 1012 

Pu (g) <0.7 X 103 0.1 X 105 0.4 X 103 0.1 X 105 

Beta (Ci) 0.6 X 104 0.6 X 105 0.4 X 105 0.1 X 106 

90Sr (Ci) 0.1 X 104 . 5 
0.8 X 104 0.2 X 105 0.1 X 10 

106Ru {Ci) <0.3 X 102 0.2 X 104 0.3 X 103 0.3 X 104 

137cs {Ci) 0.4 X 103 0.8 X 104 0.1 X 105 0.2 X 105 

60Co (Ci) <0.3 X 102 0.1 X 103 0.2 X 102 <0.2 X 103 

u (kg) <1.0 X 104 0.3 X 105 0.5 X 105 0.8 X 105 

233u (g) <0 . 5 X 103 0.5 X 103 <l.Ox104 

Decayed Through 1972 (From Startup) 200 West 

Volume ( 1 ) 0.2 X 1012 0.1 X 1011 0.8 X 108 0.2 X 1012 

Pu {g) 0.8 X 104 0.8 X 105 0.9 X 105 0.2 X 106 

Beta (Ci) 0.4 X 103 ·5 0.2 X 105 0. 5 X 105 
0.3 X 10 

90Sr (Ci) <0.1 X 103 0.6 X 104 0.2 X 103 0.7 X 104 

106Ru (Ci) <0.2 X 101 0. 9 X 102 
10.2 X 101 0.9 X 102 

137 Cs (Ci) <0.9 X 102 0.5 X 104 0. l x l o5 0.2 X 105 

60Co {Ci) <0.9 X 101 0.3 X 102 0.3 X 101 <0.4 X 102 

u (kg) :<0.6 X 104 5 O.lxl04 0.4 X 105 0.4 x.10 
233u {g) 

Decayed Through 1972 (From Startup) Total 200-E + 200-W 

Volume ( l ) 0.5 X 1012 0.3 X 1011 0.2 X 109 0.5 X 1012 

Pu {g) 0.9 X 105 0.9 X 105 0.9 X 105 0.2 X 106 

Beta (Ci) 0.7 X 104 0.9 X 105 0.-6 X 105 0.2 X 106 

90Sr (Ci) 0.2 X 104 0.2 X 105 0.8 X 104 0. 3 X 105 

106Ru ( Ci ) <0.3 X 102 0.2 X 104 0.3 X 103 0.3 X 104 

l37Cs ( Ci ) 0.5 X 103 0. l x l 05 0.2 X 105 0.4 X 105 

60Co (Ci) <0.4 X 102 <0.2 X 103 0.2 X 102 <0.2 X 103 

u (kg) <0.7 X 104 0.6 X 105 0.5 X 105 0. l x 106 

233u {g) <0.5 X 103 0.5 X 103 <l.O x 104 

(a) The estimated inventories (or concentrations) of radionuclides are reported to one 
significant figure to reflect the uncertainty in the data. Where the estimated 
inventories are noted as less than (<), the recorded inventory is based on the 

{b) 
analytical limit of detection. 
Totals do not necessarily equal the sum of individual contributions because of 
rounding of the data. 
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TABLE I I. l -C-24 
ESTIWI.TED DECAYED STATUS OF SOLID WASTE(a) BURIAL GROUNDS 

IN THE 200 AREAS THROUGH 1972 
BURIAL GROUND 

200 EAST AREA 

DRY WASTE NO, 001 

DRY WASTE NO • 12A 

ORY WASTE NO. 128 

MINOR CONSTRUCTION NO . 4 

CONSTRUCTION (NO NUMBER) 

222 VAULTS 

INDUSTRIAL WASTE NO. 002 

INDUSTRIAL WASTE NO. 005 

INDUSTRIAL WASTE NO. 052 

INDUSTRIAL WASTE NO. 010 

TOTAL 200-E(b) 

BUR !AL GROUND 

200 WEST AREA 

DRY WASTE NO. 001 

DRY WASTE NO. 002 

DRY WASTE NO. 003 

222-T VAULTS 

222-S VAULTS 

INDUSTRIAL WASTE NO. 001 

INDUSTRIAL WASTE NO . 002 

DRY WASTE NO . 03A 

DRY WASTE NO • 04A 

DRY· WASTE NO. 048 

CAISSON - NO. 1 

CAISSON - NO. 2 

CAISSON - NO: 3 

CAISSON - NO. 4 

CAISSON - ALPAA } 

TOTAL 200-W(b) 

TOTAL 200 AREAS (b) 

VOLUME 
{CUBIC FEET) 

1. 1 X 105 

5.4 X 105 

2.6 X 105 

5. 6 X 104 

8.0 X 104 

6.0 X 103 

3. 2 X 105 

1. 1 x· 105 

2. 2 x· 105 

5.3 X 105 

2. 2 X 106 

VOLUME 
(CUBIC FEET) 

2. 5 X 105 

3.b X 105 

3. 9 X 105 

2,4 X 103 

5.6 X 103 

4. 8 X 105 

6 , 7 X 105 

1.8 X 105 

6.2 X 105 

3.0 X 105 

2.2 X 102 

8.0 X JOO 

1. 7 X 102 

5.4 X 101 

2.0 X Ja2 
3. 2 X 106 

5.4 £ 106 

URANIUM 
{GRAMS) 

4 X 105 

1 X 106 

7 X 103 

1 X 103 

2 X 103 

1 X 103 

3 X 105 

1 X 105 

1 X 105 

8 X 105 

3 X 106 

URANIUM 
(GRAMS) 

7 X 105 

1 X 106 

7 X 107 

3 X 102 

7 ,x 102 

9 X 105 

2 X 106 

9 X 106 

5 X 108 

4 X 106 

2 X 105 

1 X 105 

5 X 104 

4 X 104 

6 X .108 

6 X 108 

PLUTONIUM 
(GRAMS) 

9 X 102 

9 X 103 

1 X 103 

1 X 101 

2 X 101 

1 X 100 

8 X 102 

6 X 102 

1 X 103 

5 X 103 

2 X 104 

PLUTONIUM 
(GRAMS) 

9 X 10
4 

1 X 105 

7 X 10
4 

3 x 10- l 

7 X 10-l 

2 X 103 

6 X, 10
3 

4 X 103 

4 X 104 

2 X 10
4 

5 X 10' 

5 X 10-

5 X 102 

7 X 102 

1 X 103 

4 X 105 

4 X 105 

TOTAL 
{CURIES) 

. 5 X lOO 

7 X 101 

2 X 103 

5 x 10-1 

6 X 10-l 

3 X 101 

1 X 103 

4 X 102 

1 X 103 

5 X 104 

6 X 104 

TOTAL 
(CURIES) 

9 X JOO 

3 X 101 

5 X 101 

4 X 101 

2 X 102 

2 X 103 

2 X 104 

1 X 105 

3 X 102 

2 X 105 

1 X 102 

3 X 10Q 

3 X 103 

1 X 104 

4 X 104 

4 X 105 

5 X 105 

90Sr 
(CURIES) 

1 X 10Q 

1 X 101 

2 X 102 

1 X 10-l 

1 x 10-1 

7 X lOO 

3 X 102 

1 X 102 

2 X 102 

4 X 103 

5 X 103 

90Sr 
(CURIES) 

2 X 10Q 

6 X 10Q 

1 X 101 

9 X 10Q 

5 X 101 

6 X 102 

3 X 103 

3 X 102 

5 X 101 

·3 X 102 

1 X 101 

4 x 10-1 

3 X 102 

1 X 103 

7 X 102 

7 X 103 

1 X 104 

137cs 
(CURIES) 

l x lOO 

2 X 101 

2 X 1a2 
1 X 10-l 

2 x 10-1 

8 X JOO 

3 X 102 

1 ·x 102 

2 X 102 

5 X 103 

6 X 10
3 

106Ru 
(CURIES) 

2 X 10-6 

1 X 10-4 

3 X 10-3 

9 X 10-6 

6 X 10-3 

1 X 10-3 

1 X 102 

1 X 102 

2 X lOO 

9 X 101 

2 X 10Q 

8. x 10-2 

8 ·x 101 

4 X 102 

4 X 102 

1 X 103 

3 X 103 

106Ru 
{CURIES) 

9 X 10-7 

3 x 10-1 

6 X 101 

2 X 10-6 

3 X 10-5 

6 X 10-6 

6 X 10-4 

2 X 10-3 

3 X 10-2 

2 X 103 

2 X 103 

137Cs 
(CURIES) 

2 X 10Q 

7 X lQO 

1 X 101 

1 X 101 

6 X 101 

6 X 102 

4 X 103 

3 X 102 

5 X 101 

3 X 102 

2 X 101 

4 x 10-1 

4 X 102 

1 X 103 

7 X 102 

7 X 103 

1 X 104 

(a). The estimated inventories or concentration of radionuclides are reported to one significant figure 
to reflect the uncertainty in the data . 

(b) Totals do not necessarily equal the sum of individual contributions because of rounding of the data. 

TABLE I I. l -C-25 
PUREX EQUIPMENT STORAGE TUNNELS(a) INVENTORY{b) __ 5EPTEMBER 30, 1973 

Volume , ft 3 

Total MFP, Ci(d) 

90sr, Ci 

l06Ru, Ci 

137cs, Ci 

60co, Ci 

239Pu, g 
-----

Tunnel No . 1 

20,000 

6,000 

·,1 ,000 

1,000 

Tunnel No. 2 
l0,000 

20,000 

40 

40 

l0,000 

<500 

Tota 1(c) 

40,000 

30,000 

1,000 

8 

1,000 

20,000 

<500 

(a) Currently the distribution of waste plutonium stored on the Hanford 
site 1s 401: in tanks, 39% in solid sites and za in liquid disposal 
sites. The total amount of plutonium in these sites 1s estimated 
to be 940 kg : 30%. Although to retrieve essentially all of the 
plutonium is technically feasible, it may not be economically justifiable . 

(b) The estimated inventories (or concentrations) of radionuc11des are 
reported to one significant figure to reflect the uncertainty in the 
data. · 

(c) Totals do not necessarily equal the sum of individual contributions 
· because of rounding of the data. 

( d) Curies shown ore decayed to September 30, 1973. 

II. l-C-68 

OTHER 
RADIOACTIVE 

{CURIES) 

1 X 104 

3 X 105 

~ X 105 
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APPENDIX 11.1-C, Part 7 

Gaseous Radioactivity Material Releases 

I I. 1-C-69 



TABLE II.l-C-26 

SUl-t\ARY OF RADIONUCLIDES IN GASEOUS WASTE 
DISCHARGED FROM 200 AREA FACILITIES DURING 197-2 

291-A-l 
Purex Process 

Volume 6.32 x 1010 (ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-A-1 
Purex N and Q Cells 
and PR Room 

Volume 3.69 x 109 (ft3) 
Total Release (Ci) 
Avg . Release Rate (Ci/day) 
Max. Release Rate· (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-A-2 
Purex West Sample 
Gallery Hoods 
Volume 2. 27 x 109 (ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration ·(µCi/cc) 

*As Pu 

296-A-3 
Purex East Sample 
Gallery Hoods 9 (ft3) 
Volume 2.37 x 10 
Total Release (Ci) 
Avg . Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (µCi/cc) 

*As Pu 

296-A-5 
Purex Lab Hoods and 
Glove Boxes 
Vo 1 ume 1 • 32 x 10 1 O ( ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/d~y) 
Max. Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-A-6 
Purex East Sample 
Ga 11 ery ·and U Ce 11 

Volume 6.85 x 109 (ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

Alpha* 

3 X 10-J 
8 X 10-6 

4 x 10-5 

1 X 10-12 

1 X 10-J 
3 X 10-6 

2 X 10-S 
2_; ,o-13 

3 X 10-6 

8 X 10_g 

4 X 10-B 

5 X 10-14 

3 X 10-6 

8 X lO_g 

7 X 10-8 

4 X 10-l4 

2 X 10"5 

5 x 10-8 
1 X 10-] 
5 X l0-l 4 

6 X 10-6 

2 X 10-8 

7 X 10-8 

3 X 10-] 4 

II. l-C-70 

Beta 

0.4 
1 x· 10-3 

2 X 10-J 
2 X 10-lO 

4 X 10-J 
1 X 10-S 

2 X 10-S 
4 X 10-ll 

2· ~ 10-4 

5 X 10-] 
9 X, 10-7 

J X 10-ll 

4 X 10-S 
1 X 10-] 
3 X 10-] 
6 X 10- ]J 

3 X 10:~ 
8 X 10 

1 X 10-6 

8 X 10-lJ 

2 X 10-J 
6 X 10-6 

3 x 10-5 

. 1 X 10-11 

0.2 
8 X 10-4 

2 X 10-J 
1 X 10-lO 



TABLE II.1-C-26 (Continued) 
I 296-A-7 

Pul"N West Saaple 
Ga 11 ery and R Ce 11 

Alpha* 131 I 
Vol.- 1.05 x 1010 

(ft3) 
Beta 

Total Release (C1) J X 10-S ·0.1 

Avg. Release Rate (C1/day) 8 X 10•8 4 X 10-4 

Max. Release Rate (C1/day) J X 10·7 4 X 10.J 

Avg. Concentrati
1
on (11C1/cc) J X 10.lJ 5 X 10•12 

*As Pu 

296-A-8 
Purex P & 0 Gallery 
(White ROOII) 
Vol- 8.96 x 109 . (tt3) 
Total Release (Ci) 5 X 10•6 ~ X 10-4 

Avg. Release Rate (Ci/day) 1 X 10•8 J X 10·6 

Hax. Release Rate (Ci/day) 7 X 10.Q 1 X 10•S 

Avg. Concentration (1JCi/cc) 2 X 10·14 2 X 10•12 

*As Pu 

296-A-10 
Purex Buri a 1 Tunnel 
No. 2 

Volume 5. 16 x 109 (ft3) 
Total Release (Ci) J X 10-S 4 X 10·4 

Avg. Release Rate (Ci/day) 8 x 10-B J X 10•6. 

Max. Release Rate (Ci/day) 8 X 10·7 7 X 10•6 

Avg. Concentration (1JCi/cc) 2 x lo· 13 J X 10•12 

*As Pu 

296-A-12 
,, AR Vault Vessel Vent 

Volume 1.74 x 108 (ft3) 
..., Total Release (Ci) l x lo· 7 1 X 10•4 2 X 10•3 

Avg. Rel ease Rate (Ci/day) 9 X 10.JO 4 X 10·7 8 X 10•6 

Max. Release Rate (Ci/day) 2 X 10•9 2 X 10•6 4 X 10•5 

Avg . Contentration (1JCi/cc) 7 X lO•l 4 J X 10.J J 5 X 10-JO 

*As Pu 

296-A-13 
AR Vault and 
Cell 

·:-:-- Volume 1.08 x 1010 (ft3) 

Total Release (Ci) Z X 10-S ) X 10•3 2 X 10-3 

Avg . Release Rate (Ci/day) 4 X 10·8 7 x· 10·6 8 X 10•6 

Max. Release Rate (Ci/day) 8 X 10•8 5 X 10•5 4 X 10•5 

Avg. Concentration (1JCi/cc) 5 X 10·14 9 X 10•12 8 X 10•lZ 

*As Pu 

296-A-14 
293-A Bldg. 
Volume 3.16x109 (ft3) 

Tota 1 Re 1 ease (Ci) J X 10·6 J X 10•5 

Avg . Release Rate (Ci/day) 8 X JQ.g 9 X 10•8 

Max . Release Rate (Ci/day) 7 X 10·8 6 X 10•7 

Avg. Concentration (µCi/cc) J X 10•14 4 X 10.JJ 

*As Pu 

II.1-C-71 
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TABLE II.l-C-26 (Continued) 

296-A-17 
241-A, AX and AY 
Tank Fann Vent 

Volume 2.64 x 10
9 

(ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 

Max. Release Rate (Ci/day) 

Avg. Concentration (µCi/cc) 

*As Pu 

296-A-18 
101-AY Tank Annulus 

Volume 1. 26 x 10
9 

(ft3) 

Total Release (Ci) 

Avg . Release Rate (~i/day) 

Max . Release Rate (Ci/day) 

Avg. Concentration (µCi/cc) 

*As Pu 

296-A-19 
102-AY Tank Annulus 

Volume 1.26 x 10
9 

(ft3) 

Total Release (Ci) 

Avg . Release Rate (Ci/day) 

Max. Release Rate (Ci/day) 

Avg. Concentration ( µCi/cc) 

*As Pu 

291-B- 1 
B Plant Process 

· 1r. . 3 
Volume 2.90 x 10 (ft ) 

Total Release (Ci) 

Avg. Release Rate (Ci/day) 

Max . Release Rate (Ci/day} 

Avg . Concentration (µCi/cc) 

*As Pu 

296-8-2 
!TS No . 1 

Volume 1. 84 x 109 (ft 3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day} 

Max. Release Rate (Ci/day) 

Avg. Concentration (µCi/cc) 

*As Pu 

296-8-3 
ITS No. 2 

Volume 2. 11 x 10
8 

(ft 3) 

Total Release (Ci) 

Avg. Release Rate (Ci/day) 

Max . Release Rate (Ci/day) 

Avg. Concentration (11Ci /cc) 

*As Pu 

Alpha* 

5 X 10-6 

] X lQ-8 

l x 10-7 

6 X l0-l 4 

1 X 10- 7 

) X 10-lO 

5 X 10-]0 

) X 10-lS 

2 X 10- 7 

]. X 10-10 

2 X 
10-9 

7 X 10-15 

l X 10- 5 

l X 1ci-7 

2 X 
10•7 

5 X 
10-14 

X ]0-6 

X 10-8 

2 X 10-8 

8 X 10-14 

B X 10· 7 

2 X 
11)-9 

X 10·8 

] X j;J· 13 

II.1-C-72 

Beta 

) X 10-4 

9 X 10-7 

5 X 10-6 

4 X 10-13 

4 X 10-6 

] X 10-8 

2 X 10-8· 

1 X 10- l 3 

1 X 10-S 

3 X ,o-8 

2 X 10- 7 

3 )( 1 o-13 

0 .2 

4 X 10-4 

2 X 10-.3 

2 X 
10-10 

i X 10-z 
4 X 10- 5 

3 X 10-4 

3, 10-10 

6 X 10-) 

2 X ,o-s 

B~x 10-S, 

] X 10-11 

·, 
i 



' 

TABLE II.l-C-26 (Continued) 

291-C-1 
Semi"'0rks Process 
and Cells 
Volume 1.05 x 1010 

(ft3
) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate -(Ci/day) 
Avg. Concentration (vCi/cc) 

•As Pu 

296-C-2 
Semiworks A and C 
Sa~le Galleries 
Volllffl! 4.22 x 109 (ft3

) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (vCi/cc) 

•As Pu 

296-C-5 
CR Vault Cell and 
Vessel Vent 

Volume 1. 84 x 109 ( tt3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release R~te (Ci/day) 
Avg. Concentration (vCi/cc) 

•As Pu 

·296-P-1 (296-8-11) 
BX Tank Farm 
Volume 3. 69 x 109 (ft3) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (uCi/cc) 

*As Pu 

296-P-2 (296-8-9) 
ITS Bottoms Tanks 

Volu~ 2. 59 x 109 (ft3) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (vCi/cc) 

*As Pu 

296-P-3 (296-B-6) 
ITS Bottoms Tank~ 

Volume 3. 69 x 109 (ft3) 
Total Release (Ci) 
Ayg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (pCi/cc) 

*As Pu 

.•.:yna* 

-1, 
7 X 10 
2 X 10-8 

4 X 10-8 

2 X 10-14 

6 X 10-7 

2 x 1ci-9 

5 X 10-9 

5 X 10-lS 

7 X 10-6 

5 X 10-9 

1 X 10-8 

4 X l0-J 4 

2 X 10- 7 

5 X 10-JO 

8 X 10-JO 

2 X 10-15 

4 X 10"6 

1 X 10"8 

3 X 10•!; 

5 X 10·14 

5 X 10·6 

1 x w·8 

2 X 10 •fl 

4 X 10- 14 

I I. l-C-73 

Beta 

2 X 10-J 

4 X 10-6 

3 X 10-5 

5 X 10-JZ 

1 X 10-5 

3 X 10-8 

1 X J0-7 

1 X 10-l 3 

2 x 1 o-4 

5 X Jo-7 

4 X 10-6 

J X 10-lZ 

2 X 10°5 

4 X 10•8 

J X 10" 7 

1 X 10-lJ 

5 X 10"4 

X 10"6 

6 X 10·6 

7 X 10-l Z 

2 X 10-3 

5 X 10•6 

3 ·• 10·5 

2 X 10-ll 
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TABLE II.l-C-26 (Continued) 

296-P-4 (296-8-8) 
ITS Bottoms Tariks 

Volume 7.91 x 107 (tt3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-P-5 (296-C-6) 
Tanks 105 and 

·106-C 

Volume 6. 78 x 107 (ft 3) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration {µCi/cc) 

*As Pu 

296-P-8 (296-T-4) 
242-TX Evaporator 
Bottoms Tanks 
Volume 3.16 x 109 (tt3) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration {µCi/cc) 

*As Pu 

296-P-10 (296-T-10) 
242-TX Evaporator 
Bottoms Tanks 9 (ft3) 
Volume 3. 69 x 10 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (µCi/ cc) 

*As Pu 

296-P-1 l ( 296-T-9) 
242-TX Evaporator 
Bottoms Tanks 

Volume 7.91 x 107 (tt3) 
Total Release (Ci) 
Avg . Release Rate (Ci/dayj 
Max . Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-P-12 (296-T-ll) 
, 242-TX Evaporator 

Bottoms Tanks 
Volume 3.69 x 109 (ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (11Ci/cc) 

*As Pu 

Alpha* 

5 X 10°8 
1 X 10·10 
J X 10•10 

2 X 10"14 

8 X 10"7 

2 X 10"9 

9 X 10"9 

4 .. x 10·13 

4 X 10°6 

2 X 10"8 

J X 10· 8 

5 X 10·14 

5 X 10"6 

l x 10"8 

3 X 10°8 

5 X 10"14 

9 i 10·8 

J X ]0• 10 

5 X 10·10 

4 X 10"14 

6 X 10"6 

2 X 10"8 

5 X 10°8 

6 X 10·14 

II. l-C-74 

Beta 

2 X 10"5 

5 X 10·8 
3 X 10"7 

8 X 10"12 

4 X 10"5 

1 X 10" 7 

4 X 10"7 

2 x 10·11 

1 X 10°4 

6 X 10" 7 

l x 10·6 

2 X 10·13 

l x 10"1 

J X 10°6 

l x 10"5 

1 X 10-l l 

2 X 10°5 

5 X 10·8 

1 X 10"7 

8 X 10"12 

6 X 10°4 

2 X 10"6 

6 X 10"6 

5 X 10"12 

131 I 



TABLE II.1-C-26 (Continued) 

291-S-1 
Redax Process Vessels 

Volume 2.06 x 1010(tt3} 

Total Release (C1} 
Avg. Release Rate (C1/day) 
Max. Release Rate (C1/day} 
Avg. Concentration (µC1/cc) 

*As Pu 

296-S-1 
Redox South Sample 
Gallery 9 Volume 1.84 x 10 (tt3

) 

Total Release (Cl) 
Avg. Release Rate (C1/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (µCi/cc) 

*As Pu 

296-S-2 
Redox North Sa~le 
Gallery and Hoods 

Volume 1.84 x 109 (ft3
) 

Total Release (Ci) 
Avg. Release Rate (C i /day) 
Max. Release Rate (C i /day) 
Avg. Concentration (µCi/cc) 

*As Pu 

296-S-4 
Redox Regulated Shop 
and Tool Room and SWP Lobby 
Volume 1.16 x 109 (tt3) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg. Concentration (µCi/cc) 

•A~ Pu 

296-S-5 
Redox Product 
Remova 1 Cage 
Volume 9.49 x 108 (ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-S-6 
Redox Silo Sample 
Ga 11 ery 
Volume 5.53 x 109 (ft3) 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration ( 11 Ci/cc) 

*As Pu 

Alpha* 

5 X 10-5 

1 X 10-7 

2 X 10-7 

9 X 10-] 4 

7 X 10-7 

2 X 10-·9 

8 X 10_g 

1 X 10-l 4 

J X 10-7 

8 X 10-l0 

1 X 10-9 

5 X 10-15 

7 X 10-7 

2 X 10_-9 

4 X 10-9 

2 X 10-14 

8 X 10- 7 

J X 10-9 

$ X 10-9 

J X l0- l 4 

4 X 10-6 

1 X 10--8 

5xl0_8 . 

J X l0-l 4 

II. l-C-75 

Beta 

9 X 10-4 

2 X 10-6 

4 X ]0-6 

2 X 10-l 2 

1 X ]0-5 

J X 10-8 

9 X 10-8 

2 X 10-]J 

1 X 10-4 

3 X 1 o- 7 

J X 10-6 

2 X 10-lZ 

4 X 10-5 

1 X 10- 7 

2 X 10- 7 

X 10-12 

6 X 10- 6 

2 X 10-8 

4 X 10-8 

2 X 10-lJ 

2 X 10-4 

4 X 10-7 

3 X 10-6 

J X 10-12 



TABLE II.1-C-26 (Continued) 

296-S-7 
Redox Product (233-S) 
Process Vessels and Greenhouse 

Volume 4. 06 x 109 (ft3). 
Total Release (Ci) 
Avg. Release Rate (Ci/day) 

Max. Release Rate (Ci/day) 
Avg. Concentration (µCi/cc) 

*As Pu 

296-S-13 
222-S Laboratory 
Volume 3.64 x 1010 (ft3) 

Total Release (Ci) 
Avg . Release Rate (Ci/day) 
Max, Release Rate (Ci/day) 
Avg. Concentration (µCi/cc) 

*As Pu 

296-S-14 
241-SX Tank Fann 
Vent 
Volume 3. 16 x 108 (ft3) 

Total Release (Ci) 
Avg . Release Rate (Ci/day) 
Max. Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-S-15 
241-S X Sludge 
Cooling 9 3 Volume 5. 27 x 10 (ft ) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 
Max . Re l ease Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

296-S-1 6 
222 S Lab Waste Tanks 
and Vault 

Volume 5 . 96 x 107 (ft3) 
Tota i Release (C i ) 
Avg . Release Rate (Ci/day) 
Max . Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

291- T -1 
T Plant 

Volulll!? 2. 11 x 10
10 

(ft3) 

Total Release (Ci) 
Avg. Release Rate (Ci/day) 

Max . Release Rate (Ci/day) 
Avg . Concentration (µCi/cc) 

*As Pu 

Alpha* 

5 X 10-5 

l x l0-7 
4 X 10-7 

4 X lO~lJ 

5 X 10-5 

1 X 10-7 

5 X 10-7 

5 x·, 10-14 

4 X 10-6 

1 X 10-8 

8 X 10-8 

5 X 10-13 

1 X 10-5 

3 X 10-8 

1 X 10-7 

8 X l0-l 4 

J X •10- 6 

3 X 10-9 

8 X 10-9 

6 X 10-] 3 

2 X 10-4 

7 X 10-] 

3 X 10-6 

4 X 10-lJ 

11.1-C-76 

Beta 

2 X 10-4 

6 X lo-7 

4 X 10-6 

2 X 10-12 

4 X 10-2 

1 X 10-4 

6 X 10-4 

3 X 10-ll 

4 A 10-3 

1 X 10-5 

4 X 10-5 

5 x 10-10 

1 X 10-4 

4 X 10-7 

l x 10-6 

1 X 10-12 

9 X 10-~ 
3 X 10-7 

9 X 10-7 

6 x 10-11 

4 X 10-2 

1 X 10-4 

5 X 10-4 

6 X 10-l l 



TABLE II.1-C-26 (Continued) 
/ 

I 
296-T-1 
242-·T Evaporator Hot 131 I Cells Alpha* Betl 
Volume 4. 22 x 108 (ft3) 

Total Release (Ci) 1 X 10-6 3 X 10-J 

Avg. Release Rate (Ci/day) 3 X 10-9 9 X 10-6 

Max. Release Rate (Ci/day) 7 X 10-9 3 x 10-S 

Avg. Concentration (uCi/cc) 8 X 10-]4 3 X 10-lO 

*As Pu 

296-T-2 
242-T Evaporator 
Cold Cells 

(ft3) Volume 4.48 x 108 

Total Release (Ci) 1 X 10.-6 2 X 10-4 

Avg. Release Rate (Ci/day) 3 X 10-9 5 X 10-7 

Max. Release Rate (C.i/day) 8 X 10-9 1 X 10-6 

Avg . Concentration (1JCi/cc) 9 X l0-l 4 .1 X 10-ll 

•As Pu 

296-T-3 
242-T Evaporator 
Vessel Vent 

Volume 1.05 x 108 (ft3) 
Total Release (Ci) 7 X 10-7 X 10-J 
Avg. Release Rate (Ci/day) 2 X lQ-9 3 X lQ -6 

Max. Release Rate (Ci/day) 1 X 10-8 l x 10-5 

Avg . Concentration (uCi/cc) 2 X 10-l 3 4 X 10-lQ 

*As Pu 

·. 296-T-13 
T Pl ant 
Volume 1.43 x 1010 (ft3) 
Total Release (Ci) 1 X 10-S 4 X JQ-4 

Avg . Release Rate (Ci/day) 6 X 10-8 2 x l 0-6 

Max. Release Rate (Ci/day) 1 X 10-7 5 X 10-6 

Avg . Concentration (1.1Ci/cc) ) X l0-l 4 J X 10-12 

*As Pu 

291-U-1 
U Plant 
Vo 1 ume 7 . 38 x 109 (ft3) 
Total Release (Ci) X 10-S J X 10-3 

Avg. Release Rate (Ci/day) 4 X 10-8 J X 10-6 

Max. Release Rate (Ci/day) 9 X 10-8 5 X 10-6 

Avg. Concentration (1JCi/cc) 6 X JQ-l 4 5 X 10-12 

*As Pu 

296-U-2 
Uranium Oxide 224-UA 
Fi 1 ters 

(ft3) Volume 3. 81 x 108 

Total Release (Ci) 8 X 10-S 2 X 10-4 

Avg. Re 1 ease Rate (Ci/day) 4 X 10-] 2 X 10-6 

Max. Release Rate (Ci/day) 1 X 10-6 2 X 10-6 

Avg . Concentration (1JCi/cc) 8 X 10-12 2 X 10-ll 

*As U 
i 
I 

I I. 1-C-77 



TABLE I I. l -C-26 (Continued) 

296-U-4 / "1 
Uranium Oxide 
Nitric Acid Absorber Off-gas Alpha* Beta 1311 

Volume 7 .66 x 10
8 (ft3) 

Tota 1 Re 1 ease (Ci) 7 X 10°6 5 X 10°3 

Avg . Release Rate (Ci/day) 2 X ]Q·8 2 X 10"5 

Max. Release Rate (Ci/day) 7 X 10·8 5 X 10°5 

Avg. Concentration (1JCi/cc) 3 X 10"13 2 X 10•lO 

*As u 

296-U-5 
Uranium Oxide 224-U 
F Cell 

Volume 2 .29 x 10
8 (ft3) 

Total Release (Ci) 2 X 10°6 7 X 10°4 

Avg . Release Rate (Ci/day) 7 X 10°9 3 X 10"6. 

Max. Release Rate (Ci/day) 1 X 10·8 4 X 10°6 

Avg . Concentration (1JCi/cc) 3 X 10"13 1 X 10-lQ 

*As u 

296-U-10 
271-U PU Storage 

Volume 5. 32 x 109 (ft3) 

Total Release (Ci) 4 X 10° 7 7 X 10°6 

Avg. Release Rate (Ci/day) 3 X 10°9 6 X 10°8 

Max. Release Rate (Ci/day) 2 X 10"9 6 X 10°8 

Avg . Concentration (1JCi/cc) 3 X 10· 15 S x -10·14 

*As Pu 

291-Z- l 
ZPlant Process and 
Ventilation li 

(ft3) Volume 1. 26 x 10 

Total Release (Ci) 3 X 10°4 2 X 10° 3 

' Avg. Release Rate (Ci/day) 8 X 10°7 5 X 10·6 I 

'-
Max. Rel.ease Rate (Ci/day) J X 10°6 2 X 10·5 

Avg. Concentration ( \JCi/cc) 8 X )0-14 6 X 10•lJ 

*As Pu 

296-Z-3 
241-Z Vault 

Volume l. 32 x 101 O (ft
3

) 
4 X 10"6 

Total Release (Ci) 5 X 10"6 

Avg . Release Rate (Ci/day) 2 X 10"8 2 X 10"8 

Max. Release Rate (Ci/day) 2 X 10•8 2 X 10°8 

Avg. Concentration (1JCi/cc) 1 X 10•14 1 X 10•14 

*As Pu 

209-E 
Critical Mass Lab 

Volume 1 . 21 x 10
9 (ft3) 

Total Release (Ci) " 2 X 10"7 

Avg. Release Rate (Ci/wk <J X ·,o•9 

Max. Release Rate {Ci"'k ,z X 10"8 

Avg. Concentration (1JCi/cc) <8 X 10°15 

*As Pu 

231-Z 
Plutonium Metallurgy Lab 

Volume 5.19 x 10
9 (ft3) 

Total Release (Ci) l x 10·5 

Avg. Release Rate (Ci/wk 2 X 10"7 

Max. Release Rate (Ci/day) 2 X 10°6 

Avg. Concentration (1JCi/cc) 8 X 10·14 

*As Pu 

II. l-C-78 
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~ Location 

11-73 241-S Tank 
Fann 

8-72 

2-72 

4-71 

3-71 

3-22-70 

11-69 

10-69 

1-69 

102-S Tank 

221-8, R-13 
Utility Pit 

224-T Building 
southeast side 

216-Z-18 
waste line 
near 236-Z 

Near southwest 
corner of 
241-C Tank 
Fann 

221-8 to 
216-8-3 
(8 Pond) 

Near 241-C-152 
diversion box. 
L !quid radio
active waste 
transfer line 
break 

Near 241-C~-151 
diversion box . 
Liqu id radio
active waste 
transfer 1 ine 
break 

233-S 

TABLE II. l-C-27 

200 AREAS, UNPLANNED RELEASES 

Description 
Approximate Amounts 
of Radionuclides 

Approximately 8,660 gtllons of radioactive 
waste solution was pumped out of a 12-inch 
riser on to the adjacent ground and covered 
an area approximately SO x 200 feet. This 
was caused by an unplanned blockage in the 
riser . The spill area was immediately 
covered with a temporar_y layer of earth to 
provide shielding and prevent airborne 
contamination . Final cleanup operations 
excavated all of the contaminated soil for 
subsequent disposal in a designated 
contaminated burial trench . 

Excavation of an unencased line (from Tank 18-1, 
221-8 Building to 154-BX diversion box) near the 
utility pit at R-13 disclosed a process waste 
leak . Radiation measurements taken at bottom of 
the pit read 15 rad/hr within 2 in . of the source. 

During remodeling of 224-T Building for Pu 
storage, gross alpha contamination .as found in 
soil on back side of building. The 224-T Build
ing was originally constructed with vent lines 
fran process tanks entering tile piping at 
ground level to rear of building. The jointed 
tile piping went to a COlffllOn tile header which 
fed into 221-T Building cells. During the years 
of process operation, alpha-ladened 111:1isture 
seeped through pipe joints and grossly conta• in
ated the subsoil. Excavations of area showed 
soil contamination below the surface of an area 
SO ft long by 12 ft wide by 12 ft deep . A total 
of 139 drUIIIS of soil were removed from the zone 
containing approximately 70 g of plutoniU11. The 
zone is marked for underground contamination 
which .--ins below the hea~r pipe. (It is 
believed a similar contafflinated condition exists 
behind 224-8 Building ii) 200-East Area.) 

The 216-Z-18 crib line from 234-5 co• plex broke 
It location approxi.ately 6 ft south and 12 ft 
west of souti-st corner of 236-Z Building. 
An excavation 25 ft long by 6 ft wide by 7 ft deep 
uncovered gross alpha contamination in soil to 
greater than 6 million dis/min/100 cm2 of surface. 
Approximately one hundred 55-gal barrels of con
taminated soil were removed and buried in 200-W 
Area Pu "storage for recovery" burial ground . 
Much contamination still remains under 6 ft of 
clean soil . 

Process transfer line No. 812 from AR Vault to 
241-C Tank Fann was found leaking near southwest 
corner of that fann. At that location the line 
is 8 ft deep . Contaminated soil zone was est'i -
mated at 1300 ft3 . Test wells driven into the 
ground indicated the contamination did not 
extend below a depth of 20 ft . 

Decontamination of operating gallery, following 
process solution flow reversal from storage 
vessel. 

A leak in the line from Tank 105-C to 8 Plant 
was found December 19, 1969. Voli,ne which 
leaked to ground was estimated at 2600 gal . 
The contaminated soil -.as covered with clean 
gravel. 

A leak in the line from Purex Plant to 102-C tank 
was found October 19, 1969 . Volume which leaked 
to ground was estimated at 36,000 gal . Contamina
tion was covered with clean gravel. 

Plutonium-contami nated water backed up in 233-S 
Filter House drain line and overflowed into a 
low spot in the ground directly north of 233-S 
Filter House. An area of 150 yd2 was affected. 
Twenty-eight yards of clean gravel were spread 
over the spil 1. 

II. l-C-80 

137 l,OOOCi 134cs 
1 Ci 60cs 
1 Ci Co 

20 Ci 137cs 

10 g 239Pu 
Residua 1 

SO Ci 90sr 

10,000 Ci 137cs 
300 Ci 144Ce 
·100 Ci 106Ru 
300 Ci 95zrNb 
100 Ci 134cs 

400 Ci 90sr 
100 Ci l37cs 
400 Ci 144ce 

1 , 000 Ci 9SzrNb 
1,000 Ci 103Ru 



,,, · 

9-68 

1-68 

5-66 

Location 

153-TX 
diversion 
box 

Near 241-6-153 

23rd and 
Camden Ave. 

TABLE II. l-C-27 (Continued) 

Description 
Approximate Amounts 
of Rad ionuc 1 ides 

Ground and road contamination along Camden Av. 
and adjacent ground surfaces resulted from two 
plumes of airborne contamination that floated 
northeast and southeast from 153-TX diversion 
box depositing 90sr over an area running 
250 yd north and south alqng Camden and extend
ing from 75 to 100 yd east of Camden. Particles 
up to 700 mrad/hr were found. Road contamina
tion was covered with a new tar mat, sides of 
roads were "fixed" with tar, and the field to 
the east of Camden Av . was turned under to 
cover the particulate material. 

A leak in the transfer line fran 9-2 tank in 221-B 
Plant to the 110-B underground storage tank was 
found near 241-B-153 diversion .box on January 4, 
1968. The volume which leaked to the ground was 
estimated at 5400 gal. The contaminated ground 
was covered with clean gravel. 

Liquid waste solution spilled from a broken 
underground line on southeast corner of 23rd 
and Camden Ave. The liquid surfaced and ran 
across the road to west side. All ground sur
face contamination was removed to a depth of 
3 ft and buried in the 200-W burial grounds: 
The remaini.ng radioactivity was covered to 
ground level with 3 ft of clean soil . 

1 Ci 90sr 

144 5,000 Ci 10le 
300 Ci Ru 
BOO Ci 95zrNb 

10 Ci 
Fission 
Products 

9-30-60 202-A During jumper testing on 241-A-151 Diversion Box, 0.1 Ci 

Early 
1960 

3-57 

10-55 

1954-55 

1954 

1954 

B-C Cribs 
outer area 

contamination was spread downwind to the south and 
outside the 200-E.Area perimeter fence, a distance 
of about .1 mile. Radiation levels near the diver-
sion box were 1 to 3 rad/hr, and just outside the 
exclusion area fence, general contamination was 
up to 3000 counts/min. Particula}e contamination 
was about 50 particles per 100 ft just outside the 
exclusion ~rea and dropped to less than 5 particles 
per 100 ft2 1 mi le south of the diversion box. 
Ground surface contamination was removed or 
s tabi 1 i zed. 

Early in 1960 animal burrows were observed in 
residue salts in bottcrn of B-C liquid waste 
trenches. Radioactive feces frcrn coyotes and 
rabbits were subsequently spread over surrounding 
sagebrush-covered desert land to east, south and 
west of trenches. The bulk of radioactivity 
remaining is fixed in rabbit droppings scattered 
over approximately 4 square miles of ground 
surface . 

221-U Building Reclaimed acid spilled onto ground at northeast 
end of 221-U Building, contaminating an area 
65 ft by 90 ft. The spill was covered with 
3 in . of sand and gravel . 

Near 241-BX-153 A spill that occurred during pressure testing 
and 241-BX-1'55 of lines and jumpers in the 155-BX diversion 
Ground box caused ground contamination to a maximum 
Contamination dose rate of 22 . 6 rad/hr at 2urface. Affected 

area is approximately 200 ft . It was covered 
with clean soil. 

241-B-153 

241-B-152 

Leak in 
process line 
from 105-TX 
to 11B-TX 

Contamination spread associated with work being 
done in the 153-B diversion box during 1954 
and 1955 caused a general buildup of contamina
tion . An area SO ft by 100 ft is marked as a 
radiation zone. The contamination was covered 
with clean gravel . 

An incident which occurred during the spring of 
1954 while performing diversion box work contamin
ated an area approximately 50 ft2. A portion 
of the contamination was rtm0ved and buried. 
The remainder was covered with several inches of 
clean fill dirt. 

Leakage of first cycle waste was discovered in 
1954 with maximum dose rates of 4.5 R/hr observed 
at 4 ft above surface of spill . An area approxi
mately 100 ft by 125 ft was covered with soil. 

II. l-C-81 

7 Ci 137cs 
30 Ci 90sr 

1 Ci 
Fission 
Products 

10 Ci 
Fission 
Products 

1 Ci 
Fission 
Products 

1 Ci 
Fission 
Products 

10 Ci 
FissiOft 
Products 



1954 

1-2-54 

1953 to 
1955 

6-53 

6-53 

3-53 

1951 to 
1952 

1951 to 
1952 

1947 

1946 

1946 

Location 

216-S-207 
Redox 
retention 
basin 

Redox 

216-S-4 
Culvert pipes 
(cooling water 
well) 

216-U-7 
221-U Vessel 
vent blower 
pit French 
drain 

242-8 to 
207-8 
Waste Line 

241-ER-151 
Catch tank 
leak 

216-S-15 
(110-S tank 
condenser 
cool in~ 
wastes) 

241-8-151 

221-T, R-19 
waste 1 ine 
leak 

221-8, R-3 
Line lea k 

241-8-154 
Ground 
Contamination 

TABLE II.l-C-27 (Continued) 

Description 

Basin became highly contaminated from coil leaks 
in 202-S Building. Its use was discontinued in 
1954 . Basin concrete surfaces were subsequently 
covered with soil . 

During Ru oxidation and scrubbing operations, 
the caustic recirculation system was not 
functioning properly and about 260 Ci of radio
Ru were released to the environs via the 
ventilation stack. The wind was blowing 
in a general northeasterly direction aqd parti
culate radio-Ru was deposited on vegetation and 
roads extending beyond the Hanford perimeter. 
Individual high radiation measurements of 
particles were; 7. 5 rad/hr near the Redox stack, 
400 mrad/hr on the road northeast of the stack, 
100 mrad/hr down to 50 mrad/hr between 200-W and 
200-E Area and diminishing to 20 mrad/hr north
east of the 200-E Area . 

241-S Tank Farm, 101 and 104 tank condensat~ and 
cooling water was piped from 241-S Tank Farm into 
two metal culvert pipes placed on end to a depth 
of 20 ft. Radioactivity accumulated at bottom 
of pipes . 

An- estimated 300 lb of uranium (UNH solution) . 
overflowed into the 221-U Building vessel vent 
blower pi t and then to ground through the French 
drain . (This is in the established radiation 
zone on southeast of 221-U Building near R-3 
entrance . ) 

Five leaks in the line were discov~red in June 
1953 . No determination of activity below 
ground surface was made at that date. The area 
was covered with about 2 in . of clean soil . 

About 1700 gal of contaminated acid was lost to· 
ground through a leaking catch tank. No ground 
surface contamination was detected . 

A maximum dose rate of 10 rad/hr was obsfrved 
at the surface of the receiving pond east of 
241-S Tank Farm. It was covered with 2 ft of 
dirt . 

The area around the diversion box was contaminated 
as a result of diversion box work in the fall of 
1951 and again in the surm,er of 1952. Most of the 
contamination was removed. That remaining was 
covered with approximately 1 ft of clean soil. 

A leak in underground metal waste line at 
southeast corner of 221-T Building in the 
spring of 1947 resulted in spread of an unknown 
amount of activity to ground . A maximum dose 
rate of 20 R/hr was detected. The area was 
subsequently covered with several feet of gravel. 

A leak during 1946 from an underground metal 
waste line south of 221-B Building resulted in 
spread of an unknown quantity of activity to 
an area 100 ft wide by 500 ft in length. A 
portion of the ground above the leak caved in 
but was subsequently backfilled with several 
feet of clean gravel. During subsequent con
struction activity the major portion of the 
radioactivity was excavated and removed to 200-E 
Dry Waste Burial Garden. 

Metal waste solution was spread over the ground 
around the diversion bcx as a result of work 
associated with replacement of a leaky jumper in 
the box in 1946. The contamination was covered 
with approximately 1 ft of clean soil. 

II. l-C-82 

Approximate Amounts 
of Radi onuc 1 ides 

10 Ci 
Fission 
Products 

1 Ci 
Fission 
Products 

10 kg 
uranium 

10 Ci 
Fission 
Products 

10 Ci 
Fission 
Products 

1 Ci 
Fission 
Products 

10 Ci 
Fission 
Products 

10 Ci 
Fission 
Products 

10 Ci 
Fission 
Products 

I Cf 
Fission 
Products 

.-·, 



/ 

Waste Storage Tank Leaks. Eighteen tank leaks have occurred through 1974. The number of each 
affected tank the year of occurrence, the estimated volume of leakage in gallons, and the 
associated 137Cs are shown below. The letter(s) after the number of each tank indicates their 
location by storage area, e.g., the letter "U" is the "U" tank farm, the letters "SX" mean the 
"SX" tank farm, etc. The tank farms can be f.ound on the maps attached as Figure II.l-C-42. 

The colllllns next to the list of eighteen tanks include the estimated volume of leakage from each 
tank and the associated 137Cs in curies. 137Cs leakage can be used to estimate the maximum 
amount of other radionuclides leaked. 

Tank 
l. 104-U 

2. 113-SX 

3. 106-TY 

4. 101-U 

5. 105-TY 

6. l 08-SX 

7. l 05-A 

8. 107-SX 

9. l 09-SX 

l 0. 115-SX 

11. 112-SX 

12. l 02-BX 

13 . 108-BY 

14. l 03-BY 

15. l 06-T 

16 . 103-TY 

17 . 111-SX 

18 . 108-BX 

Year 
Leaked · 
1956 

1958 

1959 

1959 

1960 

1962 

1963 

1964 

1965 

1965 

1969 

1971 

1972 

1973 

1973 

1973 

1974 

1974 

Estimated 
Vol. of 
Leakage 

(Gallons) 
55,000 

15,000 

20,000 

30,000 

35,000 

2,400 

<5,000 

<5,000 

<5 ,000 

50,000 

30,000 

70,000 

<5,000 

<5,000 

115,000 

3,000 

<2,000 

2,500 

Associated 
137cs 

(l 000 Ci) 
0.09 

8 

2 

20 

4 

20 

40 

40 

50 

40 

0.7 

2 

0.5 

II. l-C-83 

Status 
Diatomite added -
Tank Isolated 

Diatomite added -
Tank Isolated 

Diatomite added 
Tank Isolated 

Isolated 

Isolated 

Sludge Air Cooling 

Pumped to Residual 
Liquid Heel 

Sludge Air Cooling 

Sludge Air Cooling 

Sludge Air Cool i ng 

Sludge Air Cooling 

Diatomite added -
Tank Isolated 

Salt Well Pumpi ng -
Isolation in Progress 

Salt Well and 
Isolation Program 

Pumped to Residual 
Liquid Heel 

Salt Well Pumping -
Isolation Initiated 

Pumped to Residual 
Liquid Heel 

Pumped to Residual 
Liquid Heel 
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APPENDIX II . 1-D 

LIQUID WASTE STREAMS TO THE COLUMBIA RIVER 
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FIGURE I I. 1-0-1 EXISTl;,G DISCHARGES INTO COLUMBIA RIVER 

I I. 1-0-1 



Discharge (a) 

TABLE I I. 1-0-1 

DESCRIPTION OF DISCHARGES 

Area No. Description 

100-8/C 

100-B/C 

100-K 

l 00-K 

100-N 

l 00-N 

100-N 

100-N 

001 Inlet Screen Wash Water and Fish Return 
The 100-B river pumphouse serves 100-8 Area, the 
chemical processing facilities (200 Areas) and other 
minor facilities totaling about 19 million gpd. Dis
charge line permit .001 covers untreated water used to 
dislodge and backflush material entrained on the river 
pump inlet screens (Figure II.l-D-2). 

002 Process Drain 
Leakage and waste water from pumping operations in the 
182-B building and overflow from the 183-B Ba$in raw 
water storage facility in 100-B Area are released to 
the river directly. These facilities are used in trans
portinQ water from river pumping structure to the 200 
Areas (Figure II.l-D-3). 

003 Inlet Screen Wash Water and Fish Return 
Untreated river water used to dislodge and backflush 
material entrained on the river pump inlet screens on 
the p1J11ping structure serving 100-K Areas is released 
directly to the river (Figure II.l-D-4). 

004 Process Drain 
Treated cooling water used for compressors and pumps 
and overflow drain·s from the filter basin are released 
directly to the river (Figure II.l-D-5). 

005 Water· Storage Tank Farm Overflow 
A 36-in. line containing the overflow from the 182-N 
tank empties into a concrete chute (Figure II.l-D-6). 
This discharge is a part of the approximately 200,000 
gpm pll!lped by the 100-N river pumping facilities. It 
amounts to about 500 gpm of overflow from filtered and 
raw water storage tanks in the 182-N tank fann. A 
small amount of steam from the medium pressure steam 
system is included. 

006 Overflow and Floor Drain Discharge 
Figure II. l-0-7 shows the discharge point from the 182-N 
building consisting of filtered water overflow and 
waste from floor drains into a 12-in. steel pipe to the 
river bank. This is also part of the 200,000 gpm 
pumped by the 100-N river pumping facilities. 

00/ Inlet Screen Wash Water and Fish Return 
This discharge consists of untreated water used to dis
lodge and back flush material entrained on river pump 
inlet screens. The entrained material consists only of 
solid matter present in untreated Columbia River water 
(Figure II. l-D-8). 

008 Turbine Condenser Cooling Water 
This process waste discharge 1s a part of the approxi
mate 200,000 gpm pumped by the 100-N river pumping 
facilities. It consists of drive and generator turbine 
condenser cooling water and graphite cooling water dis
charged via a 66-in. line and concrete flume to the 
river bank (Figure II.l-D-9). During nonnal reactor 
operating periods the flows are about 65,000 gpm. 

(a) Application for EPA discharge permit number is 071-0YC-3-000099 
covering 14 discharges. 

II. l-D-2 
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TABLE II.l-D-1 (Continued) 

Discharge (a) 
Area _!i2.:,_ Description 

100-N 

100-D/DR 

100-D/DR 

300 

300 

009 Dump Condenser Cooling Water 
This waste consists primarily of steam condenser cool
ing water discharged via a 102-in. line to the Columbia 
river channel (Figure II. l-D-10). 

010 Inlet Screen Wash Water and Fish Return 
Untreated water used to dislodge and backflush material 
entrained on the river pump inlet screens is returned 
to the river. The entrained material consists only of 
solid matter present in untreated Columbia River water. 
The pumping plant serves sanitary needs and process 
water to research facilities located in the 100-D Area 
(Figure II. l-D-11). 

011 Research Facility and Backwash Drain 
Treated process water used in 189-D and 183-D as 
coolant and wash water and in hydraulic test loops is 
returned to the river. The test loops are part of a 
research and development facility in support of N 
Reactor and other interests. Radioactive materials 
are not included in the test loops (Figure II.l-D-12). 

013 331 Fish Pond Effluent 
This stream results from an AEC research effort in 
which experimental stocks of fish and other aquatic 
organisms are mainta_ined in. fresh or treated Columbia 
River water. Experiments involve the addi.tion of small 
amounts of chemical or temperature increments. This 
discharge includes only raw water which is not chem
ically treated (Figure II.l-0-13). 

012 Filter Backwash 
This stream, which results from the normal operation of 
the water treatment plant filter backwash, carries 
water treatment chemicals as well as silt back to the 
river. The small water treatment plant is a conven
tional design. Aluminum sulfate is added to river 
water, a proprietary polyacrylamide called "Separan" 
is added as a filter aid, and the wa~er is chlorinated. 
The finished water is used for sanitary and process 
needs in the 300 Area (Figure II. l-0-1_4). 

300 014 309 Drains 
This stream involves cooling water from air condition
ing chillers and floor drains from the south basement 
service area in the 309 Building. The water is ini
tially from the 300 Area· drinking water system and no 
chemicals or other pollutants are added (Figure 
I I. 1-0-15). 

(a) Application for EPA discharge permit number is 071-0YC-3-000099 
coverin~ 14 discharges . 
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TABLE II. l-E-1 

TABLE OF 300 AREA STORAGE AND DISPOSAL SITES "\ 

Tenninated Depth to Monitored 
Size Service Water Table by Well 

.....fil.1£.:.. Acres 0escrietion In Year !ft} Ni.nber 

1. l 200 ft long trenches 15 ft wide by 8 ft 1956 41 399-1-2 
deep on N-~ axis and some 20 ft wide by 
15 ft deep bn E-W axis. Covered with 
4 ft layer of clean dirt, and 111arked in 
1961. Markers 3-61~51 through 3-61-90. 

Contains all 300 Area solid radioactive 
waste generated from 1945-1956, 
including uranium, plutonium, and 
fission products. 

2 1.7+ Pits 150 ft long by 51 ft wide by 15 ft 1961 41 399-1-2 
deep. Covered with clean soil and 
marked in 1961. Markers 3-61-1 through 
3-61-50. 

Contains uranium contaminated equipment 
and 1111terial. 

3 1.3+ An expansion to the west of No. 2 with 1961 41 399-1-2 
similar contents and deactivation 
procedures. 

;-
4 2.9+ Elongated pits containing uranium con-

taminated miscellaneous materials from 
1961 33 

300 Area manufacturing facili~ies. 
Filled and covered with clean dirt. 
Marked in 1961 with markers 3-61-137 
through 3-61-189. 

5 1.2+ Elongated pits to 15 ft deep contain- 1962 38 
ing uranium contaminated trash. 
Covered, filled with 4 ft of clean 
di rt. Marked in 1962; 3-62-1 
through 3-62-38. 

7; 
6 No longer exists. Wastes moved to 1944 

other sites . Contained solid 
uranium waste from 6 mo in 1944. 
Filled with clean dirt. 

7 '\,16. 7 Two drive-in trenches and a V- 1971 52 399-8-2 
shaped pit, containing materials 
primarily from 300 Area fuel 
manufacturing process contaminated 

'-
slightly with uranium or thorium. 
Backfilled and covered with clean 
dirt. 

8 '\,1.4 Long trenches filled with low level Prior 52 
uranium bearing waste from fuel manu-
facturing areas filled and covered 
with clean dirt and a parking lot 
(North). Marked in 1961, 3-61-91 
through 136. 

300 0.1 A long trench filled with drums of 1956 55 
West uranium contaminated organic solvent 

from the 321 Building in 1955 and 
1956. Terminated and marked in 
1963, 3-63-1 through 18. 

Contaminated All equipment removed. Ground 
Equipnent slightly contaminated. 
Storage Area 

I 
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TABLE II. l-E-2 

TABLE OF STORAGE AND DISPOSAL SITES ANCILLARY TO THE 300 AREA 

Site or 
Building 

"No. 

, 300 
North 

300 
North 

300 
Wye 

Size 
Acres Description 

6. 1 Located about 4 miles northwest of 300 Area. 
T~nninated. Broad spectrum of low-to high
level solid radioactive waste, primarily 
fission products and plutonium . Cartoned 
low-level waste was buried in trenches; 
mediiin to high-level waste in caissons 
or buried pipe facilities. 

<1 A stainless steel tank with an open bottom, 
about 150 ft southeast of the 300 North 
burial ground, into which was dumped 
uraniiin contaminated liquid waste from 
the 321 Building. 

8.6 Located about 7-1/3 miles north of the 
300 Area. Retired--filled and marked. 
Broad spectrum of low-to high-level 
solid radioactive waste, primarily 
fission products and plutonium. Cartoned 
low-level waste was buried in trenches; 
medium to high-level waste in caissons or 
buried pipe facilities. 
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Depth 
To Water 
Table 

Service (ft) 

1953-63 65 

1948-56 65 

1962-67 45 
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TABLE II.1-E-3 

ESTIMATED RADIOACTIVE LIQUID WASTE INVENTORY - 300 AREA 

340 STORAGE 
75,000 GAL CAPACITY 

Routine Analyses - Avera}e Concentration Nuclides Detected in One or More 
Samples Concentration (Ci/ml) (Ci/m3 

Filtrate So l ids(a) Filtrate(e) 

Total Beta (b) 7.2 43 125Sb 0.006(1) 

Total Alpha(c) 0.011 0.033 l34Cs 0. 017 ( l 0) 

60co <O. 006(d) <0.046(d) l 52Eu 

90Sr 0.304 0.36 l 54Eu 0.053(2) 

l 06Ru-Rh 0.042(d) 0.4() 155Eu 0. 095(3) 

137cs 0.321 0.038 241Am 

The concentration of all nonradioactive chemical compounds is shown below: 

Nonradioac t ive Analyses Average 

pH 

Nonvolatile Residue 

Uranium Filtrate 

Solids(a) 

11. 5 

2600 g/m3 

31 g/m3 

l. 2 g/m3 

(a) Solids concentrations in units per cubic meter of liquid. 
(b) Total beta calculated as a hypothetical, nonvolatile nuclide 

(C) 
emitting a beta particle of e2~9gy 0.3 MeV. 
Total alpha is calculated as Pu. 

(d) "Less Than" is used when the results were below detection 
levels . 

(e) The number in parenthesis indicates the number of values 
reported and averaged. Blanks indicate no value reported . 
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Solids(a)(e) 

0.013(3 ) 

0.003(2) 

0.0003(1) 

0.003(4) 

0.042(5) 

0.0003(2) 
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TABLE II. l-E-4 

SUMMARY OF RADIOACTIVE GASEOUS WASTE DISCHARGED FROM 
300 AREA FACILITIES DURING 1972 

METAL FABRICATION DEVELOPMENT - 306-W 

Roof No. - Thorium Storage Room 

Volume l x 1013 (cc) 
Alpha Beta 

Ave. Concentration <l. l x 10-14 µCi/cc <l.2 x 10-13 µCi/cc 

Ave . Release Rate <O. 001 1JCi/wk <0.024 µCi/wk 

Max. Release <0 . 011 1JCi/wk <0.051 µC1/wk 

Total Release <0.052 1JCi <l. 2 µC1 

METAL FABRICATION DEVELOPMENT - 306-W 

Roof Ho. 2 - Bag Filter [l(haust 

Volume 2 x 1014 (cc) 
Alpha Beta 

Ave. Concentration <l. 2 X 10-14 µCi/cc <1.8 x 10-13 µC1/cc 

Ave . Release Rate <0.046 1JCi/wk <0.73 µC1/wk 

Max. Release <O. 17 µCi/wk <2.3 µC1/wk 

Total Rel ease <2 .4 µCi <39 µC1 

METAL FABRICATION DEVELOPMENT - 306-W 

Volume l x 1014 (cc) 
Ave . Concentration 
Ave . Release Rate 
Max . Release Rate 
Total Release 

Alpha 

<3. 2 x 10-14 1JCi/cc 
<0 . 065 1JCi/wk 
<0. 42 1JCi/wk 
<3.4 1JCi 

Beta 

<2.6 x 10-13 1JCi/cc 
<0 . 53 1JC1/wk 
<l. 8 1JCi/wk 
<27 1JCi 

306-W METAL FABRICATION DEVELOPMENT 

URANIUM POWDER LABORATORIES NO . 158 ANO NO. 159 

Volume 3.1 x 1013 (cc) 
Ave. Concentration 
Ave. Release Rate 
Max. Release Rate 
Total Release 

Alpha 

<S. O x 10- 15 µCi/cc 
<0. 003 µCi/wk 
<0.02 i,Ci/wk 

<O . 16 µCi 

Beta 

<3.6 x 10-14 µCi/er. 
<O . 02 µCi/wk 
<0 .08 µCi/wk 
<l. l µCi 

Volume 4 x 1014 (cc) 
Ave. Concentration 
Ave. Release Rate 
Max . Release Rate 
Total Release 

810PHYSICS LABORATORY - 329 

Alpha Beta 

Volume 
Ave. Concentration 
Ave . Release Rate 
Max. Release Rate 
Total Release 

(a) As plutonium . 

<0.35 x 10- 14 1JCi/cc 
<0.29 1JCi/wk 
<0.38 µCi/wk 

<l . 5 µCi 

LIFE SCIENCE BUILDING - 331 

"D" Stack 1 Alpha(a) 

1.7 X 108 

<3. l x 10- 10 pCi/cc 
<0.003 µCl/wk 

<O . 011 1JCi/wk 

<0 .052 1JCi 

II. l-E-14 

<2.2 x 10-14 µCi/cc 
<0. 19 µCi/wk 

<0. 53 1JCi/wk 
<9. 7 µCl 

•s• Stack, Alpha(a) 

5.6 X 108 

<l . 9 x 10-10 pCi/cc 
<0.002 1JC1/wk 

<0.024 µCi/wk 

<O. 11 µC1 

-., 
I 
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TABLE II.l-E-4 (Continued) 

FISSILE MATERIAL STORAGE - 3708 

Alpha 

Volume 4 x 1013 (cc) 
Ave. Concentration 
Ave. Relea·se Rate 

Max. Release Rate 

<4.4 x 10-15 uC1/cc 
<0.0048 µCi/wk 
<0.008 µCi/wk 

Total Release <0.17 µCi 
Facility put into service Hay 1, 1972. 

Volume 3.3 x 1014 (cc) 
Ave. Concentration 
Ave. Release Rate 
Max. Release Rate 
Total Release 

308 FUELS LABORATORY 

Alpha 

<4.5 x 10-15 uCi/cc 
<0.03 µCi/wk 
<0.03 µCi/wk 
<l . 5 µCi 

324 CHO'. ISTRY ANO WITERIALS ENGINEERING LABORATORY 

Volume 1 x 1015 (cc) 
Ave. Concentration 
Ave. Release Rate 
Max. Release Rate 
Total Release 

Alpha 

<3. l x 10-14 µCi/cc 
<0 . 38 µCi/wk 
<0.4 µCi/wk 

<20 uCi 

Beta 

<7 . 9 x 10-14 µCi/cc 
<2.5 µCi/wk 
<3.2 µCi/wk 

<140 µCi 

3, 5 RAalOCHEI-IISTRY LABORATORY 

Volume 2 x 1015 (cc) 
Alpha Beta 

Ave. Concentration 7.8 x 10· 15 uCi/cc 1.2 x 10·12 uCi/cc 

Ave. Release Rate <0.22 uCi/wk 52 µCi/wk 

Max. Release Rate 0.93 µCi/wk 910 µCi/wk 
Total Release{.;) <12 "Ci 2800 uCi 

(a) 1 Ci Radon release on Septe'.l>ber 25, 1972 . 

325-8 RADIOCHEMISTRY LABORATORY ANNEX 

Volume 1 x 1014 (cc) 
Ave . Concentration 
Ave. Release Rate 
Max . Release Rate 
Total Release(a) 

Alpha 

<5.4 , 10· 15 uCi/cc 
<0.008 uCi/wk 
0.02 uCi/wk 

<0.44 uCi 

{a) 1 Ci Radon release on July 26, 1972. 

Beta 

1.9 x 10· 13 uCi/cc 
<0. 3 uCi/wk 

10 uCi/wk 
<16 uCi 

II.l-E-15 

lodine-131 

<7 .8 x 10-n µCi/cc 
<26 µCi/wk 

<48 µCi/wk 
<1400 uCi/.wk 

lodine-131 

<l .3 x 10- 12 µCi/cc 

28 uCi/wk 
380 uCi/wk 

<1500 JCi 

lodine-131 

1. 1 x 10·11 uCi/cc 
19 ;,Ci/wk 

310 uCi/wk 
1000 i;Ci 



Volume 1 x 1015 (cc) 

Ave. Concentration 

Ave. Release Rate 
Max. Release Rate 
Total Release 

Volume 1 x 1015 (cc) 

Ave. Concentration 

Ave . Release Rate 

Max . Release Rate 

Total Release 

TABLE II.l-E-4 (Continued) 

326 PHYSICS AND METALLURGY 

Alpha 

<8.3 x 10· 15 vCi/cc 

<O. 34 vCi/wk 

0. 67 vCi/wk 

<18 1JCi 

Beta 

5. 6 x 10·14 vCi/cc. 

1.0 vCi/wlc 

2. 9 vCi/wlc 

55 vCi 

327 RADIOMETALLURGY LABORATORY 

Alpha(a) Beta (b) 

5. 6 x 10· 15 )JCi/cc <3.4 x 10·14 vCi/cc 

<0. 1 )JCi/wk <0,66 vCi/wk 

0.34 lJCi/wk 0.84 )JCi/wlc 

<5 . 5 lJ Ci <34 vCi 

{a) Alpha activity was presL1T1ed to have the same plutonium composition 
as the fuel being examined : 88.31 239pu, 10. 3% 240pu, 1.3% 241pu 
and 0.1% 242Pu. In this mixture 95% of the alpha particles emitted 
cane from 241 Pu . 

{b) Beta emitters were not identified . There were larger amounts 
of fission products than activation products in samples being 
examined . 

Volume 5 x 1012 (cc) 

Ave. Concentration 

Ave. Release Rate 

Ma x. Re 1 ease Rate 

Total Release 

340 TANK VENT 

Alpha Beta 

<4. 3 x 10· 13 )JCi/cc 6. 7 X 10.]1 

<0. 012 lJ Ci/wk 5.0 lJCi/wk 

0.41 )J Ci/wk 220 1J Ci/wk 

<0. 60 1J Ci 290 1J Ci 

TABLE I I. l-E-5 

lJ Ci/cc 

lodine-131 

7.6 x 10·12 vC1/cc 

160 lJCi/wk 

3000 )JCi/wk 

8100 )JCi 

Jodi n.e-131 

. 1.4 x 10·10 1JCi/cc 

16 lJCi/wk 

370 1J Ci/wk 

780 lJCi 

ESTIMATED RADIOACTIVE LIQUID RELEASES TO THE 300 AREA 
PROCESS PONDS-1972(a) 

Uranium{b) 

Average Flow Rate 2.9 x 10
6 

gal / 
day 

Total Discharge 530 kg 0.4 Ci 

Average Concentration 130 )Jg/liter 

Total Alpha Tota 1 Beta 

0 . 38 Ci 0 .48 Ci 

96 x 10·9lJCi/m1 120 x 10· 9 vCi/ml 

(a) The 300 Area South Pond was used for 5 days in 1972 . 
(b) Analysis of accumulated solids indicated 0 . 9771 235u. On this 

basis the specific activity was determined to be 8.4 x 10-7 Ci/g . 

II. l-E-16 
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Unplanned Releases 

11.1 - E-17 



6-7-69 

6-13-67 

5-09-67 

5-09-66 

3-23-67 
thru 

4-18-67 

5-03-67 

9-29-65 

Building 

307,340 

325-B 

325 

327 

325 

300 Area 
Stacks 
325 Stacks 

327 

309 Bldg. 

TABLE II.l-E-6 

300 AREA UNPLANNED RELEASES 

Description 

A leak was discovered in the transfer line ·frciin 
retention basins to crib waste system. Crib 
waste backed up and the bottom half of a short 
carbon steel transition piece was eroded away 
and contaminated waste leaked to the soil about 
5 feet below grade. 

Stack release frcrn 325-B . (131 1) Sample showed 
additional emission ~3 rrCi. Alpha and total beta 
release low and nonnal . 

Nonstandard release of 147 Pm frcrn 325 Bldg. 
0. 71 Ci to 300 Area pond . 0. 1 Ci to a tm vi a 
325 stack. 

Release of iodine resulted frcrn examination 
of irradiated reactor fuel . 

Daily check of stack filters detected 144-141ce 
had been re 1 eased. 

1311 releases in excessive amounts from 300 Area 
stacks. 

Release of iodine during the sectioning 
off of PRTR fuels . 

Failure of reactor coolant tube caused high 
radiation limits inside reactor and containment 
vessel. · 

No significant releases 1958-1964(a) 

8-16-55 

2-17-54 

300 North 
Burial 
Grounds 

Burial 
Ground 

Fire caused particulates to be spread out to 1500 
ft in a northeast direction. Particle frequencies 
ranged from 0.5 to 4 per 100 ft2. Instrument 
readings of 35,000 to 80,000 counts/min. Isolated 
4.5 rad/ hr . 

Fire occurred in 300 Area solid w3ste burial 
ground . Small area east of and up to 20 ft from 
BG fence contained widely scattered contamination 
from 2000 counts/min to 100 mrad/hr 

Nuclide . 
and Amount 

840 Ci 
Shortl i\'ed F. P. 
10 Ci 90sr 
10 Ci 137cs 

0.6 Ci 131 1 

0.85 Ci 147 Pm 

0.11 Ci 131 1 

0.6 Ci 
144-14lce 

0.2 Ci 131 1 

0.1 Ci 131 1 

Mixed 

Mixed 

(a) G. E. Backman, Sunrnar* of Env i ronmental Contaminatio:1 Incidences at Hanford, 
1958-1964, HW 84619, pril 1965. , 

II.1-E-18 
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TABLE I I. 1-F- l 
( 

PROCESS CHEMICAL INVENTORY - 200 AREAS 

Chemica 1 Compound How Stored Where Stored How Used How Di seosed Treical Inventorr 

Alumin,.. Nitrate Bulk Tank 202-A Bldg . Process Cheoica 1 Underground Storage Tank 30,000 lb 

- Nona hydrate 234-jBldg. Process Chemfca 1 Underground Storage Tank 

Anmonium Fluoride Bulk Tank 202-A Bldg. Process Cheoica 1 Underground Storage Tank 100,000 lb 

Anllloni,.. Nitrate 

Anmonia (Anhydrous) Bulk Tank 271-8 Bldg. Process Chemica 1 Underground Storage Tank 45,000 lb 

Carbon Tetrachloride On.- 234-5 Bldg. Process Chl!lllica 1 Underground Storage Tank 20,000 lb 

Carbon Dioxide Bulk Tank 271-8 Bldg. Process Chemica 1 Underground Stor~ge Tank 30,000 lb 

Citric Acid 100 lb . Bag 275-EA Warehouse Process Chemica 1 To User Faci 1 i ty 100,000 lb 
271-8 Bldg . Process Chemica 1 Underground Storage Tank 
271-T Bldg. Cleaning Agent Underground Storage Tank 

Cadmi11111 Nitrate 55 gal Orin 275-EA Warehouse Neutron Po 1 son Z-9 Crib 15,000 lb 
Neutron Poi son Underground Storage Tank 

Oibutyl Butyl 55 gal OrUIII 275-EA Warehouse Process Chemica 1 To User Faci 11 ty 11 , 000 lb 
Pho sphona te 234-5 Bldg. Process Chemica 1 Underground Storage Tank 

012 Ethyl Hexyl 55 gal On.- 275-EA Warehouse Process Chemica 1 To User Facility 10,000 lb 
Phosphoric Acid 271-8 Bldg. Process Chellica 1 Underground Storage Tank 

Ferric Nitrate Fiber Ona 275-EA Warehouse Process Che11lc11 To User Fac i lity 6,000 lb 
202-A Bldg . Process Chellica 1 Underground Storage Tank 

Ferrous Sulf11111te fiber Dr111 275-EA Warehouse Process Ct.Mica 1 To User- Fae il ity 5,000 lb 
202-A Bldg. Process Chellical Underground Storage Tank 

Mlgniflox 581C 55 911 Drlll 275-EA Warehouse Process Cheli ca 1 To User Facility 10,000 lb 
244-AR Bldg. Process Chsical Underground Storage Tank 

Hydrogen Fluoride Cylinder . 234-5 Bldg . Process Chellica 1 Underground Storage Tank 10,000 lb 

Hydroxyacetic Acid &Ilk Tank 271 - B Bldg. Process Chsica 1 Underground Storage Tank 200,000 lb 

Hydrogen Peroxide A h111i nia On.- 275-EA Warehouse Process Che11ica 1 To User Fae 11 i ty 1,500 lb 
234-5 Bldg. Process Ch9ica 1 Underground Storage Tank 

Calciia Ol'UII 234-5 Bldg. Process Chemica 1 Underground Storage Tank 1,500 lb 

i.gnesiia Oxide Onll 234-5 Bldg . Process Chenica 1 Underground Storage Tank 3,000 lb 

Liqu i d Nitrogen Bulk Tank 234-5 Bldg. Process Chellica 1 Atmosphere 150,000 ft 3 

Hydrochloric Acid Bottle 275-EA Warehouse Process Chl!lllica 1 To User Facility 1,000 lb 
Underground Storage Tank 

Hydroxylaai ne Sul fate Dria 275-EA Warehouse Process Chemi ca 1 To User Facility 20,000 lb 
234-5 Bldg. Process Chemica 1 Underground Storage Tank 

Lead Nitrate (b) Wooden Keg 275-EA Warehouse Process Cheaica 1 To User Fae i1 i ty 5,000 lb 
(po lyl 1 ned) 

Mercuric Nitrate Ice Creaa 275-EA 'Warehouse Process Chetllica 1 To User Facility 350 lb 
Carton (poly- Underground Storage Tank 
lined) 

Tetra Sodi111 Ethy- Sulk Tank 271-B Bldg . Process Che11ica 1 Underground Storage Tank 250,000 lb 
lene Diaaine Tetra 
Acetate (EDTA) 

Ni tr11 otri acetic 55 gal Dria 275-EA Warehouse Process Chellica 1 To User Facil 1 ty 3,000 lb 
Acid (b) 

Tri sodi III Hydrol()'- &Ilk Tank 271-8 Bldg. Process Chmica 1· Underground Storage Tank- 400,000 lb 
ethyl Ethylene 
Diaaine Tr1ace-
t.ate (HEDTA) 

Nol'Nl Paraffin &.Ilk Tank 202-A Bldg. Process Chai Cl 1 Underground Storage Tank 200,000 lb 
Hydrocarbon 271-B Bldg. Process Chaical Underground Storage Tank 

N1tr1c Acid &Ilk Tank 202-A Bldg. Process Cha1ca1 Underground Storage Tank 200,000 lb 
&Ilk Tank 234-5 llldg. Process Cha1ca 1 Underground Storage Tank 
Bulk Tank 271-B Bldg. Process Chemical Underground Storage Tank 
Bulk Tank 244-AR Bldg. Process Chellica I Underground Storage . Tank 

. ' &.11 k Tank 271-T Bldg. Cl uni ng Agent Underground Storage Tank 
\. Bulk Tank 211-U Bldg . Process Che11ic11 Underground Storage Tank 

Oxalic Acid Fiber Dria 275-EA Warehouse Process ci-ica 1 To User Fat:illty 15,000 lb 
(polyl ined) 271-B Bldg . Process Chellica 1 Underground Storage Tank 

234-5 Bldg. Process Chellical Underground _Storage Tank 

Il.l-F-1 



Cheln1ca 1 Compau nd How Stored 

Pentasodi11111 :,5 gal Driai 
Diethylene Triamine • 
Penta-acetate (b) (DTPA) 

Phosphotungstic Acid Steel Drum 

Phosphoric Acid Bulk Tank 
(po lyli ned) 
Fiber Drum 

Potassill!I Hydroxide 

Potassi11111 
Pennangana te 

Potassill!I Per
sulfite (b) 

Silver Nitrate(b) 

Sodi1111 Bisulflte 

Soda Ash 

Sodium Chloride 

Sodium Fluoride 

Sodium Fluoride 
(Reagent Grade) 

Sodium Gluconate 

Sodium Hydroxide . 

Sodium Nitrate 

Sodium Nitrite 

Sodium Sulfite 

Sugar 

Sulfanic Acid 

Sulfuric Acid 

Hydrazine 

Tartaric Acid 

Tributyl Phosphate 

Turco 43068 

Turco 4518 

Bulk Tank 

Steel Pail 
(polylined) 

100 lb . Bag 

Ice Cream 
Carton (poly-
1 i Fled) 

Fiber DNII 
(polyl ined) 

100 lb Bag 

100 lb Bag 

100 lb Bag 

200 lb Fiber 
Drum 

50 lb Bag 

Bulk Tank 

100 1 b Bag 

100 lb Bag 
Fiber Drum 

100 lb Bag 

100 lb Bag 

50 lb Bag 

Bulk Tank 

Steel Drum 

Burlap Sack 

Bulk Tank 
55 ga 1 Drum 

Fiber Drum 
(polylined) 

55 ga 1 Drum 
(polylined) 

TABLE II.1-F-1 (Continued) 

Where Stored How Used How Disposed Typica 1 Inventory 

275-EA warehouse Process Chemica 1 To User Facility 
Undei;eround Storage Tank 

1,200 lb 

275-EA warehouse Process Chemical To User Facility 2,500 lb 
Underground Storage Tank 

241-BX Tank Farm Process Chemical To User Facility 15,000 lb 

275-EA warehouse Process Chemica 1 To User Fae i1 i ty 
Underground Storage Tank 

202-A Bldg. 

275-EA warehouse 
23-4-5 Bldg . 
271-T Bldg. 
284-E Bldg. 
284-W Bldg. 

Process Chemica 1 

Process Chemica 1 
Process Chemica 1 
Cleaning Agent 
water Trea bnent 
water Treatment 

275-EA warehouse Process C181ical 

275-EA warehouse Process Chemica 1 

275-EA warehouse Process Chemica 1 
271-T Bldg. Cleaning Agent 

27~--EA Warehouse 
202-A Bldg. 
271-B Bldg. 
271-T Bldg . 

284-E Bldg . 
284-W Bldg . 

Process Chemica 1 
Process Chemica 1 
Process Chemica 1 
Cleaning Agent 

Water Treatment 
Water Treatment 

Underground Storage Tank 

To User Facility 
Underground Storage Tank 
Underground Storage Tank 
Sanitary water 
Sanitary Water 

35,000 lb 

8,000 lb 

To User Facility 4,000 lb 
Underground Storage Tank 

To User Facility 1,000 1 b 
Underground Storage Tank 

To User Facility 125,000 lb 
Underground Storage Tank 

To User Facility 
Underground Storage Tank 
Underground Storage Tank 
Underground Storage Tank 

Seepage Pond 
Seepage Pond 

250,000 lb 

150,000 1 b 

275-EA warehouse Process Chemica 1 Underground Storage Tank 500 lb 

1,090 lb 275-EA Warehouse Process Chemical To User Facility 

275-EA Warehouse Process Chemica 1 
271-8 Bldg . Process Chemica 1 

202-A Bldg . 
271-B Bldg , 
234-5 Bldg. 
244-AR Bldg . 
271-T Bldg . 

Process Chemica 1 
Process Chemica 1 
Process Chemica 1 
Process Chemica 1 
Process Chemica 1 

275-EA Warehouse Process Chemica 1 
234-5 Bldg. 

275-EA Warehouse Process Chemica 1 

275-EA Warehouse Process Chemica 1 
271-B Bldg . Process Chemical 

To User Facility 100,000 lb 
Underground Storage Tank 

Underground Storage Tank 300,000 lb 
Underground Storage Tank 
Underground Storage Tank 
Underground Storage Tank 
Underground Storage Tank 

To User Facility 50,000 lb 
Underground Storage Tank 

To User Facility 50,000 lb 
Underground Storage Tank 

To User Facility 75,000 lb 
Underground Storage Tank 

275-EA Warehouse Process Chemica 1 To User Faci 1 i ty 
Underground Storage Tank 

5,000 lb 

275-EA Warehouse Process Chemica 1 

20>A Bldg. 
211-U Bldg. 

Water Treatment 
Process Chemical 

275-EA Warehouse Process Chemica 1 
234-5 Bldg , 

To User Facility 4,300 lb 
Underground Storage Tank 

Seepage Pond 100,000 1 b 
In Product 

To User Facility 
Underground Storage Tank 

10,000 lb 

275-EA Warehouse Process Chemical To User Facility 20,000 lb 
Underground Storage Tank 

202-A Bldg . 
234-5 Bldg . 
271-B Bldg. 
275-EA warehouse 

Process Chemical 
Process Chemica 1 
Process Chemica 1 
Process Chemica 1 

275-EA Warehouse Cleaning Agent 

275-EA Warehouse Cleaning Agent 
271-T Bldg. Cleaning Agent 

II.1-F-2 

Underground Storage Tank 
Underground Storage Tank 
Underground Storage Tank 
To User Facility 

25,000 lb 

To User Facility 12,000 lb 
Underground Storage Tank 

To User Facility 6,000 lb 
Underground Storage Tank 
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TABLE I I. 1-F-1 (Continued) 

Chemica 1 Can~und How Stored Where Stored How Used How Oiseosed 

Turco 4512-A 55 gal Ona Z75•EA· Warehouse Cleaning Agent To User Facility 
271-T Bldg . Cleaning Agent Underground Storage Tank 

Alu•in111 Sulfate 100 lb Sack 275-EA Warehouse Water Treatment To User Facility 
284-E Bldg. Water Treatment Seepage Pond 
284-W Bldg. Water Treatment Seepage Pond 

Chlorine Cylinder 284-E Bldg. Water Treataent Sanitary Wa-ter 
284-W Bldg. Water Treabnent Sanitary llilter 

Oisodi111 Phosphate 100 lb Sack 275-EA Warehouse Water Treatmnt To User Facility 

Octaf11• 

SodiUIII Sulfite 

Cor~en 

Agel 

284-E Bldg. Ill ter Treataent Seepage Pond 
284-W Bldg. llilter Treataent Seepage Pond 

Fiber DNI 275-EA Warehouse 'Ill ter Tru taent To User Fac11 ity 
284-E Bldg. llilter Treataent French Drains 
284-W Bldg. Water Treai-it and Cribs 

100 lb Sack 275-EA Warehouse Water Treatment To User Facil f ty 
284-E Bldg. Water Treatment Seepage Pond 
2B4-W Bldg. Water Treatment Seepage Pond 

55 gal Orum 275-EA Warehouse Water Treatment To User Facility 
284-E Bldg . French Ora ins and Cribs 

Fiber Onn 275-EA Warehouse Water Treatment To User Facility 
284-E Bldg . Water Treatment French Ora ins 
284-W Bldg. Water Treatment and Cribs 

TABLE 11.1-F-2 

B PLANT CHEMICAL CONSUMPTI.ON 

Consianpf11n (lb/yr) 
Chemical PAS + PSS a CAW(b) 

Anrnonia 600,000 

Carbon Dioxide 700,000 

Citric Acid 300,000 

Dii2-Ethylhexyl) 
D2EHPA) 

Phosphoric Acid 25,000 10,000 

Hydroxyacetic Acid 300,000 250,000 

Tetra Sodium Ethylene Diamine 1,500, 00D 

Tetra Acetate (EDTA) 

Tri Sodium Hydroxyethyl -Ethylene 2,000,000 15,000 

Diamine Triacetate (HEDTA) 

Norma 1 Paraffin Hydrocarbon (NPH) · · 85 , 000 30,000 

Nitric Acid 1,500, 000 1,oqo,000 

Oxalic Acid 4,000 3,000 

Phosphotungstic Acid (PTA) 22,000 

Sodium Carbonate (Soda Ash) 100,000 650,000 

Sodium Gl ucomate 100,000 70,000 

Sodium Hydroxide (Caustic) 1,800,000 1,600,000 

Sodium Sulfate 50,000 40,000 

Sulfuric Acid 3,000 2,000 

Tributyl Phosphate (TBP) 15,000 6,000 

(a) SX _Operating 70S of time - 200,000 gal sludge per year 
(b) SX Operating SOS of time - 250,000 gal CAW per year (frat 1,000 

T/YR N Reactor fuels) 

II.l-F-3 

T,leica 1 Inventor.I'. 

ZOO gal 

SQ,000 lb 

Z0,000 lb 

2,500 lb 

15,000 lb 

5,000 lb 

5,000 lb 

15,000 lb 
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TABLE I I. l-F-3 

ENCAPSULATION PLANT CHEMICAL CONSUMPTION 

Hydrochloric Acid (12M solution) 

Sodi 1111 fluoride (Solid) 

Sodi1111 Hydroxide (Solid) 

(Liquid) 

Nitric Acid 571: 

Boric Acid 

TABLE II. l-F-4 

945 l 1ters/year 

1,000 pounds/year 

900 pounds/year 
700 Ii ters/year 

B2,000 liters/year 
2,000 pounds/year 

TANK FARMS CHEMICAL CONSUMPTION 

Chemica 1 

Nitric Acid 571: 

Kagnifloc 581C 
·sodium Hydroxide 

Turco 451B 
Fabrifilm 

Sodium Nitrate 

Phosphoric Acid 

or 
Kaolin Clay 

Now 
Future 

TABLE I I. l-F-5 

~antit,l'./'.Yr 

1,000,000 lb 

3-10 mill ion lb 
15,000 lb 

120,000 lb 
1,300 lb 

55 lb 
100,000 lb 

2-3 million lb/yr 
during 1976, 77, 78 , 
79 

or 

10-15 mil l ion lb/yr 
during 1976, 77, 78 , 

PUREX PLANT CHEMICAL CONSUMPTION 

Chemic a 1 

Aluminum Nitrate (ANN) 
Ammonium Fluoride - Anrno_ni um. Nitra t e (AFAN) 

Ferric Nitrate 

Ferrous Sulfamate 
Normal Paraffin Hydrocarbon (NP H) 

Nitric Acid (HN0 3) 

Oxalic Acid 
Pota ssium Hydroxide (KOH) 
Potassium Permangana t e 
Sod i LITI Carbonate (Soda Ash) 
Sodium Hydroxide (Caustic) 

Sodium Nitrite 

Suger 
Sulfamic Acid 
Sulfuric Acid 
Hydrazine 

Tartaric Acid 
Tributyl Phosphate (TSP) 

Hydroxylamine Nitrate 

Potassium Fluoride 

Cadmium Nitrate 

(a) Asslmles 1,000 T/Yr of N Reactor fuels 

II. l-F-4 

1 b/yr (a) 

275,000 
700,000 

750 

20,000 
16,000 

900,000 

20,000 
160,000 

2,000 
10,000 

650,000 
15,000 

30,000 
5,000 

25,000 
4,000 

6,000 

100,000 

20,000 

25,000 

5,000 

79 

H Fuels 
1 b/ton 

270 
670 

20 
16 

900 

160 
2.0 
9.9 

650 
13 
27 
5.4 

25 
3. 3 

5 gal 
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TABLE I I. l-F-6 

CHEMICAL CONSUMPTION FOR Pu RECLAMATION AND Pu FINISHING (Z PLANT) 

Chemical 

All111in1J11 Nitrate Nonahydrate(a) 
Carbon Tetrachloride(a) 
Ca metal (bl 
Magnesillll Oxide(b) 
RS-6 Crucible(b) 
Di butyl Butyl Phosphonate (al 
Hydrogen Fluoride(b) 
Hydrogen Peroxide(b) 
Hydroxylamine Sulfate(a) 
Mercuric Nitrate(a) 
Nitric Acid 571(a) 
Liquid Nitrogen(a) 
Oxalic Acid (b) 
PotassilMII Pennanganate(b) 
Soda Ash (al 
Caustic (a) 

SodilMII Nitrate(a) 
Sodium Nitrite(a) 
Hydrazine - Scarox (a) 

Tributyl Phosphate(a) 

(a) Pu Reclamation 
(b) Pu Finishing 

TABLE II. l-F-7 

Quantity/Yr 

450,000 lb 
11,000 ga 1 
1,500 lb 
2,000 lb 

700 ea 

3,520 lb 
10,000 lb 
1,000 lb 

20,000 lb 
100 lb 

350,000 lb 
5,500,000 ft 3 

8,000 lb 
300 lb 
200 lb 

200,000 lb 
8,000 lb 

800 lb 
2,500 lb 
8,000 lb 

POWER AND WATER CHEMICAL CONSUMPTION 

Chemica 1 

Al1111inum Sulfate 
Chlorine 
Disodi1111 Phosphate 
Filming Amine (Octafilm) 

Salt 
Sodl1111 Sulfite 
AGEL 
PotassilMII Pennangate 
Corregen 

90,000 
9,000 
6,000 

24,000 
500,000 
14,000 
15,000 
2,500 
8,000 

TABLE II. l-F-8 TABLE II. l-F-9 

FUEL FABRICATION PROCESS CHEMICALS 
(300 AREA) 

Chemical 
Nitric Acid 
Sulfuric Acid 
Sodi1111 Hydroxide 
Trichlorethylene 

Typical Inventory 
Gallons 
10,000 
6,000 

20,000 
10,000 

SANITARY AND PROCESS WATER TREATMENT CHEMICALS 
(100 AND 300 AREAS) 

II.1-F-5 

Chemical 
AluminUII Sulfate 
Sulfuric Acid 
Anmonium Hydroxide 

Hydrazine 
Morphol ine 
Sodiu• Dichromate 
Chior1ne (Liquid) 

Typical Inventory 
Gallons 
16,000 
30,000 
8,000 
1,700 

900 
150 

ton Cy 1i nders 



TABLE II. l-F-10 

PROCESS CHEMICAL CONSUMPTION-1972 .'\ 

...!.QQ:!_ ..1QQ:.Q_ 100-K 100-N ..1QQ_ rotal 

Al uminum Nitrate Lbs 24,000 24,000 
Aluminum Sul fate Lbs 84,000 40,000 340,000 330,000 24,000 840,000 
Anm:>nium Bifluoride Lbs 24 ,000 24,000 
Bauxite Lbs 220,000 220,000 
Calcium Carbonate (Lime) Lbs 200,000 200,000 
Chlorine Lbs 23,000 10,000 75,000 28,000 6,000 140,000 
Hydrazine Lbs 18,000 18,000 
Hydrofluoric Acid Lbs 2,400 2,400 
Methanol Lbs 2,600 2,600 
Horpholine Lbs 4,100 4,100 
Nitric Add Lbs 520,000 520,000 
0xal 1c Acid Lbs 900 900 
Polyacrylamide Lbs 150 150 4,500 1,200 300 6,300 
Salt (Rock) Lbs 3,700 3,700 
Sodium 0ichromate Lbs 30,000 9,000 39,000 
Sodium Hydroxide Lbs 540,000 250,000 790,000 
Sodium Nitrate Lbs 17 ,000 17,000 
Sulfuric Acid Lbs 1800,000 1200,000 44,000 3100,000 
Tri ch 1 orethyl ene Lbs 66,000 66,000 
Copper Lbs 14,000 14,000 
Annoni11111 l\)'droxide Gals 33,000 33,000 

.. 

..... 
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APPENDIX II.1-G 

NONRADIOACTIVE ENVIRONMENTAL 

STANDARDS APPLICABLE TO HANFORD WASTE MANAGEMENT OPERATIONS 



Part l 

Part 2 

APPENDIX I I.1-G 

NONRADIOACTIVE ENVIRONMENTAL 

STANDARDS APPLICABLE TO HANFORD WASTE MANAGEMENT OPERATIONS 

Regional Air Quality Standards 

State Water Quality Standards 

II.l-G-2 
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(vii) Toxic, radioactive, or deleterious material concentrations 
shall be below those of public health significance, or which may cause 
acute or chronic toxic conditions to the aquatic biota, or which may 
adversely affect any water use. · 

(viii) Aesthetic values shall not be impaired by the presence of 
materials or their effects, excluding those of natural origin, which 
offend the senses of sight, smell, touch, or tas t e. 

WAC 173-201-040 -------GENERAL CONSIDERATIONS. The following gen~ 
eral guidel1nes shall be applicable to the water quality criteria and 
classifications set forth in WAC 173-201-020 through WAC 173-201-080 
hereof: 

(3) Except for the aesthetic values and acute biological shock 
conditions the water quality criteria herein established shall not apply: 

(a) Within inmediate mixing zones of a very limited size adjacent 
to or surrounding a wastewater discharge; 

(b) In the case of total dissolved gas, when the stream flow 
exceeds the 10-year, 7-day average flood; 

(c) In a manner contrary to the applicable conditions of a valid 
discharge pennit. 

(4) The total area and/or volume of a receiving water assigned to 
a mixing zone shall be as described in a valid discharge pennit and 
limited to that which will: (a) not interfere with biological conmuni
ties or populations of important species to a degree which is damaging 
to the ecosystem; (b) not diminish other beneficial uses 
disproportionately. 

(5) The criteria established in WAC 173-201-030 through 
WAC 173-201-050 for any of the various classifications of this regula
tion may be modified by the director for limited periods when receiv
ing waters fall below their assigned water quality criteria due to 
natural causes or if in the opinion of the director the protection of 
the overall public interest and welfare requires such modification. 

(6) Except where the director detennines that overriding consid
erations of the public interest will be served, wherever receiving 
waters of a classified area are of a higher quality than the criteria 
assigned for said area, the existing water quality shall consitute water 
quality criteria. 

(7) Whenever the natural conditions are of a lower quality than 
the criteria assigned, the natural conditions shall constitute the water 
quality criteria. 

(8) Due consideration will be given to the precision and accuracy 
of the sampling and analytical methods used in the application of the 
criteria. 

(9) The analytical testing methods for these criteria shall be in 
accordance with the most recent editions of Standard Methods for the 
Examination of Water and Waste Water, and Methods for Chemical Analysis 
of Water and Wastes (EPA 16020), and other or superceding methods pub
lished or approved by the department following consultation with adja
cent states and concurrence of the Environmental Protection Agency. 

(10) Deleterious concentrations of radioact i ve materials for all 
classes shall be as detennined by the lowest pract icable concentration 
attainable and in no case exceed: (a) 1/3 of the values listed in 
WAC 402-24-220 (Column 2, Table II, Appendix A, Rules and Regulations 
for Radiation Protection), or (b) the 1962 U.S. Public Health Service 
Drinking Water Standards as revised, or (c) the Radiation Protection 
Guides for maximum exposure of critical human organs reconmended by the 
former Federal Radiation Council in the case of foodstuffs harvested 
from waters for human consumption. 

(11) Deleterious concentrations of toxic, or other nonradioactive 
materials shall be as determined by the departmen t in consideration of 
the Re ort of the National Technical Advisor Conmittee on Water ualit 
Criteria, 968, and as rev1sed, an /or other re evant 1n ormat1on. 

WAC 173-201-050 -------CHARACTERISTIC USES TO BE PROTECTED. The 
following is a noninclusive list of uses to be protected by the various 
classifications in fresh and marine waters: 

II.l-G-4 
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USES 

FISHERIES 
Salmonid 

Migration 
Rearing 
Spawning 

Wann Water Game Fish 
Rearing 
Spawning 

Other Food Fish 
Corrrnercial Fishing 

Shellfish 
WILDLIFE 
RECREATION 

Water Contact 
Boating and Fishing 
Environmental 

Aesthetics 
WATER SUPPLY 

Domestic 
Industrial 
Agricultural 

NAVIGATION 
LOG STORAGE AND RAFTING 
HYDRO-POWER 

WATERCOURSE CLASSIFICATION 
A 

F M 
F M 
F 

F 
F 
F M 
F M 

M 
F M 

F M 
F M 

F M 

F 
F M 
F 
F M 
F M 
F 

- - - - - - ~ - - - - - - - -
NEW WAC 173-201-080 · -------SPECIFIC CLASSIFICATIONS. Various 
specific waters of the State of Washington are classified as follows: 

Class A (24) Columbia River from Washington-Oregon border (river mile 
309) t~ Grand Coulee Dam (river mile 595) . Special condition from 
Washington-Oregon border (river mile 309) to Priest Rapids Dam (river 
mile 397). Tern erature - water temperature shall not exceed 68°F due 
in part to measurab e 0.5°F) increases resulting from human activities; 
nor shall such temperature increases, at any time, exceed t: 110/(T-15); 
for purposes hereof, "t" represents the pennissive increase and "T" 
represents the water temperature due to all causes combined. 
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11.1-H PLUTONIUM MOVEMENT IN HANFORD SOIL SYSTEMS [RPB, X.24] 

The retention of plutonium by Hanford sediments is well documented for specific waste solutions 
and disposal areas. 1- 18 Laboratory studies show that the bulk of the plutonium in waste solu
tions at near-neutral pH is removed from solution by the sediments relatively close to the dis-
posal point. 1- 4 · 

11.1-H. l Plutonium in Inorganic Waste Streams 

An initial investigation determined that ion exchange 5 was the plutonium removal mechanism on 
sediments from near-neutral to slightly acid waste solutions. A later study of the effects 
of pH on plutonium rerooval by Hanford sediments by the same author6 indicated that rerooval of 
plutonium at pH 2.0 or higher was as a polymer or hydrolyzed species, Pu(OH)n+4-n , Pu (IV) 
polymer carries a positive charge and the final product of polymerization is Pu (OH) 4 or 
PuO2•xH2O. 19 Therefore, from about pH 1.0 to 4.0, the plutonilJll removal mechanism changes from 
principally ion exchange to principally precipitation and subsequent filtration by the sediment . 
The polymer becomes colloidal in size and neutral to near-neutral in charge over the pH range 
9.0 to 12.O and tends to pass readily through a sediment column. 6 The removal of plutonium from 
a high salt acid waste by sediments was studied. 10 Pluto~ium removal from a solution contain
ing 5.4 moles per liter nitrates and 0.3 moles per liter nitric acid was poor. Organic com
pounds also caused the removal of plutonium by sediments to be less efficient. 

The sediment-plutonium relationships in core samples from the first 2 feet of 216-Z-9 covered 
crib were studied. 14 At least two types of plutonium occurrences were found in 216-Z-9 sedi
ments that received high salt, acid waste from plutonium process operations. Plutonium par
ticles identified by X-ray diffraction tracings as PuO 2 were the most conspicuous fonn. The 
Pu02 was f i ltered out of the waste solution in the first few inches of the sediment column; it 
probably entered 216-Z-9 as discrete PuO2 particles. 

The second type of plutonium occurrence is associated with rock fragment silicate hydrolysis 
caused by the highly acidic nature of the waste solutions. The second type of plutonium was 
originally in solution in the acid waste. The localized pH rise that occurred during the 
hydrolysis reaction may have caused the precipitation of the accompanying plutonium. Hydrolysis 
reactions were more intense at high surface area lenses of fine-grained silts in the sediment 
column. As a result, higher plutonium concentrations associated with the silt lenses occurred 
at random in the 30 feet of sediments investigated. · 

Plutonium roobility in sediments from 216-Z-9 covered trench was investigated. 11 Column leaching 
experiments of surface sediments from 216-Z-9 covered trench indicated that up to 0.1% of the 
plutonium could be mobilized by leaching with groundwater. However, after the initial rapid 
leach rate of plutonium by 13 column volumes of groundwater, plutonium movement was essentially 
nil . Plutonium migration into lower sediment layers then became five orders of magnitude 
slower than the velocity of the groundwater solution. 

The depth of plutonium penetration of the sediment colurm beneath 216-Z-lA tile field and 
216-Z-12 covered trench disposal sites was studied. 1~ In the 216-Z- lA tile field that received 
a limited volume of high salt acid waste, the grams of Pu per gram of sediment varied from 
12.4 x 1O-s at 10 feet below the top of the sediment column to 0.6 x 1O-s at 18 feet. No 
detectable plutonium, on the other hand, could be found on the sediments below 8 feet in 
216-Z-12 covered trench which received neutralized plutonium-bearing waste. 

11.l-H.2 Plutonium in Organic Waste Streams 

Reactions with Hanford sediments of organic waste containing plutonium were studied. 12 Percola
tion of organics through the sediments had little effect on soil penneability for subsequent 
filtration of high salt aqueous waste. Sediments rerooved little or none of the 239Pu from 
wastes of dibutylbutyl-phosphonate or di-(2-ethylhexyl) phosphoric acid but essentially all of 
the 239Pu was rerooved from fabrication oil, a· mixture of lard oil and carbon tetrachloride used 
as a machining lubri cant. None of the organics except di-(2-ethylhexyl) phosphoric acid plus 
t ri butylphosphate in normal paraffin hydrocarbons (a conmercial mixture of straight chain hydro
ca rbons) and hydroxyacetic acid rerooved 239Pu from the sediments in large quantities. Approxi
mately 30% of the adsorbed plutonium was removed from a sediment colurm by the D2EHPA-TBP 
mixture. Hydroxyacetic acid removed all of the adsorbed 239Pu at rates proportional to hydroxy
acetic acid solution strengths. 

11.1-H.3 Plutonium Movement by Plant Growth 

Studies 9 have shown that only small amounts of 23 9Pu are translocated from the sediments to 
plant leaves during plant growth. Leaf to soil ratio for 239Pu was about 0.0001 on the average 
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for barley .grown on mil ville silt loam, Cinebar silt loam and Ephrata fine sandy loam. 
Table II.l~H-1 shows the distribution of plutonium found in barley grown in several con
centrations of plutonium in soil. The shoots to soil ratios ranged from 0.54 x 10-4 to 
1.3 x 10-4 for soil concentrations of 10 µCi/g to 0.05 µCi/g, respectively. 17 • 18 

TABLE I I. 1-H-1 

INFLUENCE OF SOIL PLUTONIUM CONCENTRATION ON UPTAKE AND DISTRIBUTION 
OF PLUTONIUM IN BARLEY SHOOTS AND ROOTS 

Soil 
Plant Uetake of Plutonium<a) 

~~oots Roots 
Plutonium Concen- Concen- Concen- • Concen-
Concen- tration, tration tration, trrJon 
tration lQ-41:!CiLg Factor(b) x 104 10-41:!CiLg Factor b x 104 

µCi/g 
10;00 5. 4 0.54 36 3.6 
0. 50 0. 95 1.9 3.0 6.0 
0.05 0.07 1.3 0.55 11. 0 

(a) Based on oven-dry (60°C) weight. 
(b) {µCi Pu/g oven-dry plant tissue/µCi Pu/g oven-dry soil). 

To provide a basis for evaluation of the mic:·obial influences on plutonium tranformations in 
soil and as a first phase in isolation of plutonium resistant organisms, the effect of soil plu
tonium concentration on the soil microflora was measured as a function of changes in microbial 
types and numbers and soil respiration rate. Plutonium did not generally affect the rate of 
growth of soil microflora but decreased the total numbers of all classes of microorganisms at 
levels as low as 0.05 µCi/g or l µg/g. The fungi were the exception, differing from the con
trols only at a plutonium concentration of 10 µCi/g or 180 µg/g. 

To provide a preliminary assessment of the potential for microbial alteration of plutonium solu
bility in soil under aerobic conditions, soils sterili.zed by gamma irradiation were treated, 
incubated and microbial types and numbers and soil respiration rate measured for in the same 
general manner as described for the nonsterile soil. 

At intervals during incubation over a 30 day period, sterile and nonsterile soils, which con
tained 10 µCi plutonium/g of soil, were sampled, and the subsamples (1 .g) were suspended in 
l liter of distilled water. Plutonium solubility in the nonsterile soil increased by a far.tor 
of 3 with incubation time to 14 days and remained significantly higher than the sterile soil 
during the incubation period. This increase qenerally followed the accumulative carbon dioxide 
curve, with maximum solubility assured at the end of logarithmic growth for all classes of 
organisms. The concentration of plutonium in the 0,01 µ filtrate, which represented a plutonium 
level less than 0.2% of that applied, did not change significantly with treatment. 

At least under the conditions of the study, the evidence strongly suggests that the solubility 
of plutonium in soil is influenced by the activity of the soil microflora. This effect is 
closely related to soil respiration rate. Although the mechanism of this effect cannot be 
clearly defined at this time, severa~ possibilities exist, including: l) the direct alteration 
of plutonium form such as modification of the plutonium polymer or plutonium valence state; 
2) the production of organic acids which may form complexes with plutonium; or 3) the altera
tion of the pH of the soil solution in the i11111ediate vicinity of the colloid without measurable 
effects on the overall soil pH. 

Investigations are presently underway to determine the mechanism of this effect. Resistant micro
organisms are being isolated using enrichment techniques for further study of the chemical form 
of the metal in microbial cells and exocellular media. Furthermore, investigations are underway 
to characterize the form of plutonium in plants and of soluble plutonium in the soil. 

Increased water solubility of plutonium following incubation of plutonium containing soils at 
optimum conditions for microbial activity may be expected to increase plutonium uptake by plants 
provided the plant is not able to exclude the increased metal. 
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Regardless of the mechanism for increased plutonium uptake at the lower soil concentration 
levels, most estimates of plutonium hazard to man are based on concentration factors of approxi
mately 5 x 10-s, derived largely from studies at the higher soil plutonium levels. Therefore, 
the results suggest that new emphasis be placed on determination of plutonium uptake by plants 
from soils containing plutonium at environmental levels and re-evaluation of previously accepted 
concentration factors. 

The plutonium levels in barley roots were factors of 3 to 8 greater than in the barley shoots, 
depending upon soil plutonium concentration. Autoradiographs showed that in contrast to the 
shoots where plutonium was concentrated near the crown, plutonium was distributed over the 
entire length of the root. In the system employed, plutonium was not ·added to the nutrient solu
tion in which the roots were grown nor was plutonium detected in the nutrient media. Thus, the 
plutonium in the roots originated from the soil and was translocated downward from the soil in 
the root system. Furthennore, the lack of detectable quantities of plutonium in the nutrient 
solution suggests that plutonium was bound tightly in the root tissue. The implications of 
these findings are also important in terms of evaluation of plutonium hazards in the environment 
because l} root crops directly consumed by man may contain plutonium at levels exceeding those 
found in other crop plants in which the tops are consumed; 2) plutonium, considered largely 
iTI1110bile in soil, may be distributed much further down the soil profile than previously expected 
due to its mobility in the plant root system; and 3) decomposing roots may represent a signifi 
cant source of plutonium of different solubility and plant availability than the plutonium 
directly entering the soil environment. 

In order to provide a better understanding of the fate and hazard of plutonium in the environ
ment, research must be directed toward determination of 1) the uptake of plutonium by a broad 
range of plants from representative soil types contain i ng plutonium at environmental levels, 
with emphasis on root crops; 2) the potential for recycling of plutonium present in plant roo t s ; 
and 3) the form and behavior of plutonium in soils and plants . Research studies i n ·these areas 
are c~rrently in progress . 
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APPENDIX 11 . 3-A, Part l 

Population Projections with Geographical 

Distributions within SO-Mile Radius of 

• Hanford Meteorological Station 

. • 100-N Area 

• 300 Area 
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FIGURE II.3-A-l ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1973 POPULATION (249,000) 
WITHIN A 5O-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION 

N 

w 

s 

FIGURE II . 3-A-2 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1977 POPULATION (251,000) 
WITHIN A 5O-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION 
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FIGURE II.3-A-3 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1981 POPULATION (258,000) 
WITHIN A 50-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION 

N 

FIGURE II .3-A-4 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 2000 POPULATION (288,000) 
WITHIN A 50-MILE RADIUS OF THE HANFORD METEOROLOGICAL STATION 
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FIGURE II.3-A-5 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1973 POPULATION (227,000) 
WITHIN A 5O-MILE RADIUS OF THE 1OO-N AREA 

N 

FIGURE 11.3-A-6 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1977 POPULATION (232,000) 
WITHIN A 5O-MILE RADIUS OF THE 1OO-N AREA 
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FIGURE 11.3-A-7 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1981 POPULATION (236,000) 
WITHIN A 50-MILE RADIUS OF THE 100-N AREA 

N 

FIGURE 11.3-A-8 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 2000 POPULATION (271,000) . 
WITHIN A 50-MILE RADIUS OF THE 100-N AREA 
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FIGURE II.3-A-9 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1973 POPULATION (164,000) 
WITHIN A 50-MILE RADIUS OF THE 300 AREA 
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FIGURE 11.3-A-10 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1977 POPULATION (166,000) 
WITHIN A 50-MILE RADIUS OF THE 300 AREA 
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FIGURE II.3-A-11 
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ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 1981 POPULATION (171,000) 
WITHIN A 50-MILE RADIUS OF THE 300 AREA 

N 

FIGURE II .3-A-12 ESTIMATED GEOGRAPHIC DISTRIBUTION OF THE 2000 POPULATION (195,000) 
WITHIN A 50-MILE RADIUS OF THE 300 AREA 
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APPENDIX 11 .3-A, Part 2 

Estimated Water Usage for 50 Miles Downstream 

from the 100-N Area (1970) 
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APPE-NDIX 11.3-A, Part 2 

ESTIMATED WATER USAGE FOR 50 MILES DOWNSTREAM FROM THE 100-N AREA (1970) 

User 

USBR 
Bailie 
Lloyd 
AEC 
AEC 
AEC 
Herman 
Skidmore 
City of Richland 
City of Richland 
Batte 11 e 
University of 

Washington 
Sloat 
State 
Pasco 
Petty 
Ketchersid 
Rogers 
Clar k 
Jacobsen 
County, Frankl in 
Smith 
Moc ear 
Stout 
Driver 
Young 
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20 
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16 
6 
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96 
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APPENDIX II.3-A, Part 3 

ARCHAEOLOGICAL SITES AND DESCRIPTION 

A number of archaeological sites in the Hanford Reservation area have been identified 1 , 2 and are 
described in the following table. Identification numbers were assigned by the Archaeological 
Research Center, Washington State University, Pullman, Washington. ERDA procedures are derived 
in part from policies to provide for the preservation of historic or cultural American sites, 
buildings, objects, structures, and antiquities of national significance as required by the 
Federal Antiquity Act of 1906 {l6USC 431 et seq.),the Historic Sites Act of 1935 {l6USC 461 
et seq.), and the National Historical Preservation Act of 1966 {l6USC 470 et seq.). 

This is a pos sible housepit site located on a sheltered bench 
1.0 miles north of the old North Richland townsite. (SW 1/4 
of the SE 1/4 of Sec. 11, T. lON . , R.28E . , W.M. ) . 

The site consists of scattered concentrations of camp roc k 
along the riverbank and may inc lude as many as four or five 
housepits on the beach above the bank. The site is about 
200 ft long and 150 ft wide . 

Artifacts encountered include cobb le tools and hopper mortar. 

This is an open camp site located immediately to the southeast 
of the 300 Area along the riverbank . (Center of Sec. 11, 
T. JON . , R.22E., W.M . ). 

· The site consists of scattered concentrations of camp rock, 
flakes, and shell. It is about 400 ft long and 150 ft wide . 

Artifacts encountered incl ude stemmed projectile points, cobble 
too 1 s, and hopper mortars . 

This is an ethnograohi cally reported camp site located on the 
south bank of the Columbia opposite a large island upstream from 
Locke ls~and. (NW 1/4 of Sec . 12, T.14N., R.26E . , W.M.) . 

The site consists of three or four mat lodge depressi ons on a 
gravel bar close to water's edge . Much camp rock and many flakes 
are scattered around .the encampment. The site was reportedly last 
occupied about 1915. 

Art i facts encountered inc 1 ude cobb 1 e too 1 s, hopper mortars, a 
chipped stone knife, corner-notched projectile points, and a 
grooved net weight. 

45BN162 

This is an open camp site located along the riverbank at the 
300 Area . (SE 1/4 of the SW 1/4 of Sec . 11, T. lON . , R.28E., 
W.M.). 

The site consists of scattered concentrations of camp 'rock , 
flakes, and shell . It is about 600 ft long and 150 ft wide. 

Artifacts encountered inc 1 ude cobb 1 e too 1 s, notched pebb 1 e 
sinkers, grooved net weights, hopper mortars, a glass trade 
bead, and a military button. 

This is a pos s ible housepit site located on the west bank of 
the Columbia just opposite the lower end of the island immedi
ately upstream from the 300 area. (E 1/2 of the NW 1/4 of 
Sec. 2, T.lON., R. 28E., W.M.). 

The site consists of scattered concentrations of camp rock, 
flakes, shell. Several hearth areas are exposed in the bank 
and there are five or si x oval-shaped depressions strung in a 
line on the bench above the bank, suggesting housepits. The 
site is about 400 ft long and. 100 ft wide. 

Artifacts encountered include cobble tools, hopper mortars, 
and a faceted blue-glas s trade bead . 

This is an open camp site located on the southern end of the 
island ju;t upstream from the 300 Area. (Center of Sec. 2, 
5. lON., R. 28E., W.M.) . 

The site consists of scattered concentrations of camp rock, 
flakes, and shel l. It is about 250 ft long and 200 ft wide . 
Artifacts encountered include cobble tools, notched pebble 
sinkers, and corner-notched project i1 e points. 

450Nl65 

This site is a fishing stat ion located on the west bank of the 
Columbia about 1 . 0 mi le s north of the 300 Area. (NE 1/4 of the 
SW 1/4 of Sec. 35, T. 11N ., R. 28E . , ,J.M . ). 

T~e site consists of concentrations of cobble tools and notched 
pebble sinkers . It is abou t 125 ft long and 30 ft wide . 

This is an open camp site located on the west bank of the 
Columbia about 1.7 miles north of the 300 Area . (SW 1/4 of 
the SE 1/4 of Sec. 26, and the W 1/2 of the HE 1/4 of Sec . 35, 
r. llN . , R.28E . , IUI. ) . 

The site consists of scattered concentrations of camp rock . 
Several hearth areas are eroding out of the bank . The site 
is about 300 ft long and 75 ft wide . 

Artifacts encountered include cobble tools and a grooved 
net weight. 

45BN167 

This is an open camp site located on the west ban k of the 
Columbia about 2 . 1 miles north of the 300 Area . (SW 1/4 of 
the NE 1/4 of Sec . 26, T. llN ., R.28E., W.t-1 . ) . 

The · site consists of concentration s of camp rock, flakes. 
and shel 1 . Hearth areas are eroding out of the ban k and it 
is possible that there are some filled-in housepits on the 
bench above•the bank . The site is about 350 ft long and 
100 ft wide. 

Artifa c t s encountered include cobble tools, notched pebble 
sinkers, hopper mortars, a contracted-stemmed projectile 
point, and a blue-glass trade bead. 

Th is 1s a housepit site located about 100 yd south of the 
lower end of Wooded Island on the west ban k of the Columbia, 
or approximately 2.4 miles north of the 300 Area. (NW 1/4 
of the HE 1/ 4 of Sec . 26, T.llN . , R.28E., W.M.) . 
The site consists of four or five housepit depressions on a 
bench overlooking the river . It is about 100 ft long and 
50 ft wide. 

No artifacts were encountered. 

458Nl69 

This is a housepit site located on a bench on the west bank 
of the Columbia about 0.3 miles northeast of the Benton 
Substation. (NII 1/4 of the NE 1/4 of Sec. 11, T. llN ., 
R.28E., W.M. ). 

The site consists of 8 to 10 housepits and shows scattered 
concentrations of camp rock, flakes, and shell at the base 
of the riverbank . It is 200 ft long and 150 ft wide . 

No artifact s were encountered : 

This is an open camp site located at Rattlesnake Springs, 
which 1 ies at the terminus of Yakima Ridge. (SE 1/4 of 
Sec. 20, T.12N., R.25E., W.M. ). 

The site consists of scattered concentrations of camp rock 
and flakes . It is severe 1 y eroded by wind deflation and is 
superimposed upon geological units which contain at least 
three volcanic ashes. It is about 600 ft long and 400 ft 
wide . Historically, this is the site of the Perkins Massacre 
whic~ took place on or about July 10, 1878. 

No artifacts were encountered. 
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45BN171 

This fs an open cup site located about 0.2 mfles east of. 
Rattlesnake Springs on the north bank of Ory Creek. (Center 
of the SW 1/4 of Sec. 21, T.12N., R. 25E., W.M.). 

The site consists of small quantities of camp rock and 
scattere~ flakes. _It has been severely eroded by wind defla
tfon. The site is about 300 ft long and 150 ft wide. 

Two leaf-shaped points were encountered. 

45BN172 

This is an open Cillftp site located aboijt 0.25 11f1es fl'OIII the 
mouth of the Sn i ve 1 y Canyon on the east side of the road. 
(NW 1/4 of the SW 1/4 of Sec. 5, T.11N., R.25E., W.M. ). 

The site consists of scattered camp rock and flakes. It fs 
about 150 ft long and equally wide . 
Artifacts encountered include a corner-notched projectile 
point . 

45BN173 

This is an open camp site located at the Snively Ranch. 
(NE 1/4 of the SW 1/4 of Sec . 8, T. llN . , R.25E . , W.M.) . 

The site consists of a few flakes, bone fragments, and some 
firecracked rock exposed in a bank to the southwest of the 
ranch house about 30 ft . It is about 50 ft 1 ong and 30 ft 
wide . 
Artifacts encountered include a pestle and a piece of worked 
antler. 

This is an open camp site Jocated on the western side of 
West Lake, just south of the western terminus of Gable Mountain . 
(SW 1/4 of the NE 1/4 of Sec. 22, T. 13N., R.26E . , W.M . ) . 

The site consists of a concentration of camp rock and flakes . 
It has been severely eroded by wind deflation . The site is 
about 75 ft 1 ong and 50 ft wide . · 
Artifacts encoyntered include corner-notched and contracted
stemned points, and a bifacially flaked cobble tool . 

This is an open camp site located at a spring close to the 
summit of Rattlesnake Mountain. (SE 1/4 of the SW 1/4 of 
Sec . 30, T. llN., R. 26E., W.M . ) . 

The site consists of scattered flakes on a rather rocky surface 
with a small amount of fill. The site has been largely des
troyed by construction of a pumphouse and bulldozing for a road 
and transmission line . It is about 50 ft long and 30 ft wide. 

Artifacts encountered inc 1 ude sma 11 s tenrned and corner-notched 
project il e points . 

45BN176 

This is an ethnographically reported camp site located about 
0. 2 miles east of 100-H Area. (NW 1/4 of SW 1/4 of Sec. 17, 
T. 14N., R.27E., W.M. ) . 

The site consists of three or four mat lodge depressions on a 
gravel bar and a cache of belongings in an adjacent bank . Much 
camp rock and few flakes are scattered around the encampment. 
The site was last occupied about 1942. 

No artifacts were encountered. 

45BN178 

This is an open camp site located on the west bank of the 100-F 
Area slough in a sand dune . (NE 1/4 of the NE 1/4 of Sec. 4, 
T.13N., R.27E., W.M.). 

The site consists of scattered concentrations of camp rock and 
flakes. It is about 400 ft long and 300 ft wide. 
Artifacts encountered include a corner-notched projectfle point. 

45FR266 

This is a historic site located on the east bank of the Columbia 
opposite East White Bluffs townsite. (E 1/2 of Sec. 29, T.14N., 
R.27E., W.M.). 

The site consists of scattered concentrations of camp rock, 
flakes, and shell . In addition, the site is of historfc inter
est because of a small log house which was reportedly built in 
the 1850's and used as a blacksmith shop . The site fs about 
2000 ft long 500 ft wide. 
Artifacts encountered include cobble tools, notched pebble 
sinkers, pestles, small corner-notched points, glass trade 
beads, and a cl1111 shell disc bead . 

456R325 

This site is a flaking floor located on the Wahluke Slope above 
the White Bluffs and south of State Hi9hway 24 . (N 1/2 of the 
NW 1/4 of Sec. 6, T.14IL, R.26E., W.M.). 

The site consists of scattered ~ores and chipping detritus . 
These have been exposed by wind deflation on the tops and 
sides of small knolls along Northern Pacific Railway right
of-way . 
Artifacts encountered include cores and corner-notched projectile 
points. 

Archaeological Localities 

Gable Butte Locality 

The Gable Butte locality lies a short ways to the south of 100-8 
and 100-K Areas . It includes area i n Sections 13 and 14, T. 13N . , 
R. 25E., and Sections 18, 19, and 20, T.13N., R. 26E . , W.M. 

Severa 1 flakes and rock piles were found a 1 ong the top of the 
ridge at the western end of the local i ty. 

Corner-notched projectile points were encountered from this 
locality . · 

Gable tlounta in Loca 1 i ty 

The Gable flountain Locality lies to the northeast of 200- E 
Area . It i ncludes area in Sections 13 , 14, 15, 22 , 23 , 24, 
T.13N. , R. 26E . , and Sections 18, 19 , 20, and 21, T.13N . , 
R. 27E . , W.M. 

Relander (1956 : 306) 3 reports that th i s locality was one of the 
principal places where Indian boys and girls were sent on their 
spirit quests . 
A corner-notched projectile po int was encountered . 

The Shifti ng Dunes Locality 

The Shifting Dunes locality lies along the west bank of the 
Columbia opposite Ringold Flat and the lower end of Savage 
Island . !t includes area in Sections ·8, 9, 15, 16, 17, 18, 
19, 20, 21, 22 , 23, 26, 27, and 28, T. 12N., R. 28E . , W.H . 
This locality evidently contains numerous small camp sites 
~hat have been deflated by wind eros i on and then buried by 
the shifting sands . 

Corner- and basal-notched projectile points were encountered . 

l l. 3-A-15 
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II.3-B, P~rt l Hanford Geology Data. 

II.3-B.l Geomorphology 

Eastern Washington is dominated by the Columbia Basin geologic province which encompasses about 
50,000 square miles of southeastern Washington and adjacent parts of Idaho and Oregon (Fig-
ure II . 3-B-l) . The Basin is underl ain by the vast field of flood lavas of the Columbia River 
Basalt Group. To~ay those lavas and the grourid surface generally dip radially inwa.rd toward the 
Pasco Basin, the slightly off-centered phys iographic low of the larger Columbia Basin. 

The Columbia, Snake, Yakima and Walla Walla rivers reflect the regional gradients, drain cen
tripetally and join wixhin a few mi les of each other within the Pasco Basin. To the south the 
Columbia River exits from the Pasco Basin through Wallula Gap at an altitude of about 340 feet, 
then flows westward through afi ever-deepening gorge until it exits from the region through the 
Cascade Range. 

The ERDA Hanford Reservation overlies the structural low point of the Pasco Basin. The Hanford 
Reservation is bounded to the southwest, west and north by large anticlinal ridges that trend 
eastward from the Cascade Range, enter the Pasco Basin and die out within its confines . The 
Reservation is bounded to the east by the Columbia River and the steep and imposing, west-facing 
White Bluffs of the Ringold Fonnation. Beyond them the gently rising basaltic lava flows lead 
into the Palouse country of eastern Washington . To the southeast the Reservation is bounded by 
the confluence of the Yakima and Columbia Rivers and by the City of Richland. 

The Hanford Reservation lies on the low-lying, partly dissected and modified alluvial plain of 
the Columbia River within the central part of the Pasco Basin. Altitudes range from a low of 
about 345 feet in the southeastern part of the Reservation to a high of about 800 feet in the 
northwest corner. Beyond the plains,the bordering White Bluffs rise to a maximum altitude of 
980 feet above sea level and the anticlinal ridges to the west rise to a maximum altitude of 
3,586 feet atop the ctest of the Rattlesnake Hills. 

The Hanford alluvial plain contains a mix of aggradational and ,degradational features that 
reflect part of the complex geological history and development (Table II .3-B-l) of the Pasco 
Basin, especially during the latter part of the Pleistocene and the entire Holocene epoch 
(approximately the last 100,000 years). The discontinuous plain, as originally formed about 
18,000 to 20,000 years ago and significantly modified about 12,000 years ago, sloped from a 
high of perhaps 700 to 800 feet above sea level in the northwest, to about 100 feet lower in the 
southeast. Subsequent to the deposition of the basin fill sediments, the Columbia River shifted 
generally northeastward as it adjusted its base level and its grade . Estimates of its lateral 
rates of shift range up to a foot per year. Today relic channels, some attributable .to the last 
flood, cross the northeast part of the reservation. In the process of eastward shifting con
comitant with downcutting, several benches or terraces related to the floods were further modi
fied. They are best displayed in the southern part of the Reservation south of the Hanford Wye 
road junction. There the uppermost terrace lies at an altitude of 500 to 540 feet, while the 
lower terrace is 100 feet lower (400 to 440 feet), with the escarpment of ·boundary between the 
two paralleling the Columbia River and about 4 to 5 miles from the river . . 
Subsequent to the river shift, wind action simultaneously established two sets of dunes that now 
cross both terraces indiscriminately . The first set fonns a belt that extends from the junction 
of Cold and Dry Creek valleys to a point halfway to the Yakima Horn, thence east-northeastward 
immediately north of the Hanford Wye road junction to the Columbia River. There they fonn a 
belt 4 miles wide irrmediately south of the Hanford townsite to a point opposite Ringold on the 
east bank of the Columbia River. They evidently originated in Cold Creek Valley by deflation 
of the valley and wind transport of the sands to the east-northeast. 

The second group of dunes focuses on the area between the Yakima Horn and North Richland, with , 
the dunes dying out to the northwest and southwest. The dunes trend northeastward. Their east
ward convergence with the more northerly belt indicates a somewhat different direction of the 
prevailing winds at different localities. To a large extent this is topographic control or the 
presence of wind gaps and anticlinal ridges in the wind's path. 

Both sets of dunes evidently developed in the dry and wann climate of the Altithennal interval 
and have in part stabilized as a result of subsequent climatic changes. Both sets attest to 
some eastward migration of the Columbia River and to the lack of its presence on the Hanford 
Reservation in the time since dune emplacement. Othe!'"#ise the dunes would have been breached. 

The eastward shift of the Columbia River evidently is continuing in the northern reaches of the 
Reservation. Thus, the northern reaches of the White Bluffs (north of the Hanford townsite) 
are being actively undercut. Landslides of up to 1 million cubic yards have occurred and will 
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TABLE I I. 3. 8-1 

GEOLOGICAL HISTORY OF PASCO BASIN 

GEOLOGI C UNIT 

DUNES AND EOLIAN SEDIMENTS 
(0-40 FEET THICKI 

AUUVIUM, COLLUVIUM, LANDSLIDES 
(Q-100 FEET THICK) 

PASCO GRAVELS AND THE TOUCHET 
BEDS (0-400 FEET THICKI 

PALOUSE SOI LS 
lD·30 FEET THICK) 

RINGOLD 

FORMATION lD-1200 FEET THICK) 

~ELLENSBURG (20·200 FEET TH I CKI 

FORMATION 

~ YAKIMA BASALT FORMATION 
'-" ~ (PROB. 2500 FEET THICKI ~-<:,:: 
!;;? ~ PICTURE GORGE FORMATION 
"'§ EQUIVALENT (?I 
~ ,-; IPROB. 1500 FEET THICKI 
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MATERIAL 

SANDS, INCREASINGLY FINER AND QUARTZ-RICH TO 
THE NORTHEAST 

UNSORTED RUBBLE AND DEBRIS, LOCALLY INTERFlt-t;ER 
WITH RINGOLD FORMATION ANO PASCO GRAVELS 

SANOS ANO GRAVELS OCCURRING AS GLACIAL FLOOD 
OEPOS ITS. CCY>\MONLY ROUGHLY GRADED. UNCON· 
SOLi DATED BUT HIGHLY CO',IPACT. 

WIND-TRANSPORTED ANO DEPOSITED SILT, LOCALLY 
WEATHERED TO CLAY 

WELL·BEDDED FWVIAL ANO FLOOO·PLAIN SILTS, SANOS 
ANO GRAVEL POORLY SORTED, COMPACT BUT VARIABLY 
CEMENTED. BASAL PORTION LARGELY SILT ANO CLAY 
OF HIGHLY VARIABLE THICKNESS. REMAINDER OF FOR· 
MATION IS INTERBEDDED GRAVEL, SANO ANO SILT. 
GENTLY DEFORMED. 

VOLCANICLASTIC ROCKS ANO THEIR WEATHERING 
PRODUCTS, LARGELY CLAYS . GRADES INTO ANO INTER · 
FINGERS WITH Rlt-t;OLD FORMATION SEDIMENTS. 

BASALTIC LAVAS WITH INTERBEDDED STREAM SEDIMENTS 
IN UPPER PART, LOCALLY FOLDED ANO FAULTED. 

BASALTIC LAVAS 

BASALTI C LAVAS POSSIBLY CO',IPARABLETOTHE 
TEANAWAY BASALTS 

PROBABLY SANDSTONES CO',IPARABLE TO THE SWAUK 
AND ROSLYN FORMATIONS 

PALEOCENE ? ? 

ROCKS OF UNCERTAIN AGE, TYPE 
ANO STRUCnJRE 

PROBABLY METASEDIMENTS ANO METAVOLCANICS 
I NTRU OED BY GRAN Ill C ROCKS 

recur as the bluffs are oversteepened. The addition of large volumes of irrigation waste waters 
from the Columbia Basin Irrigation Project to ground near the crest of the Bluffs increases the 
potential of such slides . 

11.3-B .2 Soils 

Eastern Washington, in the rain-shadow of the Cascade Mountains, has experienced a continuously 
semi-arid to arid climate for nearly 12,000 years. Most of the Hanford Reservation is under-
lain by generally coarse-grained sed iments 1 deposited by several glacial floods. The surficial 
sediments generally were ineffectual ly weathered and only locally show the A, Band C soil hori
zons developing from the regolith, or the organic matter to distinquish true soils from their 
parent materials . Consequently, a working definition of most Hanford soils includes the mate
rials within the root zone of the native perennial plants. This is a variable depth value depend
ing on the plant species. 

All the materials overlying basalt bedrock have at least some physical properties that generally 
are identified with soils in an engineering sense. That concept corresponds to the pedologist's 
or geologist's definition of regolith . Most of those materials also have geologic properties 
such as formation identity, stratigraphic continuity, weak to moderate induration and coherence, 
and a physical origin that permits their description in geologic terms. 

Most of the Hanford Reservation is underlain by sediments laid down by the glacial Lake Missoula 
floods, particularly of 18,000 to 20,000 years ago and about 12,000 years ago. Those sediments, 
at or near the ground surface, range from coarse boulder and cobble gravel in the extreme north
em reaches of the Hanford Reservation to sandy cobble to granule gravels in the central part of 
the Reservation to coarse sands in the southern part. Adjacent to the Yakima and Rattlesnake 
Hills the sediments grade into silts and fine sands. The distribution reflects the velocity of 
the flood waters depositing the sediments: the greatest velocities where the floods debouched 
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from the Columbia River gorge upstream from Hanford; less where the flood waters spread out in 
the Pasco Basin; and least in the lee of ridges and with the shallow waters adjacent to the 
bordering mountain masses. 

As a result of the semi-arid to arid environment that prevailed for at least 12,000 years, the 
entire Reservation was blanketed by at least a thin veneer of wind-blown (eolian) sediments. 
These were derived largely from the flood deposits, most of it locally but some from as far as 
the lower Yakima and Columbia River valleys upwind (southwest) of the Hanford Reservation. The 
eolian sediments thus range from very fine sands and silts that in some places blanket coarse 
gravels and basalt bedrock, to coarse sands that were moved only short distances and can 
scarcely be distinguished from the parent materials. 

Generally, true soil profiles developed only where fine-grained and poorly drained sediments 
prevail, as in Cold Creek Valley. There, under the prevailing conditions, weathering is more 
effective than elsewhere and true A, Band C horizons develop from the regolith . 

The eolian sediments not only variably blanket the Hanford Reservation from negligible thick
nesses to 50 feet or more, in the case of live dunes, but the eolian silts locally have sifted 
into the fluvial sands and gravels to depths up to 5 feet. This decreases the ground's infil
tration capacity. When that condition combines with frozen ground, local runoff occurs . 

Numerous dunes and dune features prevail on site. Incorporation of the Mount Mazama ash bed 
some now stabilized dunes indicates a period of dune formation 6000 to 7000 years ago during 
Altithermal interval. Subsequent climatic changes are indicated that stabilized the dunes. 
of the Hanford townsite, and elsewhere where the vegetal cover was destroyed in road cuts or 
burned areas, active dune roovement is again underway. 

II . 3-B .3 The Basement Rocks 

in 
the 
South 

The basement rocks, those underlying the basalti _c lava flows, are of uncertain composition. 
Certain rock types can be projected from the margins of the Columbia Basin 100 to 150 miles 
away, and certain prebasalt rocks can be logically inferred from the known general geologic 
history of the region . On these bases, ~nd from data from the Basalt Explorer Well near Odessa, 
Washington, sandstones and shales comparable to the Swauk Formation of the Blewett and Swauk 
Pass areas of Washington may lie beneath the region. Beneath them are probably granitic rocks 
comparable to those in Okanogan Highlands, the Snoqualmie Pass area of the Cascade range, the 
Moscow Basin, Idaho, the base of the Basalt Explorer Well, and parts of the core of the Blue 
Mountains, Oregon . 2 Granite rocks there were intruded into largely Paleozoic and early Mesozoic 
metavolcanic and metasedimentary rocks whose equivalents perhaps occur beneath the Pasco Basin . 
Alternatively, a still thicker basalt section is possible. 

II . 3-B.4 The Columbia River Basalt Group 

The Columbia Basalt Plateau is one of the world's greatest continental accumulations of basaltic 
lava flows . The total area covered is estimated at 250 ,000 to 300,000 square miles and comprises 
more than 100,000 cubic miles of lava . In the 50,000 square miles of Columbia Basin probably 
more than 60,000 cubic miles of lava have accumulated (Figure II.3-B-2). 

Th~ northern part of the Columbia Basin centers around the Pasco Basin, the topographic and 
structural low point of the Columbia Plateau area. In 1957 and 1958, the Standard Oil Company 
of California drilled an exploratory and stratigraphic test well (Rattlesnake No. 1) in the 
Pasco Basin to a depth of 10,655 ft, still in basalt. The well was reopened and relogged in 
1968. 3 Current estimates are that the sequence is at least 12,000 feet thick. Other data indi
cate a probably orderly accumulation of more than 100 basalt flows, emitted concomitantly with 
the subsidence of the basin. If the oldest flows are Eocene in age as has been suggested , 
roughly 50 million years were available for emission of the complete sequence up to the about 
8 million years age of the youngest flow . An average rate of emission then is roughly one flow 
per 500,000 years . 

No ot her comparably deep wells have been drilled within the Pasco Basin or i ts periphery. Within 
the Pasco Basin, four deep wells and core holes were drilled t o depths of 5661, 3540, 5002 and 
4766 feet. 4 Above those depths, the data on the nature and character of the basalt sequence 
increase rapidly as the result of available outcrops and many wells drilled for geologic infor
mation and for water supply purposes. 

II. 3-B-7 



..... ..... 
w 
I 

c:, 
I 
0) 

9 I. 

s. 35oW. PASCO BASIN 
QUINCY BASIN N. 35°E. 

MUTTON MOUNTAINS YAKIMA BASALTS COLUMBIA RIVER SADDLE MOUNTA 

\ 
PIC TURE GORGE BASALT~ \ JOHN D~Y RIVER .· HORSE HE~VEN HILLS RAT!USNAKE HILLS \ INS BA SALT EXP LORER 

OLIGOCENE - \ \ , , \ UPPER YAKIMA BASALT NO. I COLUMBIA RI VER SPOKANE 
:-V~ ~ -~~-1_ I _,..• r--- _ YAKIMA RIVER .- COWMBIA RIVER LOWER YAKIMA BA.SALT ,/ , ..• c,c.» ' : _\ ,Rl ~ER 

~~~--;~----~'-:-~--~~~--- . ---- ----\ ~ -~ - - :- -t· ~ j -- -· :- '- ---"""i!:<7 - - _----.~-4!f;-~ -~~~-1.1-·~1~:: 
EOCENE · OllGOCENL-~--•--:- . - ... _ ,\ _ - · -- .:: .:: -- -- _ , - .....__ - ~ ::__- -=----=- ~ :-~~:-.. =-7"L-:.; -X:•"''l'-: ,-.v ,_1 , ,~ .. ., • 1 ,,,.....,,. 

1 
,, 

CLAR~Of<!..tMJ!9N:~-: :::; ~ ;- - - -=-- - . -- .. . - -- - .:.. -- .::: ~---=-- ----· - ==--- - ~ ---3::~~~7,~,\';-1~;,~T,,:"\,,. ';_,,'...,,- I"_. 11 

::;;r-~ ,;-,, ,~•,, ,-:,~--~~:=._~~~ -- - -- - -- --- -- -- f"f ;;~~fXFim~~·f~C~~~i~EA:~~~~o~~-s~~~ 
-.,• ,, ,t MESOZOIC ",'f, ·,- .:---:- ;:~ ~-=--~-=--!i-. f ·-- - ----

1
-, -;·/17\~J.1•°0'~;-zY,',':1~ ,_/,,,'< ~ · _. 

1' •,,
1

SEDIMENTARYAND \',, '. ' - - - - ---- -- - - _ . .. ·- ·- , - - -- 1 , 1JJ'~ • f ,,__,/, ' '''· MESOZOICGRANITIC ROCKS 
, , I METAMORPHIC ROCKS , ' ',~ . LATE YAKIMA \ )" RI NCOLD°rORMATI~ 

tHUNSBlJRGI - TYPE BASALTS STANDARD OIL CO'.IPANY Of CALIFORNIA 

RATTUSNAKE NO. I 

N. 75<\v. 
IS, IJOO· 

10, 000' 

5,000' 

SEA 
LEVEL 

5, ooo· 

10, ooo· 

IS, OOl' 

SOURCES, GEOLOGIC MAP Of WASHINGTON, 1961 
GEOLOGIC MAP Of THE STATE Of IDAHO, 1947 
GEOLOGIC MAP Of OREGON WEST Of THE 121ST MERIDIAN; 1961 
TECTONIC MAP Of THE UNITED STATES, 1962 
A. C. WATERS, 1955, 1962 
R. S. Fl SKE, 1963 
E.M. BALDWIN, GEOLOGY Of OREGON, 195'1 
STANDARD OIL COMPANY Of CALIFORNIA, 1958 
M. T. HUNTTI NG, 1942 
R. E. BROWN. 1968 

FIGURE II.3-B-2 

10 

GEOLOGIC CROSS SECTIONS OF COLUMBIA RIVER· BASALT PLATEAU 

SCALE 

20 

1•I'::-\ 
I . ._.:\'-, . -.._ .. ,::,--,- ... 

I - ; ·--, i __ ___ j_ ___ _ j 

40 

10, 000' 

5, 000' 

SEA LEV[L 

5,000' 

10, ooo· 

IS, 000' 

60 MIIH 



- - 1 1 
i. 

The basalt sequence tentatively is divided into a series of possible formational units. The 
divisions are based on: l) identified, evidently significant, changes in the chemistry of the 
basalts, 2) estimated ages based upon floral assemblages from pollen in coal beds in the Rattle
snake No. l well and 3) two initial potassium-argon age dates on basalts. 6 The very limited data 
can result in numerous interpretations, of which Figure II.3-B-2 6 is one. Unpublished and largel y 
unavailable data will, when evaluated, result in increasing detail and a corresponding imp rove
ment in the interpretation. 

The sources of extrusion of the early flows are unknown. All appear to be the plated u type of 
basalt, emitted from fissures by quiet extrusions. 4 Various dike swarms are kn own that may ~i-1 vi: 

been sources, but none are demonstrated as sources of the early flows. One rossi bi lity is toe 
Teanaway dike swarm in the Mount Stuart area, Washington. Within the upper 1000 feet of the 
sequence, sufficient data are available to indicate that most of the flows in the western parL of 
the plateau were moving between north and west when emplaced. 5 Progressively upward in the s~c 
tion, the evidence increasingly indicates that dike swarms in extreme northeastern OreCJon w, rl? 
the vents for some of the flows. One vent for one or more flows l ie s in eastern -most Wash 111 c; ton, 
another, feeding at least the youngest recognized flow, is at Ice Harbor Dam on the l owe r SnukF• 
River. 4 The presence of that many sources suggests that more may be present, perhaps buried 1:..1 
later flows beneath the Pasco Basin. 

The later basalt flows generally advanced northwestward across the Pasco Basin . They pinch out 
in an offlap relationship to the plateau margins, the effect of the continuin9 subsidence and 
resulting opposed gradient. Many flows divided into flow units, whereby separate ton gues, 
gushes or spurts of lava emerged from the main flow. 

II .3-B.5 The Ellensburg Formation 

Within the upper part of the basalt sequence, sedimentary material are increasingly i111portant 
upward, beginning with · the Vantage sandstone . These include tuffs and tuffaceous sediments of 
many kinds, in part now altered to clays . Virtually every basalt fl01~ above U1e Vantaqe sand-
stone horizon is capped, at one site or another, by stream-deposited sedim<:nts. Their exte nt 
and thickness generally increase upward in the section . The lower beds t end toward rock types 
common to the Okanogan Highlands, southern British Columbia and the north Cas cades. The uppQr 
beds show an increasing preponderance of vol ca nic debris referred t o as the lilensburg 
Formation . 

About 15 million years ago , the ancestral Col umbia Rive r was cross ing central Washington, faying 
down trains of gravels, sands, silts and clays comparable to today 's Columbia River sedi m~·nts. 
As the basalt flows advanced upon the river, th~y forced it westward toward Yakima . As the 
basin subsided, the river returned by gravity to the bas fn center, leaving i ts sediment trains 
as a mark of its earlier courses. East of the current course, river sediments are virtually 
nonexistent between basalt flows, attesting to the shifting only westward from the current basin 
center . 6 

In add iti on to the interbasalt sediments, the basalt flows themselves record t he rive r's presenr ~. 
Pillow basalts, palagonite and pillow-palagonite complexes at the bases of f101~s identify the 
former presence of water into which the flows advanced . Of tentimes they contain featu res indi
cating th e direction of flow movement. In many instances the complexes wi th or wi thout SPd i
mentary i nterbeds are important and confined, somet imes artesian, aquifers. 

Continuing subsidence resulted in maximum thickness of the basalt sequence and accumulation of 
the greatest number of flows in the Pasco Basin. The Pasco Basin low probably cente red south
west of its current position, at least late in flow emplacement, as suggested by isopach maps of 
various members . Numerous thin beds of coal in the Rattlesnake No. l well, but not in other 
deep wells in comparable amounts, indicate a poorly drained area that may have been the bas in 
low point for extended periods. 

Anticlinal uplift began in the latter stages of flow emplacement. In some sites, near the Cas
cades, it may have been nearly 15 million years ago, rough ly the time when the ancestral Columbia 
Ri ve r first appeared in south- central Wash ington . Probably the ancestral Columbia River's 
appearance coincided with the beginning of uplift of the north Cascades which l ikely diverted the 
river from its westerly course north of the Pasco Basin. 

Anticlinal upl ift, together wi th bas i ning , locked the ancestral Columbia River i nto the Pasco 
Basin once the ridges rose high enough that they were no longer periodically buried . The l ast 
few of the basalt flows and intervening interbeds clearly show thinning over the ri dges and 
thickening in the valleys and pinchout where topographic highs were great enough . 
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Uplift progressed roughly from north to south with Umtanum Ridge and the Yakima Range r1s1ng 
first (or fastest) in the Pasco Basin, then the Saddle Mountains, Rattlesnake Hills, and the 
Horse Heaven Hills. The ancestral Columbia River, flowing southwestward from its locked-in 
position in the Pasco Basin across the Horse Heaven Hills, was diverted to the structural low 
that now is Wallula Gap. The combined uplift of the Horse Heaven Hills and Rattlesnake Hills 
probably caused the shift of the early Pasco Basin low point from the lower Yakima Valley to its 
current position. 

The last four of the basalt flows (two Ice Harbor, the Elephant Mountain and Ward Gap are cur
rently recognized) are progressively smaller and more restricted to the current basin center . 
The last one and probably two were emitted near Ice Harbor Dam, about 20 miles southeast of the 
nearest part of the Hanford Reservation. Only one of them barely reaches the Hanford Reserva
tion and is recogni zed in few wells to date. 7 

The progressive decrease in indicated lateral extent (and probably volume as well) of the last 
four flows suggests depletion of a lava source. Comparable events must have occurred earlier, 
with an interval of some millions of years, prior to new flow emission. 

11 . 3-8 . 6 Anticlinal Uplift and Faulting 

Creation of the anticlines was dominantly by uplift, probably relating from long-term basining. 
Some faults may have developed as an early phase, but folding is a predominant reaction, with 
renewal of fault movement as an al ternative. Generally the stresses that developed in deforma
tion were relieved by slippage along the many joints and bedding planes, oftentimes on clay-rich 
sediments of the Ellensburg Formation, which thereby give the impression of fault gouge and major 
faults . 8 Folding of the basalt sequence with no superincumbent cover also resulted in sinuous 
fold axes at the ground surface, in some sites en echelon fold axes. At other sites cross folds 
complicate the structures. In all instances the divergence from single, well-defined, regular 
axes can be attributed to differing responses to folding of the variably-jointed, highly-layered 
basalt sequence . The sinuousity and en echelon nature of the fold axes and the presence of 
cross folds have led investigators to assume the presence of cross faults with strike slip off
set up to one-third of a mile. This situation prevailed at Gable Butte and Gable Mountain on 
the Hanford Reservation . 9 To date, no strike-slip faults of any magnitude have been demonstrated 
in the Pasco Basin. 

The dominant type of faulting i s normal faulting, in some instances developing into graben-like 
structures as inferred in the Badger Canyon area and as occurs in parts of the Saddle Mountains . 
Thrust faults locally are significant, especially where folding has been intense. In some 
instances antithetic faulting developed, with portions of the uplifted anticlines downdropped. 

Numerous faults are hypothesized on various bases, including topographic expression, 10 and aerial 
photointerpretation . 9 The most important one postulated is that along the Olympic-Wallowa Linea
ment, particularly the Rattlesnake-Wallula-Milton-Freewater segment and the Rattlesnake-Wallula 
segment. 1 1 Some persons have attributed gross amounts of strike-slip movement to the hypothe
sized Lineament fault, analogous to the San Andreas fault, but without citing specific ev i dence 
for the fault or its offset. Neither the Oregon geologic map (1969) 12 nor the Oregon gravity 
map 13 acknowledge or submit evidence in support of such a fau l t in Oregon. 

Numerous signs of at least local faults are present along the various named segments of the 
Olympic-Wallowa Lineament. The maximum inferred stratigraphic offset on a postulated fault is 
300 feet in the Badger Canyon area, 14 compared to a maximum of about 1500 feet of total strati
graphic offset by combined folding and faulting along the same segment. Thus this fault offset 
is less than a major part of the total offset, a situation generally prevalent in south-central 
Washington. In the same general area, 500 feet of stratigraphic offset, as determined from 
drilled wells, may be largely fault offset. In some sites along the Olympic-Wallowa Lineament, 
faults are spatially removed from the fold axes, hence are "primary" in origin. However, all 
faults are associated with the anticlinal ridges and in some· instances pass longitudinally into 
folds. Because of their relatively minor surface offset, the faults are "secondary" in impor
tance to folds although locally "primary" in origin. 

The Rattlesnake Hills to Wallula Gap structure is an alignment of discontinuous elongate domes 
or doubly terminated anticlines with only local signs of faulting and none in several su1TTI1it 
excavations. The structures between the domes, where visible or otherwise determined from the 
records of wells, are a sequence of flat-lying flows with no direct evidence for significant 
fault offset. 

At the Yakima River water gap at the southeast end of the Rattlesnake Hills no folding or 
faulting is present. Northwestward along the north face of the Rattlesnake Hills anticline 
folding a~ain becomes prominent, without identification of prominent faults or recent fault 
movement. 5 
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The small amount of clearly demonstrable surface faulting, the minimal visible offset (compared 
to Basin and Range structures) and the 10 to 15 million years for the structures to develop 
indicate an overall low rate of diastrophism. Continuing activity is suggested, however, by 
apparent tilting of recent (12,000 years old) sediments at two widely separated sites, 8, 16 

reported cracking of the ground near Walla Walla during the Milton-Freewater earthquake of 1936 
along lines paralleling the Horse Heaven Hills, and possible antithetic faulting of Ellensburg 
Formation beds and elastic dikes west of Prosser in the Horse Heaven Hill~. 

The faults along the Lineament evidently are associated with the Horse Heaven Hills anticline and 
similar structures rather than a major northwest trending transcurrent feature. A major Olympic
Wallula Lineament, if present as a structure, is not and has not been tectonically active since 
Miocene time, except possibly where its strike coincides with the strike of other structures (the 
Horse Heaven Hills). This is suggested by the uplift of the Blue Mountains, the Cascade Range, 
and the Yakima and Umtanum Ridges across the trend of the Lineament. None of those features show 
yet-identified evidence of fault offset attributable to movement along that Lineament and espe
cially the gross strike-slip offset required for a major transcurrent feature. 

The Rattlesnake· Hills, the most prominent anticlinal ridge in southcentral Washington, consist of 
two main segments. The first is the eastwest trending. segment that extends from the southwest 
corner of the Hanford Reservation to and beyond the Union Gap where it becomes Ahtanum Ridge . 
The second segment extends from the Yakima River water gap north of Benton City northwestward to 
the southwest corner of the Hanford Reservation. There it overlaps the east-west segment at the 
site of the Standard Oil Company of California Rattlesnake No. l well. 16 

Both anticlines are asyrrmetrical, with the steeper face on the northerly side. Much of the total 
range remains to be studiP.d. but. work at intervals along it has yet to disclose evidence of major 
faults. Indeed the structure appears to be a sequence of overlapping, in part en echelon, anti
clinal folds. The site of overlap of the two segments resulted in the near syrrmetry of the ridge 
such that the Rattlesnake No. l well penetrated probably a full 10,000 feet of stratigraphic 
section, rather than passing, with depth, into the north limb of the anticline. 

Attempts to explain the trend change and the termination of the Yakima and Umtanum Ridges to the 
north have corrrnonly been based on north-trending faults. One version passes through Gable Butte, 
a second along the east end at Yakima and Umtanum Ridges. Evidence has to date been solely 
topographic but permissive of faults, not demanding of them. 

The Yakima Ridge, instead of sharply terminating against a north-south trending fault, consists 
of two anticlinal ridges that plunge eastward beneath the surficial cover. The structures can be 
and have been traced by well drilling at intervals and by seismic, gravity and magnetometric 
methods. The data suggest that the structures are comparable to those of the Rattlesnake Hills 
continuation from the Yakima River water gap to the Horse Heaven Hills--a sequence of doubly 
terminated anticlines or elongate domes. Maximum relief is about 300 feet above the regional 
slope from the Rattlesnake Hills to the basin low. 

The southernmost anticline reappears at the ground surface at the Prosser barricade, then as a 
line of gently folded, nonfaulted buttes that extend to and beyond West Richland as the "Horn 
Rapids Lineament." These buttes die out southeastward beneath the Kennewick Highlands. The 
more northerly of the two anticlines evidently dies out beneath the Hanford Reservation although 
it has been. considered to cross the Columbia River as a continuous low, broad warp south of the 
Fast Flux Test Facility Site. The conclusion that there is a southern continuation of the low 
anticline was based on a well which did not penetrate to basalt. A geophysical seismic line 
contra-indicated the interpretation of the well log. 

Umtanum Ridge, and its continuations in Gable Butte, Gable Mountain and several isolated outcrops, 
represents a classic case of offset, en echelon anticlinal folds oblique to the main axis of 
uplift. Gable Mountain consists of two anticlines, reversely asymmetrical so that opposite ends 
of the mountain are bounded by steep faces on opposing sides. Early workers 9 inferred a strike 
slip fault with offset of about two-thirds of a mile to account for the two axes. However, pro
ponents of the concept did not explain the absence of the fault in the Rattlesnake Hills or White 
Bluffs where it should appear if the offset were valid. Instead, a low angle thrust fault(s) 
with less than 100 feet of offset occurs at the point of overlap of the two axes 11 and dies out 
in bedding plane shearing on both the north and south flanks of the mountain. The fault trace 
is covered by undisturbed flood deposits dated at more than 40,000 years old by 14C methods. 

The Saddle Mountains are one of the most studied anticlinal ridges in central Washington. They 
are significant because important faults bound the mountain to the north in its western reaches. 
The last discernible surface movement on the Saddle Mountain fault predates loesses dated by 14C 
assays on organic matter to be 12,000 years old. 11 
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The beginning of anticlinal uplift, especially to the west and slightly prior to the emission of 
the latest basalt flows, locked the Columbia River into the Pasco Basin and halted its east-west 
migration. Somewhat later, uplift of the Horse Heaven Hills resulted in a continuously rising 
base level for the river and continued deposition of sediment. 19 Today the Ringold Formation is .~ -, 
recognized only upstream of the Horse Heaven Hills, reflecting the control of deposition by , 
those Hills. 

The Ringold Formation arbitrarily has been divided at the type locality into a lower blue clays 
member, a gravel or conglomerate member, and an upper sand-silt member. The division is unreal
istic for the Basin as a whole, however. Sands, silts, clays and gravels are interbedded and 
interlayered throughout the basin in a manner indicating a nearly continuous stream flow and 
continuous fluvial deposition. Even the lowermost silts and clays actually occur as a sequence 
of beds in different stratigraphic positions largely linked together to form a .semicontinuous 
blanket over the basalts in the basin center. Only locally do they suggest true lake deposits. 
Moreover, they lap out (were never deposited) and in at least one case evidently were eroded 
from a basalt high. Hence local interconnection between the higher unconfined and the low con
fined ground waters is present. The ancestral Columbia River, based on its gravel and silt-clay 
distribution, generally has centered over the basin's low point. Its floodplains extended east
ward and lapped upon the basaltic plains that rise to the east and northeast. 

Uplift of the controlling Horse Heaven Hills continued at a pace permitting the deposition of 
gravel in the main stream areas. Ultimately when the river level in the Pasco Basin reached an 
altitude that is now 1000 feet above sea level, the Columbia River was able to maintain its 
channel through the structural low at Wallula Gap as rapidly as the hills rose. A lowering of 
base level ultimately began and is continuing today. 

The age of the Ringold Formation is critical to assessing the timing of tectonic activity (anti
clinal uplift and faulting) that in turn resulted in deposition of the formation. The maximum 
age is that of the youngest lava flows (8 million years). The youngest inferred age is middle 
to possibly late Pleistocene time 18 or within the last about several hundred thousand years for 
the uppermost beds. The latter age is invalid because of numerous lines of direct and indirect 
evidence, including stratigraphic, structural, sequential geologic, and paleontologic data. The 
official position of the U.S. Geological Survey now is that the formation is Pliocene and Pleis
tocene in age. 11 Probably the uppermost beds are about l million years old. 

That tectonic deformation has continued to the current time is evidenced by warping in the 
Ringold Formation Stratigraphic section, decreasingly so ·upward, -and low angle tilting of the 
later Touchet Beds in key sites. 8 ,16 · . 

The resulting dips in the Ringold Formation beneath the plant site are low, a maximum of about 
3°. The deformation has locally raised the silts and clays of the lower part of the Ringold 
Formation to and above the groundwater table. Groundwater flow accordingly is around these 
groundwater barriers in paths that confirm the presence and effectiveness of the silt-clay 
barriers. 21 

Stabilized water levels of the Columbia River and the presence of bordering floodplains are 
suggested by at least two thick beds of caliche (calcium carbonate). One caps the crest of the 
White Bluffs at an altitude of 900 to 1000 feet, the other lies beneath the west part of the 
Hanford Reservation where it caps the eroded surface of the Ringold Formation at an altitude of 
about 500 to 600 feet. 

Adjacent to the anticlinal mountain ridges that surround the Pasco Basin, wells have disclosed 
coarse fanglomerates that in part interfinger with classical Ringold Formation sediments and in 
part overlie them. 16 The fanglomerates also pass upward into current-day alluvial fans that 
debouch from canyons penetrating the ridges. They attest to the fact that the Ringold Formation 
sediments were deposited largely subsequent to anticlinal uplift and suggest that the Rattle
snake Hills, in order to shed debris by early Ringold Formation time, must have risen earlier 
than the Horse Heaven Hills, also suggested by other data. 

11.3-B.8 The Palouse Soils 

An eolian silt (loess), in part altered to clay, and fine sand overlie part of the eroded sur
face of the Ringold Formation and the caliche bed beneath the western part of the Hanford 
Reservation. 22 This silt is considered to be the equivalent of the Palouse soils (loesses) of 
eastern Washington and westernmost Idaho, indicating a climate comparable to that of today, with 
effective wind transport and deposition of sediment. 

The most significant eolian sediments lie at depths of roughly 100 feet, or from 100 to 
200 feet above the groundwater table. They have no effect upon the groundwaters in the zone 

II.3-B-14 

) 

) 



11 



\ 

of saturation but are important in controlling the downward and lateral movement of waste 
waters and radionuclides above the groundwater table. 

11.3-B.9 The Glacial lake Missoula Flood Deposits 

The Palouse soils, the Ringold Formation, and locally even the basalts and, the interbedded 
Ellensburg Formation sediments were locally eroded and truncated by a sequence of gigantic 
floods. These emanated from the Clark Fork Valley near Missoula, Montana, and resulted from the 
catastrophic release of ice-dammed glacial lake Missoula. Smaller floods resulted from the 
sudden drainage of smaller, similarly glacier-dammed streams. 

The earliest floods recognized in the Pasco Basin occurred at least 50,000 years ago and may be 
up to 100,000 years old. A 14C age date on conifer bark from a less-than-oldest flood deposit 
on Gable Mountain provided an age of more than 40,000 years. 11 A subsequent flood of far 
greater magnitude appears to correlate with one in easternmost Washington dated at 18,000 to 
20,000 years. 2 3 A still later large-scale flood is dated at about 12,000 years old on the basis 
of the presence of the presumed Glacier Peak ash within the uppermost beds of the deposit. 16 

The floods scoured the then-existing land surface, the Palouse Formation, and caliche f rom part 
of the surface of the Ringold Formation, deeply gouging the Ringold Formation . 23 A ne twork of 
buried river channels, closely resembling the Channeled Scabland in form , now cross the central 
to northeastern part of the Hanford Reservation. 

Basalt close to or above the current ground surface was eroded too . Gable Butte, in the di rect 
path of the flood waters coming down the Columbia River, was stripped and the antic l ines breached 
and eroded. Gable Mountain, farther east, was less exposed and less eroded. However, its west 
end pointed into the current was extensively eroded especially on the steeply-dipping south 
limb of the anticline . Eastward, progressively less erosion occurred until at the extreme east 
end a giant bar was deposited which extended toward the Hanford towns i te . 

Beneath 200 East Area and immediately to the north an anticline subs i diary to Gable Butte was 
subjected to erosion. The upwarped Ringold Formation silts and clays, the underlyi ng sediments 
of the Ellensburg Formation, and locally some of the latest basalt flows were stripped away. An 
erosional window was created. Of significance is the fact that the erosional window provides a 
si te where exchange of water between the confined and unconfined aquifers (separated by the 
Ringold Format ion silt and clay beds) can occur . 

The depth of erosion was sufficient that the groundwater table today throughout much of the 
Reservation lies within those channels. Elsewhere it commonly lies just below the Ringold 
Formation surface. Consequently the routes of fastest movement of groundwater and any con
taminants will be in those glacial flood channe ls, which are filled with permeable gravels. 21 

At least two floods momentar i ly rose to considerable heights in the Pasco Bas in when the inflow 
to the Basin cons iderably exceeded the drainage ability of Wallula Gap . The maximum hei ght 
reached was about 1200 feet above sea level (roughly 800 feet above the lowest l and surface at 
Hanford ), evidently by the earl ier of the two major floods . The latter f lood, poss i bly compara
ble in magnitude to the fi rst, evidently rose only to about 900 feet al titude . This may have 
been because Wal l ula Gap was reamed out by the earlier flood so that it more readily ·transmitted 
the f loodwaters . Alternat i vely, the latter f l ood may have been less catastrophic, wi t h the 
f lood waters more spread out in time and wi th a lower flood crest. 

The deposits of those two floods are locally distinguishable by charact er. Each tends to be 
graded, with boulder and cobble gravels in many sites forming the base of each deposit . Higher 
sediments in each sequence reflect the flood impoundment, with consequently finer materials 
deposited where currents lessened. The deposits of the earlier flood commonly include larger 
blocks of rock, are less well sorted, and exhibit more chaotic flood bedding . 

Both floods lasted a few weeks, during which time an estimated 500 cubic miles of water passed 
downstream. 24 Max imum flow rates reached 9.5 to possibly -14 cubic miles per hour . 25 Ice- rafted 
erratics and thin silt deposits occur up to 1200 feet above sea level , but a 700 to 800 foo t 
al titude appears to have been the maximum for basin-fill deposits . In turn this suggests t hat 
the flood crest above that altitude and to the 900 and 1200 foot altitudes wa s of short durati on. 

In additi on to the vertical grading to f i ner sediments, a l ateral gradi ng al so occurs. Boul der 
grave ls li e within the flood deposits along the Columbia where it exi ts from the gorge upstream 
f rom the Hanford Reservation , decreas i ng in amount downstream. Southwestward, progressi vely 
farther f rom the main st ream flood , the sediments are preva i lingly finer grained (grading t o 
cobble, pebble and granule gravels, then to very coarse to fine sands) , referred to as t he Pasco 
Gravels. Adjacent to the flanking hills, beneath Dry and Cold Creek Valleys, and up the Yak ima , 
Walla Wal la and locally the Snake rivers, the sediments are silts and f i ne sands known as the 
Touchet Beds . These beds also occur as thin blankets up to the maximum alt i tudes of the f l oods . 
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The Touchet Beds show evidence of quiet and shallow-water deposition with abundant rhythmic and 
ripple-marked bedding. Clastic dikes are characteristic within the Touchet Beds, locally within 
the Pasco Gravels, and less corrmonly in the Ringold Formation, the basalt flows and Ellensburg 
Formation beds. Their origin is controversial; they are related in time and probably in origin 
to the floods. 26 • 27 

The floods had additional impact. Many scarps were formed by the flood waters, and many land
slides must have been induced in the basalts and the Ringold Formation by the rapidly changing 
lake levels (Table II.3-B-2). Persons unfamiliar with the total effect and height of the floods 
have concluded that some of those features reflect fault movement and earthquake activity, 
respectively. Subsequent weathering in central Washington's dry environment in the last 12,000 
years has had minimal impact so that the flood-formed scarps and landslides appear to indicate 
a greater magnitude and frequency of historically recent tectonic activity than is warranted. 

TABLE II.3-B-2 

TIME AND GEOLOGIC EVENTS, PLIOCENE TO HOLOCENE EPOCHS, PASCO BASIN 

AG£ 
EPOCH YRS BP GEOLOGIC UNITS GHX.OGIC AND RELAITD EVENTS CLIMATIC TRENDS 

MODERN LANDSLIDES IRRIGATION-INDUCED LANDSLIDING COOLER, MOISTER 

ASH DEPOSITS ERUPTION OF MT. ST . HELENS 

4.000 
PALOUSE SOILS AND DUNES DEFLATION Of COLD CREEK VALLEY, DUNE 

CREATION. MINIMAL MASS WASTING 

COLUMBIA RIV£R AT LOW FLOW RATE 
ALTITHERMAL 

~ 6,600 MAZAMA ASH BED ERUPT ION OF MT. MAZAMA PERIOD 7. 

8 
ci 
:,: 8,000 

EOLIAN SEDIMENTS 
EXT INCT ION Of MANY LARGE MAMMALS 
EAR LY MAN KNOWN IN BAS IN 

ID,D'.Xl 
TOUCHET BEDS FLOODS TO AT L£AST 850 FEET ALTITUDE 
LANDSLIDES EXTENS IV£ LANDSLID ING 

GLACIER PEAK ASH BED ERUP TION OF GLACIER PEAK PLUVIAL CLIMATE 
EARLY MAN KNOWN AT MARMES ROCKSHELTER BECOMING WARMER 

12,00J AND DRIER 

--- - - - - - -- -- -- - - --
FLOOD DEPOSITS CONTI NUED ANTICLINAL UPLIFT AND 

BASINI NG. FLOODS. 
DOMINANTLY GRAZING ANIMALS IN REGION 

18 • TOUCHET BEDS AND CATASTROPHIC FLOODS FROM GLACIAL 
2J,OOO PASCO GRAVELS LAKE MISSOULA, POSSIBLYTO 1250 

!2 FEET ALTITUDE. 
tj EXTENSIVE EROSION, LANDSLIDING, 0 
t;; SEDIMENT DEP OS ITION 
~ 
0.. FLOOD DEPOSITS FLOODS FROM GLACIAL LAKE MISSOULA 

AND LAKES TO THE WEST ONSET Of THE ICE AGE 
WITH COOL CLIMATE 

5'.l,000 EARLY FLOOD DEPOSIT S GLACIAL LAKE MISSOULA FLOODS ANO AT LEAST LOCALLY 
INCREASED MOISTURE. 

FANGLOM£RATES PLAN ING Of THE RINGOLD FORMAT ION REVERSALS IN INTER · 
GLACIAL PERIODS 

1-2 
~LLIQ!:!_ ------ - - -- - -- - - ----

EARLY PALOUSE SOILS CONTINUED ANTICLINAL UPLIFT 
AND BASINING 

~ RINGOLD FOHMATION AND DOMINANTLY BROWSING ANIMALS IN THE z 

~ ASSOCIATED REGION 
FANGLOM£RAITS 

0.. 

MILLION THE YOUNGEST BASALT TERMINATION Of H£ BASALT FLOODS DRYING AND COOLING 
FLOWS IPOMONA, ELEPHANT BEGINNING Of ANTICLINAL UPLIFT AND 
MOUNTAIN AND WARD GAPI INCREASING VOLCANIC ACTIVITY IN THE 

CASCADE RANGE 
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11.3-B.10 Volcanic Ash Deposits 

Three and possibly four vitric tuff (volcanic ash) beds are known in the Pasco Basin where they 
occur in late Pleistocene and Holocene deposits and have at least tentatively been identified as 
to source. 16 

The oldest ash, a bifurcated bed with layers about a half-inch thick, 16 is associated with the 
last glacial Lake Missoula flood deposit. Traditionally considered to have been erupted from 
Glacier Peak in the north Cascades about 12,000 years ago, the lower bed of the two, as evidence 
now suggests, may have been from an eruption of Mt. St. Helens, nearly simultaneously with that 
of Glacier Peak. The ash beds are significant in that they lie within the uppermost part of the 
f lood deposits to an altitude of 850 to 900 feet and above that in eolian sediments . The beds 
thus identify the deposits and height of the latest flood. 

The most certainly identified ash bed in the Pasco Basin is that emanating from Mt . Mazama 
(Crater Lake, Oregon) about 6600 years ago. Normally about 6 inches thick, it lies within 
stream-deposited sands below an altitude of about 45.0 feet, and within eolian sediments above 
that altitude. It marks the course of the Columbia River 6000 to 7000 years ago . 2 8 

Mt. Mazama erupted in the midst of the Altithermal interval which was characterized by a warm , 
dry climate and low flow of the Columbia River. The ash bed identified geologic formations 
created in that period, including sand dunes. 

The youngest ash bed currently is known only at Rattlesnake Springs. It is bel ieved to correl ate 
wi th an eruption of Mount St. Helens about 3200 years B.P.· (Before Present). 
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II.3-C SEISMOLOGY [X.25] 

II.3-C. l General 

Eastern Washington is in a region of low to moderate seismicity that lies between the western 
Washington and western Montana zones of considerably greater seismicity. 1 , 2 On the basis of the 
damage that has occurred since 1840, the U.S. Coast and Geodetic Survey (ESSA) designated east
ern Washington as Zone 2 seismic probability, implying the potential for moderate damage from 
earthquakes. Periodic revisions since 1948, the date of the first issuance of the risk map, and 
up to 1969, resulted in no changes in- the potential for eastern Washington although other parts 
of the country were upgraded in the damage potential (Table II.3-C-l). Currently western Wash
i ngton and western Montana are in Zone 3 category, implying the risk of considerable damage . 
The categories are incorporated in the Uniform Building Code . 

\. 
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The seismic risk maps are based upon the worst damage that has been experienced, mostly on 
poorly consolidated and saturated sediments that are the most responsive to earthquakes. Hence 
a pessimistic damage potential is i ndicated for sites utilizing less earthquake-responsive 
ground . In compensation, the maps consider only about 100 years of historical record, during 
which a low density of population may have resulted in no record of some minor quakes and cer
tainly no damage . The true earthquake potential then may be somewhat higher than suggested by 
the Seismic Risk Map {Figure II.3-C-l). The upgrading in potential seismic damage in part may 
reflect increased population density and increased use of seismically responsive ground, and in 
some sites an actual increase with time in earthquake frequency and magnitude. Other methods 
of assessment clearly are required. 

c:::::J ZONE 0 

c:::::J ZO NE 1 

c:zsJ ZONE 2 

- ZONE 3 FIGURE II.3-C-l SEISMIC RISK MAP 

Movement on surface faul ts often is associated with earthquakes. However, many earthquakes 
occur without surface faulting and some faults move (creep) wi thout significant earthquake 
activ i ty . The presence of major faults or sharp folds subject to faulting are validly con
s idered as evidence of possible past earthquake activity, possible future activity and possible 
epicenters . 

The Pasco Basin i s a broad, shallow topographic and structural depression evidently formed by 
long-term subsidence du r ing which t he vast volume of basaltic lava flows were emitted, probably 
f rom about 60 mi llion years to B million years ago . Presumably the subsidence was slow and 
essent ially continuous at an average rate of about l foot per 5000 years. 3 Various lines of 
evidence suggest appreciable vari ations from that rate, as can be expected . 

Late in the stage of ba sal t flow emission, about 15 million years ago, anticlinal uplift began. 
The anticlines superfi cially re semble the fault-block structures of the seismically more active 
Basin and Range country of Southeaste rn Oregon, eastern California, Nevada and western Utah . 
Indeed at one t ime (ea r ly i n the l900's), the anticlines i n eastern Washington were considered 
equivalent to the more southerly fault block structures and large faults were assumed present. 4 

A seismi c comparabil i ty thus seemed wa r ranted and was applied by some parties . However, the 
Zone 3 designation for the Basin and Range region and the Zone 2 designation for eastern Wash
ington , on the basis of more than 100 years of record, imply significantly different environ
ments . This, together with geologic infonnation earlier discussed, is more realistic than 
assuming that the magnitude of earthquakes in eastern Washington will be equal to those in the 
Basin and Range country but with lower frequency . Separate and distinct appraisals of the 
potential are needed . 
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Both regions, as in fact all the western United States, developed largely in response to 
global-wide forces associated with plate tectonics (continental drift). This specifically 
involves the relative motion of the Pacific and North American plates, the precise effects of 
which are still largely obscure though undeniably present. 

Progressively northward from San Francisco, the oceanic structures reflect the increasing domi 
nance of the generally east-west trending transform faults associated with sea-floor spreading 
and global tectonics. The change is similar to the change in trend from the north-south fea
tures of California and Nevada through the transition zone of the Blue Mountains and the Snake 
Ri ver Plains to the east-west and northwest-southeast-trending structures of eastern Washington. 

The Basin and Range Province fonned from uplift in Mesozoic and Cenozoic time of the Cordilleran 
geosynclinal deposits during the Nevadan and Laramide Revolutions . East-west tensional forces 
in late Cenozoic time (the Cascadian-Alpine Revolution) caused a breakup of the early Rocky 
Mountain arch and the development of normal, high-angle faults. Accompanying this was the rota
tion of fault blocks about horizontal axes parallel to the faults. Strike-slip faults also were 
prominent. Igneous activity then occurred. 5 

The Columbia Basin formed by subsidence in Cenozoic time, accompanying and probably directly 
related to the emission of flood basalts from beneath the region. In late Cenozoic time (within 
the last 15 million years), the anticlinal ridges began to rise. Evidence suggests a north to 
south progression of uplift, a greater rate to the north, or both . 

If the eastern Washington structures are analogous to the Basin and Range structures , they 
should show comparable effects of compression and tension. The Washington anticlines tend to 
be asymmetrical with the steep face to the north, containing some thrust faults commonly dipp i ng 
south. This implies north- south compression . The abundance of high-angle reverse faults and 
reversal of asymmetry, however, suggest a strong component of vertical uplift. The Horse 
Heaven Hills , a tilted and uplifted plateau, is one classic example. 

Faulting was, and still is, the dominant means of stratigraphic offset •in the Basin and Range 
country throughout its development . The faulting in eastern Washington appears to be an early 
response, followed by folding, once the belts of deformation were established . Possibly com
pression in part is related to subsidence of the Basin, in which the uppermost flows in a 
probably 12,000 feet sequence would be under compression and the lowermos t flows in that section 
would be under tension . 

Subsequently, the major deformation was uplift and folding with l i ttle evidence of major com
pressional or tensiona l forces and little evidence of recent fault offset . This contrasts with 
the Basin and Range Province. The major episode of faulting tends to be in early Ringold Fonna
t i on time (the Pliocene epoch) . 6 

Defonnation certainly can be continuing since energy release occurs as stress accumulates. Com
monly , as noted by many workers, the stress is released by mi nor slippage on the many joints in 
the basalts and on often cl ay- rich interbeds between basalt flows . Distinct faults commonly 
are limi t ed in lateral extent , possibly in depth, and i n offset because they pass into bedding 
pl ane shear zones and splay out into joints . 

A wide di stribution of centers of minor energy release (epicenters) can be expected. This is 
the si tuation to date, rather than that the recorded micro-earthquakes cluster along linear 
zones coincident with the anticlinal ridges and the mapped and hypothesized faults. 

Sparse earthquake data and a yet-inadequate understanding of the geologic features of the region 
preclude a finite tecton ic model of eastern Washington. Various models can be applied to infer 
a comparability of seismicity. However, as with the Basin and Range analogy, differences i n the 
geology are likely to be gross and evident enough that the validity of the comparison suffers . 

A model has been proposed 7 tha t appears to explain the orientation of the gross tectonic fea
tures of the North Amer i can Cordillera (the ma i n mountain region of the cont i nent). Although 
simplistic and idea li zed, i t offers a potent i al for a better understanding of the tecton ic fea
t ures one to another . Once the nature of the features i s better understood through reg iona l 
st udies , the ir relationships to each other can better be assessed through the Wise or upda t ed 
and modif i ed models for a more meaningful seismicity determination. 

II . 3-C.2 The Olympic-Wallowa Lineament 
~ 

An Olympic-Wallowa (topographic) lineament8 has been cited as a possible major crustal rupture. 
Faults definitely are present at several locations along its strike, and the feature must repre
sent, at least in some segments, an underlying or basement rock feature. 

11.3-C-3 
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However, the Olympic-Wallowa lineament is not a sharply defined or continuous structure. As 
part of a broad zone not generally recognized, it appears related to a statewide grain or pat
tern. Along the west edge of the Hanford Reservation, the anticlines and synclines change their 
trends from east and west to northwest-southeast. The change occurs along a generally north
south line marking an increase in the eastward rate of plunge of the structures. The trend 
change occurs in the Horse Heaven Hills, the Rattlesnake Hills, the subsurface continuation of 
the Yakima Ridge anticlines, and in the Gable Butte and Gable Mountain structures, particularly 
in their subsurface extensions. 

Possibly, in the process of maximum subsidence of the .Pasco Basin between the Hog Ranch and 
Jackass Mountain monoclinal flexures, the effect of pre-existing structures was felt. Through
out the Cascade Range drainage patterns reflect a northwest-southeast trend that is identified 
as the remnants of an Oligocene-age Calkins Range. Evidence of that range also is present in 
the Willapa Hills of southwestern Washington, the Olympic Peninsula, and the San Juan Islands. 

The origin of the Calkins Range and/or the northwest-southeast trending segments of eastern 
Washington's anticlines is cer-tainly obscure and can only be postulated. Evidence indicates a 
clear-cut superposition of several periods of deformation and consequent structures one upon 
another which compounds .the problems of an evaluation of the seismic hazard. 

Geologic evidence suggests that the Horse Heaven Hills may be a more important geologic and 
tectonic feature, hence potentially a more significant earthquake-generator, than the Olympic
Wallowa topographic lineament and its hypothesized structure of uncertain significance. The 
Horse Heaven Hills: 

• are structured continuously from the Blue Mountains to the Cascade Range and with 
appreciable relief throughout its course. {The Olympic-Wallowa Lineament is dis
continuous, interrupted by other structures, and local ly of no relief.) 

• are structured with continuously large total stratigraphic offset and inferred 
local dip-slip fault offset of 300 feet. Fault offset on the lineament is more 
than about 200 feet.6 

• have several sites of tentatively recent fault offset. One is six to seven miles 
west of Milton-Freewater; one is near Warm Springs six to eight miles east of the 
Columbia River. A third site is about four miles west of Prosser where elastic dikes, 
filled with Touchet Beds sediments, have cut and offset Ellensburg Formation Beds about 
20 feet. The age of the fault offset is probably 12,000 years. The offset in the first 
two instances could be on ei ther the lineament or the Horse Heaven Hills structures. 

• are the locale of the Milton-Freewater earthquake of 1936 and the Umatilla quake of 1893. 
Seven other earthquakes were noted and recorded by the Blue Mountain Observatory, and 
epicenters were identified in the northern reaches of the Blue Mountains or in the 
Horse Heaven Hills . 4 The Blue Mountain structures cross the lineament and have not 
been affected by it; 9 the Horse Heaven Hills show evidence of recent uplift, away from 
the lineament. Hence both ranges show evidence of tectonic activity more recent than 
structures on the Olympic-Wallowa Lineament. 

Shortened, more realistic versions of the Olympic-Wallowa zone were proposed along which fault
ing was demonstrated and which conceivably could be the epicenters of earthquakes. 1 The 
Rattlesnake-Wallula topographic lineament is one example. 6 Faulting locally terminates at the 
Yakima River water gap (the southeast end of the Rattlesnake Hills) without clear-cut evidence 
of its continuation farther northwestward. On the assumption that a significant fault or struc
ture capable of faulting exists there and can generate earthquakes, the site is considered to be 
the possible epicenter for the maximum credible earthquake in the Pasco Basin . 

Thus the Rattlesnake-Wallula lineament can be explained as an offshoot structure of the Horse 
Heaven Hills rather than as the major or dominant feature. The potential of an earthquake at 
this site is appreciably remote. 

II.3-C . 3 The Saddle Mountains 

The second likeliest epicentral location for earthquakes is the Saddle Mountains, bordering the 
Pasco Basin on the north, more remote from most Hanford facilities than the Rattlesnake-Wallula 
lineament, except for the northernmost part of the Reservation. This is especially true if the 
Rattlesnake Hills, the projection of that lineament, are considered capable of surface faulting. 
Hence the Saddle Mountains are of lesser concern to the who l e of the Reservation. 
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The mapped and hypothesized faults along the north face of the Saddle Mountains die out east
ward with the diminution of the Saddle Mountains and have not been hypothesized east of about 

, Corfu. The faults have been traced west of the Columbia River about 15 miles. 10 

Studies in 1965 1 emphasized the significance of the Saddle Mountains faults and considered that 
the Corfu quake of 1918 occurred along that fault, caused numerous landslides and that a fault 
scarp had formed ·in recent times. However, the U.S. Geological Survey demonstrated that the 
site reputed to show offset was an area of block glide, resulting probably from the effect of 
the glacial Lake Missoula floods 12,000 or more years ago. 6 Moreover, the larger landslides in 
most instances appear to have been caused by the same floods, 10 not the Corfu quake, and recent 
surveys have suggested that such slides resulting from that quake were minimal . The Survey's 
conclusion was that no movement on the fault has occurred in at least 12,000 years. This was 
determined by 14C dating of organic matter in eolian silts that lay undisturbed across the 
fault trace . · 

Much of the concern for the Saddle Mountains faults relates to the Corfu earthquake of Novem
ber 1, 1918. Based on the location of the sole reporter of the quake, . it occurred at or even · 
east of the east end of the surface trace of the faults. The epicentral locati on is uncerta in 
because only one person initially reported it and the quake was uninstrumented. SubseQuently 
the quake was, for uncertain reasons, translocated to the northernmost part of the Hanford 
Reservation. Because earthquakes conmonly occur along faults, a major eastwest fault was 
hypothesized through the translocated epicenter in the Wahluke Syncline. As indicated earlier, 
all major faults in the region appear associated wfth anticlinal folds and have their greates t 
offset in the areas of maximum total relief. Hence, the epicenter in a major syncline appears 
unrealistic. Because of the uncertain location, similar to the uncertain extent of faulting 
along the Rattlesnake-Wallula lineament, the epicenter was conservatively assumed to have been 
beneath the Hanford Reservation. 

Recent studies 12 confinned the presence of faults in the Saddle Mountains, offset comparable to 
that detennined by the Geological Survey, and an absence of evidence indicating recent movement. 

II.3-C.4 Other Structures 

Study of the Manastash Ridge--Hanson Creek anticline, between the Saddle Mountains and Umtanum 
Ridge and west of the Pasco Basin--disclQsed a typical situation there. 12 The anticline is 
as.Yllllletrical with the steep dip to the north, the anticlinal axis is sinuous, and one or more 
high angle reverse faults border the north side of the anticline. They emphasize the spatial 
relationship between the close folding and faulting. Stratigraphic offset on the faults is 
estimated at 500 feet in the east end of the structure and about 800 feet on the west end of the 
structure . 

The anticline can be projected to the east side of the Columbia River where evidence tentatively 
indicates the fault is also present. The sinuosity of the anticlinal axis and the fault make 
projection farther east difficult. The structure evidently dies out eastward, similar to the 
structures to the north and south, and cannot be recognized wi thi~ 20 miles of the WPPSS steam 
generating plant . This emphasizes the probable absence of a significant fault in the Wahluke 
Syncline along which the translocated Corfu quake could have originated . 

Additional work in Umtanum Ridge confirmed previous conclusions. The Ridge is an asynmetrical 
antjcline with the steep face to the north; locally the north limb is overturned. The anti
clinal axis is sinuous. A high-angle reverse fault borders the north face. Erosion by the 
glacial Lake Missoula floods removed much of the north limb of the structure so that the fault 
is generally exposed and traceable only for a short distance to the east from the Priest Rapids 
Oam sit&. The fault can be projected to within about 12 miles of the WPPSS steam generating 
plant where it evidently dies out and is superseded by the sequence of generally northwest
southeast-trending en echelon anticlines and synclines of the Gable Butte-Gable Mountain complex. 
A north-south tending thrust fault(s) is present in Gable Mountain but has not moved in more 
than 40,000 years . 6 Normal or high-angle reverse faults may trend west-northwest along the 
north face of Gable Mountain and Gable Butte and the dissected anticline two miles west of 100-B 
Area . If so, they must be less than a few miles long because of the position and trend of the 
anti clines relative to the total upl i ft. 

Stratigraphic offset on the Umtanum Fault is uncertain but is estimated at 500 to 1300 feet, 
with the south side upraised. The fault is a high-angle reverse fault. Since the Pasco Gravels 
which overlie the fault show no signs of offset, the last movement, as in the Saddle Mountains, 
was probably at least 12,000 years ago and may be more than 40,000 years ago, as dated at Gable 
Mountain, the eastward continuation of Umtanum Ridge. The main period of movement on the fault 
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probably was during Ringold Formation time and the initial uplift of the anticlinal ridges. If 
the Umtanum Ridge structure was the first in the Basin to rise, the age of the initial period 
of faulting could exceed 10 million years. 

The faults in the northern part of the Pasco Basin are considered inactive on the basis of lack 
of topographic expression, lack of evidence of movement within the last 35,000 years or multiple 
movement in the last 500,000 years, and no relationship to a known active fault. Other than the 
Corfu quake, which is of uncerta i n epicentral location, magnitude and intensity, no macro earth
quakes associated with known faults have occurred. 

The faults bordering the Horse Heaven Hills, including those that lie along the various versions 
of the Olympic-Wallowa Lineament, apparently are the sites for potentially active surface faults 
in the Pasco Basin. Logically then, they are the sites for the maximum credible earthquake in 
the Pasco Basin. 

11.3-C.5 The Effects of Earthquakes 

The most significant single consideration in earthquake ef\,Clineering is the nature of the founda
tion materials, as alluded to in the discussion on the seismic risk map. This is important from 
the standpoint of 1) rupture of the ground beneath a facility by propagation of fault movement, 
2) vibration of the ground, and 3) differential compaction, liquefaction and landsliding . 

Ground rupture occurs directly above a fault when movement along that fault propagates to the 
ground surface, in some instances at short distances from the fault plane. These risks can be 
prevented by avoiding faults by appropriate distances. Beca.use all significant and especially 
active faults are associated at least spatially with the anticlinal ridges, avoidance of the 
anticlines is desirable and usually sufficient protection. 

Ground vibration is .the dominant concern in earthquake engineering because facilities many tens 
of miles from the epicenter may be damaged or destroyed and because to precisely determine the 
expected ground motion is difficult . Local geological factors can spread the range of observed 
intensities over at least four grades, each grade representing ground motions that have double 
the amplitudes found in ·the next lowest grade . 13 This means an eightfold range in amplitudes 
over a four-grade range of MM intensity. Local confirmation of this is suggested by several 
events as noted. Other factors are not yet adequately understood and may contribute to the 
differences: 

• Prosser has one of the higher seismic foundation factors ·in t he area, as indicated by the 
Milton-Freewater earthquake of 1936, 13 the Olympia earthquake of 1949, and the Horse 
Heaven Hills quake of July 26 , 1965 . In those instances, Prosser responded more than 
Hanford or other adjoining areas. 

• Records of reactor area and building response have shown different responses of the same 
area and buildings to roughly comparable quakes, and different responses of different 
areas and buildings within those areas to the same quake. 

The precise response of the ground to the full spectrum of waves is a complex function that can 
best be understood only by the repeated observation of events. In some instances, especially 
with the short period waves, alluvium may damp out the ground motion. Thus, a prevailing 
pe r iod of vibration of 0. 2 sec for short period waves in Hanford sediments poses little problem . 
However, longer period waves may be amplified, especially if the wave period coincides with as 
yet inadequately identified natural long per i ods of vibration of the geologic formations. The 
possibili ty of select i ve frequency effects thus requires that the dynamic properties of . the 
structures be considered when assessing the effect of local geology. 15 

II.3-C.5 . l Differential Compaction 

Differential compaction is corrrnon i n unconsol idated alluvium and was a major cause of damage 
during the Prince William Sound (Anchorage) earthquake of 1964. The sediments at Hanford have 
a high degree of natural compaction . The Ringold Formation sediments at one time filled the 
Basin to an altitude of about 1000 feet (the crest of the White Bluffs), but have been eroded 
in part from the Han ford Reservation . They have been irregularly covered subsequently by later 
sediments, the Pasco Gravels. Hence, at one time 200 to 600 feet more sediments existed as a 
static load than now are present over the topmost Ringold Formation beds, a factor in their 
compaction. The beds, too, are low in permeability, owing to their age, the resulting cementa
t ion and opportunity for compaction subsequent to deposition. Those factors and the relatively 
high seismic (P) wave velocity of about 6000 to 12,000 ft/sec confirm the compaction. 
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The Pasco Gravels and their fine-grained equivalent, the Touchet Beds, were laid down by the 
r glacial Lake Missoula floods. The gravels that underlie all but the basin margins commonly are 

open-work or semiopen-work gravels with high permeabilities. Seismic (P) wave velocities are 
consistently low, about 2000 ft/sec. However, their load-bearing capacity without undue settle
ment is high, generally in excess of 6000 lb/ft2 even for materials directly at the ground sur
face. Commonly 10,000 to 12,000 lb/ft 2 are measured. 12 That high load-bearing capacity of the 
flood deposits is attributed to the point-to-point contact between cobbles and pebbles and the 
subsequent interstitial filling by finer-grained sediments as the floodwater velocities 
slackened. Thus loads are supported on columns of cobbles and pebbles. 

The Ringold Formation generally is saturated and the Pasco Gravels co1T1110nly are dry except 
locally where they are normally saturated for only a few tens of feet of depth at the base 
of the gravel. Consequently the opportunity for reworking and compaction is minimal. Even 
where large quantities of water pass to ground and where vibrational and differential load
ing occur on undisturbed ground, settlement has been negligible. Differential compaction on 
und~sturbed ·ground is of minimal concern. 

II.3-C.5.2 - Liquefaction 

Due to the prevailing dry environment and as long as the potentially liquefiable sediments 
remain confined, the likelihood of liquefaction of Hanford sediments is very remote. 

The sediments lying at and near the ground surface (the Pasco Gravels and uppermost Ringold 
Formation beds) to depths of 110 feet have been compared to the range of gradation of liquefi
able soils . 12 If saturated and if a face were free toward which they could move, a few samples 
found were sufficiently fine grained and clean to be potentially liquefiable . Most materials 
had a high relative density (were compact), a coarse grain size and good size gradations. The 
silts and clays that lie below the groundwater table were of high plasticity but "are also 
insensitive and exhibit high shear strength in excess of 3 to 5 tons per square foot." 12 This 
is, in part, the result of deposition in a calcium-rich environment, some resulting cementation, 
compaction under •high load, and maintenance of the calcium-rich environment for millions of 
years. The deposited clays were not changed to forms liable to liquefaction in a chemically 
changed environment. 

Some sands 1n the Ringold Formation are clean, uncemented and well 
wells (a face toward which to flow), the sand rises in the wells. 
the sense of rearrangement of particles to occupy a lesser volume; 
priate confinement of the sand. 

II.3-C.5.3 Landslides 

sorted. Upon penetration by 
This is not liquefaction in 
it is controlled by appro-

Many landslides are present in the region and have been attributed to earthquake activity, as 
earlier noted. However, they are but permissive evidence of earthquakes and more commonly 
result from excess water in the ground . A classic case is that of the slides along the ncrth 
face of the Saddle Mountains, attributed by some persons to earthquakes, especially the Corfu 
quake . In view of the findings in recent years, the indications are that most of the features 
are related to the glacial Lake Missoula flood of about 12,000 years ago, not historically 
recent quakes. Water primarily decreases the shear strength of the clay-rich beds, which 
together with the pore pressure gradient at the draining face and the weight of the water often 
permit minor earthquakes to trigger the slides. In the case of floods, the erosive action on 
the toes of slopes also contributes. 

Existing natural slopes on the Reservation have been determined to be stable; only those slopes 
on the enclosing anticlinal ridges, Gable Mountain, Wahluke Slope and the White Bluffs are steep 
enough for concern. Of these, the White Bluffs pose the greatest concern because of l) the clay
rich nature of some beds above river level and within the Ringold Formation, 2) discharge of 
large quantities of irrigation water to ground atop the bluffs, 3) gentle dips of the Ringold 
beds toward the Columbia River, and 4) the eastward shifting of the Columbia River and its 
undercutting of the bluffs . Sl ides of a million or more cubic yards have occurred within the 
last about 12,000 years ; consequently, more are expected. Not likely to be impounded, the river 
would more likely be diverted to a more westward channel 1n the sliijes areas. 

11.3-C.6 Maximum Anticipated Earthquake 

The Corfu earthquake (Modified Mercalli intensity IV to V) probably caused the maximum histori
cal ground motion on the Hanford Reservation. The Milton-Freewater earthquake of 1936 and the 
Umatilla earthquake of 1893 were of higher intensity at their epicenters but sufficiently remote 
to result in less ground motion at Hanford. If the Corfu earthquake is assumed to be a full 
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MM-V and with its epicenter on the Hanford Reservation, 1 rather than on the Saddle Mountains, 
the ground acceleration would have been three percent of gravity (3% g). · This is roughly equiva
lent to a Richter magnitude 5 earthquake (Table 11.3-C-1). 

Faults or structures capable of surface faulting are assumed present along the Olympic-Wallowa 
lineament and its shorter, more realistic versions. An earthquake comparable to the Milton
Freewater quake could occur at the northwest end of the zone of identified faulting, at the 
southeast end of the Rattlesnake Hills. However, the Rattlesnake-Wallula zone of faulting ends 
at the Yakima River so that neither surface-faulting nor recent offset is present. Migration 
of activity and offset along a fault can and does occur. The fact that it has not yet occurred 
in spite of the more than 10 million years of tectonic deformation suggests an extremely low 
probability that it would ever occur. 

However, if such an improbable MM-VII quake were to occur along that zone at its nearest 
approach to Hanford, the acceleration at the epicenter would be about 15% g. This is fully con
sistent with zone requirements of the Seismic Probability Map, for a building on firm alluvium 
and not near a great fault, as follows: 

Zone 3 

Zone 2 

33% g 

16% g 

Zone 

Zone O 

8% g 

4% g 

At a distance of 15 miles from the epicenter, the average distance to Hanford sites from the 
postulated epicenter, the acceleration would be reduced to 6%17 to 13% g, 12 with a probable cor
responding increase in the duration of the quake; 13 

,,!;'' A summary of the conclusions of various authorities in seismology as to the maximum anticipated 
earthquake is as follows: 

l'-. 

1--
1-

Frank Neumann 13 MM-VII in total basin N. H. Rasmussen 2 Magnitude 5.8 

Capt. R. A. Earl e11 MM-IV maximum histori- R. H. Jahns 16 Magnitude 5. 5 
(USC&GS) cally recorded in the 

Pasco Basin G. w. Housner Magnitude 5. 5 

Holmes & NarverlS MM-VI II (25% g) maximum . John A. Blume Magnitude 6.8, MM-VII I 
credible earthquake Assoc. 17 maximum credible earth-

quake (conservative) 

All authorities have concurred in the 25% g acceleration level for the Safe Shutdown Earthquake 
(formerly the Design Basis Earthquake). This is consistent with the vibratory acceleration 
associated with an intensity MM-VIII quake, larger than any known east of the Cascades in Oregon 
or Washington. An MM-VIII quake is consistent with the full-fledged Zone 3 of the Seismic 
Probability Map, not the Zone 2 recognized since 1949 by that map. 

In March 1969, the U.S. Geological Survey established an array of six high sensitivity seis
mometers on and around the Hanford Reservation. The purpose was to attempt to determine the 
macroseismic characteristics of the region through recording of the microearthquakes. By Octo
ber 1971, 24 stations were operating. Of the more than 1000 microearthquakes recorded very few 
have occurred south of the Hanford Reservation, especially along the Olympic-Wallowa lineament 
or its abbreviated versions . This is "moderate by comparison with the microearthquake activity 
of seismically active regions of California and Nevada where similar monitoring studies have 
been made. 116 

By far, the bulk of the microearthquakes have occurred in the eastern to northern part of the 
Pasco Basin, from Wooded Island to the east end of the Wahluke Slope. Few quakes in that group 
are sufficiently close to mapped or postulated faults or sharp folds to be directly related to 
them. Some events further east appear related to blasting by contractors (to the Corps of 
Engineers) on railroad relocations for Snake River dams. Some others may have resulted from 
construction work (by Burlington-Northern, Inc.) on roadbeds across Wahluke Slope. Others may 
have occurred because of near-surface crustal loading by irrigation water. If the Pasco Basin 
is slowly deforming, then the addition of several hundred feet of water, as indicated by rising 
water tables, 18 could impose stresses above and beyond those naturally imposed. The abundance 
of microearthquakes in and near the Columbia Basin Irrigation Project suggests such a cause. 

Large numbers of microearthquakes have occurred near the north-south trending Jackass Mountain 
monoclinal flexure where the basalt flows turn downward toward the Pasco Basin center. Folding 
could result in the release of many small amounts of energy along joints and bedding planes in 
an essentially random pattern. 
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Only one earthquake of the more than 1000 recorded has exceeded the Richter magnitude 4 quake 
necessary for good analysis. That quake occurred December 19, 1973. The epicenter lay two to 
three miles north of Corfu and the magnitude was between 4 and 4.25. The quake occurred north 
and east of the surface trace of the Saddle Mountains fault and not near any other postulated 
fault. 

The second largest quake recorded by the U.S. Geological Survey was a magnitude 3.2 quake that 
occurred on October 25, 1971. Its epicenter was beneath the central part of Wahluke Slope, 
close to the north bank of the Columbia River, and within the Wahluke syncline . Its focal depth 
was 3 km. A fault plane solution indicates thrust faulting resulting from north-south compres
sion, probably the result of regional deformation. 

11.3-C.7 Sunmary and Conclusions 

Eastern Washington lies in a region characterized by few earthquakes of damaging or potentially 
damaging intensity. No clear-cut relationships of epicenters to specific surface faults or 
structures capable of faulting are yet recognized. The suggested low rate of tectonic deforma
tion for probably more than 10 million years does not indicate cause for concern . Much of the 
stress resulting from the continuing low rate of tectonic deformation appears to be dissipated 
from random epicenters along joints and bedding planes. 

On the assumption that a very low probability MM-VII quake (magnitude 5. 5) were to occur at the 
northwest end of the Rattlesnake-Wallula fault zone, ground acceleration of 13% g could be 
expected beneath most of the Reservation. A design basis of 25% g on the Hanford Reservation 
allows for an MM-VIII intensity quake (magnitude up to 6.8) for an earthquake epicentered at the 
same site. No such quake has ever been recorded in eastern Oregon or Washington. 

The siting of nuclear facilities over the synclinal troughs provides the maximum distance from 
all hypothesized faults capable of earthquake generation . If, in addition , the Ringold Forma
tion and Pasco Gravels are compact and undisturbed, the site will ~ertainly pose few problems. 

An appreciable-to-high degree of conservatism exists by acceptance of the r+l-VIII, magnitude 
6.8 quake, and the resulting 25% g acceleration for the Design Basis Earthquake. 
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II.3-D HYDROLOGY [X.18, X.24, X.25] 

II.3-D.l Regional Hydrology 

II.3-D. l. l Topography and Drainage 

As Figure II.3-D-l (a map of the Columbia River Drainage Basin) shows, the Hanford Reservation 
lies along the Columbia River just north of (upstream from) the confluence with the Yakima River . 
The surface drainage ways in the Hanford Reservation are depicted in Figure II.3-D-2. Drainage 
in the--rlortheastern two-thirds of the Reservation is to the Columbia River directly, while 
drainage of the soutwestern third is actually into the Yakima Ri-ver Drainage Basin, a sub .. 
division of the Columbia River Drainage Basin. 

The Yakima River, a major tributary of the Columbia River, has an overall length of about 
180 miles and a drainage basin of about 6,000 square miles. The river heads in the rugged east
ern slopes of the Cascade Mountains and flows southeastward into the semiarid region of central 
Washington. It joins the Columbia River only a few miles north of the confluence with the Snake 
River. Altitudes in the Yakima Basin range from 8,200 feet at Goat Rocks to 320 feet at the 
mouth of the Yakima River. Glaciers are present along the western edge of the basin in areas 
where the land surface is about 7,000 feet. Streams in the Yakima River have the greatest inci 
dence of flood in May and June when the snow melts more rapidly at higher altitudes . 

COLUMBIA RIVER 
, /DRAINAGE BASIN 
"l / BOUNDARY -, ... 

0 50 

FIGURE !I.3-D-l THE COLUMBIA RIVER DRAINAGE BASIN 
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FIGURE II.3-D-2 SURFACE WATER AREAS DN HANFORD RESERVATION 

II.3-D. 1.2 Geologic Setting 

Examination of the geologic map of Washington 1 reveals that the Columbia River Drainage Basin 
occupies two distinctly different geologic terranes. The western terrane encompasses the Cas
cade Mountains where relatively old sedimentary, volcanic, and intrusive rocks have been 
uplifted and disloca t ed by erosion into the rugged mountains. The eastern terrane derives from 
a thick sequence of basalt flows (the Columbia River Basalt Group) folded into numerous south
east to east trending anticlinal ridges and synclinal valleys. Clastic sedimentary rocks partly 
fill the synclinal valleys to depths exceeding 1,500 feet in some of the larger valleys. The 
Hanford Reservation lies almost entirely within the Pasco Basin, one of the larger synclinal 
valleys in the eastern terrane. 

II.3-D . 1.3 Flow Systems 

Oirect precipitation over the Hanford Reservation mostly evaporates leaving a minimal amount of 
water as land runoff and for infiltration. The Yakima and the Columbia Rivers are the only two 
permanent streams in the area. Cold and Dry Creeks carry water only during the spring season . 
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The natural groundwater flow system underlying the Hanford Reservation has been superimposed by 
three synthetic flow systems: l) the 200 West Area, 2) the 200 East Area, and 3) Gable Mountain 
Pond. Approximately one-third of the liquid disposed at Hanford is received by the 200 West 
Area flow system which apparently (using piezometers 2 ) underflows the 200 East Area flow system. 

Figure II.3-0-3 is an isometric projection used in groundwater studies. 
Hanford groundwater table with exaggeration in the vertical dimension. 
visual inspection of the changing groundwater gradients. 

The figure shows the 
Such a projection permits 
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I I.3-D. 2 Surface Waters 

II . 3-D. 2. l The Columbia River [X. 18] 

Hydrauli c Characterist i cs 

The river reach from Priest Rap ids Dam (river mi le 397) to the head of the reservoir behind 
McNary Dam (approximately river mile 351) is the last free-flowing reach of the Columbia River 
wi thin the Un i ted States . The ma i n channel i s braided around the island reaches and submerged 
rock l edges and gravel bars causing repeated pooling and channeling. The riverbed mater ial is 
mobile and dependent on river velocities; it is typically sand, gravel, and rocks up to 8 inches 
in diameter. Small fractions of silts and clays are associated with the sands in areas of low
velocity depos i tion, becoming more dominant approaching the upstream face of each river dam. 3 

II . 3-D-3 



-
c;-. 

The Columbia River in this reach has widely varying flows, not only from the annual flood flow, 
but also due to daily regulation by the power-producing Priest Rapids Dam just upstream. Flow 
rates during the late surrmer, fall, and winter may vary from a low of 36,000 cfs (cubic feet per 
second) to as much as 160,000 cfs each day. During the spring runoff, peak flow rates from 
160,000 cfs to 650,000 cfs have been observed. A maximum discharge of 692,000 cfs was recorded 
on June 12, 1948 while the minimum discharge of 4,120 cfs was recorded on February 10, 1932. 
Continuous flow data in the vicinit{ of Hanford is available from the gauging station maintained
just below Priest Rapids Dam. Data from this station and its predecessor near Rock Island Dam 
show a 55-year average flow of 120 ,800 cfs but during low flow periods, daily flow rates may 
average around 80,000 cfs or less. The flow variation for 1972 is given in Figure II.3-D-4; the 
mean annual flow rate was 159,500 cfs. · 

River cross sections have been determined for a number of flow rates. 4 The river width normally 
varies between 400 and 600 yards, depending upon the flow rate and location. The depth at the 
deepest part of the measured cross sections varies from approximately 10 to 40 feet and averages 
about 25 feet. However , the hourly variations in releases from Priest Rapids Dam can cause ele
vation changes during the day of as much as 10 feet upstream of Coyote Rapids and 3 to 5 feet 
downstream as far as Hanford. River stage measurements as a function of flow rate have been made 
at numerous points along the river in conjunction with reactor design and operation. 5 , 6, 7, 8, 9 

Velocity measurements in the river have been .made at selected locations, usually in conjunction 
with temperature and radioactivity surveys, and have included both surface velocity and velocity 
as a function of depth. Surface and vertical velocity profiles have been drawn from these mea
surements.5,7 The maximum velocities measured vary from less than 3 feet per second (fps) to 
over 11 fps, depending upon the river cross section and flow rate. 
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FIGURE II.3-O-4 FLOW VARIATION FOR 1972 - PRIEST RAPIDS DAM 

Travel times in the river have been measured by a number of different methods. Radioactive 
tracers present in the reactor effluent and float methods were used in early work.a,10,1 1 Later 
studies with dye injection have confirmed these early measurements. River flow rates elevations 
a~d travel times in the reservoir behind McNary Dam are strongly influenced by regulation of ' 
river flows at McNary Dam, as well as at Ice Harbor Dam on the Snake River . 

(Additional references 12, 13 •14 on the hydraulic characteristics of the Columbia River are 
available.) 

Temperatures 

River temperatures have been measured ~ta number of locations both above and below the Hanford 
Reservation for many years with vary i ng detail, methods, and instrumentation. The increase in 
dam co~s!ruction ~nd !he inte~est in the eff:cts of operation of the Hanford reactors gave rise 
to additional monitoring stations for measu,ing temperature along the river. Since the measure
ments were not always accurate enough to properly and consistently characterize downstream tem
peratures, starting in 1965 and lasting through 1970, special efforts were made to ensure that 
the measured temperatures accurately represented the temperatures of the fully mixed 
river.12,13,15,16,17,1 8 
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Tables II.3-D-l and II.3-D-2 give the monthly average temperatures below Priest Rapids Dam and at 
Richland, respectively_ 

fr Analysis of the temperature trends recorded with the data shows that dam construction on the 
Colllllbia has delayed the annual peak tem~erature arrival dates in direct proportion to the 
increase in travel time due to the dam. 1 , 17 , 18 , 19 The free flowing stretch of river along the 
Hanford reach responds 1nore rapidly to thennal modification from both weather and industrial 
inputs than impounded r~gions. Hence, in this stretch of river, sunmer warming and winter cool-
ing occur more rapidly. Studies have indicated that about 65% of the heat input to the Hanford 
reach of the river is d·issipated by the time it reaches the Washington-Oregon border. 18 The 
residual heat below McNary Dam from Hanford input for the 1965-1969 period was about equal to 
the effect the Snake Ri•ier has on the Columbia River temperature. The mean temperature rise 
from natural heating along the Hanford stretch during the period of maximum natural heating in 
August and September is about 0.5 to 0.75°C. 

Chemical 

Chemical analyses are m,1de annually on the Columbia River water at Priest Rapids Dam (routinely 
published20 ). The chemi cal analyses for water year October 1971 to September 1972 are given 
in Table II.3-D-3. The effect of reactor effluent on the chemical quality of the river water can 

TABLE I I. 3-D-1 

HmlTHLY AVERAGE TEMPERATURE (°C) AT PRIEST RAPIDS DAM 

Year Month 
_J_ F J!_ _A_ JL J J _A_ _s_ J)_ N J)_ 

: 
1961 5.4 4. 7 4. 7 7.4 10.4 13 . 7 17 .3 18.9 17 .8 14 .9 10 .4 6.6 

C 1962 4.1 3.6 3.6 6.5 10.0 13 .7 16. l 17 .4 17. l 14.8 11 .9 8 .9 

1963 5. 3 3.8 4.6 6.5 10 .4 14.0 16 .6 18.4 18 .3 16.3 11.9 7.7 

1964 5. 5 4.6 4. 7 7.2 9 . 7 12.8 15 .3 17 . l 16 . 3 14 .6 10 .8 6 .3 

1965 4.4 3.3 4.1 6.6 10 .0 13 .3 16 . l 18.4 17 .3 15 .3 11.9 7 .8 

\ 1966 4.8 4.1 4.5 7 .8 10 .6 12 .4 15 .3 17.5 17 .5 14 .6 11.6 8 .4 

1967 5.9 5.7 5.0 6.8 10 . l 13 .3 16. l 18 . 5 18.2 15 .4 11.3 7.2 

1968 4.6 3. 3 4.6 7. l 11. l 13.4 16. l 17.5 17 .2 14 .2 10 .9 6.8 

1969 2.4 1.5 3. 4 7.2 10.8 14.6 17. l 18.2 17 .7 14 .8 11.5 7.6 

1970 4.3 4. 1 4.8 6.8 10 .9 14.8 18 .0 19 .2 17.5 15.2 10.6 6 .2 

1971 4.0 3. 5 3.6 6.6 10.7 12 .6 15.3 18 .4 17.2 15 .2 11. 3 6.8 

1972 3.6 1.9 4.0 7. 2 10.6 12 .9 15 .2 17 . 3 16.8 15 .4 11 . 3 J.3 

TABLE II . 3-0-2 

MONTHLY AVERAGE TEMPERATURES (oc) AT RICHLAND 

'!_ear Month 
J F M A M J J A _i._ _Q_ JL _2_ 

1965 6.1 5.4 6. 3 9.1 11.0 14.2 17 .3 19 .8 18 . 5 16.4 12. 6 9.4 

1966 5.9 6.2 6.8 10 .3 12. l 13 . 5 16.2 18.8 19 .4 15 .6 12 .6 9 .5 

1967 7.4 7.0 6.6 8.8 12 .0 13 .9 17 .0 20 .2 19 .4 16 . 1 12 .0 7 .8 

1968 5.7 5.0 6.0 8.8 1'2 .8 14.3 17 .0 18 .7 18 .3 15 .0 11 . 4 7.4 

1969 2.7 1.9 4.3 8.0 11.4 15 .3 17 .9 19 .3 18.6 15 .2 11 . 7 8 .0 

1970 5.3 4.9 5.7 7.9 11 . 7 15 .4 19 .0 19.9 17 . 5 14.9 10 .6 5.9 

1971 4.2 3.4 3.8 7.0 11. l 12 .9 16 .4 19 .5 17 .8 15 .0 10.7 6.2 

1972. 3.3 2.2 3.7 7.0 11 .0 13.3 15 .5 18. l 16 .9 14 .0 10 .5 6.1 

\ - 197] 3.2 3.0 4. 7 7 .8 12 .9 15.6 18 .3 19 .6 18.3 15 .0 9 .9 
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TABLE I I. 3-D-3 

CHEMICAL ANALYSES AT PRIEST RAPIDS DAM; WATER YEAR OCTOBER 1971 TO SEPTEMBER 1972 . ') 
TOTAL 

DISSOLVED DISSOLVED Dl·SSOLVED DISSOLVED ALKALINITY DISSOLVED DISSOLVED KJELOAHL 
INSTANTANEOUS CALC IUM MAGNESIUM SODIUM POTASSIUM BICARBONATE AS SUlfA"fE CHLORIDE 'NITROGEN 

DISCHARG£ I Cal IMgl INal (I( ) IHC03l CICOJ IS04l ICII INI 
DATE TIME lds l ~ ~ ~ lmg/ll lmg/ll lmg/ll lmg/f:!_ ~ (mg/ti -- --

OCTOBER 
11 1630 10600) 19 4.2 2.2 LO 74 61 12 L5 0.12 
18 1410 91600 19 4.2 2.4 3.1 73 60 13 2.0 0.13 

NOVEMBER 
08 1410 101000 19 4.4 2.3 I. I 74 61 11 0.7 0.08 
15 1300 104000 19 4.0 2.7 1.5 72 59 11 2.0 0.79 

DECEMBER 
13 1515 146000 21 4.7 2.0 0.7 76 62 15 LO 0.02 
'l1 1340 132000 20 4.5 2.1 I.I 75 62 13 1.9 0.15 

JANUARY 
24 1350 132000 21 4.9 2.3 0.8 79 65 14 LI 0.12 

FEBRUARY 
07 1335 107000 22 4.8 2.0 0.8 78 64 14 L7 0.06 
21 mo 135000 21 4.7 2.4 LI 82 67 14 L8 0.13 

MARCH 
13 1410 172000 21 4.9 2.1 1. 2 Ill 66 14 l2 0.30 
'l1 1430 151000 21 4.9 2.4 1.0 77 63 16 l2 0.31 

APRI L 
10 1440 21500:J 20 4.8 3.0 0.9 77 63 16 0.6 0.14 
24 1325 136000 21 4.9 2.4 1.4 Ill 66 L6 0.19 

MAY 
08 1425 17500) 20 4.9 2.5 1.0 76 62 15 0.6 0.19 
22 1340 314000 19 4.4 2.7 0.7 68 56 14 0.9 0.39 , ,.... 

JUNE r-~ 't • 

12 1410 404000 16 3.6 1.4 0.9 64 52 9. 5 1.8 0.93 
26 1435 410000 17 l.7 LS 0.8 65 53 9,.8 0.7 0.37 

"'l" JULY 
10 1440 241000 17 l.6 1.3 0.7 56 46 16 LO 0.84 

N 24 1530 197000 18 l. 8 L6 o:8 64 52 8.-6 1.0 0.16 
AUGUST 

07 1500 llllOOO 18 l. 7 1.6 0.7 65 53 9,,6 0.3 0.24 
21 1440 144000 18 3.7 1.7 0.7 67 55 95 0.9 0.79 

SEPTEMBER 
11 1410 131000 19 3.9 2.4 0.7 69 57 9.1! L3 0.11 ') 25 1510 92000 18 4.2 L9 9.0 70 57 11 0.6 0. 13 

DISSOLVED DISSOLVED 

~ 
DISSOLVED AMMONIA DISSOLVED ORTHO TOTAL SOLIDS 
NITRITE NITROGEN NITRATE PHOSPHORUS PHOSPHORUS IRES I DUE HARDNESS NON-CARBONATE SPECIFIC 

INI INI INI IPI IPI AT IIIJOCI ICa, Mgl HARDNESS CONDUCTANCE pH 

co • DATE ~ ~ ~ lmgltl lmg/ll ~ ~ (mg/ti IMICROMHOSI IUNITSI 
OCTOBER 

11 0.000 0.05 0.11 0.010 0.030 82 65 4 160 7.8 
18 0,000 0.06 0.07 0.010 0.020 98 65 5 IAO 7.8 

NOVEMBER 
08 0.000 0.01 0.16 0.020 0.030 90 66 5 145 7.7 - 15 0.010 D.21 0.31 0.020 0.050 88 64 5 145 7.8 

DECEMBER 
ll 0.010 0.01 0.20 0.010 0.030 92 72 9 151 7.4 
lT 0.010 0.00 0.25 0.020 0.030 88 68 7 148 7.6 

JANUARY 
24 0.000 0.03 0.45 0.030 90 7l 8 156 7.8 

FEBRUARY 
07 0.010 0.01 0.04 0.030 0,040 78 75 II 171 7.6 
21 0.000 0,05 0. 18 0.030 0.040 112 72 s 165 7.8 

MARCH 
13 0.010 0.05 0.32 0.030 0.060 152 7l 7 158 6.5 
'l1 0.010 . 0.07 1.5 0.010 0.070 136 73 9 158 7.8 

APRIL 
10 0.010 0.03 0.14 0.020 0.050 154 70 7 156 8.0 
24 0,010 0.05 0.05 0.010 0.0({ 130 73 7 159 8.0 

MAY 
08 0.000 0.05 0,04 0.010 0.030 154 70 8 164 8.0 
22 0.000 0.05 0.07 0.010 0.050 100 66 10 370 7.8 

JUNE 
12 0.010 0,30 I.I 0.000 0.011) 134 55 2 128 7.6 
26 0.000 0.05 0.10 0.010 0.030 112 58 4 134 7.7 

JULY 
10 0.000 0.18 0. 15 0.010 0.030 112 57 11 150 7.6 
24 0.010 0.02 0.22 0,000 0.020 70 61 8 135 8.1 

AUGUST 
07 0.010 0.04 0.08 0.000 0.020 104 60 7 144 8.2 
21 0.010 0.24 0.10 0.010 0.020 104 60 5 139 7.9 

SEPTEMBER 
/ II 0.000 0.01 0.10 0.000 0.010 82 63 7 140 8.2 

25 0.010 0,03 0.30 0.010 0.030 98 62 5 139 8.5 
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DATE 

OCTOBER 
11 
18 

NOVEMBER 
OB 
15 

DECEMBER 
13 
'll 

JANUARY 
24 

FEBRUARY 
07 
21 

MARCH 
13 
'll 

APRIL 
10 
24 

MAY 
OB 
Z2 

JUNE 
12 
26 

JULY 
10 
24 

AUGUST 
07 
21 

SEPTEMBER 
11 
Z5 

COLOR 
(PLATINUM 

TEMPERATURE COBALT 
IDEG Cl UNITS) 

17.9 
15.1 

10.5 
ll7 

6.2 
5.2 

10 

l8 
3.6 

4.7 
5.1 

7.8 
10.0 

9.4 
ll7 

13.1 
13.6 

J5.-2 
IU 

19.2 
18.9 

18.7 
IA.8 

9 
26 

LZ 
5 

'll 
7 

7 
12 

12 
21 

17 
13 

LZ 
21 

33 
16 

18 
12 

13 
9 

14 
12 

TABLE II.3-D-3 (Continued) 

DISSOLVED 
TURBIDITY OXYGEN 

IJTUI ~ 

4 
2 

2 
10 

4 
3 

Z'l 
5 

9.9 
10.0 

10.8 
10.4 

ll7 
12.5 

13.2 

13.5 
13.6 

15.4 
15.9 

14.6 
ll3 

13.3 
13.8 

13.0 
12.8 

12.0 
11.6 

ll3 
ll0 

10.1 
ll0 

IMMEDIATE DISSOLVED DISSOLVED DISSOLVED TOTAL DISSOLVED 
COLIFORM CHROMIUM COPPER LEAD MERCURY ZINC 
ICOL. PER ICrl !Cul IPbl IMql IZnl 
lOOMU ~ ~ ~ ~ ~ 

100 
200) 

>100 
50 

50 

30 
50 

60 
65 

250 
100 

130 
400 

400 
200 

400 
!JOO 

110 
IZO 

400 
220 

0 
0 

0 
0 

0 
0 

0 
2 

2 
10 

76 
6 

0.1 

0.3 

ll 

0.5 
0.8 

0.3 
0.1 

0.6 
0.2 

0.0 
0.3 

5.3 
0.7 

0.2 
0.8 

0.1 
0.6 

3.3 
Z.5 

10 

zo 

30 
zo 

50 
60 

40 
50 

40 
50 

zo 
zo 

10 
30 

0 
zo 

be studied by comparison analyses on river samples taken semimonthly at Vernita (upstream from 
reactors) and Hanford (downstream of reactors) . Mean values for selected analyses for CY 1963 
are given in Table II . 3-D-4 . Statistical comparisons of these data, using at-test on the dif
ferences between means, showed no significant differences at the 90% confidence level in any of 
the species other than hexavalent chromium, used in reactor cooling water treatment. Similar 
data plus Si, Na , K, Zn , B, Mn, NH 4 , N0 3 , and turbidity for samples taken at Vantage and 100-F 
Area during 1962 and 1963 also showed no significant differences . 

Table II . 3-D-521 presents biological and chemical analyses on the Columbia River at Vernita and 
Richland for 1972 . More complete data on a weekly basis are documented. 22 

TABLE I I. 3-0-4 

COLUMBIA RIVER CHEMICAL CHARACTERISTICS ( 1963) 
(All values in ppm) 

Ca 'i9__ ___f!!..._ ..£!__ ~- Cl ...EQ4_ 

Verni ta 21 3. 9 0.0035 0.057 11. 9 0. 34 0. 067 

Hanford 21 3.7 0.0034 0.050 12 .0 0. 35 0.052 

Total 
M.0. Diss . Diss . 

Cr+ 6 
Alk Hardness Solids __Q_2-

Verni ta 63 69 86 10.8 <0 .005 

Hanford 63 69 84 10 .8 0.015 

II.3-0-7 



Sediments 

TABLE II.3- D-5 

COLUMBIA RIVER BIOLOGICAL ANALYSES FOR 1972 

Coliform 
(N/100 ml) 

Vern i ta Richland 

Enterococc i 
(N/100 ml) 

Vernita Richland 

BOD 
(ppm) 

Vern i ta Richland 

# Samples 
Ma x. 
Min . 
Avg. 

14 
210 . 

1. 0 
49. 

11 
460 . 

2. 0 
88 . 

14 
280. 

1. 0 
37 . 

11 
88 . 
2. 0 

34. 

14 
4.1 
1.0 
2.6 

COLUMBIA RIVER CHEMICAL ANALYSES FOR 1972 

Water Qua 1 i ty 
Standard 

# Samples 
Max. 
Mi n. 
Avg . 

Nitrate (N03) 

(ppm) 

45 
Vernita Richland 

51 52 
1. 3 1. 0 
(a) 0. 14 
0. 36 0. 37 

H 

6. 5 to 8. 5 
Vernita 300 Area 

47 224 
9.2 9. 4 
7.4 7. 2 
8. 1 8. 0 

(a ) Less than the analyti cal limit of 0.1 ppm . 

Turb idity 
(JTU )) 

5 + Bg 
Vernita 300 Area ---

48 219 
28 . 30 . 
0.6 0. 05 
5.0 4.6 

11 
4. 2 
1.2 
2.9 

Dis solved o2 
(p pm ) 

8.0 min. 
Vernita 300 Area 

34 181 
13.6 14 . 7 
4.0 8. 1 

11. 0 10. 

From the reactors located on the Hanford Reservation to several miles below the Snake River 
mouth, bed sediments of the Columbia River are typically sand intermixed with gravel and rock as 
large as 8 inches in diameter. Streambeds of eddying areas in this relatively fast-water reach 
are usually composed of sand. Sand, silt, and clay are deposited in slack-water areas behind 
McNary Dam. Between the upstream. reach (which has a coarse-sediment bed) and the deposits of 
small-size sediments near McNary Dam, the streambed in deep channels is sand and in shallow areas 
is a mixture of sand, silt , and some clay. Some sediment is present in the Bonneville reservoir. 
In general the bed in most stretches of the_ river between the reservoirs either has been scoured 
to bedrock or has been covered with a thin deposit of coarse gravel . 

Concentrations of suspended sediment carried by the Columbia River vary considerably throughout 
the year because of the seasonal contributions of tributaries . 23 However, during all seasons 
the Snake River usually is the major contributor of suspended sediments. During slack water the 
dams along the Columbia and Snake Rivers normally interrupt the transport of suspended sediment 
as well as the bedload; during high water the sediment is resuspended. Thus, most of the sus
pended sediment is discharged to the Pacific Ocean during the late spring and early sulllller at 
the time of highest flow rate . 

Bedload sediment transport, appreciable only in the lower Columbia, is probably small , perhaps 
on the order of 10% of the total sediment load exclusive of di ssolved materials . 24 

Figure II.3-D-5 24 and Table 11.3-D-6 give particle size data for eight of the reservoirs of the 
Columbia River, based on 152 samples from near the center of the channel. The reservoirs of 
importance here are Priest Rapids, Ice Harbor, McNary, The Dalles, and Bonneville. Table 
II . 3-D-7 24 shows the mineral composition of the sediment while Tabl e II.3-0-8 shows the chemical 
composition. 
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MEAN CRAIN SIZE 
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FIGURE I I. 3-0-5 PARTICLE-SIZE DATA FOR EIGHT OF THE RESERVOIRS OF THE COLUMBIA RIVER 

TABLE I I. 3-0-6 

I.,:: PARTICLE-SIZE DISTRIBUTIONS OF UNDISPERSED AND DISPERSED 
SEDIMENTS FROM COLUMBIA RIVER SIZE CLASSES 

Type of Analysis: A, not dispersed mechanically or chemically; 

" ' 8, dispersed mechanically and chemically 
(Size limits and ra~ge in microns) 

Size Class Percent in Size Range Number Type of 
and Limits Location Ana lxs is 62-31 31 - 16 16-4 _.i:L <2 

I Pasco A 93 .8 4.0 0.7 0.6 0;9 

' McNary Dam A 92 . 2 5. 3 1.4 .1 1.0 

8 The Dalles A 89 .0 8.9 1.3 .1 .7 

(62- 31) Hood River A 90.8 7.3 .5 .5 .9 
Hood River 8 86 .4 9. 5 1. 4 1.1 1.6 
Bonneville Dam A 92 .8 5.2 1.3 .o .7 
Vancouver A 92 .5 6.5 .6 .1 .3 
St . Helens A 90 .8 8.0 .8 .1 .3 

McNary Dam A 10 .8 83 .7 3. 7 1.8 .0 
8 The Dalles A 7.4 86 .4 4.4 .5 1.3 

(31-16) Hood River A 9.8 84 .1 5.5 .2 .4 
Bonnevi 11 e Dam A 12 .3 82 . 7 3.6 .1 1.3 

Ci' 
Vancouver A 8 .7 85 . 4 5.2 .2 .5 
St . Helens A 9.6 84 .7 4. 7 .3 .7 

Pasco A .a 22 . 9 68 . 1 5 .1 3 . 9 
McNary Dam A .0 11.0 84 .6 1.1 3.5 

9 McNary Dam 8 .0 7.3 81.5 5.5 5. 7 

(16-4) The Dalles A .o 10 .9 82 . l 4.0 3.0 
Hood RivP.r A .o .o 90 .5 7.6 1.9 
Bonneville Dam A .5 9. 1 85 . l 2.5 2.8 
Vancouver A .o 8 .8 83 . 7 3.9 3.6 
St . Helens A .o 5. l 87.4 .o 7.5 

McNary Dam A .o 3.7 40 .5 46 .7 9.1 

10 McNary Dam 8 .0 .o 11.6 52 .2 36 .2 
(4- 2) The Dalles A .o .0 24 .3 60 .4 15 .3 

The Dalles 8 1. 0 1.4 2.0 70 .6 25 .0 
Vancouver A .0 .o 32 .0 56 .3 11. 7 

McNary Dam A .0 .o .o 34.6 65 .4 
McNary Dam 8 1.1 .2 .13 .8 10 .3 74 .6 

11 The Dalles A .o .o .o 30 .1 69 .9 
(<2) Hood River A .0 .0 .5 9.1 90 .4 

Hood River 8 .o .o . 7 10 . l 89 .2 
Vancouver A .o .o . 5 19 .7 79 .8 

( St . Helens A .o .o .o 6. l 93 .9 
St . Helens 8 .o .0 .1 7.9 92 .0 

II . 3-0-9 
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TABLE I I. 3.;D-7 

MINERAL COMPOSITION OF BOTTOM SEDIMENTS FROM COLUMBIA RIVER RESERVOIRS 
Bulk-Mineral Composition .(in %-) of Bottom Sediments from Columbia River Reservoirs 

Determined Petrographically by Point-Counting Thin Sections . Approximately 
250 grains counted per sample . x=mean, s =standard deviation 

Priest Rapids Grand 
Bonnevi 1 le The Da 1 les McNar.)' Wanapum Rock,)' Reach Coulee Ice Harbor 

Constituent 2- ...L 2- ...L 2- ...L 2-.. ...L 2-.. ...L 2-.. 
Quartz 29 9 .0 29 9.3 34 9 .0 41 6 . 5 37 10 . 4 45 
Plagioclase 18 5 . 2 17 5 . 9 15 6 .8 12 3 . 5 5 0 .6 8 
K-fel dspar 10 4.: 13 6 .6 12 5 . 1 11 2 . 7 12 9 . 9 11 
L ithic fragments 35 12 . 5 32 20.4 29 11.9 21 10 . 9 28 9 . 3 16 
Opaque mi nera 1 s 4 4 . 5 5 2 . 9 4 3.2 13 5 . 3 15 2 . 7 3 
Mafic minerals(a) 5 3 . 2 4 3.1 6 5 . 3 2 1. 7 3 1. 7 18 
Number of Samples 19 6 15 12 3 i9 

(a) Largely orthopyro~ene ( hypersthene), c 1 i nopyroxene (augite), hornb 1 ende, and biotite . 

Heavy-Mineral (SG >3 . 17) Composition (in %) of Bottom Sediments from Columbia River Reservo i r s 
Determined Petrographically by Point-Counting Grain Mounts in Hyrax (n= l. 67) . 

Approximately 250 grains counted per sample . x=mean , s=standard deviation 

Grand 

...L 
5 . 2 
4 . 1 
3 .9 
7 . 5 
1. 5 
s .o 

Priest Rap i ds 
Bonnevi 1 le The Dalles McNar,)' Wanapum Rock,)' Reach Coulee Ice Harbor 

Constituent 2- ...L 2- ...L 2-.. ...L X ...L 2-.. ...L 2-.. ...L 
Orthopyroxene ia J 27 10 . 0 10 7 . 3 6 3 . 2 5 2 . 4 5 3 . 5 2 1. 5 
C 1 i nopyroxene b 38 9 . 1 47 9 . 8 30 7 . 7 20 10 . 1 14 3 . 5 12 6 . 0 
Hornblende 22 11.9 32 9 . 9 44 10 . 0 58 13 . 1 57 3 .6 72 7 .8 
Epidote 2 2 . 9 1 0 .8 2 1.8 3 3 . 1 3 1. 7 1 1. 3 
Garnet 6 5 . 2 6 3 . 3 9 6 .8 7 4 . 5 9 7 .o 4 2 .8 
Sphene 1 1.0 2 1.0 3 1.1 5 1.9 9 2 . 4 5 2 . 3 
Zircon 1 1. 3 1 1.0 4 4 . 5 2 1. 5 3 1. 3 3 1. 7 
Apat i te 1 0.8 1 0 .8 1 1.0 1 0.7 0 1 0 .3 
Other tr tr tr tr tr tr 
Number of Sam~ 1 es 19 6 15 12 4 9 

(a) Largely hypersthene . 
(b) Largely aug i te . 

TABLE II.3-D-8 

CHEMICAL COMPOSITION IN BOTTOM SEDIMENTS FROM COLUMBIA RIVER RESERVOIRS 
Chem i cal Composition of Major-Element Oxides (in weight%) in Bottom Sediments from 

Columbfa River Reservoirs . Analysis by X-ray emission spectrography 
(MnO and Ti Oz by optical emission spectrography) . x•mean , s=standard deviat i on 

Priest Rapids Grand 
Bonne vi 11 e The Dalles Mc Na rt llanapum Rock.)' Reach Coulee Ice Harbor 

Constituent 2-.. ...L 2-.. ...L 2-.. ...L 2-.. ...L 2-.. ...L 2-.. .2.... 
Si Oz 68 . 5 4 .3 65 . 2 3. 4 67 . 6 4 .8 66 . 2 3 . 3 58 .4 2 . 9· 62 . 3 2 . l 
Ti02 0 .8 0.2 0 .8 0.1 0 .8 0 . 2 0 . 7 0. 2 0 .8 0 . 1 1.1 0 . 1 
AlgD3 13 . 3 1. 1 14 . 1 1.4 13 .6 0 .8 14 . 4 0 .8 17 . 0 1.9 14 :9 1.4 
Fe as Fe203 5. 1 1. 3 5 . 7 0 .9 4.8 1.3 3. 3 0.8 5 . 1 0.6 4 . 6 0. 7 Fe203 
MnO 0 . 1 0 .0 0 . 1 0 .0 0 . 1 0 .0 0 . 1 0 .0 0.2 0 .' 0 . 3 0 .4 
MgO 2 .1 0 . 5 2 : 1 0 . 2 1.8 0 . 4 2 . l 0.4 2 .6 0 . ~ 2 . 1 0. 2 
CaO 3 .2 1.0 3. 7 0 .5 3 . 2 1.0 3 . 5 0.3 2 . 6 0 .3 3 .' 0 . 9 
Nabo 3 .0 0 . 2 2 . 7 0 . 3 2 .8 0 . 3 3 . 5 0 .3 2 . 5 0 . 2 2 .s 0 . 2 
Kz 2 . 1 0.3 2 . 0 0.2 2 .2 0. 2 2 . l 0 . 1 3. 1 0 .3 2 .3 0 . 3 
H20 nd nd nd nd nd nd 
CO2 nd nd nd nd nd nd • 

Total 98.2 %.4 %.9 §5-:-9 §2:"3 94.'"2 
Number of Samples 21 11 15 12 6 9 

Chemical Composition of Minor Elements (ppm) in Bottom Sediments from Columbia River Reservoirs . 
Analysis by optical emission spectrography (E. Bingham, analyst). x=mean , s•standard de viation 

Priest Rap i ds Grand 
Bonnev i lle The Dalles Mc Na rt Wanapum Rock.)' Reach Coulee Ice Harbor 

Constituent 2-.. ...L 2- ...L 2- ...L 2-.. ...L 2-.. ...L 2-.. ...L 
B 20 <5 20 <10 30 10 30 , 10 50 <10 30 <10 
Ba · 1720 430 1600 270 1410 330 860 60 970 190 860 90 
Co 10 <10 10 <10 10 <l 0 10 <10 20 <10 20 <10 
Cr so 10 50 <10 50 20 40 10 40 10 30 <10 
Cu 20 10 40 10 40 10 40 10 90 20 50 10 
Ga 20 <10 20 <10 20 <10 20 <10 20 <10 20 <10 
Ni 30 10 30 <10 30 <l 0 40 10 so 10 30 <10 
Pb 20 <10 40 20 40 20 70 50 570 170 30 10 
Sc 20 <10 20 <10 20 <10 20 <10 20 <10 30 <10 
Sr 430 70 430 80 450 110 360 110 280 30 300 50 
V 90 50 120 30 60 50 100 40 90 10 130 30 
y 40 <10 50 10 so 10 so 10 120 20 60 <10 
Zr 150 40 180 40 190 so 190 40 180 30 280 90 
Number of Sa!!!Ples 21 11 15 12 6 9 

I I. 3-D-10 



II.3-D.2.2 The Yakima River 

The Yakima River, a small river with flows of between 1,300 cfs and 20,000 cfs, partially borders 
the Hanford Reservation on the southern side. This river is of minimal importance to the Hanford 
Reservation and its operation; i.e., no direct withdrawal or disposal is made to the Yakima 
River. 

Continuous flow data 4 in the vicinity of Hanford are available from a water stage recorder located 
at Kiona (approximately 20 miles west of Richland). Data from this station show a maximum flow 
of 67,000 cfs on December 23, 1933 and a minimum of 105 cfs on September 11, 1906. For 1972 the 
maximum and minimum flows were 20,200 cfs and 1,420 cfs respectively; the mean flow was 6,700 cfs. 
Water quality for the Yakima River at Kiona, Washington, is summarized in Tables II.3-D-920 and 
II.3-D-10. Table II.3-D-9 presents the chemical analyses and specific conductance while Table 
II.3-D-10 contains temperature data for 1972. 

II.3-D.2.3 Ponds 

The Hanford Reservation contains man-made ditches and ponds which are used for the disposal of 
radioactive liquid waste, other industrial waste, and cooling waters from various processes. 

TABLE I I. 3-D-9 

YAKIMA RIVER CHEMICAL ANALYSES, WATER YEAR OCTOBER 1971 TO SEPTEMBER 
0 1972, AT KIONA, WASHINGTON 

~-1 DISSOLVED DISSOLVED DISSOLVED DISSOLVED AU<ALINITY 
INSTANTANEOUS CALCIUM MAGNESIUM SODIUM POTASSIUM BICARBONATE AS 

DISCHARGE (Cal lMgl (Nal (Kl · (HC03I CaCOJ 
DATE TIME (els) (mg/.tl (mg/.tl (mg/.tl (mg/.tl (mg/.t) (mg/.tl 

OCTOBER 
05 1015 2320 29 11 20 2. 9 160 131 
19 0935 2820 'll 10 17 3.3 151 124 

NOVEMBER 

~ 16 0940 2900 
.... DECEMBER 

07 1055 2840 23 8.7 18 2.9 132 108 
.. j 14 1105 2860 22 8.3 15 2.3 120 98 

JANUARY 
10 1125 ~ 19 8.0 14 2.9 114 94 

FEBRUARY 
01 1105 4340 16 6.6 10 2.2 97 80 
08 1115 4340 16 6.0 9.3 1.7 89 73 
22 1315 7220 14 5.4 8.1 1.9 82 67 

MARC H 
14 1120 17200 II 3. 7 5.5 1.8 67 55 

APRIL 
04 0915 17CXXJ 10 3.8 5.7 l.4 59 48 
11 1055 15200 9.7 3.9 5.4 1.2 62 51 
18 1125 11800 11 3.6 5.4 1.2 59 48 

MAY 
10 1010 12800 12 4.1 5.9 1.4 66 54 
2~ 1425 16100 12 4.2 5.9 1.3 64 52 

JUNE 
13 1500 11600 13 4.2 6.8 1.5 72 59 
'll 1435 9450 13 4.4 6.9 1.4 73 60 

JULY 
11 1715 2510 26 8.4 15 3.2 148 121 
25 1540 1640 29 10 18 3.1 152 1,5 

AUGUST 
08 1430 1470 30 11 20 3.7 167 137 
22 1315 2320 26 9.7 17 3.3 150 123 

SEPTEMBER 
12 1320 2280 27 10 18 2.9 140 122 

\ 
', 
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TABLE II.3-D-10 

TEMPERATURE (°C) OF WATER, WATER YEAR OCTOBER 1971 TO SEPTEMBER 1972 
OF YAKIMA RIVER AT KIONA, WASHINGTON 

DAY OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APR IL MAY JUNE JULY AUGU ST SEPTEMBER -- - - ----
I IL5 6.0 6.0 3.5 0.0 4,5 8. 5 9.0 15.0 18.5 24.5 18,5 
2 13.0 6.0 6.0 2.0 0.0 4.5 8.5 10.0 16.5 18.0 20,5 18.5 
3 15.0 6.5 6.0 0,5 0.0 LO 7.0 10.0 16.5 18.5 2LO 19.0 
4 14.0 8.5 5,0 LO 0.0 2.0 7,0 ll5 16.0 18.5 2LO 19.0 
5 15.0 6.5 4.5 1.0 0.0 6.0 8. 5 15.0 14.5 19.0 2LO 19.0 

6 15. 0 5.5 4.5 l5 0.5 4,5 8. 5 13.5 18.0 20.0 2LO 17.0 
7 14.5 6.0 4.0 2.0 0.5 4,5 8.0 14.5 20.5 20.0 2L5 18.5 
8 14.5 5.5 L5 1.0 LO 4.5 8.0 12.0 16.5 19.0 22.0 16.5 · 
9 15.0 5.5 3.0 LO 0.5 4.5 7.0 11.5 17.0 19.5 26.0 16.0 

10 15.0, 7.0 3,0 0.0 1.0 7.0 6.0 10.0 15.5 18.0 22.0 16.5 

11 15.0 7.0 5.0 3.5 1. 5 7.0 7.0 11.0 14.5 16.5 25,0 15.0 
12 14.0 8.5 0.0 4,0 4.0 8.0 8.5 12.0 13.5 18.0 20,5 15.0 
13 11.5 6.0 0.5 3.0 4.0 7.0 6.0 15.0 14.0 19.5 21.0 14.5 
14 12.0 9.5 0.0 L5 3.5 7,0 9.5 14.5 20.5 20.0 15.0 
15 IL5 6.0 2.0 0. 5 4.0 6.5 9.0 14,0 16.5 20.5 20.0 16.0 

16 1L5 8.0 3.0 0,0 4,5 7.0 9.5 12.0 16.0 19.5 19.5 16.0 
17 7.0 6. 5 4.0 2.0 4.5 5.5 6.5 11.0 15.5 20,0 17.0 17.0 
18 9.0 6.0 4.5 3,0 4.0 6.0 9,0 10.0 15.5 20.0 18.5 16.0 
19 10,0 6.0 4.0 3.5 4,0 9.5 8. 0 10.5 15.5 19.5 18.0 14.5 
20 9.5 7.0 4. 0 5.5 5,0 8.0 10.0 13.5 16.0 19.0 18.5 13.5 

21 9.5 5.0 4.5 5,0 4.5 5. 0 8. 5 13.5 16.0 18.0 18,5 14.0 
22 10.0 6.0 4.5 5.5 4.5 8.5 7.0 11.5 16.5 19.5 21.5 12.0 
23 10.5 6.0 4.5 4.0 4.5 6.5 9.5 11.0 14.5 21.0 19.0 11.5 
2A 10,0 6.0 4.5 3.0 4.5 6.5 8.0 11.5 14.0 20.0 12.0 
25 10.0 6.0 4,5 1.6 4.0 6.0 9.0 11.0 14.0 19.0 19.5 10,5 

26 9.0 3.5 0.0 4.5 6.0 8. 5 11,5 15.5 20.5 20.0 
27 9.0 6.0 L5 0.0 6.0 6.5 9.5 14.0 15.0 20.5 21.0 10.5 
28 7.0 7.0 LO 0.0 7.0 5,5 10,0 15.0 16.0 20. 5 2LO 10.5 
29 6.0 6.5 l5 0.5 5.5 6. 5 10,0 16,5 17.0 25.0 21.0 11.0 
30 6.0 6.5 LO -0.5 6.5 10.0 18.0 18.0 26.0 20.5 
31 6.0 LO 7.0 17.0 22,0 19.5 

MONTH ILO 6.5 3,5 LO 3.0 6.0 8.5 12. 5 16.0 20.0 20.5 15.0 

No routine chemical or temperature measurements are made of these disposal sites . These sites , 
shown in Figure II. 3-D-2, are listed in Appendixes II.1-B, C and E with detailed inventory data . 
In add"ition to these artific ial ponds, one natural pond exists, West Lake (Figure II.3-D-2) . 
The size of th i s pond ·is a direct function of the elevation of the groundwater in that area; its 
average size is about 10 acres . 

In the event that a pond is no longer used (and hence dries up), it is covered with surrounding 
sand and soil by a bu 11 dozer. This action prevents any wind transport of nuclides contained 
the pond's sediments. 

II.3-D.3 The Unsaturated Zone [X . 18] 

II.3-D.3 . l Descri~tion 

The unsaturated (vadose) zone has been defined by the U.S. Geological Survey's Corrmittee on 
Redefinition of Ground -Water Terms 26 as : 

" . .. the zone between the land surface and the water table. Characteristically, this 
zone contains liquid water under less than atmospheric pressure, and water vapor and 
air or other gases usually at atmospheric pressure . In parts of this zone, interstices 
may be temporar ily or permanently filled with water . Perched water bodies may exist 
within the unsaturated zone." 

Perched groundwater is defined 26 as: 

" ..• unconfined groundwat er separated from an underlying body of groundwater by an 
unsaturated zone." 

in 

On the Hanford Reservation, the thickness of the unsaturated zone varies from less than one foot 
to more than 350 feet . Geologic cross sections are presented in Figures II . 3-D-6 and II.3-D-7 
showing the rock types beneath the Hanford Reservation and specifically the sedimentary mate
rials within the unsaturated zone. 2 7 , 28 (The definition of the various sedimentary materials 
described in this section are those adopted by the National Research· Council. 30 ) The four dis
tinct rock units present are, in ascending order, the C'olumbia River Basalt, the Ringold Forma
tion, the Palouse Soil and a thick deposit of fluviatile and_ glaciofluviatile sediments. 
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FIGURE 11.3-D-6 GEOLOGIC CROSS SECTION, 
WEST TO EAST 

EA SI 

FIGURE 11.3-D-7 GEOLOGIC CROSS SECTION, 
SOUTHWEST TO NORTHEAST 

The Columbia River basalt forms the bedrock everywhere beneath the Hanford Reservation. The 
basalt rock lies within the unsaturated zone in several locations . In general, these areas are 
about one mile north and south of the 200 Areas. 

Overlying the basalt bedrock is a lacustrine and fluviatile deposit known as the Ringold Forma
tion. This formation is composed of silt, sand, gravel, and clay with some beds of volcanic ash 
present. These sediments were deposited in a shallow lake formed during the period when the 
Columbia River was impounded by the uplift of the Horse Heaven Hills. The Ringold Formation is 
more than 1,200 feet thick . However, south and west of the Columbia River more than 600 feet 
of these sediments have been eroded away. In some locations, the surface of the Ringold Forma
tion is capped by a relatively thick accumulation of caliche (calcium carbonate) . The Ringold 
Formation characteristically contains clays in the lower portion, locally consolidated and semi
consolidated silts, sands and gravels in t he middle portion, and silts and sands in the upper 
portion . Sediments in all three zones of the Ringold Formation occur within the unsaturated 
groundwater zone (Figures 11.3- D-6 and 11.3-D-7). 

Overlying the Ringold Formation in the western part of the Reservation is a bed of fine sand and 
silt up to 60 feet thick . Believed to be of eolian (deposited by wind) origin, this deposit is 
locally called Palouse Soil because of its similarity in grain size and heavy mineral composi
tion to the eolian Palouse soil of eastern Washington and western Idaho. 31 The Palouse Soil 
lies completely withi n t he unsatura t ed zone (Figure II . 3-D-6). 

Glaciofluviatile sediments, deposited during l ate Pleistocene and Holocene, overlie the Ringold 
Formation and the Palouse Soil . These mater ials are heterogeneous and range in size from clay 
to boulders (Table II . 3-D-11) although lenses of well-sorted materials are also present. 

When the glaciofluviatile sediments were deposited on the Hanford Reservation (about 18,000 years 
ago), the area was completely covered by a lake (700 feet deep at the southern boundary of the 
Reservation). 32 Since the glaciofluviatile sediments were deposited, the water table underlying 
the region has remained in essentially the same position as it does today. Most of the glacio
fluviatile sediments lie within the unsaturated zone (Figures II.3-D-6 and II.3-D-7). 

The movement of water in the unsaturated zone is influenced by the physical properties of the 
sediments in two ways: l) the size and structural arrangement of the sediment particles deter
mine the space configuration through which the water moves, and 2) the interaction between the 
sediments and the water gives r i se to water-mov i ng forces . In sediments where pores are com
pletely filled with water , the flu i d is a singl e phase . 33 Where water does not complete ly fill 
the pores, the wa ter potential depends on the grav i tational field and on the absorptive forces 
associated with the interfacial boundaries in the sediments. Where air part ially fills the soil 
pores, with water occupying the remaining void space, a two-phase flow can take place. As the 
percentage of liquid water decreases, it occupies the smaller and smaller capillaries that exist 
between soil particles. The measurement of the capillary forces versus the degree of saturation 
can be plotted. A typical curve, shown in Figure II . 3-D-8, shows that under the normal pres
sures exist i ng in the ground, some liquid water is always present in the sediments . 
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Archeologists, working in the Columbia Plateau Province, have detennined that the climate began 
to change about 8,000 years ago. 35 A wanning trend occurred, reaching a climax about 4,000 years ,- ,1 ago. During this period, the climate was warmer and more arid than it is today. 36 The sediments , 
within the unsaturated zone are believed to be in equilibrium with the prevailing climatic 
conditions. 

TABLE I I. 3-0-11 

GRAIN-SIZE DEFINITIONS OF SEDIMENTARY MATERIALS AS USED 
IN THIS STATEMENT AND IN COMMON USAGE IN HANFORD GEOLOGIC RESEARCH 3o 

DESCRIPTION SIEVE SIZE - IN. (a) 

Very fine clay 0.0000096 to o. 000019 
Fine clay 0.000019 to 0. 000038 
Medium clay 0.000038 to 0.000077 
Coarse clay 0.000077 to 0.00015 

Very fine silt 0.00015 to 0.00031 
Fine silt 0. 00031 to 0. 00062 
Medium silt 0.00062 to 0. 0013 
Coarse silt 0. 0013 to 0. 0025 

Very fine sand 0. 0025 to 0. 0049 
Fine sand 0. 0049 to 0.0098 
Medium sand 0. 0098 to 0.0197 
Coarse sand 0. 0197 to 0.0394 
Very coarse sand 0.0394 to 0.079 

Very fine gravel 0.079 to 0. 157 
Fine gravel 0. 157 to 0. 315 
Medi um grave 1 0. 315 to 0. 630 
Coarse gravel 0. 630 to 1. 26 
Very coarse gravel 1. 26 to 2. 52 

Small cobbles 2. 52 to 5.04 
Large cobbles 5.04 to 10. 08 

Small boulders 10.08 to W. 16 
Medium boulders 20 . 16 to 40. 31 
Large boulders 40 . 31 to 80 . 63 
Very large boulders 80.63 to 161.3 

(a) Reference includes sizes in mill imeters . 
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The average annual precipitation at Hanford is about six inches per year, as shown in Figure 
II,3-D-9, while the total annual rainfall ranges from about three inches to about eleven inches.3 6 

Residual moisture in the Hanford sediments below a depth of 30 feet ranges from about 1.5% to 
about 4% with a mean value of about 2%, by weight. 34 Water content retained by capillarity ranges 
from 4% to 5%, by, weight. Based on these data, a full year of precipitation of six inches would 
satisfy the sediment moisture deficiency to a depth of less than 24 feet if no loss to the atmo
sphere or redistribution other than capillary transport occurred. 

PRO BA Bl LITY ('.I,} THAT TOTAL ANNUAL PRECIPITATION WI LL EXCEED A GIVEN AMOUNT 

99.99 99 90 50 10 1 0.1 0.01 

30 HANFORD METEOROLOGY STATION 
TOTAL ANNUAL PRECIPITATION 1913-1974* 

*TOTALS AVAi LABLE FOR ONLY 57 YEARS 

10 

1973 

5 

1 ..______. ........ __.__,___.__..,_ _ _.____._ _ _,___..___.___.__..,__,______. _ __.._..,_ _ _.__..,__.___,___._ __ _, 
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PROBABILITY ('.I,} THAT TOTAL ANNUAL PRECIPITATION WI LL NOT EXCEED A GIVEN AMOUNT 

FIGURE II.3-D-9 TOTAL ANNUAL PRECIPITATION (1913-1974) FOR THE 200 AREA PLATEAU 
AT HANFORD RESERVATION 

The probable maximum 24-hour precipitation (PMP) that can be expected in a region at least once 
in a million years can be estimated using a method developed by the Department of Commerce 
Weather Bureau . 37 A PMP value of 11 inches for the Hanford region was calculated, based on 
nearly 60 years of recorded rainfall data . 

During the latest rain year (August l, 1973 through July 31, 1974), Hanford experienced 170% 
of normal rainfall. At a field test site located south of the 200 East Area, rainfall moisture 
penetration is measured. The 170% of normal rainfall penetrated less than 18 feet into the sedi
ments. All moisture from rainfall during the last rain year appears to have now evaporated to 
the atmosphere. In fact, the data indicate that more moisture has evaporated from the ground 
than was put in by rainfall during the last rain year. The current lysimeter data show that 
Hanford sediments, below a depth of about 30 feet, are extremely dry. In this desiccated zone, 
the ability of the sediments to transmit water is significantly reduced. A typical plot of 
hydraulic conductivity versus capillary pressure would look like that shown in Figure II.3-D-10. 
The forces necessary to cause moisture to move through sediments become larger as saturation 
decreases . In the desiccated zone, the capillary pressure is more than 10 negative atmospheres 
of pressure (10 , 000 mb) . The hydraulic conductivity i s so low that gravity is not the contro l 
ling force moving sediment moisture . The amount of water retained i n the capillari es at 
equilibrium is a function of 1) the physical and chemical nature of the porous media, 2) the 
position of the porous media in a gravitational field with respect to a free water surface, 
3} temperature, 4) pressure, 5) relative humidity, and 6) direction of approach to equilibrium. 
Thus, theoretically, any porous medium at equilibrium, following drainage, has some capacity for 
water retention against vaporization and against gravitational attraction to .a free water table. 
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FIGURE II.3-0-10 RELATIVE HYDRAULIC CONDUCTIVITY AS A FUNCTION OF CAPILLARY PRESSURE 

Practically, measurement of the specific retention capacity of sediments is difficult because 
under most conditions, water movement in sediments i s exceedingly sl ow and equilibrium can .be 
achieved only after extremely long periods of time. Thus, the spec i fic-retention capacities mea
sured for the sediments in the unsaturated zone represent the equilibrium conditions reached over 
the past several thousand years. The presence of the desiccated zone at the 30-foot depth in the 
region of the 200 Areas indicates that no moisture is moving downward from the ground surface 
(at the 200 Area test si te ) to the water table . 

Several attempts have been made to measure drainage and water retention properties of the Hanford 
sediments using tensionmeters or s~ction plates . Whereas, these tP.chniques are suitable for 
establishing irrigation and drainage practices for agricultural purposes, the techniques did not 
provide sufficient sensitivity for measuring moisture transport in sediments which contained 
about 1.5% to 3.0% water, by weight . Initial studies raised perplexing questions about the 
physical processes that affect moisture movement in these arid sediments. For example, estimates 
from laboratory data for Hanford-type sediments predicted that perhaps as much as ten inches of 
water could percolate to the water table in a year. Such quantities appear to be unrealistic 
and a more extensive understanding of moisture movement is warranted. Transport mechanisms pre
viously thought to be of minor significance for sediment moisture transport such as vapor phase 
transport influenced by gravity, capillarity, thermal gradients, temperature-induced buoyancy, 
evapotranspi ration and barometric compression and expansion are now believed to be the primary 
mechanisms controll ·ing mo i sture movement through sediments in arid and semi -arid regions. Sev
eral add i tional mechanisms being studied to determine their si2nificance include transport due 
to electrical gradients and freezing at the ground surface. 41 - 3 Several investigators44 - 49 

have studied the movement of moisture in the unsaturated zone. The geologic and climatic setting 
of these studies differ significantly from those on the Hanford Reservation, thus limiting their 
applicability in characterizing moisture movement in Hanford sediments. 

The first ma j or attempt to establish whether or not meteoric water percolates to the water table 
underlying the 200 Areas involved the use of thermocouple psychrometers. It was proposed that 
because water migrates from a high water potential to a lower potential, the potential gradient, 
i. e., the slope of the water potential curve versus depth, could be used to establish the direc
tion of water transport as well as the magnitude of the driving force (isothermal condition). 

In tests based on natural rainfall conditions, two lysimeters were constructed about one mile 
south of the 200 East Area. The two lysimeters have a diameter of 10 feet and a depth of 60 feet. 
The three sets of ins t rumentation provided for each lysimeter include : 1) a 1. 5 inch aluminum 
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alloy tube for use with a Nuclear of Chicago neutron log sensor, 2) a set of thennocouple psy
chrometers with temperature sensors attached, and 3) a stainless tube for recording pore pressure 
as a function of time and depth. One lysimeter has an open bottom; the other is closed. The 
purpose of closing the bottom of one lysimeter is to provide a more complete definition of the 
column of sediments within it by isolating it from complicating factors such as the effects of 
changing atmospheric perssures and vapor migration. The closed-bottom lysimeter would serve as 
a container to collect water if precipitation does indeed percolate to the water table on the 
200 Area plateau. If, on the other hand, evaporation exceeds percolation, the bottom zone of 
the closed-bottom lysimeter would slowly lose moisture. Thus, as the lysimeter begins to equili 
brate, changes in the psychrometer readings and the direction of changes will predict whether or 
not percolation occurs. The observation has been made with the closed-bottom lysimeter during 
the 1973-1974 water year that a higher than average rainfall (170% of normal) reached a depth 
of 4 meters and then was removed by sull1ller heat. 

The Continuum Mechanics Flow Model defines a set of coupled flow equations capable of describing 
movement in the water phase, compressible moist air phase, and vapor component. 

The basic equations are developed using continuum mechanics to describe the energetics of the 
system. Through the energy equations which involve heats of vaporization and condensation, 
vapor fluxes were incorporated to build still more general dynamic equations. 51 The final 
dynamic equations obtained included the combined effects of liquid, vapor, gas and temperature
induced-flow mechanisms. The fluxes obtained are: 

• for the liquid phase: 

where 

..!_1 
,. __ _ 

\.q 

'<. 

~=liquid flux rate of water 

k1 = k1 (Pc) is the capillary conductivity of the 

liquid water phase 

P 1 = Pi (T) is the ITldSS density of water 

11 1 = 11 1 (T) is the dynamic viscosity of the liquid wdter 

p1 = p1 (z , T) is the pressure in the liquid water phase 

Pc• capillary pressure 

~ gravitational constant vector 

T = tsnpera ture 

• for the compressible moist air phase : 

k2 
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where 

q2 = flux rate of the moist a 1 r 

k2 • k2 (Pc) is the capillary conductivity of the 

air phase 

P2 = P 2 (r, p2 ) is the mass density of the moist air phase 

11 2 = 11 2 · (r) ts the dynamic viscosity of the gaseous mixture 

p2 "' p2 (z,t) is the pressure of the air-vapor mixture 

and the other terms are as previously defined. 

• for the water vapor component phase: 

where 

k2 
03 -- (VP2 + P 2..9) . 

112 

.2_3 = flux rate of the water vapor component in the 

gas phase 

Dr• Dr (p3,r) is the temperature-related transport 

coefficient for vapor 

Dp "' Dp (p3 ,r) is the pressure-related transport. 

coefficient for the vapor 

03 • 03 (p2 ,p3,r) is the coefficient for the partia, 

fraction of the vapor· 

p3 = p3 (z,r) is the vapor partial pressure 

s1 = liquid water saturation 

and the other terms are as previously defined. 

II.3-D.3.2 Liquid Waste in the Unsatutated Zone [X.24] 

Liquid waste containing radionuclides has been discharged into the ground under controlled con
ditions for over 25 years. Controls consisted of 1) evaluating the radionuclide-sediment reac
tions prior to and during discharge, 2) conditioning of the waste liquid, as necessary, to 
enhance the sorption of long-lived radionuclides (principally, 90sr, 137Cs, and 23 9Pu); and 
3) surveillance of the radionuclides in the sediments. Experience and knowledge gained from 
this waste management practice have shown that essentially all of the strontium and cesium are 
sorbed on the sediments above the regional water table in the unsaturated zone. 52 Although most 
90sr is sorbed by the sediments prior to reaching groundwater, trace amounts do enter the under~ 
lying groundwater flow system. However, even these small quantities are diluted and sufficiently 
decayed prior to entering public water supplies. Plutonium usually precipitates as an insol
uble phase in the calcareous Hanford sediments. 52 Data from both laboratory tests and field 
studies show that radionuclides retained in the vadose zone exhibit a chromatographic-like dis
tribution. On the other hand, tritium moves essentially with the waste liquid with very little 
if any sorption. Ruthenium is held relatively well, but a small fraction of the ruthenium is of 
such ionic form that little sorption takes place. 

Of the more than 180 cribs located in the 200 Area Control Zones, 42 cribs were identified with 
quantities of ruthenium, strontium, and cesium in the lowermost 50 feet of the unsaturated 
zone. The quantity of ruthenium, strontium and cesium in each 1O-foot increment above the 
present water table was calculated using an empirically-derived expression. The inventory 
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calculated for the lowennost 50 feet of the unsaturated zone was about 2,000 curies of ruthe
nium and about 400 curies of strontium plus cesium. 

During the past several years, a number of proposals have been made for use of land on t he Han
ford Reservation wherein ponding of large volumes of water or irrigation would be involved. The 
effects of such practices could result in a rise of the water table beneath the 200 Area Control 
Zone . Because sorption reactions are reversible, the radionuclides now reta i ned on the sedi 
ments in the unsaturated zone could migrate if subjected to a continual flow of water. For 
these reasons, attention has been focused on the inventory of long-lived rad ionucl ides that 
could be inundated in the sediments above the present water table . Any action that would result 
i n rais i ng the groundwater levels will be thoroughly evaluated prior to adoption . 

There is evidence to support the concept of radionuclide migration upward toward the ground sur
face during periods of hot weather . Moisture in the upper ten to twenty feet of sediment can 
be pulled upward by capillary forces until it lies within a few feet of the ground surf ace . At 
this point, the water evaporates and moves out of the ground as water vapor. The rad ionuclides 
remain beh i nd in the sediments near the ground surface . 

11.3-D.4 The Unconfined Aquifer 

11 . 3-D . 4. 1 Description 

An unconfined aqu ifer has a water table serving as its upper boundary and can be recharged 
di rectly from the ground surface except where local ized impervi ous layers overli e t he wa t er 
table . The water table , a surface at atmospher ic pressure, marks the bounda ry between t he satu
rated groundwater zone and the overlying unsaturated sed iment . 

The unconfined aqu ifer under lying the Hanford Reservati on i s defined as the saturated sediment 
lying between the water table and the first thick impermeable bed below t he wa t er t ab le . The 
saturated interval 1 ie.s partly in sediments of the Upper Ri ngold Formation and i n other places 
i n mostly fluviat i le and glaciofl uviatile sands and gravels. Table II.3-D- 1254 shows the ma j or 
geolog ic units i n the Hanford region and their water-bearing propert ies . Followi ng the def ini
t i on above , the bottom of the aquifer was determi ned using dril l er logs available throughout t he 
Reservation {Figure 11 . 3-D-11) . 

System 

Qud ternary 

TABL E Il. 3- D-1 254 

MAJOR GEOLOGIC UNITS IN THE HANFORD REGION AND THEIR WATER-BEARING PROP ERT IES 

Seri es 

Pl eisto
cene 

Mi ocene 
and 

Pl iocene 

Geo log i c Unit 

Fluvi ati l e and glaci o
f l uvi atile sediments 
and the Touchet Forma
ti on. 

(0-200 ft thick) 

Palouse Soil 
(0- 40 ft t hick) 

Ri ngold Format ion 
(200-1,200 ft 
t hick) 

Col umb ia River -basalt . 
series (>10,000 ft 
thick) 

Rocks of unknown age , 
type, and structure. 

Materi a l 
Sands and gravels occur ring 
chiefly as glacia l ou twash . 
Uncon so lidated, tend i ng 
towa rd coarseness and angu
larity of grains, essen
ti ally free of fines. 

Wi nd deposited si l t . 

Well- bedded lacust r i ne 
silts and sands and local 
beds of clay and grave l . 
Poorly sorted, locally 
semi-consol idated or 
cemen t ed . Genera l ly 
divided i nt o the lower 
"bl ue cl ay" por ti on whi ch 
contai ns consi derable 
sand and gravel, the mi d
dle conglomerate por tion, 
and t he upper silts and 
fi ne sand portion . 

Basaltic lavas wi th inter
bedded sed imentary rocks 
underlie the unconso l ida t ed 

-sed imen t s . 
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Water-Bearing P.roperties 

Where bel ow the water table, such 
de posits have very high permeabil
ity and are capable of storing vast 
amounts of water . Highest permea
bility value determined was 
12,000 ft/day. 

Occurs everywhere above the water 
table . 

Has relatively low permeability ; 
values ra nge from 1 to 200 ft / day . 
Storage capa ci ty cor re spondingly 
low. In very minor part , a few 
beds of gravel and sand are suf 
fi cien tly cl ean t ha t permeab ility 
is mode rate ly la rge ; on the other 
ha nd, some beds of silty clay 
or cl ay are essentially impermeable . 

Roc ks are generally dense except 
for numerous shri nkage cracks, 
in t erflow scoria zone s , and inter
bedded sediments . Permeability of 
rocks i s small (e .g. , 0.002 to 
9 ft/ day) bu t transmissivity of a 
th ick sect ion may be considerable 
(70 to 700 ft2/day) 
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FIGURE II .3-D-11 HANFORD RESERVATION UNCONFINED AQUIFER BOTTOM MAP 
FOR SIMULATION MODEL 

Descriptions of the geoloiic characteristics of the formations that make up the unconfined aqui
fer have been published. 5 The Ringold Formation occurs only in the Pasco Basin. Its age is 
controversial; it may be as old as mid-Pliocene or as young as mid-Pleistocene. The Ringold 
Formation has been described 55 as follows: 
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"Overlying the basalt bedrock of the Pasco Basin are sedimentary strata consisting largely 
of silt, sand, gravel, and volcanic ash. One prominently stratified part of that sedimen
tary cover is known as the Ringold Formation. 

"The type locality of the Ringold Formation is in the White Bluffs, against which the 
Columbia River impinges in the northeastern part of the reservation and along the east 
side of the reservation. The strata at this locality are the only ones to which the name 
Ringold Formation was originally applied. The subsurface continuation of these strata, 
in places completely down to the underlying basalt, was also considered to be Ringold 
Formation. 

"With the exception of a conglomerate train, the Ringold Formation consists mainly of 
silt and fine sand strata that are characteristics of deposition in a current-carrying 
lake and its environs. The deposition apparently started when the Columbia River drain
age was impounded in Middle Pleistocene time by the first uplift of the Horse Heaven 
Ridge (and downwarp of the Pasco syncline). 

"Eastward and northward from the White Bluffs, the Ringold Formation lies at or near the 
plateau surface for many miles to where the basalt bedrock emerges at the surface. In 
the lowland swath between the east end of the Yakima Ridge ·and the White Bluffs, the 
ancestral Columbia River removed the Ringold strata down to a level below that of the 
present surface of the terraces . This eroded surface of the Ringold Formation has been 
covered by various thicknesses, up to about 200 feet, of glaciofluviatile and fluviatile 
deposits which underlie the land surface in most of the reservation area . " 

Recent stream alluvium and Pliocene glaciofluviatile deposits partly fill all the larger synclinal 
basins and stream valleys . These deposits, composed chiefly of unconsolidated silt, sand, and 
gravel, in places exceed 500 feet in thickness. The glaciofluviatile sediment has been 
describedss as follows : 

"The coarse elastic deposits that lie above the eroded top of the Ringold Formation and 
beneath the reservation terraces are somewhat similar to the coarsest materials of the 
Ringold Formation but in detail differ greatly. They have come to be known as glacio
fluviatile and fluviatile deposits because they were water-laid by the ancestral Columbia 
River, in par~ while it was swollen by glacial melt water. Except for some material in 
the Touchet Beds, the glaciofluviatile and fluviatile deposits are largely current-l aid 
deposits . 

"The glaciofluv iatile and fluviatile deposits consist of granule gravel, sand, and pebble 
gravel with some intermixed and interlayered silt as well as interbedded and included cob
bles and boulders. These deposits mantle the eroded top of the Ringold Formation and some 
slopes of the basalt bedrock. They overlie the Ringold beneath the reservation, form the 
upper part of the northwestern end of the White Bluffs, and also underlie the terraces 
southward and eastward from the south end of the White Bluffs to and beyond Pasco. The 
greatest part of the deposits lie below an altitude of 800 feet, but the special facies, 
called the Touchet Beds, with its contemporaneous erratics, reaches to a common altitude 
of about 1,150 feet. 

"Late i n the glacial epoch, the facies of the glaciofluviatile and fluviatile deposits 
known as the Touchet Beds was laid down in a temporary lake (Proglacial Lake Lewis) 
created by the ponding of the Columbia River by a mountain glacier, ice jams, lava flows, 
or landslides, in the Columbia Gorge below The Dalles, Oregon. The Touchet Beds in its 
type occurrence consists of horizontally layered silt and sand. It includes scattered 
and clustered erratics that range from granules up to large blocks 6 to 8 feet in diam
eter. In the reservation area, the lake in which the Touchet Beds were laid down prob
ably submerged a topography somewhat similar to that of the present time. The Touchet 
Beds accumulated as a lake-bottom deposit no more than 200 feet thick. The unit is best 
preserved in places that were the backwater or cove parts of the lake. On the rese rva
tion, the greatest amount of materia l occurs on the lower part of the Cold Creek Va ll ey . 

"The youngest of the glaciofluviat il e and flu viatil e deposits may be those deposits that 
now underlie the lowest terrace , such as the 400-foot terraces at old White Bluffs and 
Hanford and the 360-foot terrace at Richland. The demarcation between the last of the 
glaciofluviatile and fluviatile deposits and the first of the Holocene alluvium is 
obscure ." 

Recharge into the unconfined aquifer occurs from natural sources and from waste operations (syn-
\. .. _. theti c recharge) . The natural recharge on Gable Mountain moves through a very small local system 
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on top of the synthetic system. The limit of the synthetic recharge defines the area in which 
the vertical component of hydraulic gradient, especially in the unsaturated zone, is directed 
downward. 

Discharge over most of the discharge area is to the atmosphere via unsaturated flow to the sur
face and evapotranspiration. Generally this discharge is small to the point of being negligible 
but in Cold Creek Valley the native vegetation is visibly different and some phreatophytes are 
evident. The water supply for these plants may be supplied i n part or in total by the discharg
ing groundwater. 

The area in which the water is .moving through the surface part of the groundwater reservoir from 
the Yakima River to the Columbia River serves as a shallow local flow system which is underflowed 
by the synthetic flow system. The bulk of the liquid waste is discharged to five ponds in the 
200 Areas: 1) Gable Mountain pond (216-A-25), 2) the 200 East Area (216-8-3, a pond east of the 
200 East Area), 3) the 200 West Area (216-S-19, a pond south of the southeast corner of the 
200 West Area), 4) the 200 West Area (216-T-4, a pond in the northwest corner of the 200 West 
Area), and 5) the 200 West ~rea (216-U-10, a pond in the southwest corner of the 200 West Area). 

The impermeable boundaries of the unconfined aquifer are the Rattlesnake Hills, Yakima Ridge, and 
UmtanuM Ridge on the west and southwest sides of the Hanford Reservation. Gable Mountain and 
Gabl~ Butte also impede the groundwater flow. The Yakima River recharges the unconfined aquifer 
along its reach from Horn Rapids to Richland. The Columbia River forms a hydraulic potential 
boundary which is mainly a discharge boundary for the aquifer. However, the groundwater flow 
from l to 3 miles inland from the Columbia is affected by seasonable river stage fluctua
tions.56-58 This river bank storage phenomenon has been reduced by increased control of the 
river . flow by dams upstream of the Hanford Reservation. The volume of river bank storage under 
the Hanford Reservation has been estimated to be from 2 x 109 cubic feet to 3.6 x 109 cubic feet 
for a typical year. 56- 59 Discharge of groundwater by evapotranspiration is considered negligible 
over th~ Hanford Reservation. 

The major source of natural recharge is precipitation on Rattlesnake Hills, Yakima Ridge, and 
Umtanum Ridge which outcrop to the south and west of the Reservation. -The water percolates 
underground near the base of the highlands and moves into the Reservation area. 54 Flow from 
springs emerging on the flanks of these hills and ridges· generally sinks into the ground within 
a mile of the sources. 

The average flow of Cold Creek and other infiltration water in that section has been estimated 
at 72,000 cubic feet per day, of which perhaps half reaches t he water table. 55 Estimated 
recharge from the Ory Creek and Rattlesnake Springs area average about 36,000 cubic feet per day 
over the year. · Additional recharge may be caused by leakage upward from the underlying confined 
aquifers along the western boundary of the Reservation. Recent irrigation developments in the 
Cold Creek Valley could substantially augment the natural recharge from this area. 

The natural recharge due to precipitation over the lowlands of the Hanford Reservation is not 
measurable. A minor amount occurs where the water table is close to the land surface. 55 The 
Hanford Reservation is in the rain shadow of the Cascade Mountains with average annual precipi
tation of 6.3 inches (the higher ridges receive about 12 inches per year). A maximum 24-hour 
precipitation of 1.91 inches and a maximum monthly precipitati on of 3.08 inches have been 
recorded since 1912. 36 The primary return of rainfall to the atmosphere takes place almost imme
diately, before deep penetration can occur. Drying of the land surface by wind and low humidity 
air produces a gradient of water potential toward the surface. The evaporation potential during 
the summer months greatly exceeds total precipitation. Data on migration from natural precipita
tion in deep soils (below 30 feet) show movement rates of less than 1/2 inch per year at the one· 
measurement site ava i lable. 61 - 63 

The points of signifi cant withdrawals of water on site at the present time are at the FFTF site 
(400 Area) and at the Washington Nuclear Plant No. 2 reactor site under construction. These are 
temporary withdrawal points of large groundwater flows that affect only the local groundwater 
fl ow patterns. 

11.3-D.4.2 Water Table 

The water table is that surface in an unconfined groundwater body at which the pressure of the 
water is atmospheric. The water table is defined by the levels at which water stands in wells 
that penetrate the saturated soil just far enough to hold standing water. In wells penetrating 
to greater depths, the water level may stand above or below the water table if an upward or down
ward component of groundwater flow exists. Only data from wells which have been analyzed and 
determined to provide data representative of the water table are used in developing water table 
maps for the Hanford Reservation. 
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The present elevation of the unconfined groundwater aquifer can be visualized by looking at the 
contour map of the water table. The map for January 1975 is shown in Figure 11.3-D-12. The 
wells used in determining the water table are also shown. The accuracy of the contouring is 
directly related to the density of the measurement points, the local gradients and the accuracy 
of measuring water levels and well elevations. 
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A geologic cross section, Figure II.3-D-13, shows the water table elevations at three times dur
ing the history of the Reservation (a vertical to horizontal distortion is noticeable). The 
depth to the water table varies greatly from place to place, depending chiefly on local topog
raphy, and ranges from less than 1 to more than 300 feet below the land surface. Beneath m~st 
of the 200 Area disposal sites the depth to water averages about 250 feet. The current estimate 
of the maximum saturated thickness of the unconfined aquifer is about 230 feet . 64 
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From 1944 through 1973 (the last year for which data have been compiled), the chemical processing 
plants have discharged to ground over 132 billion gallons (4 x 105 acre feet) of waste water and 
cooling water. Such a large volume of water has had an effect on the regional water table. 
Figure II.3-D-14 shows the water table map (a hindcast made in 1955) before Hanford operations, 
as interpreted from the earliest water level measurements. Water table maps have b.een prepared 
over the years; a representative selection of water table maps for the 30 years of Hanford 
operation is available. 65 

Two distinct groundwater mounds have been created from the large volume of process water disposal 
on the 200 Area plateau . Their locations, elevations, and shapes at any given time have been 
functions of the recharge rates, both previous and current, and the local aquifer characteristics. 
The present pattern of groundwater movement is affected by the topography of the water table and 
the saddle or groundwater divide that lies to the north of 200 East Area. The peak of the west
ern mound is about 480 feet above MSL, which represents a rise of about 85 feet from preoperation 
conditions. The eastern mound peak is about 418 feet MSL representing about a 28-foot rise. 
Historical well hydrographs (Figure II.3-D-15) show the development and fluctuation of these 
mounds with time at monitoring wells. Rising groundwater levels have been· measured as far as 
16 miles away from the recharge site (Figure II.3-D-15c). 

The unconfined aquifer under the Hanford Reservation has a maximum thickness of 230 feet and 
extends approximately 30 miles north-south and 25 miles east-west at its maximum dimensions. 
Therefore, this system has a horizontal-to-vertical ratio of from 570:1 to 690:1. The maximum 
range in potential within this system is from 480 feet to 340 feet elevation. Primarily horizon
tal flow within this system has been observed except in the irrrnediate vicinity of recharge areas . 
Variation of hydraulic potential with depth within the unconfined aquifer has been determined to 
be negligible except in areas close to recharge sites . . The hydraulic conductivity over the 
Reservation has been observed to vary from 1 to 1 x 104 feet/day and is assumed to be isotropic 
within the unconfined aquifer at any specific location. 
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350 

This reasoning leads to the deduction that the groundwater velocity vector is perpendicular to 
the water table contour lines and points in the direction of lower hydraulic potential (water 
table elevation) . Therefore, for any groundwater potential map (water table map) in an uncon
f ined system, flow paths can be drawn illustrating the direction of groundwater movement at that 
specific time. A parcel of water will follow one of these streamlines only as long as the 
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potential contours remain the same. A slowly changing water table configuration will cause that 
parcel of water to follow the slowly changing instantaneous streamline . I.ts resulting path from 
one point to another is called a pathline. A pathline of a fluid particle is the locus of its 
pos i tions in space as time passes . Thus, i t is the path of a particle of fixed identity . 

The groundwater potential contours over most of the Reservation change slowly enough that the 
instantaneous streamlines probably do not move significantly over a period of a few years. How
ever , within l to 5 miles of the Columbia River the annual recharge and di scharge of river bank 
storage occurs with a daily fluctuation in the inrnediate vicin i ty of the river's edge, thus pro
duc i ng transient streamlines in this area. The other area of seasonal contour adjustment is the 
200 East Area, where the groundwater saddle or divide is affected by the river bank storage 
phenomenon and periodic adjustments in recharge flow rates. The relative flatness of the water. 
table in this _area (a result of the rather high hydraulic conductivit i es of these sediments) 
makes it sensitive to changes in boundary and recharge conditions. Figure ·II . 3-D-16 shows the 
January 1972 water table map with some instantaneous streamlines starting at disc~arge 
ponds . 

Instantaneous streaml i nes are useful as indicators of direction of movement and represent the 
path a particle of water would take if and only if it were in a steady-state flow system. A 
pathl i ne, the true path of a particle in a transient system, can only be defined if a tagged 
particle could be followed. Definit i on of pathlines is needed but difficult since pathlines are 
nonnally defined only in closed-form mathematical solutions. Discrete surfaces (water tables) 
are not easily adapted to pathline definition, but through the use of· models that permit develop
ment of closely spaced, consistent surfaces a pathline can be approximated. 

The previously mentioned groundwater saddle or divide under t he 200 East Area makes both north
ward and southeastward transport from the 200 East and 200 West processing areas possible. 
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Radioactive contaminants, upon reaching the water table, are convected in the direction of 
groundwater movement. Thus, the infiltration site is of critical importance in evaluating the 
fate of any radioactive waste that enters the groundwater. Ultimately, all groundwater in the 
unconfined aquifer beneath the 200 Area plateau, except that which is lost to the atmosphere by 
evapotranspiration or by evaporation from West Lake, enters into the Columbia River. 
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In the past, small groundwater mounds were formed under each of the reactor areas by leakage 
from the cooling system ~ater lines and holding basins. Each of these mounds subsided within 
several months after shutdown of the nearby reactor. Only the small mound at 100-N Area remains 
(Figure II.3-D-16), the result of discharges to the 1301-N crib. A similar groundwater mound 
was created and continues at the 300 Area infiltration site from the process waste ponds and 
sanitary leach trenches. 

West Lake, located near the western end of Gable Mountain, is a naturally occurring lake whose 
surface is continuous with the phreatic surface of the groundwater. In a small area north of 
Gable Mountain, a small perched water lens (identified in three shallow wells) is apparently the 
remanent leakage from the old Hanford irrigation system ditch that conducted water through this 
area. A local clay deposit appears responsible for this occurrence. 

The velocity of groundwater flow through the aquifer is of major significance in evaluating the 
potential impact of groundwater discharges. 

II . 3-D.4.3 Field Programs 

The hydraulic characteristics of importance for the unconfined aquifer are the hydraulic conduc
tivity, the storage coefficient, the aquifer thickness, and the effective porosity. The hydrau
lic conductivity relates the quantity of groundwater flow to the gradient of the hydraulic 
potential, while the effective porosity gives the fraction of porous media volume that is avail
able to transmit groundwater flow. The storage coefficient relates a change in the water table 
elevation to a change in the volume of water contained in the aquifer per unit of horizontal 
area. In the limit, the storage coefficient is equal to the effective porosity of the soil 
through which the water table moves. These parameters are functions of location in the aquifer 
and have highly heterogeneous distributions over the Hanford Reservation. 

In its most general form the hydraulic conductivity is a tensor accounting for anisotropic flow 
conditions . Under the assumption of isotropic flow this quantity reduces to a scalar . No stud
ies to evaluate poss i ble anistropic flow conditions have been made on the Hanford Reservation. 
However, comparison of observed contamination plume movement with the direction of groundwater 
gradients indicates that anisotropy is not a significant flow parameter in the horizontal plane. 

Qua-litatively the hydraulic conductivity, storage coefficient and effective porosity distributions 
are functions of the different geologic formations in the unconfined aquifer . The Ringold Forma
tion is frequently divided into a lower clay_ zone, a middle conglomerate zone, and an upper silty 
zone, although marked lithologic changes occur both ho~izontally and vertically within these 
zones, precluding a precise definition. Incised in the Ringold Formation are ancestral Columbia 
River channels filled with more permeable glaciofluviatile sediments. Channels of highly perme
able sediments have been identified extending eastward along the northern and southern flanks of 
Gable Mountain and southeastward from the 200 East Area to the Columbia River. 66 

A geophysical study to analyze the distribution of permeable ancestral channels was initiated in 
1974. This investigation (not yet completed) included a regional gravity survey over the entire 
area of the Hanford Reservation . A map is presently being prepared showing the probable ances
tral course of the Columbia at various periods of time. Residual gravity anomalies are presently 

·being evaluated and their geohydrologic importance analyzed. These anomalies are probably the 
result of folding of the basalt, erosion of folds during folding, and filling of the synclinal 
troughs with the Ringold Formation and glaciofluviatile materials. 

Quantitative measurements of the hydraulic conductivit~ have been made at locations over the 
Hanford Reservat i on us i ng a variety of techniques. 66 , 6 With these techniques, an average hydrau
lic conductivity over the saturated thickness of the unconfined aquifer was determined at each 
test site. Field tests have included pump tests, specific capacity tests, tracer tests, cyclic 
fluctuations of the water level, and regional hydraulic gradient integrations. Excluding the 
clay zone, the values obtained for the Ringold Formation ranged between the moderate values of 
l to 200 feet per day. In sharp contrast are the very large hydraulic conductivities of glacio
fluviatile sediments--ranging from 1,200 to 12,000 feet per day. Higher values from specific 
capacity test data should be regarded with caution due to the inherently low accuracy of this 
type of test. The glaciofluviatile sediments in general are about 100 times more permeable than 
the Ringold Formation. A sunmary of test results is given in Table II.3-D-13.66-68 

A study69 of the areal distribution of transmissivity and hydraulic conductivity was recently 
completed which used pumping tests conducted by others at Hanford during the past 20 years. 60- 68 
Most of the tests were run without observation wells thus precluding an accurate determination of 
storage coefficient. Those tests conducted with observation wells were generally too short to 
accurately obtain a value for delayed yield. Pump fluctuations precluded the use of drawdown 
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data for many of the tests. Results of the interpretation of these tests are shown in Table 
II.3-D-14. With the exception of the last two results, all values represent the characteristics 
of the upper zone of the unconfined aquifer (most of the wells tested only partially penetrate 
the aquifer) . 

TABLE II.3-D-13 

AVERAGE FIELD HYDRAULIC CONDUCTIVITY (FT/DAY) MEASUREMENTS 

Pumping Specific Tracer Cycl id Gradient 
Tested Tests Caeac i tt Tests Tests Fluctuations Method 

Glaciofluviatile 1,200-12,000 1,300-17 ,000 8,000 2,200- 7,600 

Glac iofluv i at i le 120-670 130-530 130-800 
and Ringold 

Ri ngold ( incl uding clays) 1-200 8-40 20-60 13-40 

TABLE II.3-D-14 

PUMPING TEST DATA RESULTS FOR THE UNCONFINED AQUIFER 

Hydraul 1c Depth to 
Transm1ss1v1ty Conduct 1 v ity Thickness Water 

Well Ho. (ft 2lda~l (ft/da;!'.) (ft) (ft) Surrmar~ of Result~ 69 
A. 699- 77 - 54 7,000 97 72 78 North of the Gabl e Butte area 

199- K-10 22,500 260 86 78 the transm issi vi ty 1s hig hest 
199- K- l 2 21,600 250 86 78 close to the r i ve~ 
699-37- 55 4,500 130 35 65 

B. 699- 61 - 66 >40,000 >400 104 116 Very high transmissi vi ti e$ 
699-63- 90 296 ,000 2,300 127 113 on the flan ks of Gable Bu tte 
699-55- 50 594,000 9 100 65 40 and Ga bl e fl ou nta i n, 

C . 699- 26-15 9,500 200 48 54 Transmi ss i vi ty ranges from 
699-36- 61 2,800 43 65 339 1,000-40,000 f t 2/day; highes t 
699- 33 - 56 22,000 250 88 317 1n Cold Creek Va l ley south of 
699 -31 - 5.3 21,000 165 127 303 the Cold Cr eek sy nc l i ne. 
699- 17 -47 5,300 50 1()5 174 
699-8- 17 35,000 640 55 135 
699- 47 -60 3,300 80 41 243 
699-35-9 2 250 45 50 114 

0 . 699-26-89 525 2 229 175 Multiple aquifer averages 
699- S12-3 350 9 40 68 include clay layers . 

A study is presently being conducted to evaluate the hydraulic conductivity distribut i on i n the 
unconfined aquife r over t he Hanford Reservat ion using driller's logs . 70 Results indi cate good 
agreement with pump i ng test data. An extensive pumping test program is presently underway to 
ex tens i vely characterize the hydraulic characteristics of the Reservation . To date al l ex i sting 
data have been eva l uated and processed us i ng the Transmissivity Iterative Routine (TIR) Model 
(discussed i n the next section) to obtain the most accurate map of the hydraul ic conductiv i ty 
distribution of the Hanford unconfined aquifer. This map is shown in Figure II.3-0-17. 

The effective porosity and storage coefficient are much more difficult to measure in the field. 
A properly designed pumping test can yield a value for the storage coeff i ci ent, but some type of 
tracer test or we l l logg i ng procedure is necessary to obtain values of effective poros i ty over 
the saturated aquifer thickness. Values for the storage coefficient parameter ranging from 
0.0008 to 0.2 have been estimated for the Hanford area from field tests but the qual i ty of these 
vaiues is poor. A typical range of storage coefficient values for unconsol idated sediments i s 
0.05 to 0.4. For t he purposes of groundwater flow and rad ionuclide transport s imulat i on modeli ng, 
the effective poros ity over t he saturated th ic kness of the aquifer is assumed to be init i ally 
equa l to the st orage coeffici ent . 

I I . 3-D . 4.4 Groundwater Models [X . 24] 

Attempts to develop a practical tool for managing the groundwater basin led to development of 
simulati on techn iques . In iti ally, simple graph ica l flow net analyses and analog models were 
applied and evaluated. In the early 1960's a program was initiated to develop the capab i l i ty to 
predict transport of contami nants in Hanford sediments . Early models developed to pred i ct ground
water movement under steady state condit i ons required many compromising assumpti ons to simulate 
t he system. The models were not able to s imulate transient conditions or waste transport and thus 
were not effective tools for managing a groundwater basin. 
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In the late 1960's an intensive effort was initiated to develop a more refined model that would 
provide transient analysis of contaminant movement. DeveloJJ11ent of the present system of models 
was based on the economics of data input requirements, accuracy of results and practicality of 
application. In addition to the models, a man-machine interactive c.omputer system was developed 
to provide an efficient means for utilizing the models and analyzing the results. The program 
goal was to produce a management and engineering tool for use in analyses, decisions, and policy 
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fonnulations relative to management of groundwater systems. To date, models for describing 
groundwater and contaminant movement in the unsaturated zone and the unconfined aquifer have been 
developed and tested against analytical solutions and limited field data. The testing provided 
confidence in the mathematical methods and the approach being used. Verification with field data 
showed areas where data coverage was inadequate and pointed up the need for development of a 
technique to compute uncertainties in the output ba~ed on known uncertainties in the input data . 
Additional data and work are needed to reduce the uncertainty in the model predictions . 

In general, the Hanford Reservation modeling is divided into three categories: 1) unsaturated 
zone analysis capability, 2) saturated unconfined groundwater analysis capability, and 3) trans
port capability. The unsaturated and saturated portions of the groundwater system were considered 
separately in order to develop feasible models. The transport phenomena were asslllled to be 
affected by, but not to affect, the convective flow patterns. 

The model development effort is separated into three major categories: data models, hydrauli c 
models, and contaminant transport models . Data models calculate from a relatively small number 
of field measurements the input characteristics required for operation of the hydrauli c and 
transport models. The hydraulic models predict the groundwater velocities in the unsaturated and 
saturated sediments . The transport model combines the groundwater movement calculated by the 
hydraulic models with soil-waste reactions to predict the contaminant movement rate . The ground
water convective transport is simulated independent of waste movement. Table II . 3-0-15 lists the 
models and their respective functions as well as input data requirements and output i nfonnat ion . 
(All of these models are in the development stage and are presently undergoing review and 
revisions.) 
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DATA 
ANALYSES 

1= 
GROUNDWATER 

FLOW 

=r= 
CONTAMINANT 

TRANSPORT 

BOUNDARY CONDITIONS 

• AQUIFER GEOMETRY 
• AQUIFER CHARACTERISTICS 
• INITIAL CONDITIONS 

TABLE I I. 3-0-15 

HYDROLOGIC MODELS 

DATA BASE 

• GEOLOGIC 
• HYDROLOGI C 

DATA MODELS 

• TRANSMISSIVITY ITERATIVE ROUTINE 
• QUANTITIES AND LOCATION OF RECHARGE • HYDRAULIC CHARACTERISTICS ROUTINE 

• CHEM I CAL CHARACTERISTICS ROUT! NE • QUANTITIES AND LOCATION OF DISCHARGE 
• WASTE COMPOSITION 

~ ✓ 
MODU INPUT 

VARIABLE THICKNESS TRANSIENT IVTT) PARTIALLY SATURATED TRANSIENT (PST) 
FLOW MODEL FLOW MODEL 

• SIMULATION OF SATURATED FLOW • SIMULATION OF PARTIALLY SAnJRATED FLOW 

'\. ✓ 
I WATER MOVEMENT PATTERNS I 

.L 
MICRO·MACRO TRANSPORT IMMTI 

• SIMULATION OF CONTAMINANT 
TRANSPORT IN SATURATED AND/OR 
PARTIALLY SATURATED FLOW SYSTEMS 

• 
I . CONTAMINANT MOVEMENT PATTERNS 

A major da t a model, the TIR, has been developed for calculating the hydraulic conduct i vi ty dis 
tribution in hi ghly heterogeneoos aquifers where characterization by fi eld measurement alone 
would be prohibitive . The method is based on the numerical integration of the Boussinesq equa 
t i on for t he transmissivity along instantaneous streamtubes of flow . Testing of the computer 
program on a synthetic surface identified a set of control parameters that resul ted in a maximum 
computation error of ±5%. This maximum error occurred as streamtubes passed near stagnation 
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points where the groundwater gradients and radius of curvature were small. Two versions of the 
program, steady and transient, were implemented on the Hanford unconfined aquifer. Although the 
earlier steady version was a limited program, the verification by comparison of computed and 
observed groundwater potentials assuming steady conditions, while far from perfect, was encourag
ing, and the resultant distribution represented a substantial improvement over the previous 
version. 71 

The results of limited sensitivity analysis on the Hanford unconfined aquifer indicated that, in 
general, the flow in the aquifer is sufficiently greater than the rate of storage to make the 
calculation of the hydraulic conductivity relatively insensitive to the storage coefficient. A 
good average estimate is that a 100% error in either storage coefficient or temporal rate of 
change will result in a 20% error in the calculated hydraulic conductivity measurement because of 
the extreme sensitivity of the calculated hydraulic conductivity generated for certain stream
tubes. The agreement of calculated hydraulic conductivities of the reference lines and analysis 
of pump test data support these observations. Details of the model assumptions, limitations, 
error and sensitivity analyses are contained in a recent report. 71 

The basic hydraulic models are the Variable Thickness Transient Groundwater Model (VTT) and the 
Partially-Saturated Transient Flow Model (PST). The VTT Model was developed to predict the 
changing height of the water table (phreatic surface) throughout the unconfined aquifer underly
ing the Hanford Reservation. It provides for the simulation of two-dimensional flow in uncon
fined aquifers. The model utilizes the nonlinear transient Boussinesq equation with the appro
priate initial and boundary conditions. The heterogeneous permeability distribution input can be 
calculated by the TlR. A successive line over-relaxation technique with unequal time steps is 
used for numerical solution. 

The PST Model includes a mathematical description and computer program to simulate transient 
Darcian transport of a fluid in heterogeneous partially-saturated porous media.so The objective 
of the model is to assess movement of groundwater in the unsaturated zone. The model involves 
the solution of the basic two-dimensional equation of flow in the unsaturated region.so 

A transport model 72 , 7 3 has been developed for use with the PST and VTT Models for predicting move
ment and distribution of contaminants in groundwater systems. Based on the two-dimensional form 
of the general diffusion-convection equation, the model considers variable dispersion coeffi
cients, variable media thickness and sink and/or source terms. The model has two major compo
nents: the macroion segment handles dissolved minerals that are typically present in groundwater 
systems, and the microion segment predicts movement of contaminants which are normally present in 
trace quantities (in comparison to the naturally-occurring materials). The model encompasses the 
compound problem of multicomponent transport with simultaneous chemical reactions and includes 
the general transport mechanisms of advection, dispersion, and sorption, as well as radioactive 
decay. Each segment can be run as a separate model. 

11.3-D.4.5 Groundwater Monitoring Program [X. 18, X.24] 

The groundwater monitoring program provides information on the movement of contaminants in the 
groundwater beneath the Reservation which aids in evaluating the impact of liquid waste disposal 
to the environment and assures compliance with AEC Manual Chapter 0524 standards 76 for release of 
radioactive waste to uncontrolled areas. EPA drinking water standards 86 are used to evaluate non
radioactive contaminants in the groundwater . 

Groundwater data summaries and evaluations including maps are reported in the series "Radiological 
status of the Groundwater Beneath the Hanford Reservation for . .. "; the latest issue is 
BNWL-1860 for 1973. 87 Results from offsite water supply wells are reported in the annual "Environ
mental Surveillance at Hanford for ... "; the latest issue is BNWL-1910 for 1974. 88 A complement 
tary groundwater monitoring program is carried on within the 200 Areas to provide data to support 
the management of the liquid waste disposal-to-ground operations at cribs, trenches and ponds. 
Data from this program are also used in the general environmental groundwater evaluations. 

The groundwater is sampled from about 310 wells routinely. The sampling frequency varies from 
monthly to semi-annually, depending on the location of the well and the constituents being fol
lowed. Tables 11.3-D-16 through 19 show July - December 1973 average values for gross beta, 
tritium and nitrate as well as the sampling frequency for each constituent. Current frequencies 
may differ somewhat due to revisions in the sampling schedule. Maps illustrating these data 
appear in Figures II.3-D-18, -19, and _-20. Most of the samples are dipped from the surface of the 
water in the well and are assumed to be representative of conditions near the surface of the 
unconfined aquifer. At a few locations where well structures are available, samples from the 
lower confined aquifer zones are obtained by air lift pumping from piezometer tubes. Conversion 
to permanently installed submersible sampling pumps for key wells is in progress. 
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TABLE 11.3-D-16 

AV~RAGE GROSS BETA, TRITIUM, AND NITRATE ION CONCENTRATIONS IN 600 AREA WELLS 
ASSOCIATED WITH THE 200 AREAS (UNCONFINED AQUIFER) 

Gros s Beta(•) (eCi/nil) Tritium (eCi[ml) Nit rate (nin[l l Gross Beta(a) (e!;i[ml) Tritium (eCi[ml) Nitrate (mnlJ l 
Analytical Limit 0 .08 1.0 0.5 Analytical Limit 0 .08 1.0 0 . 5 Concent ration Guide (b) 3000 45 Concentration Guide (b) 3000 45 

We ll Sampling July-Dec Sampling July-Dec Sampling July-Dec Well Sampling July-Dec Sampling July-Dec Sampling July-Dec 
Nu.11ber f.requency --1.fil_ Frequency --1.fil_ Frequency _llli_ Number Frequency --1.fil_ Frequency _lfil_ Frequency _lfil_ 

699-S0-8 Q 37 5A 7 . 3 699-35-70 Q 0.10 Q 8100 Q 2 .8 699-S3-El2 SA c) BM 7 . 5 35-78 Q (c) Q 1. 7 BM 1.2 
53-25 Q 

~! 
Q (c) 36-61-A 5A Q (c) Q 9.5 

S6-E4-0 Q 8M 2.8 37-43-0 Q (c) Q 93 Q (c) 
S8-l9 Q 

~! 
Q 1 .0 37-82A-0 Q (c) Q 18 

Sl 2-3 Q Q 0.8 38-70-0 Q 0 .23 Q 81 Q 154 
S12-29-0 SA (c) 39-39 Q (c) Q (c) Q (c) 
Sl ?-11 SA (c) 39-79-0 Q (c) Q 1.1 BM 1.1 
1-18 5A 190 BM 3.8 40-1 Q (C) Q l~! 2- 3 Q 44 8H 7 .8 40-33 BM (c) Q 1. 3 Q 
2- 33-0 Q (c) SA (c) 40-62 Q 1.4 Q 16 3-45 5A (c) 41-23 Q 0. 08 SA 845 Q 51 8-17 Q (c) 5A 140 5A 23 42-12 Q 0 . 13 5A '60 BM 30 8-25 Q (c) Q 235 42-42...0 5A 49 Q 7 .5 8-32 Q !c) 8H 0.5 43-42 BH (c) Q 290 Q (c) 
9-E2 0 . 20 Q c) Q (c) 43-89 SA !c) Q 28· 
10-El 2- 0 8H II 44-64-0 Q c) Q 14 11-1 (c) Q 27 Q 1 45-42 5A 820 Q 0.6 - 13- lA 0.15 Q 129 Q 8 . 9 45-69 Q (c . Q 40 - 13-1B (c) Q 54 Q 6 . 6 46-21 Q (c) Q 

!~ 
BH 5.1 w 15-15-B Q (c) Q (c) Q 10 47-35 Q Q 1.3 I 15-26 Q (c) SA 400 SA 28 47-46 Q (c Q 18 C, 

I 17- 5 (c) 8H 1.4 BH 5 ·47-60 Q (c Q 8.8 w 19-43 Q 3. 3 48-71 Q ·i~ Q 1.6 w 
49-28 5A Q 

!~! 699-20-El2-0 5A (c) 49-55 Q (c) Q Q 
20-20 Q 0. 12 5A SA 49-57 Q 1.6 Q 115 Q 127 
20-39-0 Q (c) Q 1.3 49-79 SA 

!~! 
Q 15 24-33 Q (c) SA 430 Q 5.8 50-28A Q BM 4. 3 25- 70-0 Q 3. 3 50-30 Q (c) 

26- 15 Q 0. 24 SA 1300 SA 53 50-42- 0 Q 3 .8 Q (c) 
26-89 5A · 50-53 Q 0.58 Q 1. 7 Q 84 
27-8 Q (c) SA 1000 Q 12 50-85 SA 

!~! 
Q 11 

28-40-0 Q (c) SA 40 Q 8.8 51-63 Q Q 1.6 
29- 78 Q !c) 

Q 2.9 51-75-0 Q 1.5 Q 11 
31-53B- 0 5A (c) Q c) Q 8.0 53-47 Q 2.3 BH 

!~! 31-65-0 Q 1.1 Q 14 53-55-0 Q 1.1 Q 
32-22 Q 0. 30 SA 1500 Q 61 54-42 5A !') Q 3. 7 
32- 43 SA 0 . 18 SA 700 SA 33 54-45 Q 

~! 32-62- 0 Q 8.1 Q (c) 54-57 Q Q (c) 
32 - 70 Q (c) Q 49 5A 18 55-50A Q · l.1 BH 0.6 32-72-0 Q (c) SA 75 BM (c) 55-70-0 Q 0 .9 32-77 Q (c) Q (c) Q 9.8 55-76-0 Q 0.9 
33- 56 SA (c) Q (c) Q (c) 57-83-0 Q 

!~! 34-39A Q (c) SA 1800 Q 5.6 59-58 Q 4 .0 Q 
34-41 Q 0.23 Q 2000 Q 68 59-80B Q 37 
34-42 Q 0. 35 Q 1930 Q 74 
34 - 51 Q (c) Q (c) 8H 1.1 HAN-6 Q (c) BH 3. 6 
35- 9 Q (c) Q 45 BM 6. 7 HAN-9 BH 3.4 
35- 66 SA (c) Q 2.8 Q (c) HAN-19 Q (c) Q 2.B 

(a) Gross Beta is calculated as 106Ru. 
(b) The l 06Ru Concentration Guide is not strictly applicable to an unknown Rlixture of beta emitters. 
(c) Indicates that the concentration was less than the analytical lh1it. 
No entry indicates no analyses were performod during the 6-llllnth pe r iod . 
Sanll)l tng Fr equency Code : SA - Semiannual; Q - Quarterly ; BH - Btllllnthly; H - Monthly . 
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TABLE I I. 3-D-17 

AVERAGE GROSS BETA, 60Co, NITRATE, AND 106Ru CONCENTRATIONS 
IN THE UNCONFINED- GROUNDWATER WITHIN THE 200 AREAS 

Gross Beta(a) (eCi / ml) Tritium (eCi Lml l IH trate (mo/Jj_ Gross Beta(a) (eCi Lml) Tritium (eCi/ml ! Ni'trate (moll) 
Analytical Limit 0.08 1.0 0 . 5 Anal yti cal Limit 0.08 1.0 0 . 5 Concentration Guide (b) 3000 45 Concentration Guide (b) 3000 45 

Well Sampling July-Oec Sampling July-Oec Sampling July-0ec Well Sampling Ju ly-0ec Sampling July-0ec Sampling July-Dec NtJnber Frequency _liI..L Frequency _lfil_ frequency --1.2LL !lumber Frequency --1.2LL frequency --1.2LL Frequency --1.2LL 
299-El 3-3 SA (c) 299-E33- 26 BM 1.6 El6-2 M 0 .6 Q 5 . 2 E34-1 Q (c) El7-l BM 0.11 BM 6000 BM 147 

El 7-2 BM 0.13 W6-l SA !c) Q 530 El7-4 BM 0 . 59 Wl0-1 BM c) (c) 
El7-5 BM 0.27 BM 282 Wl0-2 BM 0 . 09 BM 6 . 3 BM 2082 El 7-6 M 0.09 Wl0-3 BM (c) 
El7-7 M l. 3 BM 385 Wl0-4 BM D.10 El7- 8 BM 0 . 14 BM 193 Wl0-8 M (c) SA 25 El 7-9 BM 0 . 29 Wll-3 SA (c) Q 96 El 7-10 BM 0 . 27 Wl 1- 15 BM 0 . 31 
El9-l SA (c) Wl 1- 17 BM (c) Q 158 E23-l SA 24 Wl 1-18 BM (c) 
E24-2 M 0 . 18 Q 422 Wll -20 M (c) M 196 M 90 E24-4 BM (c) SA 810 SA 25 W14-l BM 0.19 E24-7 SA 31 Wl4-2 BM 1.6 BM 498 E24-9 BM 0 . 20 BM 198 Wl 5-1 BM (c) 
E24-l 0 BM 0 . 09 Q 17500 BM 1.0 Wl 5-4 M 0 . 10 M 3580 M 382 - E24- ll BM 0 . 10 Wl 5-5 BM (c) 
E24-l 2 BM 0.24 M 206 Wl 5-6 BM (c) w E24-l 3 M (c) Wl 5-7 BM 0 . 68 Q 110 I E24- l 4 M (c) Wl5-8 BM (c) 0 E25-l M 0 . 09 Wl5- 9 BM 0.08 I 

w E25- 2 M (c) W15-10 BM (c) ~ E25-5 M 0.10 Wl 5-11 BM 
(c ! E25-6 M (c) M 965 Q 30 Wl8-1 M (c 

E25-9 M (c) Wl8-2 BM (c 
E25-l 0 BM 0.13 Wl8-3 BM (c) 
E25-ll BM 1.4 Wl8- 4 BM (c) 
E25-l 2 M 1.5 Wl8-5 BM (c) SA 93 SA (c) 
E25-l 3 M (c) Wl8-7 BM (c) 
E25- l 6 M 0.09 Wl8-l0 BM (cl E26-l Q (c) Wl 8- 11 BM (c 
E26-4 M 0.14 I/ 5.5 Wl8-12 BM (c) 
E26-5 BM 0 . 12 Wl9-3 SA 31 E27-1 Q 11 Wt 9-5 M l. g M 117 M 44 E28-8 BM 0.10 Wl9-7 BM (c) 
E28-9 BM 0.20 BM 106 BM. 233 W21-l 61 E28- l 2 M 0 . 11 BM 24 W22-l M 15 Q 1.5 E28- l 3 BM (c) Q 43 W22-2 BM 0 . 13 
[28-16 Q 227 W22-l 3 BM 0 . 17 BM 1830 BM 4 .4 [28-17 BM 0.12 W22-l 9 M <0.08 M 1115 [28-18 M 4 . 3 W22-20 M 0 . 14 M 300 E28- l 9 BM 9.9 W22-21 BM l. l 
E28-20 M 5.2 W22-22 BM 0 . 36 SA 445 SA 0 . 6 E32-l SA 0.25 W22-26 BM 25 BM 17500 SA 326 
E33- 7 M 5.4 W22-3B BM 0 . 18 
E33-9 M 0.94 W23-l BM t [33-18 BM 0 . 30 W23-2 BM 
E33-23 M 0.34 BM 1400 M 28 W23-3 BM 

1:1 E33-24 M l. 9 W23-4 M M 1600 SA 4.2 
E33-25 BM 1.6 BM 108 BM 439 W23-7 BM c) 

W26-3 M c) M 1.5 M 3 . 1 
(a) Gross Beta is calculated as 106Ru. .. (b) The 106Ru toncentration Guide is not strictly applicable to an unknown mixture of beta emitters • 
(c) Indicates that the concentration was less th•~ the analytical li'!'it. 
No entry indicates no analyses were performed during the 6-ll'Dnth period. 
Sall'Ollng Frequency Code: SA - Semiannual; Q - Quarterly; BM - Billllnthly; M - Monthly. 
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TABLE I_I.3-D-18 

AVERAGE GROSS BETA, TRITIUM AND NITRATE CONCENTRATIONS 
IN 100 AREA AND ASSOCIATED 600 AREA WELLS 

Gross Beta(a) (e!; i/!!!lL Triti"" !eCilml) Nitrat e (mn/1) 
Ana lyt ica l Limit 0 .08 1.0 0 . 5 
Concentra lion Guide (b) 3000 45 

Well Sampling July-Oec Sampling July-Oec Sampling July-Dec 
Ni.,nber Frequency __.!_fil_ frequency __.!_fil_ Frequency __.!_fil_ 

199-84-4 SA (c) SA 6.8 SA 2. 2 
89-1 SA 1.9 SA 1.0 
02-5 SA 16 Q 40 
U5-12 SA (c ) Q 9 Q 36 
F5-1 Q (c) Q (c) 
F8-l Q 19 Q 72 
Hl-1 sA · 15 Q 18 
K-11 SA 92 Q (c) 
K-20 Q 6 . 5 Q (c) 
N-3 Q 0 . 54 Q 140 Q 13 
N-4-0 Q (c) Q 1060 Q (c) 
H-6 Q l. 3 Q 130 
H-7 
N-8-T 
N- 10-P Q 0.10 Q 59 Q (c) 
N-14 Q 0 .25 Q 105 Q 10 
N-15 Q 0 . 19 Q 275 Q 8 . 4 

..... 
699-59 - 32 SA (c) ..... . 60-32 SA (c) w 60-57 Q 2.2 Q (cl I 

0 60-60 Q 2 . 2 Q 0: 1 
I 61-62 Q 2 . 4 Q <0 .6 w 61-66 Q (c ) Q 2 . 9 u, 

62-31 SA (cl 
62-43F SA (cl 
63-25A SA (cl 
63-55 Q 1. 7 Q 0.6 
63-58 Q 3.2 Q (cl 
63-90 SA (c ) Q 2 . 4 
64-62 Q l. 7 Q 0 .8 
65-50 SA 1.4 SA (c) 
65-59 Q 1.6 Q 0 . 1 
65-72 Q 2 .0 SA (c) 
65-a3 Q 2 .0 SA 2. l 
66-23-0 SA (cl 
66-38-0 SA (cl 
66-39 SA (cl 
66-58 Q l.8 Q 0 . 7 
66-64 Q (cl Q 1.2 
67-51-0 SA (c) Q 0.8 
67-98 SA (c) SA 1.9 
69-45-0 SA (cl SA (cl 
70-68 SA (cl SA 1.8 
71-30 SA (cl SA 17 
71-52 SA 3.8 Q 2. 7 
71-77 Q (cl SA 1.8 
72-73 SA (c) SA 2 . 2 
72-88 SA 16 SA (cl 
12-n-o SA 23 SA 3.4 
74-44 Q (c) SA (cl 
74-48 Q 1. 7 Q 3.2 
77 - 36 Q (c) Q 2 
77-54 SA (c) Q 4 .8 
80-435 SA (c) Q 2 .4 
81 - 58-0 Q 8 . 2 Q 0.7 
83-47-0 Q (cl SA (cl 

TABLE Il.3-0-18 {Continued) 

Gro ss Beta(a) (e!;i/ml) Tritium !eCilml) 

1.0 

Nitrate (mnl)) 
Analytical Limit 0.08 
Concentration Guide (bl 3000 

0.5 
45 

Wel 1 Sampling July-Dec Sampling July-Oec Sampl Ing July-Oec 
Humber Frequency __.!_fil_ Frequency __.!_fil_ Frequency __.!_fil_ 

699-84-35A-O SA (cl Q 
87-55 Q 155 Q 
89-35 Q (cl Q 
96-49-0 SA 1. 1 Q 
97-43-0 SA 8 . 8 Q 

101-48i• SA (c) SA 

(al Gros Beta 1s calculatod as 106Ru. 
(b) Tho fo6Ru Concontration Guido 1s not strictly app11cab1• 

to an unknown mixture of beta em1 tters. 
(c) Indicates that tho concentration was loss than tho 1nalyt1ca1 11• 1t. 
No entry indic•tes no analyses wero porfonned during th• 6-1110nth period. 
Sampl Ing Frequency Code: SA - Semiannual; Q - Qllartorly; SH -

Bi1110nthly; H - Honthly. 

TABLE 11.3-0-19 

(c) 
8 .9 
5 
2 
6 
0 . 6 

ANALYTICAL DATA - 300 AREA AND ASSOCIATED 600 AREA WELLS 

Gross Beta(a) (e!; i lml) 

Anal ytical Limit 0 .08 
Concentration Guide (bl 

Well Sampling July-Dec 
llumber Frequency __.!_fil_ 

699-S 12-3 
519-£13 Q (cl 
527 - [14 
529-E 12 
530-El SA 

399-1-1 H <0.09 
1-2 Q (cl 
1-3 H 0 . 09 
1-4 Q (cl . 
3- 1 8H 0.1 
3-8 H 0.3 
4-1 Q (cl 
4-7 Q 0 . 17 
4-8 (c) 
5-1 
6-1 
8-2 Q 
8-3 

Nitrate (nio/1) 

0 . 5 
45 

Sampl Ing 
Frequency 

Q 
8H 

Q 
Q 
Q 
H 

OH 
H 

8H 
H 

SA 
8H 
8H 

8H 
OH 
Q 

8H 

July-Dec 
__.!_fil_ 

0.8 
6 . 9 

11 
(c) 
2. 0 

53 
25 

146 
15 
48 
24 
12 
2e 
13 
14 
12 
7.8 
2 . 7 

(a) Gros Beta is calcuhtod as 106Ru. 
(b) The fo6Ru Concontration Gulde ts not strictly appl icablo 

to an unknown mixture of beta em1 tters. 
(c ) Indicates that the concentratton was loss than the analytical 11 .. 1t. 
No entry indi cates no analyses were perfonned during the 6-1110nth period. 
Samp ling Frequency Code: SA - Semiannual; Q - Quarterly; 8H -

Binonthly; H - Honthly. 





THIS PAGrt fN E · 1 I NALL' 
·~ LEFTBLtu.~ 



·-.-

NITRATE IND3I CONC[NTRATION5 

JUL Y· OECEMBER 19n 

ca >45 mg/I 

CZ,:) BASALT OUTCROP ABOVE WATlR TA BL! 

• WE U 
DRINKING WATlR 5TANOAR D 15 45 mg/I 

MIU5 

n"io' 

T1WEN09 
~GNCTICNORTH 

FIGURE_!.!.:3-D-20 AVERAGE NITRATE ION (N03) CONCENTRATIONS FOR 1973 
(Drinking Water Standard: 45 mg/1) 

with the groundwater. · They have formed the plumes of contamination shown in Figures II.3-D-18, 
-19, and -20 drawn from the average concentrations measured July - December 1973 from the various 
sampled wells. The stationary assumption is implicit in presenting a semi-annual average map to 
represent contamination condit ions. Evaluations of temporal rates of change in concentration at 
each well have not been made. A general historical perspective may be obtained by reviewing the 
series of groundwater reports cited earlier. 
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The main features shown by the contamination plumes are: 

• Relatively little spread of the plumes from the 200 West Area has occurred due to the low 
groundwater velocities. 

• Large plumes from the 200 East Area illustrate flow paths of relatively high groundwater 
velocity. 

• Local contamination exists under the 100 (reactor) Areas from cooling water infiltration 
and trench disposal at 1OO-K and 1OO-N. 

• Gross beta contamination under the 300 Area is calculated as 106 Ru although it is pri
marily from uranium waste. 

• Residual nitrate contamination remains from pre-Hanford agricultural operations north of 
Gable Mountain. 

Estimates of the inventory of ruthenium, tritium, and nitrate ion in the saturated groundwater of 
the unconfined aquifer are given in Section II. 1.1.4.4 (Volume 1). The operating histories of 
the various disposal facilities, indicating when the effluents were introduced to the environment , 
are summarized in Table II. 1-1 (Volume 1) and Table II.l-B-1 for the reactor areas and Tables 
II . l-C-3 and -4 for the 200 Areas. Quantities of radionuclides discharged to each disposal site . 
associated with 200 Areas are tabulated in an ARHCO report, ARH-2757, "Radioactive Liquid Wastes 
Discharged to Ground During 1972 . " Table II.l-B-7 contains estimated inventories from the 
100 Areas cooling water leakage and disposal operations • . Table II. l-B-9 presents the estimated 
discharges to the 1OO-N Area cri b. Input chemical concentrations to the 300 Area pond are shown 
in Table III.1-26 (Volume 1) . Other radionuclides that have been identified in the groundwater 
include 6°Co, 131 I (at the 1OO-N Area), 90sr, 13 7Ce, 12ssb, 129I, 99Tc,* and uranium. However, 
only a few wells near disposal sites have shown these contaminants and the well density does not 
allow for definition of the small plumes of contaminants that exist. A gamma scan analysis is 
used to quantify the 1O6Ru, 60co, 125Sb, 131I, 13 7Cs concentrations. 

Groundwater from 3 to 6 wells per year has been analyzed for a few chemical water quality parame
ters in addition to nitrate ion including sodium, calc i um, sulfate, and pH. Values for the chemi
cal ions are given in Table II.3-D-2O. In recognit i on of the need for add i tional data , a full 
spectrum of water quality ana~yses has been i nitiated for many wells distributed over the Reser
vation. Results from the first set of samples appear in Table II . 3-D-2O. In the 300 Area, cop
per , fluoride and chromate ion analyses are performed on groundwater samples since the fuel 
fabrication wastewater contains these contaminants . 

All routine groundwater analyses are performed by the Battelle-Northwest analytical laboratory. 
The special water quality studies and duplicate quality assurance analyses have been done by 
United States Geological Survey Laboratories in Salt Lake Ci ty and Denver. Other duplicate analy
ses have been done by the Washington State Health Services Divis i on which routinely mon i tors 
groundwater from three wells surrounding the si te of WNP #2 power reactor currently under 
construct ion . 

In addit ion to the identification of analytical problems with dupl i cate quality assurance analy
ses, a routine program of well ma i ntenance and inspection was instituted in 1974. This includes 
inspection with a downhole TV sys t em followed by evaluation and maintenance work by a drilling 
rig, such as cleanout of sand and silt, brushing the casing, perforating, and well development by 
pumping . These procedures help insure adequate communication between the borehole and the aquife r 
so a representative groundwater sample is obtained. In early 1974 extens i ve revisions in the 
organization and management responsibilities for the routine groundwater monitoring program were 
begun. One major addition to the program will be a comprehensive quality assurance program cover
ing all phases of sampling, analysis evaluation and reporting . Two years will be required to 
fully implement these plans . 

* Recent ly, a more comprehens ive analysis for 12 9I (half life, 1. 6 x 1O7y) was added to the 
groundwater mon i toring prog ram . Due to the l ow energy of the beta and gamma f rom 129 I, a 
special chemica l separati on is r equired and newly developed analysis methods are no~ avail
able . Prelimi nary indication i s tha t 129 I in the groundwater may have an environmental 
importance comparable to r uthenium and tritium. The first results will be reported in the 
next annual mon i tor i ng report "Radiological Status of the Groundwater Beneath the Hanford 
Project for 1974" to be issued during 1975 . Groundwater concentrations of 99Tc are found 
to be less than 106Rh. The routine monitoring program has measured 106 Rh concentrations 
with special samples for 99Tc on an intermittent frequency. The 106Rh was considered to be 
a good measure of the position of the rapidly moving radionuclides other than tritium and 
12~ 1. 
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TABLE I I. 3-D-2O 

WATER QUALITY RESULTS FROM VARIOUS WELLS SAMPLED NOVEMBER 1974(a) ' ; 

Well Well Well Well Well Well Well Well Well 
699- 699- 699- 699- 699- 699- 699- 699- 699-

gualitt Comeonent 2-3 42-12 Han-19 S11-E12A 27-8 69-38 S3- 25 33-56 49-55 
Alk, Tot (as CaC03) mg/1 126 118 138 126 119 258 125 167 94 
Arsenic Diss µg/1 14 8 10 12 9 3 8 5 11 
Bicarbonate mg/1 153 144 168 153 145 314 152 204 115 
Bromide mg/1 0. 1 0.1 0.1 0. 1 0.1 o. 1 0.1 0. 1 0.2 
Calcium Diss mg/1 44 41 31 39 56 72 51 42 55 
Carbon Dioxide mg/1 3. 1 2. 3 3.4 2.4 2. 3 16 3.1 6.5 1.5 
Carbonate mg/1 0 0 0 0 0 0 0 0 0 
Chloride Diss mg/1 8. 9 13 3. 1 5.B . 13 14 23 7. 6 24 
Chromium Diss µg/1 0 0 0 0 0 0 10 0 0 
Chromium Hexavalent µg/1 3 6 0 0 3 0 0 0 0 
Color 3 0 0 0 0 8 0 3 3 
Conductivity µmhos/cm 418 440 321 352 486 704 513 429 601 
Copper Dissolved µg/1 8 2 2 8 1 3 12 9 1 
Cyanide mg/1 0.00 o.oo 0. 00 0.00 0.02 0.01 0.00 0.00 0.00 
Fluoride Diss mg/1 0. 3 0.4 0.4 0.3 0.2 0. 1 0. 5 0.3 0. 3 
Hardness Noncarb mg/1 30 42 0 17 70 0 60 0 100 
Hardness Total mg/1 160 160 110 140 190 220 190 160 200 

,· . Hydroxide mg/1 0 0 0 0 0 0 0 0 0 .. 
Iodide mg/1 0.00 0.00 0.00 0.00 0.00 o.oo 0. 02 0.01 0.00 
Iron Diss µg/1 60 30 50 330 20 330 1600 2400 180 
Iron Ferrous µg/1 40 30 50 60 20 260 90 200 120 
Magnesium Oiss mg/1 11 14 7 .1 11 12 8.8 14 13 15 

0-
Nitr. N02 As N02 Dis mg/1 0.00 0.00 0.00 o.oo 0.03 0.00 0.00 0.03 o.oo 
Nitr . N03 As N03 Dis mg/1 22 28 4.2 22 58 15 0.27 11 12 
Nitrogen NH4 Asn Tot mg/1 0.06 0.01 0. 02 0.04 0.04 2.3 0.03 0. 06 0.03 
Nitrogen N02 Asn Dis mg/1 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 
Nitrogen N03 Asn Dis mg/1 5.0 6.4 0.95 4.9 13 3.4 0.06 2.4 2.8 
N02 + N03 As N Diss mg/1 5. 0 6.4 0. 95 4.9 13 3.4 0.06 2.4 2.8 
PH 7.9 8. 0 7. 9 8.0 8.0 7. 5 7. 9 7. 7 8. 1 
Phosphorus Tot As P mg/1 0.02 0. 01 0.03 0.05 0.02 1.5 0.06 0. 02 0.08 
Potassium Diss mg/1 6.3 5.4 5. 4 4.6 6.4 13 7.3 5.8 7.7 
Residue Dis Cale SlJTI mg/1 270 285 216 238 318 429 308 284 398 
Residue Dis Ton/Aft 0.37 0. 39 0.29 0.32 0.43 0.58 0. 42 0. 39 0. 54 
SAR 0.7 0.8 1. 1 0.6 0.6 1. 9 0.8 0. 9 1.3 
SelenilJTI Di ss µg/1 3 3 1 2 0 1 2 
Silica Diss mg/1 35 39 37 39 36 23 28 39 36 
Sodium Diss mg/1 19 24 25 16 19 64 26 27 41 

Sodium Percent 20 24 32 19 17 37 23 26 30 
Sulfate Diss mg/1 48 49 20 25 46 64 81 36 150 
Turbidity (JTU) 1 1 1 1 1 3 9 10 
Water Temp (DEG C) 17.5 17.5 17.5 16 . 5 14.5 18.5 

(a) Analysis by Central Laboratory, USGS, Salt Lake City, Utah. 
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A routine program of hydrological measurement is also carried on at the Hanford Reservation, 
including quarterly water level measurements at about 330 wells and semi-annual preparation of a 
water table map for the Reservation. Temperature logging of the wells has also been done on an 
intermittent basis. The most recent temperature logs of the wells were obtained in January 1974. 
Figure II.3-0-21 shows the temperature distribution at the surface of the unconfined aquifer at 
that time. The residual heat from the previous reactor operations is evident, as is the thermal 
plume emanating from the 200 Areas. Relatively warm surface water near the basalt outcrops ind i
cates recharge to the unconfined aquifer from the lower confined zones. Several areas of tem
perature anomaly exist with values both above and below those. expected for the local area . 
Vertical circulation within the various well bores probably accounts for many of these anomalies . 
Columbia River recharge effects on the temperature can be seen along the river boundary . 
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FIGURE II . 3-0-21 TEMPERATURE DISTRIBUTION AT THE WATER TABLE (January 1974) 
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In general, the thennal plumes reflect the same patterns of groundwater movement as do the radio
active contamination plumes. However, movement of process water to the east from 200 West Area 
is more apparent from the thermal map than from the contamination map. The older gross beta maps 
do show more of this eastward-tending plume. Most of the ruthenium, the prime beta emitter in 
this plume, has decayed. Reactor groundwater mounds contained water on the order of 70 to 90°C. 
The residual heat from these mounds can be seen in Figure 11.3-D-21 under the northern part of 
the Reservation. 

Continuous water level recorders are used for special investigations in conjunctions with a 
thermobarograph. The measured water level histories of the various wells have been published 65 

along with selected w~ter table maps covering the 1944-1973 period. · 

11.3-D.4.6 Effects of Waste Disposal on the Unconfined Aquifer [X.18] 

100-N Area 

The disposal of radioactive liquid waste to the 1301-N crib and trench is the source of ground
water contamination and resulting transport to the Columbia River. The normal flow rate is 
0.33 x 106 ft 3/day with the average radionuclide concentrations 74 shown in Table 11.3-D-21 and 
the representative chemical composition shown in Table Il.3-D-22. The discharged liquid waste 
seeps down to the water table, about 55 feet below the crib, and then moves toward the Columbia 
River; the minimum horizontal crib-to-river distance is about 800 feet. The most recent studies 
show minimum field-measured travel times from the crib to the riverbank springs to be 5 to 8 
days. 75 An estimated 20% of the flow from this crib reaches the river along the shortest travel 
paths while the remainder flows to the river along flowpaths having estimated travel times of up 
to 20 years. 

Computing the ratios of crib input to riverbank spring output concentrations gives values of 
0.002 .to 0.034 for those nuclides for which data are available. At the riverbank springs, 131 1 
and 90 sr were present in 1972 at average concentrations which exceed the Concentration Guides 70 

for release of water soluble radionuclide compound·s into the uncontrolled environment; the 
Concentration Guides are exceeded by factors of 1.15 for 90sr and 2 for 131 1. In 1973, only 131 1 
was above the Concentration Guide by a factor of 4.6. · Dilution in the river quickly reduces 
these concentrations to well below the applicable Concentration Guides. All other radionuclide 
concentrations at the riverbank springs are below their respective Concentration Guides . 

TABLE I I. 3-D-21 

1301-N CRIB INPUT RADIONUCLIDE DATA AND RIVERBANK SPRINGS .DATA, 1973 

To the 1301-N Crib Seeoaae from Crib to River via SQrings 
Average Peak Total Avera9e Peak Total 

Radio- Concentration Concentration Released Cone en tra ti pn Concentration Released 
nuclide QCi/ ~ QCiU Ci/yr QCi/ 9. QCi{. ~ C1/E_ 

3H 1.5 X 105 1. J X 106 480 ND 1. 7 X 106 48:J 
51Cr 5.0 X 104 4.4 X 1 o5 160 4.0 X 102 J .6 X 103 0.5 
54Mn 1. 6 X 105 i . l X 106 500 7.0 X 101 2.4 X 103 0. 1 
58Co 8.7 X 1 o3 7.6 X 104 23 3.0 X 101 1 .1 X 103 0.005 
59re 2 .4 X 105 1. 9 X 106 650 4.6 X 101 4.8 X 103 0.08 
60Co 1. 1 X 105 1.4 X 106 320 2.9 X 102 7.3 X 103 0.5 
90Sr 4. 9 X 103 1 _.5 X 104 16 l. 7 x l o2 8.4 X 102 0.3 
95zrNb 9.6 X 104 5.9 X 105 410 3. 2 X 10] 2.3 X 103 0.04 
99Mo 1. 6 X 105 1.8 X 106 1260 4.0 X 102 1. 0 X 104 0.3 
101Ru 2.4 X 1 o4 7.3 X 105 80 ND ND ND 
106Ru 5.6 X 104 8.0 X 105 190 ND ND ND 
131 I 8. 3 X 104 6.6 X 105 390 1.4 X 103 7 .0 X 103 2 
133Xe C 105 9.8 X 102 5.6 X 103 1.0 X lO J 5.9 X 520 0.7 
134Cs 1.4 X 104 5.7 X 104 23 ND ND ND 
lllcs 1. 5 X 104 4.2 X 104 46 2 .5 X 101 1. 9 X 102 0.05 
140aaLa 1. 2 X 105 1.1 X 106 460 1.3 X 102 2.0 X 103 0.2 

ND - No Data 
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TABLE I I. 3-D-22 

CHEMICAL CONCENTRATIONS AT 100-N AREA, AUGUST 1972 

Riverbank Springs Ambient River Concentration 
(mgll) (mgll l 

Sulfate 5.5 4. 5 

Calc i um 24 .5 17 . 

Chromi um 20 . 0.1 

Nitrate 2. 7 0. 1 

Total Solids 123. 81. 

Alumi num 50. 80 . 

Iron 25 . 75 . 

Magnesium 3. 3. 

Arrmonia <O, l <O. l 

Nitrite <0,002 <0,002 

St ront i um 0.080 0. 120 

The disposal of the nonradioactive chemicals is insignificant for all but chromium, which occa
si onally can be detected in the river downstream. Since 1972 the chromium discharges have been 
eliminated by recirculation of the stream containing the chromium. As shown in Table II . 3-D-22 , 
the concentrat ions of the other chemicals are near the ambient concentrations in the river . 

200 Area 

Waste management operations in the 200 Areas affect the quality of the groundwater under the 
· Hanford Reservati on in two major ways . First, the disposal of liquid waste to cribs and trenches 

is the source of the radionuclide inventory on the soil and in the groundwater described in 
Appendixes II . l - B, C and E. Second, the disposal of large volumes of process cooling water has 
had a significant effect on the elevation of the groundwater table of the unconfined aqu i fer. 

The sorbed contaminants, most fission products and all transuranic elements travel at a slower 
rate than the groundwater flow and many of these contaminants decay before moving more than a few 
thousand feet from the disposal site. Most of the sorbed contaminants remain on the soil columns 
and do not reach the water table. The radiolog i cal status of the groundwater near the surface 
of the unconfined aquifer is monitored regularly. The gross beta (calculated as 106 Ru) plumes 
and t he tritium pl umes were discussed in the preceding section . 

300 Area 

Discharges to t he 300 North Process Pond, the sewage leach trench, the 384 ash pits, the 331 leach 
trench (which was taken out of service at the end of 1973) and the 315 filter plant are sources 
of l i quid 'waste disposal to the ground in the 300 Area. However, only the 300 North Process pond 
and the sewage leach trench have significant flow rates; these average 0.4 x 106 ft 3/day and 
0.064 x 106 ft 3/day, respectively. With the exceptions of fluoride and nitrate ions, the input 
concentrations to the North Process Pond and the 331 leach trench are below the Concentration 
Guides for Drinking Water Limits for release to uncontrol l ed areas. The average fluoride and 
nitrate ion concentrations are 35 to 40% above their respective drinking water limits. 

The minimum time required for seepage from the North Process Pond to travel the minimum distance 
(about 250 feet) to the Columbia has been estimated at about 3 days. In vi ew of the local ground
water potential surface configurat ion, about 70% of the seepage from this pond i s assumed to move 
directly eas t to the ri ve r . Groundwater mon i tor i ng wells near t he North Process Pond and t he 
sani tary leach trenches are anal yzed regularl y for gross alpha and gross beta activ i ty and nitrate, 
chromium, and fluoride ion concentrations . Average concentrat ions shown by Well 399-1-1 (between 
the North Pond and the Columbia River) were factors of 2 to 4 below the input to the pond . 77 

Those from Well 399- 1-3 (between the pond and the trench) were factors of 1. 4 to 2 l ower, except 
fluoride ion (which was the same) and nitrate ion (which was a factor of 1.3 higher). 

Riverbank seepage springs located about 1 mile -north of the 300 Area and directly east of the 
South Process Pond or about 100 feet downstream of the sanitary leach trenches are sampled 
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regularly. Historically, the South Process Pond has contributed to the flow of these springs. 
Except for a few days in 1972 and 1974, the South Pond has been out of service since 1968. These 
springs are not on the shortest flow path from the North Process Pond to the river; however, they 
are near the shortest flow path from the sanitary leach trenches. Travel times of 6 to 7 days 
from the North Process Pond to the riverbank seepage springs were observed using the chromium ion 
as a tracer. 78 

These springs also became submerged at higher river stages on a daily to weekly frequency; thus, 
dilution by river recharge greatly affects the discharge concentrations observed at this sampling 
location . For 1972, the yearly average nitrate ion concentrations for the North Process Pond and 
the riverbank spring were equal at 61 mg/liter. Complete chemical analyses of the spring samples 
were made through the first quarter of 1972. The first quarter averages are presented in Table 
II.3-D-23 along with corresponding groundwater concentrations . On this quarterly basis, signifi
cant concentration reductions for chloride ion, copper ion, and uranium appear in the groundwater 
reaching the riverbank spring downstream from the Process Pond . The fluoride and nitrates ion 
concentrations were reduced to below drinking water limits; a smaller concentration reduction 
was observed for sulfate and chromium ions. For comparison, samples of riverbank springs 
upstream of the 300 Area show a first quarter 1972 nitrate ion concentration of 0. 55 mg/liter and 
fluoride ion concentration of O. 15 mg/liter. The sulfate concentration is above the ambient 
river concentration shown in Table II.3-D-23; no other chemicals were measured at these springs . 
Dilution by riverbank recharge is assumed to be the major cause of the concentration reductions . 
Very little of the uranium is being retained by the soil. 78 Therefore, the 300 Area North Pro
cess Pond appears to be releasing nitrate ion to the Columbia River at an average annual concen
tration above the drinking water limit. However, dilution by riverbank recharge tends to reduce 
the concentration at the surfaces of seepage into the Columbia River. The potential exists that 
the groundwater entering the river may periodically exceed the drinking water limit for fluoride 
ion. · 

Element 

Cl 

Cu 

Fe 

F 

N0
3 

S04 

Cr+6 

pH 

u 

TABLE II.3-D-23 

AVERAGE CHEMICAL CONCENTRATIONS FOR THE .FIRST QUARTER 1972 
(mg/ .2. ) 

Seri ngs Range Well 
Nor th Pond I neut Riverbank serings May 1971 Through March 1972 399-1-1 

11 3 .9 l. l 16 

3.4 <0.05 0 . 006 0. 08 

0 . 14 0 . 016 0 . 002 0. 15 

3 . 3 0 . 58 <0 . 05 1.8 0 . 66 

68 20 l. 2 212 37 

28 21 13 40 

0.004 0.003 0.001 0 . 023 

7 .4 8.0 7. 4 8 . 2 

0. 047 pCi / ml 0.019 pCi/ml 0.016 pCi/ml 0 . 20 pCi/ml 

Well 
399-1-3 

l. 9 

130 

Bacterial and biological water quality parameters are routinely measured at the 300 Area sanitary 
waste leaching trench, which is located about 400 feet from the Columbia River shoreline, as well 
as at the seepage springs at the riverbank; Table II.3-D-24 shows the sample results for 1972 . 
The coliform counts at the riverbank springs are within the Environmental Protection Agency (EPA) 
standards for a public drinking water supply. Similarly, the BOD levels are well within the EPA's 
discharge criteria for publicly-owned secondary treatment plants for a 30-day average. In view 
of the Columbia River water quality data presented in Table II.3-D-24, the 300 Area sanitary 
waste leach trench appears to have a negligible impact on the Columbia River . 

New trenches, which will be located about 1,200 feet from the Columbia River, are planned to 
replace the North and South Process Ponds. The primary advantage will be to increase the minimum 
travel time of groundwater flow to the river, thus affording a greater chance for dilution and 
radioactive decay of the waste material entering this disposal facility. In view of the opera
tional change previously described, only an accident would cause significant concentrations of 
contaminants to enter the new wastewater trenches. 
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TABLE I I. 3-D-24 

BIOLOGICAL MEASUREMENTS OF SAMPLES COLLECTED FROM THE 300 AREA LEACHING TRENCH 
AND ITS ASSOCIATED RIVER SHORELINE SEEPAGE AREA - 1972 

300 Leaching Trench River Shoreline Seeeage Area 
Coliform Enterococd BOD Coliform Enterococd BOD 

Date Nf l 00 ml NflOO ml ~ Date N/100 ml N/100 ml ~ 
l /11 330,000 3,300 7.0 1/11 23. 16 . 3.4 
2/8 190,000 5,000 6.7 2/8 2. 5. 1.2 
3/14 1,280,000 6,500 5.9 3/14 7. 4. 3. l 
4/4 720,000 29,000 2.6 4/4 6. 10. 3.4 
6/20 640,000 7,500 4.2 6/20 105. 20 . 4.0 
7 /11 1,320,000 12,000 4. 0 7 /11 250 . 28 . 4.0 
8/8 500,000 23,000 4.6 8/8 60. 17 . 2.8 
9/5 3,000,000 17,000 3.6 8/22 130 . 25 . 1. 2 

10/3 850,000 33,500 2.0 9/5 30 . 13 . 0.45 
11 /14 320,000 11,000 1.9 9/19 98 . 55. 1.9 
12/12 264,000 8,000 1.4 10/3 25. 18 . 1.6 

10/24 115 . 148. 1. 6 
Average 855,818 14, 164 4.0 11 /14 6. 120 . 1. 4 

EPA Treatment 12/12 8. 7. 1.8 
Plant CrHeda 30 . Average 62 . 35 . 2. 3 

(Federal Water Quality Standards for Public Water Supply) 

Desirable <100, Permissible <10000. 

400 Area (FFTF) 

The only waste discharge to ground at the Fast Flux Test Facility (FFTF) is a combination san i
tary sewage and construction waste water stream with an average rate of 2,700 ft 3/day which has 
an insigni f icant effect on the groundwater flow patterns and water quality . Under operati ng 
conditions , this discharge will be monitored to ensure that i t is free of radioactivity . 

600 Area and Other 100 Areas 

Sanitary sewage leach trenches and tile fields are in operation at 100-B/C, 100-K, and 100-D 
Areas with the maximum average discharge rate being 1,300 ft 3/day (100-K Area). Various other 
facilities in the 600 Area, including fire stations, road maintenance building, BNW Atmospher i c 
Physics , etc. also have san i tary sewage discharges to leach trenches, with a maximum average 
rate of 400 ft 3/day (Atmospheric Phys ics) . The impact of these minor sources is negl igib le . 

Sanitary waste in plant areas is generally treated by a septic tank and t il e leach li nes or 
leach t renches fo r disposal of t he water. The volumes of these disposals are relat i vely small , 
and penetration rate t o the water table is generally measured i n years. In the shallow soil s , 
around lines buried 18 inches to 36 inches deep, aerobic bacterial action preva i ls with high 
bi olog i cal purification. During sunmer months, large quantit i es of the di sposal will be lost to 
the atmosphere by evaporation. 

11 . 3-D.5 The Confined Aquifers 

The limited amount of research to date indicates that a number of confined aqu i fers are under
neath the Hanford Reservation. Relatively impermeable confining beds corrmonly include the indi
vi dual basal t f lows where they are continuous and greater than about 50 feet thick and the silts 
and clays of the l ower part of the Ringold Formation. 79 Within the basalt sequehce , groundwater 
is transmitted primarily i n the i nterflow zones , either in sedimentary beds or in the scoria and 
breccia zones forming t he tops and bottoms of the flows . 80 , 81 Some of the basalt f l ows in the 
Pa sco Bas i n have been eroded , particularly i n t he anticlina l ridges . In some locat ions the 
basa l ts are highl y jo i nted and conta i n brecci a , pi llow and pa l agon i te complexes t hrough whi ch 
groundwater can move . Consequently, hydraul i c potenti al differ ences between water-bear ing zones 
i n the upper part of the basalt sequence are small, over hundreds of feet of depth . The l ower
most Ringo ld Formation si l ts and clays are of variable thickness . Dist i nct hydraulic pot ential 
di fferences have been observed below the silts and clays of the unconfined aqu i fer . About 
90 wel ls on the Hanford Reservation have been drilled to basalt. Thus data on the confi ned aqui 
fe r s in the basalt flows are scarce and inadequate to fully characterize the confined aqu i fers. 
The ident i fied recharge area is from the Yakima Rive r at Horn Rapids. The piezometric map i n 
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Figure 11.3-D-22 suggests recharge from the upper Cold Creek Valley with flow toward a potential 
trough under the Columbia River . The Columbia Basin Irrigation Project to the northeast and east, 
and the Columbia River behind Priest Rapids and Wanapum dams to the northwest are recharge areas 
where basalt is exposed and covered by unconsolidated deposi_ts which are saturated perennially. 
A possible minor recharge site is adjacent to Gable Butte-Gable Mountain anticline near the 
center of the Reservation. 
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FIGURE 11.3-D-22 HYDRAULIC POTENTIAL DISTRIBUTION OF THE UPPERMOST CONFINED AQUIFER - 1970 
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The piezometric or hydraulic potential map for the confined aquifer in Figure II.3-D-22 was based 
on measurements made in 1970. In general, the hydraulic potential observed in the confined zones 
above the basalt is greater than in the overlying unconfined aquifer. The main exception is in 
the vicinity of the 200 Area recharge mounds which have raised the potential in the unconfined 
aquifer. At ARH-DC-1 there is a decrease in hydraulic potential at a depth of about 3,600 feet. 81 

The lowest observed potential was 365 feet at a depth of 4,000 feet which is higher than the nor
mal 340-foot Lake Wallula pool elevation. The decrease in potential with depth indicated that 
there is a downward flow to the water-bearing zone at 4,000 feet. Groundwater flow in this aqui
fer is also to the southeast with possible discharge into the Columbia River somewhere below 
Lake Wallula. However, the flow rates are expected to be quite small due to the low transmis~ 
sivity range of this water- bearing zone . Data from the area of the Horse Heaven Hills indicates 
that groundwater below the 3,600-foot depth must discharge to the Columbia River north of these 
hills. Groundwater in the lower confined aquifers does not appear to cross the major anticlinal 
divides that define the Pasco Basin. 8 1 · 

Seven wells that penetrate the aquifer confined by the Ringold silts and clays showed a 1- to 
2-foot head rise during the 1963-1964 period. All of these wells are adjacent to the Columbia 
River. Wells further from the river showed no significant rise in water level. Water level data 
from the U.S. Bureau of Reclamation show that water levels in the unconfined aquifer in Franklin 
County were rising rapidly, reflecting an increase in potential at recharge sites to the north
east of the Hanford Reservation. These data strongly suggest that the hydraulic potential rise 
was caused by recharge from the Columbia Basin Irrigation Project . 79 Water level trends in most· 
of these wells continue upward, as shown in the hydrographs of Figure II . 3-D-23 . 
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In 1970 and 1971, twenty-three wells that penetrate the uppennost confined aquifer were pump 
tested and transmissivity values calculated. Valid data were obtained from seventeen of the ;---

1 tests and are presented in Table II.3-D-25. Values of transmissivity ranged from 2.3 square feet · j 

per day to 2,400 square feet per day. Corresponding hydraulic conductivities based on estimated 
aquifer thicknesses were less than 0.1 foot per day to about 15 feet per day. 69 

Some data on the aquifer properties of the lower confined aquifers are available from the deep 
drilling project, Well ARH-DC-1. 81 This well was drilled to a depth of 5,661 feet and is located 
near Well 699-48-49. At this well the basalt at depths from 362 to l°,200 feet deep had a trans
missivity of about 695 square feet per day. A sedimentary unit which occurs in this zone from 
830 to 936 feet has a transmissivity of about 355 square feet per day. A dense basalt zone from 
960 to 1,090 feet has a transmissivity of 0.2 square feet per day. One significant water-bearing 
zone 10 feet thick which occurs at 3,230 feet has a transmissivity of about 68 square feet per 
day. Corresponding hydraulic conductivities were computed by factoring out the aquifer thick
nesses from the transmissivities. Values from 0.0016 to 0.029 feet per day were calculated. 
Five significant basalt flow contacts had high hydraulic conductivities on the order of 8.7 feet 
per day. The five zones are located at depths of 1,200, 2,050, 2,600, 3,200, and 4,000 feet at 
Well ARH-DC-1. Water-bearing sedimentary interbeds are centered at 500, 650, and 900 feet and 
range in thickness from 25 to 100 feet. The bed at 900 feet, which is about 100 feet thick, con
sists of well sorted medium sand of moderate permeability. Its hydraulic conductivity is about 
3.5 feet per day, making it the most productive aquifer penetrated by this well. 

Only one measurement of the storage coefficient has been made in the confined aquifer above the 
basalt. (The storage coefficient is the change in volume of water per unit horizontal area caused 
by a unit change in the potential head. For the confined aquifer, it reflects the compressibility 
of the water and the elastic properties of the porous matrix . ) The results at Well 699-14-E6 
gave values ranging from 0.0005 to 0.0007 which are lower than those measured in the Ringold 
Formation. 79 

The water quality and radiological status of the groundwater in the confined aquifers have been 
measured with less detail and regularity than for the unconfined aquifer. The most extensive mea
surements have been for the tritium content. Table II.3-D-26 gives the results of the most recent 
(1968-1970) tritium measurements and the volume pumped before sampling. The differing well struc
tures make a representative sampling of confined aquifer water difficult. Most values are below 
the routine tritium detection limit for water samples from the unconfined aquifer (500 to 700 
pCi/liter) . 

TABLE II.3-D-25 TABLE I I. 3-D-26 

CONFINED AQUIFER PUMP TEST RESULTS TRITIUM IN HANFORD WELLS TAPPING 
THE CONFINED AQUIFER 

Transmissivity 
(ft2lda,i'.) 

Hydraulic Conductivity Samples Results(a) Volume Pumped Prior 
Wel 1 Number (ftldatl 

199-83-2 3.5 0.1 
199- H4-2 2.3 <0.1 
299-Wl 1-2 100 0.1 
399-5-2 6 <0.1 
699-S18-E2 13 1.3 

699-Sll-El 2 35 0.9 
699-S6-E4-C 1500-2400 9-15 
699-Sl -7-B 1600-2200 10-14 
699-10-El 2 190-210 19-21 
699-14-E6 470-760 7-11 
699-14-38 400 130 
699-20-El 2 350 9 
699-20-E5 430 1.2 
699-24-1 . 87 0.9 
699-28-40 4. 8 0.3 
699-34-88 24 0.1 
699-84- 35 4.3 0.4 

Well Number (eCi tritiumlliter) to Sameling (gallons) 

l 99-H4-2 600 ± 70 NM 
730 95,000 

299-Wll-2-P 3,900 + 320 500 
- 640 

699-S11-E12A 610 ± 29 Flowing Well 
699-2-33-P <500 NM 
699-10-£12-P <500 NM 

1,500 ± 56 1,600 
<500 700 
<500 700 

699-14-£6-P 550 -+. 77 2,000 
610 - 35. NM 

699-14-38-P 640 NM 
699-15-15A 540 NM 
699-20-E12-P <500 NM 
699-20-E5-P <500 NM 

<500 NM 
699-24-1-P 760 NM 

<500 NM 

(a) The Concentration Guide for public drinking water, as 
given in the ERDAM-0524 Appendix, Table 2, is 
3 x 106 picocuries per liter. 

NM - Not Measured. 
Detection limit 500 to 700 pCi/liter 
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Table II.3-D-27 81 gives the results of chemical analyses from wells that tap basalt aquifers 
under the Hanford Reservation. There is a decreasing trend with depth for calcium, magnesium, 

t and sulfate and an increasing trend with depth for sodium and chloride, as observed in ARH-DC-1 . 

t 
', 

HANFORD 
WELL DATE 

t-AJMBER COLLECTED 

TABLE II.3-D-27 
CHEMICAL ANALYSES OF GROUNDWATER SAMPLES FROM WELLS DRAWING 
WATER PRINCIPALLY FROM BASALT UNDER THE HANFORD RESERVATION 

(Physical Data) 
MILLIGRAMS PER LITER 

u c 1 ~ 
~ a·· ~ '§ u ;;; ~ ~ 
"' 3 ;;; 
i= :e V, '= :e :e ::', :e '2 ~ :e ~ '= c = = = < ~ ; 'a'! :::, ;; :e 
ffi ~ ffi '::! :::, V, :e V, :e 

< < z =, '= ~ I :::, u i <.:> ~ g z :::, V, 
a.. 

~ z 0< "" ~ C u <.:> 0 < § 
~ 

~ 3 "'- u z 0 < ,::0 0 ~ < < 0 
V, < !!: :e u~ z u N u :e V, a.. :::; 

--0 
u 

d"" :!, 
~ '= ~~ < z < 0 

"' 
z ~ 

~ < "' < 
"' ~ u < :::, 

"' u V, 

----
11124-14Nl 11/13170 IS 45 0.00 0.03 , 0.02 , 0.03 · 0.05 ·. 0.05 . 0.1 0.20 18 8.3 · 0.05 12 4.5 <0.02 109 15 

ll/26-34Rl 11119170 24 75 0.35 0.05 , 0.02 . 0.03 · 0.05 · 0.1 , 0.01 1.0 0.0 · 0.05 122 15 · 0.02 154 15 0.0 
699-Sl8-51 

12l23-28(lllal 9121170 15.4 36 0.02 0.02 · 0.02 0.03 0.8 18 7.9 9.0 L8 93 0 II 

12124 -2(}11 9111170 26 56 0.00 0.08 0.05 · 0.03 --·-- 18 II 21 1.1 170 0 0.2 

12/28-24Nl 9115170 19 56 0.14 0.05 0.10 · 0.03 3.7 0.7 94 II 170 29 

13124-ZSEI 8/'ll/70 24.2 56 0.09 0.09 0.10 , O.Ol ----- 18 II 26 7.3 180 0 0.2 
699 -52-lll 

13125-lOGI 8127170 26.9 56 0.08 0.07 0.05 O.Ol ----- 16 8.9 lO 8.6 175 0.0 
699-53-103 

ll/25-XXa 918170 ll 57 0.08 0.08 0.05 0.03 ----- 16 8.8 lO 8.3 175 0.0 

ll/26-35Hllbl 518/tll 46 0.1 0.10 0.00 0.00 2.1 0.l 79 7.8 199 10 0.0 
ARH-OC -1 

14125-101 9117170 26.4 56 0.02 0.14 0.02 O.Ol ..... --- -- .. .. · -· - · 24 8.6 17 II 141 24 
699-107 -79 

15126-2&.JI S/151111 ---- 54 0.0 0.06 0.00 0.00 --- -- ·---- --- - ·---- II l3 4.1 17 139 24 
699-114-60 

MILLIGRAMS PER LITER 

01 S SOLVED SOLi OS 
DEPTH Of 

SPECIFIC ALTITUDE CONTINUOUS 
HANFORD RESIDUE ON HARDNESS CONDUCTANCE Of LANO DEPTH UNPERFORATED STATI C WATER LE VEL 

WEU 
N03 P04 B 

EVAPORATION caco
3 

IMIC ROMHOS SU RFACE OF WELL CASING DEPTH 
NUM8£R Cl F CALCULATED AT l!IO"C NONCAR BONA TE AT 25°c1 pH COLOR IFEETI IFEETI IFHTI lfEET I DATE --

11124-14Nl 4,2 0.4 0.0 0.09 0.02 161 -,q m 7.5 0 28(,() 407 220 1970 

11l26-34Rl 81 8.5 0.2 0.01 0.49 400 408 597 8.8 0 1212 IOOJ m 802 1958 
699-Sl8-51 

12/23-Zl)llal 5.1 0.4 4.1 0.18 0.06 139 146 78 201 7.2 0 2200 

12l24-11Jll 18 0. 6 0.0 0.02 0.02 202 204 90 276 8.0 0 1060 1200 400 •92 1924 

12l28-24Nl 29 4.2 0.0 0.13 0.09 124 32'1 12 468 8.7 0 4l0 755 19 

13124-250 4.4 0.7 0.0 0.03 0.09 2ll 2ll 90 295 8.0 0 924 777 m •3o 11 '28'51 
699-52-lll 

ll/25-lOGI U 0.7 0.0 0.03 0.11 211 220 77 287 8.1 0 836 1110 +l1Z 11 128'51 
699-53-10) 

ll/25-lOGI 4.5 0.7 0.0 0.03 0.07 211 216 76 0 288 8.1 0 

13l26-35Hllbl 4.2 1.0 0.1 0.11 0.06 249 252 0 )44 8.6 u 572 5661 964 166 51816'l 
ARH-OC -1 

14125-101 5.0 0.4 0.0 O.Ol 0.03 215 222 96 0 291 8.1 0 660 938 8'11 183 619'58 
699-107-N 

15126-211:)1 4.3 0.3 C.2 0.04 0.04 226 220 41 l03 8.4 770 '1'12 860 117 9TS1 
699-114-60 

lalA DEVELOPED SPRING 

lblWELL ARH -OC -1. SAMPLE TAKEN FROM THE DEPTH INTERVAL OF 540-620 FEET DURING CONSTRUCTION Of THE WELL. 
WATER LEVEL GIVEN IS THAT FOR THE DEPTH INTERVAL OF 540-620FEET MEASURED DURING CONSTRUCTION OF TrlE WELL 
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11.3-D.6 Aquifers Across the Columbia River 

Very little data are available on the groundwater aquifers to the north and northeast of the , .- -
Columbia River. This area has been leased to the State of Washington and the U.S. Bureau of 
Sport Fisheries and Wildlife and is no longer under direct jurisdiction of ERDA . About 35 wells 
were at one time in this Wahluke Slope-White Bluffs area, of which 20 remain. 82 The confined 
basalt aquifers underlie this area, as under the present Hanford Reservation. The unconfined 
aquifer exists only under the parts of the Wahluke Slope between the higher bluffs and the 
Columbia River. The Ringold Formation and glaciofluvial sediments form this aquifer. 

The Saddle Mountains form the northern boundary to the confined aquifers and are a potential 
recharge site due to basalt flow outcropping. The Columbia Basin Irrigation Project and the 
Columbia River behind Priest Rapids and Wanapum Dams are other probable recharge areas. Recharge 
also results from surface runoff in coulees and ditches. 81 The Columbia River forms the primary 
discharge boundary for the unconfined aquifer. Seasonal riverbank storage and discharge also 
takes place as it does on the Reservation side of the river . The remaining sources of recharge 
to the unconfined aquifer are the irrigation wasteways and ponds that have been constructed since 
this land was released from ERDA control. ERDA does not monitor observation wells to record the 
recharge effects of these ponds. 

The water table elevations in the unconfined aquifer near the Columbia River range from 370 to 
405 feet MSL at the four available observation wells. The hydraulic potentials in the wells that 
penetrate the confined aquifers average about 50 feet higher. These wells are perforated in 
several basalt aquifers, precluding representative potential measurements. 

The limited amount of information available indicates that the groundwater in the unconfined 
aquifer across the Columbia River moves toward the river, discharging into it. Some evidence 
indicates that groundwater in the confined aquifer may be flowing under the present riverbed to 
a trough of low potential. This flow, mixed with confined aquifer groundwater from under the 
Hanford Reservation, then moves downstream (with some discharge into the Columbia River) and up 
through the unconfined aquifer, controlled by the hydraulic conductivity of the confining beds . 

Water quality data for the groundwater across the Columbia River consist only of routine nitrate 
measurements for the confined aquifers and some data given in Table II.3-D-27. No nitrate concen
trations above the routine detection limit (0.5 mg/liter) _have been observed. Analyses for gross 
alpha, gross beta, and tritium have been made. The measurements of radionuclide concentrations 
in the confined aquifers have also shown no detectable concentrations above the routine detection 
limits. 

11.3-D.7 Program Review 

The purpose of the Hanford Hydrology Program is to maintain a groundwater surveil l ance network 
to assess contamination of the natural water system and to conduct all needed groundwater manage
ment operations. Potential groundwater contamination is primarily a function of waste management 
decisions. A comprehensive review2 , 83, 84 of the groundwater management and environmental moni
toring programs at the Hanford Reservation was initiated in 1973 and completed in 1975. The 
review, co.nducted by an independent consultant, revealed that the hydrology program is adequate 
to predict levels of contaminants present in the groundwater system. No information was found 
which indicates that a hazard through the groundwater pathway presently exists as a result of 
ERDA Waste Management Operations at Hanford. 85 

The technical recommendations made as a result of the independent review are listed in the final 
report 8 4 by areas of endeavor, with some overlap occurring. All recommendations are summarized 
in Table II.3-D-28 with note made of the action taken or comtemplated. Decisions will be made 
as current work indicates the best course of action. Studies are presently underway to refine 
advanced mathematical models to use results of the hydrologic investigations in forecasting the 
response of the system to different long-term management decisions. Special emphasis is on 
improving existing monitoring structures as well as enhancing the data base to be used in the 
predictive models. 

Uuring the last six months, accelerated technical progress in the field of groundwater management 
has produced the following changes and improvements: 

• An inventory has been made of well structures used for radionuclide monitoring. Structures 
have been selected on the basis of definite clearly spel led out criteria. 

• A preliminary gravity survey of the basin conducted using a 600-station gravity network has 
been completed. A bedrock map based on this survey is being prepared. 
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• A comprehensive review of all the data available regarding transmissivity and hydraulic 
conductivity as of 1975 and the generation of various hydrologic maps have been completed. 

TABLE 11.3-D-28 

MASTER PLAN FOR HYDROLOGIC MANAGEMENT 

Regional Hydrogeology 

Understanding of the regional hydro
geology of the Hanford Reservation -
evaluation of the validity of model 
assumptions 

A study of the confined aquifers in 
the basalt and a study of the Ringold 
aquifer 

Conduct the needed hydrologic tests 
in the confined aquifers to estab
lish whether or not a model of con
tamination must be applied to this 
aquifer 

Vadose Flow Model 

Theoretical Work 
• Complete formulation of the 

mathematical flow regime 

• Solution of the numerical 
algorithm 

Experimental Work 

• Determination of water potential 

!! 
"' .., 
C: 

X 

X 

X 

vs. depth and time in the lysimeters X 

• Determination of barometric pressure 
changes vs. depth and time in the 

"O ., .., 
"' 
C: 

., 
-" 
0 
I-

X 

lys imeters X 
• Determination of the extent of 

moisture remova 1 by barometric pres-
sure pumping X 

• Conduct a hydrologic inventory at 
the lysimeter site X 

• Correlation of extent of precipita-
tion and infiltration X 

• Determination of the effect of tem
perature changes on water potential 
and water transport 

PERCOL Model 
Begin to apply the model directly to as 
many useful purposes as possible 
Extend the model to the case of acid 
discharges 

PST Model 
Improve the efficiency of the numerical 
algorithm being used X 
Conduct a thorough cheQk of numerical 
dispersion 

Re-examine the problem of•tank rupture 
Verify that the assumptions required 
by the present model are satisfied in 
the Hanford environment 

Expand the cooperation with data 
processing 

Test the model with field and 
experimental data 

X 

X 

-"'.. 
0 
:,: 
., .. 
:, .., 
:, ... 

"O ., 
C: 
C: 

"' ;;: 
.., 
0 
z 

C: 
0 

.,, 
u ., 

0 

0 z 
Transmissivity Iterative Routine 

Theoretical Work 
• Improve the efficiency of the 

computer program 

• Develop a storage coefficient 
calculation to be performed simul
taneously with the transmissivity 
ca lcul ati on 

• Extend the model to account for 
transient boundary conditions and 
disposal flow rate variations 

• Improve the mode 1 in the transmi s
s iv i ty determinations 
a) near the mounds underlying the 

waste disposal sites 
b) in areas where small radii of 

curvature in the streamtube 
occur, and 

c) near impermeable boundaries 

• Verify the model 
Experimental Work 
• Implement a field program involving 

geologic, geophysical, and hydro
logic work to accurately establish : 
a) the position of the bottom sur

face of the unconfined aquifer 
b) the amount of infiltration, and 

location of infiltration sites, 
and 

c) the value of transmissivity and 
storage at various points in the 
reservation 

VTT Model 
Improve the efficiency of the computer 

"O ., .., 
"' 
C: 

X 

X 

X 

program X 
Check for numerical dispersion espe-

C: 

., 
-" 
0 
I-

X 

cially when the flow velocity is high X 
Check for the validity of the model 
assumptions to the Hanford environment X 
Compare results of the model to 
observed field water table measure-
ments and where disagreement is noted 
make a careful scrutiny to establish 
the reasons for the discrepancy X 

Transport Model 

Theoretical Work 

• Streamline the numerical algorithm 
and check the instabilities 

• Improve the modeling capability for 
the tank leak case 

Experimental Work 
• Conduct an experimental and field 

program to expand knowledge of 
dispersion components and the 
strontium sorption coefficient in 
the Hanford Reservation 

X 
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TABLE I I. 3-0-28 (Continued) 

.,, .,, QI 
QI .... .... .., .., -"' .,, C: 

-;:; -"' .,, C: .... .. QI 0 .. QI 0 .,, 0 C: -;;; .,, 0 C: QI C: ::a C: 
QI !; ::a C: "' .... .., .... .., .., QI ;;: V .., QI ;;: V QI .. QI 

QI .. QI .... .D ::, Cl .... .D ::, Cl .... .... .... .... C: 0 ::, 0 0 
C: 0 ::, 0 0 I- ... z: z 

I- ... z z 

Data Bank Water Level Monitoring 

Conduct a complete literature survey All wells with open intervals of 40 
of Hanford hydrogeologic publications feet or more should be plugged X 
and related matters X Piezometers should be used to monitor 
Develop a comprehensive data system future episodic events X 
covering all wells in the basin to The present retrieval system is awk-be implemented in the Battelle ward, time consumi ng, and expensive . 
computer X All head data should be published 
Establish a comprehensive data routinely X 
cataloging system X 

Develop the necessary software for Radionuclide Monitoring 

the data bank X Wells constructed for the radionuclide 
monitoring program should have ident i-

Permanent Data Monitoring Program cal open intervals. A program should 

Implement a hydrologically sound data be initiated to determine the optimum 

monitoring program X 
well design and the optimum sampling 
procedures for obtaining comparable 

Establishment of an Interim samples X 

Contingencz: Plan The possibility of sample aging should 

Using sound water management prac- be examined in detail X 

tices aqd the data and models pres- Complete chemical analyses should be 
ently available , examine various obtained as well as radionuclide 
potentially hazardous situations and content X 
determi ne ways to correct the situa- The data should be repo~ted in its 
tion. Update the interim contingency entirety in a systematic fashion X 
pl an periodically as model and data 
improvements warrant it X The collector, analyst, and inter-

preter should be separate individuals X 
Definition of the Hz:drologic Imeact 

I 

of Waste Diseosal A mass balance should be achieved X } 

Precise definition of input and output X 

Groundwater chemistry analysis of the 
flow system X 

/ 
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II.3-E METEOROLOGY 

,, II.3-E.1 General Climatology 

' 

\ 

For ~eneral climatological purposes, meteorological data from the Hanford Meteorology Station 
(~S) are representative of the Hanford site. Much of the information, including figures and 
tables, used in the fo 11 owing sections was derived from "Cl imatography of the Hanford Area" 1 

which is based mostly on continuous observations at the HMS since 1944. Local topographic fea
tures have some influence on prevailing wind directions observed onsite. 

Air masses with source regions over the continent and over the Pacific Ocean reach the Hanford · 
Reservation and exe.rt their influence. Sunmers are sunny, warm and dry, with severa 1 hot days. 
In the winter, frequent changes in the weather are caused by Pacific storm systems carried east
ward by prevailing winds and arctic air masses moving southward from Canada. 

The Cascade Mountain Range to the west greatly affects the climate of the Hanford area . Hanford 
is in the rain shadow of these mountains, which results in relatively low rainfalls over the Han
ford site. By serving as a source of cold air drainage the Cascade Mountains also have consider
able influence on the wind and temperature regime at Hanford . This drainage (gravity) wind, 
plus topographic channeling, causes a considerable diurnal range of wind speeds during the sunmer 
at the HMS. 

The HMS exoeriences high winds due to squall lines, frontal passages, strong pressure gradients 
and thunderstorms. This site has experienced only one observed· tornado and has not been known 
to be affected by hurricanes. · 

Table II.3-E-l is a summary of local climatological observations, including means and extremes . 

II.3-E .2 Temperature 

The average maximum temperatures in January and July are 36.7°F and 91.8°F, respectively . The 
average minimum temperatures for the same months are 22. l°F and 6l.0°F, based on local records 
from 1912 to 1970. The_ daily temperature range is about l7°F in January and about 30°F in July. 
Mountain ranges shield the area from many of the arctic air surges and half of all winters are 
free of temperatures as low as 0°. However, six winters in 58 of record show a total of 16 days 
with temperatures -20°F or below, and in January-February 1950, there were four consecutive such 
days. Ten days of record occurred when even the maximum temperature failed to rise above zero . 
At the other extreme, in the winter of 1925-1926, the lowest temperature all sea.son was +22° . 

Although the minimum winter season temperatures have varied from -27° to +22°F, summer season 
maximum temperatures varied only from 100°F to 115°F. However, considerable variation occurs 
in the frequency of such maxima . For example, in 1954 there was only one day with a maximum as 
high as 100°F. On the other hand, in two sunmers (1938 and 1967) the temperature went to 100°F 
or above for 11 consecutive days . 

Although temperatures reach 90°F or above on an average of 56 days a year, there were only seven 
annual occurrences of overnight minima 70°F or above. The usual cool nights are a result of the 
gravity wind . Figure II . 3-E-l presents an annual graphical sunmary of the diurnal normals and 
extremes of air temperature. 

By applying Gumbel's 2 theory of extreme values, the probability of occurrence of extreme values 
of highest and lowest temperatures was developed. 3 These findings are presented in Figures 
II . 3-E-2 and II.3-E-3. The figures show the expected frequency of climatological extremes 
already experienced at Hanford as well as the frequency with which still greater extremes can be 
expected. Also a period of time can be specified, which may be in centuries, and the magnitude 
of an extreme can be estimated, which can be expected within that period. The charts employ both 
normal and extreme probability theory. Because of limitations inherent in any theory which uses 
a brief history for projecting into the future, the charts should be considered as only "best 
estimates" based on the available array of data. 

II.3-E-1 
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FIGURE II.3-E-3 PROBABILITY OF LOW TEMPERATURES BASED ON LOWEST TEMPERATURE 
DURING EACH OF 58 WINTERS AT HANFORD : 1912-13 to 1969-70 

A "chinook" 4 is defined as a warm and dry west wind of the foehn type which occurs on the eastern 
side of the Rocky Mountains . Its arrival is usually sudden, with a consequent large temperature 
rise and rapid melting snow. During the winter months the Hanford area frequently experiences 
the "chinook inversion." For example, on January 7, 1949, the temperature rose from 19° to 43° 
(24°) in one hour as the result of the passage of a warm front (Figure II.3-E-4). On November 24, 
1970, the temperature rose 8° in 4 minutes, 15° within 15 minutes, and 22° within 30 minutes. In 
al l , the temperature on November 24, 1970, rose from a morning low of 24° to a high of 60°. The 
high of the previous day was 25° . 

Temperature records have been summarized for limited periods of time at various locations on the 
Hanford Reservation including the Wahluke Slope Station (6 year surrmary), 1 the Hanford Steam 
Generating Plant Area (l year summary) 6 and the Arid Lands Ecology Reserve . 7 

Climatologically speaking, no apparent significant temperature differences occur among the low
level sites although simultaneous temperature differences between low-level sites on the order 
of 10 to 15 degrees have frequently been observed. The pattern of weekly and monthly maximum 
temperatures over the Arid Lands Ecology (ALE) Reserve presents essentially a uniform adiabatic 
lapse rate of temperature with increasing elevation. Local·topography modifies this pattern, 
esoecially near the crest of the Rattlesnake Hills. Isotherms of minimum temperature indicate a 
well defined nocturnal temperature inversion reaching from 600 to 1000 feet above the valley 
floor . The intensity of the inversion appears to be dependent on season; months near September 
and March exhibit minimum temperatures near the top of the inversion 10 to 15°F warmer than those 
of the valley floor, whereas near June and December the difference is more nearly 5 to 10°F . 
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FIGURE II.3-E-4 EXAMPLE OF EFFECT OF CHINOOK (Observed 
hourly temperatures at Hanford, 
January 6-7, 1949) 

24 

Relative humidity averages 75.7% and 31 .8% in January and July, respectively, based on 15 recent 
years of record . The highest monthly average relative humidity was 89.9% in December 1963, and 
the lowest average was 21 . 9% in July 1959 . Figure II.3-E-5 presents January , July and annual 
hourly averages of dry bulb and wet bulb temperature values at HMS . Table II.3-E-2 presents 
monthly and annual frequency of occurrence of wet bulb temperature values at HMS . The other 
location on Hanford for which such information is available is at the WNP-2 site, elevation 
450 feet MSL, about 15 miles ESE of the HMS and within four miles of the Columbia River . A sum
mary of the frequency of occurrence of wet bulb values by months for one year of data is given in 
Table II.3-E-3 . 

Relatively higher humidity values can be expected at locations near the Columbia River as the 
result of the increased availability of airborne water vapor evaporating from the river . Rela
tive humidity values on the Wahluke Slope portion of the Hanford Reservation can be significantly 
higher as a result of agricultural irrigation operati ons conducted there. Relative humidity 
values can be expected to rise as one approaches the periphery of the Hanford area, again due to 
i ncreased proximity to extensive agricultural irrigation operations . 

Although the Southern Columbia Basin Irrigation District surrounding the Hanford area has 
increased to about 180,700 hectares during the past 23 years, 8 no apparent increase in atmospheric 
moisture in terms of relative humidity has been detected at the HMS near the middle of the Han
ford Reservation. Figure II . 3-E-6 presents mean values of relative humidity for July as well as 
long-term running means. 
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FIGURE II .3-E-5 JANUARY, JULY, ·AND HOURLY AVERAGES OF DRY BULB (D .B. ) AND 
WET BULB {W .B. ) TEMPERATURE, RELATIVE HUMIDITY (R .H. ) AND 
DEW POINT TEMPERATURE (D .P. ) AT HMS, 1957-1970 

TABLE I I. 3-E-2 

MONTHLY AND ANNUAL FREQUENCY OF OCCURRENCE (%) OF WET BULB VALUES (°F) 
PERIOD OF RECORD AT HMS, 1957-70 (TOTAL OBSERVATIONS : 122,712) 

JAN F£8 MAR APR MAY JUNE JULY AUG SEPT OCT NCN DEC ANNUAL -- --
75-79 0 0 0 0 0 0 0 0 0 0 0 0 0 

10· 74 0 0 0 0 0 0.06 0.38 0.14 0 0 0 0 0.05 

65-69 0 0 0 0 0.64 4.61 10.n 7. 'lO L46 0 0 0 2. 13 

60-64 0 0 0 0.30 4.59 11.85 30.44 n .50 12.32 0.94 0 0 1.89 

55 -59 O.l?i 0.01 0.30 ".2.39 16.10 30.14 3218 35.01 26.21 1. 94 0.16 0 1266 

50·54 0.48 1.30 2.90 10.60 28.32 30.13 Z0.34 2202 31.29 17.01 2.47 0.21 13.97 

:5-49 2.15 6.00 12.59 26.40 21.14 13.82 5. 22 6.62 18.11 29.19 11.68 7.28 13.50 

40-44 8.30 IS.41 27.31 32.80 16.68 2.65 0.69 0.75 7.54 25.89 Z3.9) 9.57 14.49 

35-39 15.17 26.62 28. 24 19.85 5.39 0.)4 0 0.05 1.85 12.93 25.n Z0. 96 13.00 

30-34 Z3. 60 26. 24 16.86 6.55 LOS 0 0 0 0.62 5.19 19.87 30.69 10.62 

25·29 20.60 )3.69 8.69 1.01 0.07 0 0 0 0.01 0.14 10.58 )9.57 6.Z3 

23-24 11.41 4.66 L99 0.05 0 0 0 0 0 0.11 3.93 9. 72 2.to 

15·19 1.1!3 1.50 0.88 0 0 0 0 0 0 0 1. 64 3.47 1.22 

10· )4 4.Z3 1.26 0.25 0 0 0 0 0 0 . 0 0.34 1.64 0.64 

05· 09 3.21 0.23 0 0 0 0 0 0 0 0 0.11 0.53 0.34 

ro-04 1.11 0.05 0 0 0 0 0 0 0 0 0 . 0.44 0.19 

--051 ·01 0.82 o.~ 0 0 0 0 0 0 0 0 0 0.41 0.1! 

· 101 ·06 0.32 0 0 0 0 0 0 0 0 0 0 0.31 0.06 

·151-11 0.16 0 0 0 0 0 0 0 0 0 0 0. 13 0.03 

·201 · 16 0.13 0 0 0 0 0 0 0 0 0 0 0 0.01 

LT. · 20 IJ.Ul 0 0 0 0 0 0 0 0 0 0 0 0 
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TABLE II.3-E-3 

WNP-2 SITE MONTHLY AND ANNUAL FREQUENCY OF OCCURRENCE (%) OF WET BULB VALUES 
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II .3-E.4 Wind 

In July, hourly average speeds range from a low of 5.2 mph from 9:00 to 10:00 a.m. to a high of 
13.0 mph from 9:00 to 10:00 p.m. In contrast, the corresponding speeds for January are 5.5 and 
6.3 mph. 

Although the gravity wind occurs with regularity in summer at the HMS, it is never strong unless 
reinforced by frontal activity. In June, the month of highest average speed, there are fewer 
instances of hourly averages exceeding 31 mph than in December, the month of lowest average speed. 
Although channeling results in a prevailing WNW or northwest wind the year round, at the HMS the 
strongest speeds are from the southwest direction. 

Periods of relatively low wind speed are also part of Hanford's wind regime. For example, Decem
ber has an average of ten days with a peak gust under 13 mph. By contrast, only once in seven 
years does June have even one such day. 

Joint wind speed, direction, and stability data are available from two locations on site . The 
longest periods of data are from the Hanford Meteorological Station tower. Wind roses for each 
stability and for all stabilities combined based on 15 years of HMS data are given in Fig-
ure II.3-E-7. Included in these are groupings of the persistences by wind speeds for each direc 
tion, based on the annual joint distributions of stability (tT between the surface and 200-feet), 
wind speed (200 feet), and direction (200 feet) for the period 1955 through 1970 . 1 These data 
are presented in Table II.3-E-4. Figure II.3-E-8 presents wind rose ·summaries based on one year 
of data 6 from the meteorological tower at the N Reactor site. These two locations cover the 
winds in the northern and central sections of the Hanford site. The definition of stability used 
in Figures II.3-E-7 and II.3-E-8, as well as in the Hanford diffusion model, is given in 
Table II.3-E-5. 

Wind data are also available for the WNP-2 site about 15 miles ESE of the HMS at an elevation of 
450 feet MSL. Figure II.3-E-9 presents wind roses at the WNP-2 site for a 12-month period. 
Figure II . 3-E-10 presents similar data for the HMS site for the same period. Figure II.3-E-11 
presents average monthly wind roses for the HMS site over a 15-year period. A comparison of the 
12-month HMS data with the 15-year HMS data indicates that winds during the short term were 
reasonably typical of distributions during the long term. Therefore a reasonable inference is 
that the WNP-2 short-term winds are also typical of the long term; likewise, apparent differences 
between the two sites indicated by the two short-term periods of record are probably authentic 
differences. The most outstanding difference· appears to be the much more frequent occurrence of 
west and northwest wind directions at the HMS site. This can be attributed to the gravity of 
"drainage" wind which occurs regularly at the HMS during the nocturnal hours but not at the WNP-2 
site . 

Surface wind rose data based on an eight point compass have been compiled from the telemetering 
network of meteorological stations. A summary of these wind roses plotted on a map of the mea
surement site is given in Figure II.3-E-12. These sensors were located so that they would define 
local topographical effects on surface winds as well as the general surface flow of winds . The 
occurrence of the gravity or "drainage" wind can be seen at stations l, 8, 12, 13, and 14 . The 
high occurrence of winds along a southwest-northeast axis at Station 10 can be attributed to a 
local channeling by topography. At Station 15 again the high occurrence of southwest winds is 
due to local channeling. At Station 9 the northwest-southeast effect is due to channeling. 

As material ;-s transported and dispersed by the atmosphere, a portion of it may be carried or 
diffused to heights well above the surface boundary layer. For this reason, climatological infor
mation on the winds above the surface based sensors is valuable. The seasonal and annual wind 
rose plots for four levels up to 1500 mare shown in Figure II.3-E-13. The 15 m level wind roses 
were derived from the once daily observation taken at 1300 PST from the 15 m level on the Hanford 
tower. The other levels are based on pibal data for a period of 11 years derived from monthly 
sunrnaries of wind direction and average speed for the 1300 PST observation . For comparison pur
poses , Figure II.3-E-14 shows the wind roses from this level for the observations taken at 
0100 PST, 1300 PST and the composite for all 24 hours. 

The wind rose data in Figure II .3-E-14 show a very strong diurnal influence in the winds mea
sured at 15 meters at the HMS . The high percentage of west through northwest winds observed 
during the early morning hours probably reflects the night time drainage from the higher ground 
in that direction . This feature does not occur in the afternoon wind rose . The wind roses for 
the lower levels cannot be considered representative of all hours because of the topographically 
induced diurnal cycle in the winds . However, the infiuence of this drainage cycle on the flow 
diminishes with height and in the Hanford area should have .practically no effect above 500 m. 
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TABLE II.3-E-4 

HMS COMPOSITE REPORT {1955 THROUGH 1970) OF PERCENTAGE FREQUENCY DISTRIBUTION OF WIND 
SPEED AND WIND DIRECTION AT 200-FT LEVEL VERSUS ATMOSPHERIC STABILITY 

(see text for stability definition) 

SF.ASON • ™ 
NN~ .• .. N.~ . Et!F. E ESE SE SSE s SSW sw w!!w w WNW NW tlNW N _" AR; C':ALt ' TOTA i. 

ys 0 115 0,13 o,n9 o,u 0,21 o,23 .h16 0,13 o.14 0,21 0.15 o,38~~-Q ... 3..7 0 1 22 n ,14 n.23 .. ] _,_ 55 . 
MS o,oe 0,11 o,oi 0,10 o,!7 0,20 0,01 0,08 0.08 o,oa 0,01 0,14 n·.09 0.10 o.H 0,12 n ,08 n,iiT 1 , 86 

.. . !':I . .. . Q,.!-.Q. J!!2LQJ.i1. 9.,?-4 .0,20 0,19 0,01 0,01 0 , 06 o_.01 O, Q3 0,12 o,Q6 . . o.p 9,1.8 o,2? n, .15 n.,0 1 2 , 15 
u o,51 o,7o 0,39 0,46 0.29 o,31 0,12 0,20 0.16 0.14 0.11 0,14 0,17 a.Jo o,36 0,67 n ,so n,01 5.5,, 

····~··,- ·· ·vs i,;fs o;n· 1r;ia 0,15 0,18 0,30 0,20 0,24 0.20 0,35 Q.52 0;93 n,99 Q.92 0,53 o·,34 n ;o1 n . 6 ; 25 
Ms 0108 0,12 0,10 0,16 o.18 o,33 0,16 0,18 0.1, 0,19 0. ·27 0,44 o.37 o.37 Jl...i.23 o,?.2 n ,01 n, 3,5 7 
~ o, 06 o, io o, n, o, i3 o:ITT, 25 o, 13 o, 11 o-:Or~·o-:T~T:ro~ 18 o. 21 o, foo. l o· n , o2 n , 2,W. 

............ v ... t•. 9.~. ,1.!9.3 .. q!.6? Q,61 . 0!52 o,71 o.,46 0,60 o.56 o,65 o.38 0,40 o,58 !-28 1,19 1,21 n, 23 n, 12.15 

8 •12 vs 0,11 0,15 0, 1 4 0,10 0,08 0,13 0,22 0,14 0,14 o,24 0.61 1,29 2.06 1 . 54 0,51 0,?.2 n , n , 7 , 67 
········· ·· ·Ms·11·;n··a;u n,n4 o;e6 0 ; 0·1 0;20 0,21 0,18 o.2e 0;31 o.58 1,13 1;45 o.98 0,25 0;14 n, n . 6 ; 15 

~ 0,01 0,04 o,n5 o,05 0,06 0,10 0,10 0,06 o.o9 0,14 0,18 0,11 n , 31 o.39~,08 ':.,_ n . 1,9A 
u o,55 0,44 0,19 0,14 o,1ro~ro;n~ o:-sro:-So if-;-,r-o:-n- 0-;ITT:,2 o,56 o-;:ls n , oo- n-, - - T ,oli .. 

·r ;s -·is· yjf ·o·; o"6 ·a.o• o,n4 r:04 o.oo o ; os 0,17 0,03 0.02 0,07 0,34 0,50 1·,20 1.34 0,15 o,i i n, n , 4 ,1" 
.~S . 9.,99 . . ~! 0.7 .o,o~ .0.,0;5 0 , 02 0 , 09 o,.16 0,12 0 , 26 o.58 1.12 1,15 3 1 43 1.89 o ,14 0 , 12 n , n , 9,8Q 
~ o,o9 0,02 o,n, 0,01 0.01 o , o5 O,os 0,08 0.10 0 , 20 o.29 0,21 o ,39 o . 38 o , o• o, o• n , n, 1 , 95 
u a,u 0.21 o,a!! 0,02 .u~.9.1....o...OJ 0,08 0,11 .0.,.H _Jl...t..§..~H .. .D.,:U.. ..!! .... ~.L1.!.11. . .D .... U.~L-. . JI ... ... -2 ... ?.rr 

19•24 vs o, o,oo o , oo 0,01 o . 0,01 0,02 0,01 o . 0 , 01 o . n4 0,02 0.06 0.20 0,01 . o, n , n. o . 3A 
..... ..... Ms · o·; os 0;02 0,01 0 , 01 o,oo o,04 o,oa 0,01 0.1a 0, 51 0 . 12 0;45 1,9;· 1 . 36 0; 03 0,02 n , n, 5 , 5?. 

N 0,02 0,02 O,Ol o, o. 0,01 0,02 0,07 0 . 10 0,19 0.20 0,08 0,30 0 . 35 0,01 0 , 01 n , n, 1 . 41 
u·· 0 ; 12 · 0;0·6 0;01 0; 01 o. 0, o;oi 0,04 0.26 0;63 0:12 0,21 o,52 0 . 75 o:· 02 0,04 n; n , 3 . 4n 

'•') 
1 

OVER 24 VS 0, 0, Ot 0, 0, 0 , 0, 0, o:· 0,00 0,01 0, 0,00 O. 0, 0, n· ~ -· -n·; · --,f~iii 

I,_ 

J1S .. Q.,Q.1. .o,J.; o, . . o, o, o, 0,01 o,os 0 . 19 0,45 o,26 0,011 n,75 o.84 o, 0,01 ~ . n, 2,6?. 
N 0,01 o,oo o,oo o,oo o. o, 0,01 0,01 o.o7 o,~4 0,14 o,o3 n,24 o . 26 o, o, o , n, 1 . 0?. 

.. ... .... . . .. . U .. . o .... oi . t,D.3 .o,o.~ o, o. o, o, 0,02 0 . 11 o , 84 o.59 0,14 n,33 o . 56 0,01 0 , 01 °, n, ?,73 

TOTALs vs 0 147 o,46 o.~~o.....n 0,16 o,5• .. Q.~..io~~......1.,1 .. L!.i.2.L~RL..i?. ~ ... ~....i.~ ... n.L~} .. ..l~,JLl . 
MS 0,42 0,42 0,25 0,36 0 , 45 ~0,69 0,67 1.15 2,17 3 . 02 3,9? 8,09 5 . 54 0,79 0,62 r1 ,o, n,o e 29,61 
N o,35 ·o,38 0,24 o,33 o , 39 0,61 o,37 0,4o o . 48 o.91 o . 95 0,1s 1 , 48 1 . 12 o , 48 o , 45 r. ,17 n.01 10.5• 

•· ••· ·····u ·· 2;,,2··2:46 i: ;"j; 1;23 0 , 93 1 , 32 0,90 1,23 2.0, 3.89 3.52 1,74 3 ; 2s 5.58 2,25 2;76 n;-;4 n,0 1 37.8~ 

-~ • SlfHHFP 

.... . ............. NNE .. .. Nl ... EllE . .. . ..E •••• ESE. 5.E. . .. S.SE . .S SSx s.w . . w!w w WNH . . .. N.W. NJ\IW Ill VAR, CAL !' T.OTAL 

JL.:....L vs o ae a.oz o,n, o,o, 0.04 a,10 0,05 0,oa Q....4.Lo..10 0,13 0,11 o 14 0 14 0,00 0,12 o o4 o 10 ..1...4.8... 
NS o,o, 0,04 0,04 o , o, 0,08 0 , 12 0,04 0,01 o . o4 o , os 0,06 0,12 o,o9 0 . 11 0 , 04 o,o, 0;06 n.o~ 1 , 16 

. . ......... . N ... ll.,U .. 0,.10 .. 0.i.Oi . 11.,12 .. .D.,.10. Q, .1~ h07 0,06 . 0 , .11.1 0,06 0,08 0,0? 0,07 0 •. 11 0 1 1.0 0,15 .0,10 0 ,05 1,64 
u o , 42 0,65 0,21 0,37 0,36 0 , 37 0,18 0,31 0.16 o,32 0,21 0,24 0,18 0 . 35 o,37 o,57 0,93 n,02 6 ; 211 

··-· ----- -- ---- - · ·- .. . .. . 
4 • 7 vs 0,14 0,13 0,10 0,13 0,12 0,21 0,14 0,11 0.13 0,18 o,35 0,11 o,81 o . s1 o,38 0,21 0,01 n, 4 , 4~ 

!!S 0,08 Q,QB Q,DI Q,10 Q,16 Q,19 0,07 0,10 0 OZ ll~. 0,22 0,40 O,ZZ 0,22 . ..11...1.3 .. .Jl~~.D.1 0, 2~6.. 
N o,o9 0,01 o,na 0,08 0,16 0,21 o,oe 0,09 0.01 0,10 0,09 0,11 0,16 0.22 0,15 0,12 o,o3 n, 1 , 9A 

.... u .. . 1..s.a . .1,t!! . 0, .0 .. 1 .. oa .o,!I, 1,u o,76 o,,s 0,92 1.11 0.s4 o,aa o,85 1.66 1,47 1,19 o,87 n, 19,27 

8 . ~.12. . vs ll,1.4 Q,H .. hOi . 0.,09. o,.u Q,18 0,16 0,09 0 . 06 0,13 Q.49 1,11 2,04 1.,a 0,44 0,18 n , n • 6 , 71 
NS 0,09 0,!0 o,oJ 0,09 0,11 0,12 0,10 0,05 0 . 06 0.19 o.48 1,25 1,49 0.63 0,13 0,12 n , n • 5 , 04 
bl 0,0, 0,03 010\1 Q a, Q,05 0,06 0,04 DJZ.Jl...D.!...Jl.....o..La......1..5 0,11 0,30 0,29....D.+il .. .D...03....0... .. . .. .. o~--.l • .4..6 
u 0;1e 0,14 0,20 0,1a o,1e o , 23 0,15 0,22 0.53 1.21 1 . 06 0,62 0 , 9, 1.95 0,66 0,66 0,01 n, 10 , 11 

13•18 vs o;o4 0,04 o,n2 0,03 0 ; 0,02 0,08 0,01 0 . 01 0 , 02 0,11 0,30 1,36 1 . 44 0,15 0,03 n , n • 3,65 
.MS. Q.,0.4 ll,U .0,.4~ o ... u 0.,0.1 0,03 .0,05 0,03 0 . 07 0,18 0,62 1,4? 4,79 2 . 03 0,13 0,05 0 , 0. 9 , 64 
N 0 , 02 0,02 0,01 0,01 o,oo 0 , 02 0,03 0 , 03 o . o3 0 , 10 0.29 o,24 o,44 o.36 0 , 02 o,n2 n , n • 1 , 64 

- ·--..........!J_ D,24 0.16 0,0' 0.04 0,02 .a......a.L.L.U.. Q, .H .0.,.U . .D .. 8.L .1 .. H . L.lJ_WL.1,U. 9 . ...1..D.J...U . ...Q ....... . . ~ • . ..6.JZ. 

a•.24 vs o; Q, 01 o,o , 0., . 0 . 0 . QI 0 . 0 . 0 . 0 , 01 0 , o , o~ 0 . 22 o , oo 0 , r • n , o ,.:n 
NS 0 1 02 0 , 03 o , oa 0 , 01 o , oo o , oo 0,01 0, 02 o , o3 o , 09 0 , 18 o,29 2,11 2 . 10 0,02 0 , 01 ~. n • 6 , 1 <1 
N 0.~01 O. , .a.:s .. o,.u .0LO!l . D, o , o, o , o . o~ 0 , 01 0 , 16 0,0., o , 5.1 0-58 0,01 O,OQ n , n • 1 , 47 
u 0,05 0,07 0,01 0 , 01 o, o, 0,02 0 , 02 0 . 01 0 , 27 0,45 0 , 1, 0 , 41 1 . 27 0 , 02 0,01 n , n • 2,8Q 

OVER 24 VS 0 1 0,00 o, 0. 0, 0, 0, o, o . o , o , O, o,oo o. o, O, n , n, 0,01 
. . . ... ... J!S. . hOl D.,IU . . O.t .. . . 0.,. 0., 0,00 Q,JO 0,00 0,01 0,03 0,0J O,OJ 1,02 l-6~ 1a00 0, O, "· 2.,7? 

N 0 1 00 o,or o, o, o, 0 . 0 , 01 0,01 0,01 0,03 0,08 0,02 0,49 0 , 19 o,oo 0, r. , n • !;44 
.... . . . . .... .1J.... .O... . o.,0.3 .. o,u .Q,. OL QI O, O, 0.03 0,15 0,24 0,07 0,26 1 , Q2 . 0,01 0, 0 . "·· 1,8n 

TQTAIS ys a: • a 0,40 a,,, Q,31 Q,29 Q,40....a.....!2..J.....zL.D.,2' Q,44 l,09 , •• , 4,39 3.61 1,06 0,53 0,06 D,10 16.77 
NS 0,30 0,11 0,19 0,21 o,37 0,411 0,21 0,2, 0.21 0,10 1;58 3,.5410,44 7 . 33 o,46 0,3o 0,01 n,o5 27 , 19 

. .. . ..... ...... lil . .. Jl..2.'l . LJ., .. aJ.2.J .. D ... 2! .. .D.,J2 .Go.44 h23 0 , 21 . G.,23 0,43 0,85 Q.,7 .• . 1,U 2,.J5. 0,3J G.,J1 0;12. .0.,05 .. 9,.112 
u 3,01 3,00 1,45 1,67 1,45 1,81 1,15 1,57 1,88 3,94 3,83 2,32 J,73 7.93 2,63 3,17 1,81 n,02 46,4?. 
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TABLE II.3-E-4 (Continued) 

&F"AR:A+I e £• IL 

_____ _______ ___ __ JtNE._ ___ Nf __ Elle. . .E . ESf . . SE s.se s .SSj,j . SW . WSW W . .WNH . . N.W .. . NNW N VA.R, CALI' TOTAL 

0 • 3 YS 0,31 0,1, D125 0 32 0,13 D,00 0,34 0e35 Q.....J.2 0,31 D,31 0,55 D,54 0,66 0,03 Q,52 o,:sa n.87 
MS 0,20 0,21 0•19 0,27 0,38 0,5• 0,23 0,20 0,12 0,12 0,18 0,11 D,23 0,37 o,29 0,39 0,1,5 n,60 

- -- -- -- -- - __ N_ __ Jl,l'Z . .0._4.;Lo.....n .~ .• H . Jl, •.O. O,'-i .0,21 D,16 . 0,15 . . 0,.11 0.,0.8 D,U . . 0,16 .0., 35 . .. Jl, .. _6 ... 0,37 _Q,.1fl. n,39 
u 0,11 0,97 0,,1 o,63 o, •8 0,31 0,1• 0,11 0.06 o,1J o,o9 0,11 0,15 o.31 o,53 0,10 o,36 n,oP 

Ll.1 . 
• ,8• 
5,2<1 
6, • :! 

• • 1 . vs · ·o;2e ·-o;"a"f-o~-1f o·;ie 0·;28 o;5o 0 1 •7 0, •3 0,38 0, •9 0,67 1,20 1,53 1.•8 0,92 0, •9 n,o2 n, 9, n 
MS o;,o D,t2 D••• 0,15 0,2, D,41 0,29 0elZ 0,1.L..4..2..D...Jl.,19 0,33 0,51 O,ZO 0~47 0,3?-L.ll--11.--~ 
N 0 1 13 '0,13 0 1 06 0 1 12 0,25 0,31 0,13 0,09 0,07 0,08 0,08 0,13 D,21 0,5• 01 36 0,15 0,01 n, 2,85 

__ u_ D_,i,_e_ _..a., .1.• .0, .•6 _0 .. i~ . D.,6D 0,52 D,23 D,18 0,2!! Q,24 O,Zl 0,1' D,36 0,9• 1,23 1,22 Q,08 0, 8, .11~ 

. 8 __ ~_., . 

13•18 

1.9•.2• 

.V.S . .D.e1.'!' __ Q._Q8 __ hO!i O,OJ! . O,O• .O,J7 _0,31 O,U 0,13 0,32 0,68 1,50 2, •9 2-3? 0.,77 .0,27 O, n, 9,55 
MS 0,10 0,05 0,03 0,03 0,10 0,23 0,21 0,16 0.22 o, •3 o, •8 o,76 1;26 1,•5 0, •1 0,13 n, n, 6,1n 
N 0e0s 0,05 0.01 0.0:, 0.0:, 0,09 oeoe 0,DLP ..... a..o..L.0.1...L..ll.....Q~11 0,23 0,60 o,u Peoo n; --~-.. -1.& 
u o, •5 0,26 0,n5 o,o3 0,05 0,11 o,o• 0,08 0.11 0,28 0,35 0,20 o,32 1.11 o,56 o, •• n,oo n. • ,Sn 

vs 0,06 i-~3 0,01 0,02 o.oo 0,05 0,10 o,o3 o.oi 0,08 o,25 
.MS. 0. 1 0.2 .0.,.0.5 .O,.OD .. 0~02. _0.,0.1 .0,.09 .. 0,15 D,16 0,31 0,63 0,.87 
N O,O• 0,02 0,00 o,oo o. 0,04 O,O• 0,07 0,09 0,14~1 
u o,25 a,z2 0,01 De 0e 0e03 ~JLll..a..D.L.LlL.0.,~.~~45 

VS il., __ Q.,QO .0,0 .0 D., 
MS 0,05 0,03 0103 0, 
Iii i,oo. . 0, _0_1 __ Q,n~ __ o .. 
u o,o• o,o3 0,01 o. 

a' 0,00 
0. 
0. 

0' o., 01 
0,02 
0' 

0,01 
0, 05 
0,02 
0,01 

0,01 
0,18 
0,04 
0,01 

O,D1 
0,27 
0,10 
0,0; 

0,01 
0,57 
Q,19 
o,32 

D, O• 
0,5• 
0,20 
o,3• 

o, •3 
0,97 
0,11 
.a.....J.4 

D,03 
0,2' 
0,02 
o,o• 

1,5• 1:93 0,21 0,04 n, 
2,.1.0 1 • .115 0~1, .0.,12 n, 
0,26 0,37 0;09 0,05 n, 
0 I • 2 0 • 6 3 ~.a.....1.L..L 

0,09_ 0,19 
0,99 1,04 
D,H 0,~3 
0,23 o,37 

D, . . Ile .DO . Q, 
o,o3 o,n2 n, 
0,01 0,02 r. , 
0,01 0,02 n, 

n, •, 70 
0, 7, 70 
n. 1; 5!1 

__ .n...,___~_ 

~' 
n' 
n' 
n' 

0. 311 • ,04 
1,on 
1, 5!1 

---------------------·-·--·-·---·------····-----·--- -·-----· 
OVER 2• VS O, 0, o, U, 0. 

0. 
o, 

- o, 0,01 0,01 0, 0,00 0, 0, o. 0, 0' 
0' 
0' 
0' 

0 I O I n, 
n,. 
n' 
n • 

0, O?. 
1,!l~ 
0;66 
i,ih 

"S. 0., . .a.,U O, . O,_ 
N 0,01 0,01 OeOO O, 
.lL .0, 01._ J)_,O_~ __ o_, n~ .0, 0. 

0,02 0,08 0,30 D, •3 0,21 0,07 D,31 0,jO QL01 
0,01 0,02 0,09 o,19 0,09 o,o3 0,01 o.1J o;oo 
0 1 0,01 0,09 0,39 0,2• 0,07 O,Q9 0,21 .Q,01 . 

D., n, 
o,oo n, 
o, n; 

TQUI S YS Q,83 Q,t6 0.49 Q,58 0,76 1e32 1,22 0,94 0,87 LZ1 1,9~ 3,ZQ 6,l8 6,63 2,52 1,32 n,32 n,87 32,311 
MS 0,63 0,46 o,,o 0,46 0,76 1,32 1.02 0,98 1,40 2,38 2,48 2,53 5,49 5.82 1,37 0,97 n,16 n,60 29,24 

--- --~--- l,6.0. .. Q,1~ _Q,_47 O.L~A . 0,U 0,96 Q, •9 0,~6 0,56 0,78 0,112 0,5.' 1,00 ?,2~. 1,0'il _0,6.5 . ~.16 _n,39 1~ 1.16. 
u 2,3• 2,11 1,10 1,14 1,13 o,97 o, •5 o, •2 o.75 1.11 1,69 0,1, 1,57 3.56 2, •3 2,50 o, •• n,oe 25,2~ 

. _sI:_ASON_• _ _ ij1!ill 

_l·!N_E NE ENF E ESE SE SSE s ssw SW wSW w WNW ' IW NNW N IIAR, r.AL• · TOTAL 

• • 3 vs 0,29 o,a5 0,~3 0,30 o,36 0,58 ~ 0,37 0.21 
MS 0,38 0,36 0,~4 0, •2 0,69 0,82 0,48 0,39 0,2• 
~-- .0.,~-~-11.!64_ 0_,_~~ -P.!~~ o,? • 0,91 0,55 0,32 0.2~ 
u o,3o o.~5 n,20 0,15 0.12 o,o7 o,o3 o,os o.o• 

0,30 
0, 24 
0,22 
Ii, OJ 

0,31 
0, '-0 
0,21 
0:01 

0, •8 0,41 0,6l,_ 0,50 0,!14 0,35 n,73 2.i.3h 
o";4ii n, •6 o. 66 n: 6• -o~""o:23 i:-;-3r, - 8, 8T 
o,39 o, •5 o.75 o,89 0,91 0,1• t, •? 10,5h 
0,06 o,68 0.1• 0,22 o,?.3 o:os n,Oh 2;011 

~ ~ ., vs 0;29 0;21 0,i, 0,21 0;22 0,33 o,JO o,36 0.25 0,36 0,48 0,93 n,99 1.10 0,92 0,53 0;06 n, 
Ms o,33 o,29 0,2a 0,21 0,26_.Q, •7 hlJ Q1.f~ 0!..?_11. ~!.?7 . ..Q.!~? ll.!~~ -q!~J! ~.? _1,Q8 .11.,6? ~!~-~
~ 0,20 0,21 0,11 0,16 0,23 072A"" 0,23 0,09 o.o7 0,1• 0,16 o,23 o,53 1.23 o,66 0,3~ 0.00 n, 
U 0,31 0,25 0!16 0,12 0,10 0,09 0 1 04 0,03 0,05 0,02 0,02 0,05 0,12 0.64 0,55 0,41 0,01 n, 

7,7n 
? '6?. -•~:\ -
2,9h 

8 •12 vs 0,09 0,05 o,n3 o,03 0,05 0,13 0,15 0,12 0.13 o,29 0,59 0,95 t,41 1,79 o,?o 0,15 0, n, 6,67 
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13•18 vs o;o5 0,03 0, 0,00 0, 

~s 0,15 o,os 0,n1 0,01 0,05 
~ 0;01 0;01 oino 0.01 0;01 
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TABLE II.3-E-4 (Continued) 

SEASON • ANNUAL 

N~~ -- . N~ _ ~NE_ E ' ESE SE SSE ··s S~II SW WSW w WNW NW N~W N VAR, CALM TOTAL 

0 - 3 vs 0.21 0.21 0,15 0,20 0-26 0,38 0.23 0. 7.3 0-20 0,23 0,22 o, •o 0. 34 0, 43 0.37 0,~5 0,21 
MS 0 .I? 0. 1B 0,16 0,21 o.33 a.~2 0,20 0.18 0. 12 0,12 a.13 0,21 
N a . Jo 0.34 0,21 0,J:s Q. 36 0 ,•4 Q,22 0,15 Q. 13 0 ,11 0.10 O ,ia 

0.22 0.31 0 .2P. 0,29 o.1J 
0.18 0, :J3 Q, •l o, 4 1 0.13 

··ir ·"lf:n ·o.n·o-.n ·a; •-0 a : 31· ·0.21 0,12 0, !."7 0-10 o·,u o·.i-o ·o .-i·4· o·:n ·o·;-zr11::p -~.~4 ·0·;46 

·r;; ·.,- -- ·vro:2·1 T-18 ·u·.-1• o;i7 0 : 20 · 0,33 0,28 0, ?.8 0-24 ~,3,- 0.50 Q,96 1 • 08" 1- 00 0 ;6·• c,:!9··0.02 
HS 0.17 0.15 0,13 0.22 0,36 0 . 15 ,21 0.2• 0, •2 0.50 0 . 68 0, •7 c.~1 0.02 0,15 0,21 0, 17 
N 0.12 0.13 0,10 0,12 o .1• a~-.r-ir., ·i,-:-v1" ·-o-;-lo 0.11 0 ;-ra--·tr-71"·~ 0 . 3~ G,19 0.01 
u Q.9• Q,90 0,55 0,58 Q.53 0,62 o.37 0,45 0-45 0,51 0,37 0,38 o.48 1.13 1-11 1,, a 0.30 

~---1~-- vs l13 0,11 0,08 i,01 0 . 07 o.13 0,21 0,1~ 0 -12 0,24 g.59 1,23 2.00 1- 7 4 o.6r C,20 0 . ·· ,..-s . 11 ·o .-oa 0, 0~ · ;o-6 0 : 10 c.21 0.19 0,1 0 . 20 o;H • !10 0,96 1. •7 ·1, 53 0,3F ·o, 1• o.uo 
N 0.06 o.04 0,03 0,03 0.0• 0,09 0.07 0.H 0 . 06 0,09 0.1• 0,1• 0. •2 0.1a 0,1~ L, 0 6 0. 
u o.n c . 33 0,12 0,09 a.av o.~ ·o :1r o·; ff ,r.-~ -r.,n. 56 b,33 ~:-sv-r.rr-o-~;•5 o.o o 

·13.-19 vs ~. os · o.oJ 0,02 ~,02 ~Jg 0,~4 0.10 0,03 0 - ~3 0,09 0, 25" 0,43 1-25"1.""5 3 0 . 17 o·, os 0. 
HS .10 o.o5 0,02 ,02 0 , 7 0.13 0,15 0 . 5 0,54 0.87 1,2• 3.0• 2 .23 0 .1f 0 ,10 0. 
f,f o. o!I r. 01 0,01 0,01 0-00 o.o3 o.o • o.~5 0 . 01 0, 1•· 0. 24 0;16 o ·• 44 ~. !18 o.0t o.~• 0. 
u 0.26 0,13 0,03 0,01 0 . 01 _0,03 __ 0_.o_• 0. r. s 0_. 18 __ 0,5•_0.68 0,26 o.64 o .98 0 . oQ _ G, l. 4 0. 

1.~~ 24_ vs &· o-0g o,gf 0,00 
8 : 00 8;8i 0,01 n .0 1 0 il 8-:gs g,n• S·H rg6 0. 1a 0 • OJ; o. c~ o . 

11s · • o4 0 , 0 · 0, o,oo 0 , 06 o.~1 0 . l • ,-a ; · ·. 5- 1 . 4~ 0 . U-, . o ; r ·0·. 
N 0 . 02 0.02 0,00 0,00 o . oo 0 . 01 0 . 01 o.rJ o . oe 0,15 0 . 17 0,05 Q. 25 0 . 34 0.01 0,02 0. 
·o U. o~ o . 05 0,01 0,00 0 . 0,00 0. 01 0.02 0 -11 0,34 0 , 41 0 .- 12 o.32 0.63 0 . 01 C, 0-3 · 0. 

DVER 24 ~I o. ~ro;-----a-;- ··-r. ·· -o; D~ ·o :-on-· ir:nn:-n -11;·11To:-roT;ooo:i--o-o~--i,-; c • 0. 
0 . 01 0.01 o , o, o . 0 , 01 0,02 o , na 0 . 30 0,47 0 , 22 0,06 0. 55 0. 76 o. oc 0,"1 0. 

··· r,i ·u ;01 0; 01 a·, ao 0,00 b. 0. 0,01 0,02 0 . oe o,17 0 , 09 0,03 0 - 21 ·o ;·:so o.o t: 0. IT1. 11 ·. ·· 
u 

·-· 
TOTALS vs 

"s 
N . ... ... ··tr . 

0.02 o . oJ 0, 01 

Q.60 0 ., .. 0,~9 o.oo o.,u a, 6 
0 . 56 o.55 Q,42 
2 ;25 2 ;118 1,08 

0. 0 . 0 . 0. 0,01 0 -09 0,40 0.31 0,08 0 . 11 0.46 

o,47 0 . 53 · 0,es o.83 Q.67 0-61 i·95 1.61 3,05 • . 73 4,89 
o .~-:~ 1. oe u. 82 o;e:, 1 . 22 ,21 2.46 3,23 1.33 6.96 
Q,49 0 . 60 0 , 82 0, •9 o.• o o .•e 0 ,11, o.85 0,72 1 . 78 2.88 
1,09 Q. 94 1. 07 0, 65 O,A4 1 . 27 2,53 2 , 43 1,30 2 ; 35 4.90 

TABLE I I. 3-E-5 

HANFORD STABILITY DEFINITION AND COMPARISON 
WITH PASQUILL CLASSES AS DEFINED IN USNRC 

REGULATORY GUIDE 1.23 

0 . 01 0, 0 0 0 . 

1 , 8~ 1,0~ 0-23 
1.34 C • P. o.14 
o.9~ 0,12 0 . 15 
2 .11 · ;,:H n. 77 

Hanford Diffusion Model Re~ulatori Guide 1.23 
Pasquil 

Class ATL!:.z (°FL200 ft} Class ATLAz (°FL20~ ft} 
A less than -2. l 

Unstable less than or B -2. l to -1. 9 
equal to -1. 5 

Neutral -1.4 to -0.5 C -1.9 to -1.6 
D -1.6 to -0.6 

Moderately -0.4 to 3.4 E -0.6 to 1.6 
Stable 

F 1.6 to 4.4 
Very greater than or G greater than 4.4 
Stable equal to 3.5 
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--· -· -· ·- ---
0, •8 5 ,11 
0,50 4, i:, 
0,48 4,87 
rr.o .. ··5·, o0 • 

0. -r:ot · 
0. 4,56 
0. 7,-tt-
0. 10.84 

0. 7,65 
o • 6 ; 4~ 
0. 2.2~ 
0. ~1 -

0 . • .in 
0. 9 ,0~ 
0. 1.94 
0. • ,0 7 

0. ~-37 ·n. ,""91 . 
0. 1,1 7 

n. 2 ;·1 :r 

0. o."b"4 n. 2 , 50 
o· • . O ; 93-
0 . 1,57 

Q.48 24,~9 
0,30 31. , 
n. •8 1•, 11 
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FIGURE 11.3-E-8 WIND ROSES AS A FUNCTION OF STABILITY AND FOR ALL 
STABILITIES AT HANFORD GENERATING PLANT BASED ON 
WINDS AT 200 FT AND AIR TEMPERATURE BETWEEN 3 FT 
AND 200 FT FOR THE PERIOD JANUARY 29, 1970 TO 
JANUARY 28, 1971, (the points of the rose represent 
the directions from which the winds come) 
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FIGURE 11.3-E-9 MONTHLY AVERAGE WINO ROSES FOR THE WNP-2 SITE BASED 
ON 1 YEAR OF DATA TAKEN AT 23 FEET 1th~. numbers in 
the center are the percenta9es of calm [top number] 
and variable [bottom numberJ winds) (the points of 
the rose represent the directions from which the 
winds come) 
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FIGURE II.3-E-10 MONTHLY AVERAGE WIND ROSES FOR THE HMS BASED ON l YEAR 
OF DATA TAKEN AT 50 FEET (the numbers in the centers 
are the percentages of calm [top numbers] and variable 
[bottom number] winds) (the points of the rose repre
sent the directions from which the winds come) 
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MONTHLY AVERAGE WIND ROSES FOR HMS BASED ON 50 FEET 
WIND DATA, 1955-1970 (the numbers in the centers are 
the percentages of ca~m [top numbers] and variable 
[bottom numbers] winds) (the points of the rose 
represent the directions from which the winds come) 
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FIGURE II .3-E-14 WIND ROSES AT 15 METERS FOR 0100 PST, 1300 PST AND 
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The wind rose plots for the 1000 and 1500 m levels are very much alike, possibly indicating that 
both levels are generally above the influence of the boundary layer . The primary seasonal dif
ference at these two levels lies in the -average wind speeds. The average speeds for almost all 
directions have their maxima in the winter and minima in the surmler. The predominant frequencies 
of direction for all seasons seem to be from the west through southwest. 

I I. 3-E. 4. l Strong Winds 

The highest monthly wind speeds and peak gusts recorded at the HMS are tabulated in Table II . 3-E-6. 
Figure II.3-E-15 indicates the return probability of any peak wind gust, again due to any cause. 
For example, a gust of 96 mph might be expected to occur once every 500 years. 

TABLE II.3-E-6 

HIGH WIND STATISTICS AT HMS - HIGHEST AVERAGE MONTHLY WIND SPEED AND PEAK GUSTS 

Highest Peak Gust Highest Peak Gust 
Month Average Year ~ 

Dir Year Month Average Year Speed Dir Year 
Jan 10.3{a) 1972 80 s 1972 Aug 9. l 1946 66 SW 1961 
Feb 9.4 1961 63 SW 1965 Sept 9. 2 1961 65 SSW 1953 
Mar l O. 7 1964 70 SW 1956 Oct 9. l 1946 63 SSW 1950 
Apr 11. l 1959 60 WSW 1969 Nov 7.9 1945 64 SSW 1949 
May 10.5 1965+ 71 SSW 1948 Dec 8. 3 1968 71 SW 1955 
June l 0. 7 1949 72 SW 1957 YEAR 8.3 1968+ 72(b) SW JUNE 
July 9.6 1963 55 WSW 1968 1957 

(a) The average speed for January 1972 was 10. 3 mph. 
(b) On 
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January 11, 1972, a new all-time record peak gust of 80 mph was established . 
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At certain locations other than the HMS site, strong winds can be expected due to orographic 
channeling or to elevation effects. The U.S. Army Corps of Engineers made a limited three-year 
study10 of surface winds along the Columbia River from McNary Dam to Wallula, upstream 20 miles. 
Their findings represent what might be encountered elsewhere on the Columbia River in the vicinity 
of the Hanford area . 

The Corps of Engineers recorded wind data demonstrate that moderate to strong surface winds tend 
to blow within and approximately parallel to the river channel, with the predominant wind move
ment from west to east. However, winds 10 to 30 degrees from the river alignment are not uncoITITlOn . 
Some evidence, including smoke trails, indicates that at times a core of higher speed wind occurs 
over the river. This wind core appears to change position slightly within short time periods. 
Aerial observations. of smoke and dust suggest that in the more entrenched reaches of the Columbia 
River it may ride up on the steep outside slopes of river bends and possibly even develop reflec
tion meanders downwind of entrenched bends. The low-level wind field is suspected to undergo 
vertical as well as horizontal compression and expansion. Under certain meteorological conditions 
the core of stronger mid-river wind appears to be nonexistent or very weak. 

One period of notably strong winds occurred at Hanford on January 11, 1972 . 11 The passage of an 
occluded front during the morning hours preceded strong gale force winds, with gusts exceeding 
hurricane force. Tables 11.3-E-7 and 8 list various peak wind gusts recorded or observed on and 
in the immediate vicinity of the Hanford site and show the patterns of the extreme winds that 
occurred at various locations on the site. 

TABLE II . 3-E-7 

EXAMPLE OF AN EXTREME HIGH WIND OCCURRENCE, DATA RECORDED BY THE ERDA (BATTELLE) 
NETWORK OF WIND SENSORS ON JANUARY 11, 1972 

Height of 
Sensor 

Observation 
Location (a) 

Above 
Site Elevation Ground Wind Time 

(MSL-ft) ---rm--- TniiinT (PST) 
Hanford Met Tower 727 7 64 0345 
Hanford Met Tower 727 50 80 0345 
Hanford Met Tower 727 100 79 0835 
Hanford Met Tower 727 150 (b) (b) 

Hanford Met Tower 727 200 84 0835 
Hanford Met Tower 727 250 82 0837 
Hanford Met Tower 727 300 84(c) 0835 
Hanford Met Tower 1 727 400 84 0827 
Rattlesnake Mountain 11. 0 S 3568 10 150+(d) 0546-0924 
Army Loop Road 7. 5 ESE 555 50 60+(e) 0900-1700 
Central wah luke Slope(f) 12.0 NNW 660 23 32 0155 
Yakima Barricade(f) 6. 0 WNW 795 23 45 0455 
Gable Mountain(f) 7.0 ENE 1100 23 41 0055 
Wye Barricade (f) 11. 5 SE 550 23 43 0055 
Prosser Barricade(f) 14 . 5 SE 450 23 35 0055 
Richland Barricade (f) 26.5 SE 390 23 33 0355 
Rattlesnake Mountain(f) 11.0 S 3568 9 _ _(g) __ (g) 

Eastern wahluke Slope(f) 17 . 5 NE 800 23 34 0455 
Ringold(f) 17.5 E 620 23 30 0355 

(a) Distance (miles) and direction from the Hanford Meteorology Tower located 
at 46° 34'N latitude, 119~ 36'W longitude , approximately 25 miles NW of 
Richland, washington. 

(b) Equipment malfunction . 
(c ) Interpolated value . 
(d) Limit of recorder 150 mph, also visua l ly observed. 
(e) Temporary research equ i pment - limit of recorder 60 mph. 
(f) Radio-Telemetered Automatic Weather Station - highest hourly integrated 

wind speed , not equipped with gust recorded . 
(g) Power outage for telemetering equipment during ·periods of peak winds. 
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TABLE II.3-E-8 

EXAMPLE OF EXTREME HIGH WIND OCCURRENCE, WIND OBSERVATIONS ON OR NEAR 
THE HANFORD RESERVATION FOR JANUARY 11, 1972 

Height of 
Sensor Type of 

Observation 
Location(a) 

Above Data Peak Operating 
Site Ground Readout Wind Time Agency Remarks 

(ft) T,iiiin) 1l5sTT 
FFTF 15.0 SE 13 Analog AEC (HEDL) Recorder limit, 60 mph 

Tape Equipment malfunction 
FFTF 15.0 SE .'.5 Dial 65 A.M. AEC(Bechtel) Visual observation 
N Reactor 8.0 NNE 200 Analog 42 0830- AEC (DUN) Recorder not activated; 

Tape 0900 visual observation 
Richland Airport 22.0 SE 30 Strip 74 0245 AEC(Battelle) 

Chart 
Priest Rapids Dam 18.0 NW 30 Dial 100+ 0700+ Grant County Visual observation; 

PUD dial limit - 100 mph 
Richland By-Pass 24.0 SE 35 Dial 100+ A.M. Teleprompter Visual observation; 
Highway Cable TV Co . dial limit - 100 mph 
Tri-Cities Air- 30 . 0 SE 16 Dial 63 A.M. Hughes Air Visual observation 
port (Pasco) west 

KONA Radio 32 . 0 SE 30 Manometer 78 1000 KDNA Radio Visual observation 
(Pasco) 
Columbia TV 35 . 0 SE 40 Dial 100+ 1200- Columbia TV Visual observation; 
(Kennewick) 1300 dial limit - 100 mph 

(a) Miles from Hanford Meteorology Station 

Perhaps the "windiest" site on the Hanford Reservation is the crest of Rattlesnake Mountain, at 
an elevation of 3568 feet MSL, about 11 miles south of the HMS. Wind data are regularly recorded 
at this site but are not available in surrmary form. Some selected wind observations are listed 
in Table II.3-E-9 to give some insight into wind characteristics on Rattlesnake Mountain. These 
winds are considerably reduced at the elevations of most of the Hanford site, as shown in Fig
ure II.3-E-15, where the peak wind gust return probability is given for three elevations. 

TABLE II.3-E-9 

SELECTED RATTLESNAKE MOUNTAIN WIND OBSERVATIONS 

AVERAGE PEAK 
OCCURRENCE SPEED (meh) DURATION GUSTS (meh) 

2- 27-66 83 103 

1-4-67 75 

1-29-67 1'14 

2-17-67 110 1/2 hr 136.5 

10- 3- 67 97 3 hrs 129 

3- 22-69 100 1/4 hrs 

3-22-69 120 1/4 hr 142 . 5 

12- 30- 70 100 118.5 

1-9-71 67 hr 96.5 

1°24-71 117 

2-10-71 120 

12-4-71 60 72 

12- 5-71 45 63 

12-8-71 87 
limit 

1-11-72 120 3/4 hr l5o+ of 
recorder 
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II.3-E.4.2 Tornadoes 

Two funnel clouds and one small tornado (June 16, 1948) have been observed in 29 years 
at Hanford. The nearest reported tornado damage was at Yakima, about 45 miles west (April 30, 
1957) and at W~llula Junction, about 50 miles southeast (June 26, 1958). No loss of life or 
extensive property· damage was reported from any of the tornadoes observed in this region. 12 

On the average the state of Washington experiences less than one tornado each year. 12 Within a 
100-mile radius of the HMS, only fourteen tornadoes have been reported since 191613 (l i sted in 
Table II.3-E-10) of which only five were associated with any damage. An extensive survey of 
tornadoes in the three northwestern states (Washington, Oregon and Id~ho) was completed in 1970. 14 

The results indicate that tornadoes in this area occur primarily in "alleys." The locations of 
these "alleys" are .shown in Figure II.3-E-16 along with the locations of tornadoes recorded in 
the tri-state area ~uring the 20-year period 1950-1969. 

The tornado survey data was analyzed15 to determine the probability of a tornado striking the 
Exxon Nuclear Company, Inc. (formerly the Jersey Nuclear Company) fuel fabrication facility 
approximately 25 miles southeast of the HMS. The analysis indicates the probability of tornado 
occurrence in the vicinity of the site as six chances in a million during any given year or about 
one chance in four thousand during a 40-year plant life. 

The maximum wind speed for the Hanford site is estimated as 175 mph. 32 This agrees with the esti 
mate of most probable maximum wind speed of 174 mph derived in the statistical tornado study made 
by Exxon Nuclear Company , Inc . 15 

II . 3-E.4 .3 Dust Devils 

TABLE II.3-E-10 

TORNADO HISTORY WITHIN 100 MILES OF HMS 

DATE 

June 26 , 1916 

April 15 , 1925 
September 2. 1936 
May 20, 1948 
May 29 , 1948 
June 11, 1948 
June 16 , 1948 
May 9, 1956 
April 12, 1957 
Apri l 30 , 1957 
May 6, 1957 
April 24 , 1958 
June 26. 1958 
March 14, 1966 

LOCATION 

. Wa 11 a Wa 11 a , Washington 
Condon, Oregon 
Walla Walla, Washington 
Yakima, Washington 
Yakima , Washington 
Ephrata, Washington 
Hanford Reservation 
Kennewick, Washington 
lone , Oregon 
Yakima , Washington 
Harri ngton , Washington 
Walla Walla, Washington 
Wallula Junction, Washington 
Li ttle Goose Dam, Washington 

Dust dev i ls are frequently observed phenomena on the Hanford Reservation, particularly during the 
su11111er months . No objectively determined observations, measurements, or su11111aries pertaining to 
dust devil characteristics at Hanford have been compiled. However, investigators utilizing 
soecially instrumented grids and other techniques have determined various characteristics of dust 
devils in desert-type areas. Since the Hanford area is also a desert-type area, the Hanford dust 
devils would exhibit some degree of similarity to these others. 

The following defini t ions have been extracted verbatim from the Glossary of Meteorology, 17 Ameri
can Met eorological Society , 1959: 

dust devil - -A wel l-developed dust whirl ; a small but vigorous whirlwind , usually of 
short duration , rendered vis i ble by dust, sand, and debris picked up from the ground. 
Diameters range from about 10 feet to greater than 100 feet; their average height is 
about 600 feet , but a few have been observed as high as several thousand feet . They 
have been observed to rotate anticyclonically as well as cyclonically. (Dust devils 
are best developed on a hot, calm afternoon with clear skies in a dry region when · 
intense surface heating causes a very steep lapse rate .of temperature in the lower / 
few hundred feet of the atmosphere . ) · 
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FIGURE II.3-E-16 DISTRIBUTION OF CHARACTERIZED TORNADOES IN 20-YEAR PERIOD, 1950-1969 

dust-devil effect--In atmospheric electricity, a rather sudden and short-lived change 
of the vertical component of the atmospheric electric field that accompanies passage 
of a dust devil near an instrument sensitive to the vertical gradient. Such changes 
may be either positive or negative and the charge is probably produced by 
triboelectrification. 

The following has been extracted from a report 18 from Lawrence Radiation Laboratory, 1969: 

"Lifetimes var_v from a few seconds to nearly 20 minutes, most lasting under two 
minutes . 19 Ives 20 observed an exceptional example during construction of a large 
railroad embankment near Sonora : 'In midmorning, a large dust devil suddenly appeared 
at the end of the embankment, and removed therefrom approximately one cubic yard of 
sand oer hour for four hours . Erosion was halted, and the dust devil broken up, by 
oarkinq a bulldozer at the end of the fill .' 

Dust devils depend directly on the availability of heated boundary-layer air and 
dissioate quickly if this fuel is removed. The dust columns tend to meander across 
the desert floor at the prevailing wind speed. However, observers 19 have detected 
an apparent critical wind speed above which dust devil activity decreases, probably 
due to destruction of the heated boundary layer by increased vertical mixing and 
shearing of the vortices near the ground. The vertical velocities near the ground 
can be appreciable; Ives20 made an early estimate of these by measuring the terminal 
velocities of small animals sometimes lifted by dust devils."* 

* In his amusing account Ives notes that the kangaroo rat (terminal velocity ~25 mph) is "appar
ently unhurt after landing, although usually very angry," whereas a jackrabbit (terminal 
velocity ~35 mph) is "stunned and internally injured." 
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More detailed measurements of dust devil velocity, pressure and temperature fields have been made. 
The results include tangential velocities approaching 15 m/sec, vertical velocities of ten m/sec 
(at seven feet), and maximum radial velocities of about five m/sec. Commonly, between the environ
ment and the core is a pressure drop in excess of 2 millibars and a temperature increase of 4°C or 
more. Recent observation results have been developed i-nto a quantitative dust devil model . 21 , 22 

Over 1119 dust devils were observed at close range during a study conducted in the Mojave Desert 
of Southern California. 23 Maximum horizontal wind speeds up to 34.2 km/hr and vertical wind 
soeeds up to 7.2 km/hr were recorded. A 1947 investigation20 reported velocities uo to 180 km/hr. 
_In a study conducted in the desert of the White Sands Missile Range in New Mexico, 24 wind speeds 
up to 32 knots and pressure drops of 2.2 millibars were reported. 

Hanford dust devils most likely have similar cha_racteristics. 

II.3-E.4.4 Hurricanes 

The region of the Hanford site is not known to have experienced any hurricanes. 

II.3-E.5 Miscellaneous Phenomena and Precipitation 

II.3-E.5.l Thunderstorms 

A thunderstorm day is one in which thunder is heard. If a thunderstorm begins in the late evening 
and lasts past midnight, two -thunderstorm days are noted even though only one storm event has 
occurred. Similarly, even though two or more distinct thunderstorms occur in a day--and this 
sometimes happens--only a single thunderstorm day is counted. 25 Thunderstorms may .occur during 
any month of the year in the Hanford Reservation area. Although the tabulation below shows zero 
for the months November through January, the summary period 1 ended in 1970 and a thunderstorm 
did occur on December 22, 1971. In Richland, about 25 miles southeast of the f+IS, one occurred 
on January 18, 1953. However, the thunderstorm season essentially includes only the months April 
through September. Although the average is 11 days per year, the number has varied from 3 to 23. 
In June 1948 there were 8 thunderstorm days during the month, and this record was repeated in 
August 1953. 

Although severe thunderstorms are rare, 1 lightning strikes have occasionally ignited grass fires 
which have burned thousands of acres of Hanford Reservation land and have resulted subsequently 
in considerable wind erosion of soil . The most notable ·of these occurrences were in August 1961, 
July 1963, July 1970, and August 1973 . 

THUNDERSTORM DAYS : · 1945-19701 

!1. £. !:! ~ M .L .L A L Q !! D SUM 
Total 0 l 7 18 53 64 46 54 24 5 0 0 272 

Average 0 # l 2 3 2 2 1 # 0 0 12 

% of Total 0 # 3 7 19 23 17 20 9 2 0 0 100 

# - less than 0.5 

Il.3-E.5·.2 Hail 

Hail was reported at the HMS on 14 days or 5% of the days when thunderstonns were reported. 1 The 
monthly distribution of days on which hail occurred is as follows: 

!1_ F ~ A M ~ _L A i Q. N Q TOTAi. 

Number O l· l 4 2 l 2 2 l O O O 14 

% of Total O 7 7 30 14 7 14 14 7 o o o 100 

The hail ranged in size from 0.2 to 0.3 inch in all but two of the available reports. The excep
tions were May 26, 1954, and July 1, 1955, when the size reported was 0.4 inch. 

Precipitation was not measured during 1945 and 1946, years in which 26 thu~derstorm days occurred . 
There were 246 days during the period 1947-1970 when precipitation was measured. The daily 
precipitation distribution during these days was as follows: 

II. 3-E-25 
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Amount - Inches Number of Cases % of Total 
None or trace 110 45 

0.01 - 0.10 87 35 

0.11 - 0.25 29 12 

0. 26 - o. 50 15 6 

>0.50 5 _1. 
246 100 

The record for rainfall intenstty during a thunderstorm is 0.55 inch in 20 minutes (l .. 65 inches 
per hour) on June 12, 1969. This storm included hailstones of 1/4 inch diameter . Blowing dust 
or dust was reported on 16 thunderstorm days and both hail and blowing dust or dust on 6 days. 1 

Peak gust data are not available for the 50, 200, and 400-foot tower levels prior to 1952. The 
speed classification of peak gusts on the 185 thunderstorm days occurring during the period 1952-
1970 is as follows :1 

Number of Cases % of Total 
~ 50 200 400 50 200 4i:iO 

Feet Feet 
<21 18 9 5 10 5 3 

21 - 30 75 45 42 40 24 23 

31 - 40 63 80 73 34 43 39 

41 - 50 23 34 46 12 19 25 

51 - 60 4 11 12 2 6 6 

61 - 70 1 4 5 2 3 

>70 1 2 _2 _1 _l _l 

185 185 185 100 100 100 

I I. 3-E. 5. 3 Lightning 

A technique for estimating lightning stroke frequency based on the conmonly observed climatologi
cal statistic, thunderstorm days, has been developed. 26 

The annual number of discharges Nyh to a structure is given by: 

Nyh = oyg Aa FT 

where oyg is the frequency of ground strikes of lightning, Aa is the "attractive area" of a struc
ture ana Fr is a factor which accounts for the triggering effect of high structures on lightning. 
o is a function of thunderstorm frequency and the ratio of innocuous cloud-to-cloud strokes to 
t~g potentially damaging cloud-to-ground strikes, a function of latitude ratio. Aa is a function 
of the height of the structure being considered.* Fr is considered negligible, i.e., 1.0 for 
structures less than 100 min elevation. 

Use of this technique resulted in the computation of an annual lightning strike frequency of 
0.022 or one strike per 46 years for a structure with dimensions of 30 x 35 m and a height of 
about 10 m, with a thunderstorm-day frequency of 11 per year . 1 (This frequency could be somewhat 
less if there were obvious protrusions such as taller structures or trees in the vicinity. Such 
protrusions distort the surface of equal electrical potential gradients in the atmosphere and tend 
to attract lightning strikes.) A similar computation was made for the 122 m Hanford Meteorology 
Station which resulted in an annual lightning strike frequency of 0.225, or one strike every 
4.44 years. The "reasonableness" of this technique can be adjudged by the fac.t that three strikes 
on this tower have been confirmed during its 30-year existence (bearing in mind that all strikes 
may not have been observed). 

II.3-E.5.4 Glaze 

Glaze is a coating of ice, generally clear and smooth but with some air pockets, formed on exposed 
objects at temperatures below or slightly above 32°F by the freezing of super-cooled drizzle or 
raindrops. Glaze is denser, harder, and more transparent than either rime or hoarfrost. 17 

Although the record shows an average of 7 glaze days per year, 1 many of these cause little or no 

* In the case of towers at the sunmits of sharply peaked mountains, the effective height is 
substantially greater than the actual height of the structure. 26 
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inconvenience to the public. 
November 23-24, 1970. There 
there was no known damage to 
melted the ice. 

Two outstanding exceptions occurred on February 11-12, 1954, and on 
was serious disruption to area traffic in each instance, although 
transmission lines. In each instance, rising temperatures soon 

II.3-E .5.5 fQ9_ 

Although observed in every month of the year at HMS, fog is essentially a seasonal phenomenon, 
with 95% observed during the months November through February. Inclusion of March and October 
fog would increase this percentage to 99.7 . Tables 11.3-E-11 and 11.3-E-12 summarize the statis
tics on fog occurrence at HMS . 1 Because of the higher availability of moisture in the vicinity 
of the Columbia River, both the frequency and persistence of fog in that area is anticipated to 
be somewhat greater than at the HMS. 

All FOG 
lVIZ ().6 Mll.ESI 

JAN 
FEB 
MAR 
APR 
MAY 
JUN£ 
JULY 
AUG 
SEPT 
OCT 
NIW 
DEC 
y 

DENSE FOG 

TABLE I I. 3-E-11 

AVERAGE NUMBER OF DAYS OF FOG AT HMS 

Based on all Available Data from 1945 to 1970 

i !:. ~ ~ ~ i i 
Fog(a) 9 6 1 (cl (cl (c) (cl 

Fog, dense(b) 6 3 1 (cl (cl 0 0 

(a) All fog regardless of vi sibil i ty 
(b) Visibility 1/4 mile or less 
(c) Less than 1/2 day 

TABLE I I. 3-E-12 

~ i Q_ !i D y 

(cl (c) 2 8 12 38 

(c) (c) 5 8 24 

TOTAL DURATION(a) AND MAXIMUM PERSISTENCE OF FOG AT THE 
HMS TABULATED IN HOURS FOR THE PERIOD 1945-1970 

AVG TOTAL MAX TOTAL MIN TOTAL AVG DURATION PER 
MAX. PERSISTENCE(cl DURATION DURATION YEAR DURATION YEAR DAV OF OCCURRENCE ------ -----

68.3 193.4 1965 0 1949 7.2 58.1 
36.4 206.2 1963 0 1967 6.2 58.0 
4.4 20.6 1951 0 1968+ 3.1 12.2 
0.3 2.8 1950 0 1970+ L4 2.8 
0.3 2.7 1958 0 1970+ L2 2.7 
f 0.5 1948 0 1970+ 0.5 0.5 
f 0.7 1966 0 1970+ 0.7 0.7 
f LO 1959 0 1970+ LO 0.7 
0.3 5.5 1957 0 1970+ 2.0 2.6 
7.6 63.6 1962 0 1970+ 3.9 39.0 

55.4 148.0 1952 1.0 1~ 6.8 65.4 
. 105.4 193.8 1947 6.5 1968 8.7 72.3 

278.4 462.s (al 1964-65 147.7(b) 1948-49 7.0 72.3 

lVIZ 1/4 Ml OR l.ESSI 

JAN 20.4 52.4 1955 0 1949 3.4 15.0 
FEB 12.7 86.7 1963 0 1967+ 3.8 16.7 
MAR L8 7.8 19119 0 1968+ 22 5.0 
APR 0.1 L8 1955 0 1970+ LB 0 
MAY 0.1 L6 1958 0 1970+ L6 1.6 
JIH 0 0 0 0 0 
JULY 0 0 0 0 0 
AUG f LO 1959 0 1970+ LO 0.7 
SEPT 0.1 3.2 1957 0 1970+ 3.2 1.4 
OCT 3.1 35.2 1962 0 1970+ 3.1 15.8 
NIW 21.l 71.4 1952 0 1~ 4.1 20.6 
DEC 42.0 ll9.8 19117 L3 1968 5.4 47.0 
y lOU 2DL5 ( a ) 1962-63 47.3 (bl 19'8-49 4.2 47.0 

(a ) TOTAL DURATION DENOTES TOTAL NUMBER Of HOURS AND TENTHS Of HOURS IN WHICH Hl. IS OBSERVED. 

(b ) DENOTES LESS THAN a.a, HOUR 

(c) DENOTES THE GREATEST NUMBER Of HOURS IN A SEASON 

II.3-E-27 

YEAR 

1955 
1963 
1949 
1950 
1958 
1948 
1966 
1959 
1957 
1962 
1963 
1947 

1947-48 

1953 
1963 
1961 

1958 

1959 
1957 
1962 
1963 
1957 

1957-58 
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No fog observations have been regularly recorded for the slopes and the crest of Rattlesnake 
Mountain. However, because of Rattlesnake's higher elevation, one would not expect any HMS fog 
statistics to be descriptive of fog events there. Crest clouds (a type of standing cloud which 
forms along a mounta i n ridge, either on the ridge or .slightly above and to leeward of it, and 
remains in the same position relative to the ridge) 25 have been observed frequently on the 
Hanford Reservation. At other times when most areas of the Hanford Reservation were experiencing 
fog and/or low stratus clouds , the crest of Rattlesnake Mountain was clear and above the fog. 

II.3-E . 5.6 Air Polluti on Potential (APP) 

Consideration of the general weather parameters indicates a significantly high average annual APP 
over southeastern Washington. The mean annual mixing depth 2 7 in this area is about 450 m and for . 
July about 2000 m. A significantly high frequency of low-level inversion 2 8 in winter over this 
area is indicated on the order of 43% with bases below 150 m. The occurrence of very stable and 
moderately stable conditions between the surface and 60 min winter at the HMS is 66 . 5%. 1 

Stagnati on 2 9 is defined as "the persistence of a given volume of ai r over a region , permitting an 
abnormal buildup of pollutants from sources within the region." By defin i ng stagnati on as an 
uninterrupted period of daily average wind speed of 5.0 mph or less and/or a peak gust of 15 mph 
or less, a 15-year sunmary 3 of stagnation periods covering the months November through February 
(1947-48 through 1961-62) has been accomplished. The two most notable stagnation periods experi
enced during this time occurred in November and December, 1952 . The first period was from Novem
ber 15 to December 3 (19 days). Then , after 5 days of ventilation, stagnation set in again on 
December 9 and lasted through December 28 (20 days). Average wind speeds during the two periods 
were, respectively, 2.6 and 2. 9 mph . Eleven days during the first period and eight du r ing the 
second had oeak gusts under 10 mph . One day during the f i rst period and two during the second 
had average speeds less than 1.0 mph with peak "gusts" of 4 mph. There were 13 days of fog in 
each period. 

Figure II.3-E-17 summarizes the preceding investigation. Examination of this figure reveals that 
although stagnation lasting for 20 days can be expected only one season in 20, a 10-day stagnation 
period can be expected every other season. Only one season in three will fail to produce a stag
nation period of at least 8 days . 
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The major cause of air pollution in the area is dust occurring during windy periods. The most 
significant sources are cultivated fields in the surrounding area. Dust or blowing dust occurs 
on an average of 6 days per year. 1 

11.3-E.5.7 Sky Cover and Solar Radiation 

The number of clear, partly cloudy, and cloudy days at the HMS itemized in Table 11.3-E-13 come 
from assigning each day to one of three categories in accordance with the following: 1 

Category 
Clear 
Partly Cloudy 
Cloudy 

Average Sky Cover 
(Tenths from Sunrise to Sunset) 

0 3 

4 - 7 

8 - 10 

About 200 days annually are sunny days at Hanford (the sum of the number of clear days and partly 
cloudy days). 

Table 11.3-E-14 presents solar radiation data measured at the HMS. 1 

TABLE 11.3-E-13 

HMS MONTHLY AND HOURLY SKY COVER AVERAGES STATISTICS ON CLEAR, 
PARTLY CLOUDY, AND CLOUDY DAYS 

HOUR 
TABULAR VALUES BASED ON THE PERIOD 1957-70 

IPSTI J F M A M J J A S 0 N D y 

00 7.1 6.0 5.2 5.1 4.6 4.4 24 25 3.4 4.5 6.6 7.4 4.9 
01 7.1 6.1 5.4 5.2 4.6 4.1 22 25 3.4 4.5 6.7 7.5 4.9 
02 7.1 6.1 5.4 5.3 4.5 4.0 21 24 3.5 4.7 6.6 7.5 4.9 
1B 7.3 6.2 5.4 5.2 4.8 4.5 24 24 3.5 4.8 6.4 7.4 5.0 
()II 7.4 6.3 5.5 5.5 5.2 4.7 25 28 3.5 4.8 6.5 7.5 5.2 
II! 7.4 6.7 5.7 6.0 5.6 5.0 27 3.3 4.3 s.o 6.6 7.8 5.5 
Oil 7.5 7.2 6.3 6.2 5.6 4.9 26 3.4 4.5 5.5 6.8 7.8 5.7 
rn 8.1 7.5 6.6 -6.3 5.6 4.8 27 3.3 4.4 5.9 7.5 8.3 5.9 
(B 8.3 7.6 6.8 6.3 5.4 4.7 25 3.2 4.3 5.8 7.7 8.4 5.9 
09 8.2 7.6 6.7 6.3 5.5 4.8 24 3.0 4.2 5.8 7.6 8.3 5.9 
10 8.2 7.5 6.6 6.4 5.6 5.0 25 3.2 4.3 5.8 7.4 8.5 5.9 
11 8.1 7.3 6.8 6.5 5.8 5.3 26 3.2 4.3 5.8 7.4 8.4 5.9 
12 8.1 7.4 6.9 6.7 6.0 5.2 28 3.3 4.3 6.0 7,6 8.3 6.0 
13 8.1 7.4 1.0 1.0 6.2 5.3 29 3.4 4.4 6.2 7.7 8.2 6.1 
14 8.0 7.4 7.0 7.0 6.1 5.3 3.0 3.5 4.4 6.3 7.6 8.1 6.1 
IS 8.0 7.4 6.9 6.9 6.3 5.4 ll 3.6 4.4 6.4 7.5 8.1 6.2 
16 8.1 7.4 6.9 7.0 6.4 5.6 3.2 3.7 4.4 6.4 7.3 8.0 6.2 
17 7.9 7.2 6.9 6.8 6.2 5.4 3.2 3.6 4.4 6.2 7.1 7.8 6.0 
18 1.5 6.7 6.7 6.7 6.1 5.4 3.1 3.4 4.4 5.9 6.9 7.6 5.9 
19 7.4 6.3 6.3 6.4 6.1 5.3 3.2 3.2 4.2 5.6 6.6-U, 5.7 
20 7.3 6.2 5.9 6.0 5.8 5.1 3.0 3.1 3.9 5.4 6.5 7.5 5.S 
21 7.1 6.2 5.7 5.6 5.2 4.8 28 28 3.8 4.9 6.6 7.4 5.2 
22 7.2 6.3 5.4 5.4 4.7 4.3 24 27 3.6 4.8 6.5 7.3 5.0 
23 7.0 6.2 5.3 5.2 4.5 4.0 23 26 3.4 4.6 6.7 7.2 4.9 

AVG 7.6 6.9 6.2 6.1 5.5 4.9 2 7 3.1 4.D 5.5 7.0 7.8 5.6 

AVERAGE SKY COVER (SUNRISE TO SUNSETI ANO NUMBER OF DAYS CLEAR , PARTLY CLOUDY AND CLOUDY 
1946-70 

SKY COi/ER (SCALE 0·101 NUMBER Of CLEAR DAYS PARTLY NUMBER Of CLOUDY DAYS 

RECORD . RECORD RECORD RECORD CLOUDY RECORD RECORD 
M<WTH AVG GREATEST YEAR LEAST YEAR AVG GREATEST YEAR LEAST YEAR DAYS AVG GREATEST YEAR LEAST YEAR --- --- ----- ---

JAN 7.8 9.0 1969 4.3 1949 13 1949 0 1955+ 6 22 27 1969+ 6 19'9 

FEB 7.4 8.9 1961 5.9 1964 5 9 1968+ 1969+ 18 26 1958 10 1951+ 

MAR 6.7 7.9 1950 4.9 1965 12 1965+ 1961• 8 16 22 1968 1 19'8 

APR 6.4 8.1 1963 3.7 19Sl 6 18 1951 1963 10 14 21 1963 3 19'9 

MAY 5.a 7.7 1960 4.5 1949 8 14 1953 2 1960 11 12 19 1960 3 1949 

JUNE 5.2 7.D 1950 28 1961 10 21 1961 1966 10 10 IS 1957 0 1949 

JULY 27 4.5 1955 0.9 1953 20 27 1953 . 14 1955 4 8 1'155 0 1967+ 

AUG 3.3 5.9 1968 0.6 1955 19 30 1955 11 1968 5 13 1968 0 1969+ 

SEPT 4.1 6.1 1959 25 1950 15 21 1967 8 1969 13 1969 2 1952+ 

OCT 5.9 7.7 1950 3.9 1952 10 16 1953 3. 1950+ 14 18 lll56+ 1946 

NOii 7.5 9.0 1965 6.2 1957 10 1957 1965+ 20 :it 1965+ 12 1941 

DEC 8.1 9.2 1962 6.8 1954 1954 0 19'7 23 28 1962 14 1946 

y 5.9 u 1966 5.1 1949 lll 134 1967 85 1966 88 166 181 1969+ 151 1967 
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TABLE II.3-E-14 

HMS AVERAGE HOURLY AND DAILY SOLRAD TOTALS (LANGLEYS) 
'I. 

BASED ON ·THE PERIOD 1957-70 

HOUR 
BEGINNING 

IPSTI J F M A M J J A s 0 N D y - - -- - -
04 0 0 0 (a) l .l 2.4 1.3 0.1 0 0 0 0 0.4 
er; 0 0 (a) 2.4 8.5 ll.5 9.8 4.3 0.7 (a) 0 0 3.1 
06 0 0.1 2.8 ll.9 20.9 24.9 23.3 16.0 8.2 2.1 0.1 0 9.2 
07 0.4 3.0 12.4 25.4 35.0 39.4 38.7 30.3 2L2 10.8 2. 9 0.4 18.4 
08 4.8 ll.l 24.0 38.6 47.8 52.l 53.1 44.6 34.8 22.2 9.8 4.2 29.0 
09 ll.7 19.8 35.3 49.4 58.0 61.4 63.5 55.5 45.7 3L6 17.0 9.7 , 38.3 
10 17.8 27.8 43.6 56. 7 64.2 67.6 71.1 63.0 53.4 38.3 22.0 14.5 45.0 
ll 21.4 32.4 48. 7 58. 7 67.2 70.5 74.7 66.0 56.0 4L2 24.0 17.3 48.1 
12 21. 9 33.1 48.2 57.7 63.7 69.2 73.8 66.1 55.6 39.8 23.0 17.3 47.5 
13 18.8 30.0 43.9 52.0 59.7 63.8 69.0 62. 7 50.3 33.8 18. 9 14.5 43.0 
14 13.6 24.l 36.9 45.1- 52.8 56.3 61.7 53.5 40.9 24.9 13.0 9.2 36.0 
15 6.8 15.6 26.4 34.1 42.1 46.2 50.7 42.2 29.4 14.8 5.6 3.4 26.5 
16 1.3 6.0 14.6 22.l 29.4 34.l 37.6 29.0 16.4 5.0 0.6 0.1 16.4 

Cr 17 0 0.6 4.3 lQ.4 17.3 21.4 23.l 15.2 5.1 0.4 0 0 8.2 
18 0 0 0.1 2.2 6.2 9.8 9.8 4.3 0.4 (a) 0 0 2.8 

l ) 19 0 0 0 0 0. 7 2.6 1. 7 0.2 0 0 0 0 0.4 
suM(b) 118.5 2<B.6 341.2 466. 7 574.6 633.2 662.9 553.0 418.l 265.l 136.9 CXl.6 372.3 
AVG (c) us 200 340 470 571 626 659 551 418 262 135 91 370 
HM(d) 135 238 388 526 634 698 700 613 457 299 180 ll6 385 }. 

,..,__ YEAR 1962 1960 1965 1959(e)1970 1960 l 96q(e) 1955 1961 1958 1957 1970 1957 • LM(f) 563 354 227 97 57 357 88 164 . 305 374 511 588 475 
YEAR 1955 1954 1961 1963 1962 1953 1955 1968 1959 1956 1964 1969 1967 
(a) AN AMOUNT TOO SMALL TO MEASURE 

(b) AVERAGE DAILY TOTAL BASED ON THE PERIOD 1957-70 
(c) AVERAGE DAILY TOTAL BASED ON THE PERIOD 1953-70 
(d) HM HIGHEST MONTHLY AND ANNUAL (1953-70) 

(e) ALSO IN EARLIER YEARS 
:-. (f) LM LOWEST MOOTHLY AND ANNUAL (l 953-701 

II.3-E . 5.8 Preci eita ti on 1 

At the Hanford Meteorology Station average annual precipitation is 6.25 inches . The 3 months 
November-through-January contribute 42% of this total, while the 3 months July-through-September 
contribute only 10%. There are only two occurrences per year of 24-hour amounts of 0.50 inch or 
more, while occurrences of 24-hour amounts of 1.00 inch or more number only four in the entire 
25 years of record (1946-1970) . One of these was the record storm of October 1-2, 1957, in which 
rainfall totaled 1.08 inches in 3 hours, 1.68 inches in 6 hours, and 1.88 inches in 12 hours . At 
the other extreme, there have been 81 consecutive days without measurable rain (June 22-
September 10, 1967), 139 days with only 0. 18 inch (June 22-November 7, 1967), and 172 days with 
only 0.32 inch (February 24-August 13, 1968). 

About 45% of all precipitation during the months December-through-February is in the form of snow. 
However, only one winter in eight can expect an accumulation of as much as 6 inches on the ground. 
The average seasonal number of such days is f i ve, although the 1964-65 winter had 35, 32 of which 
were consecutive. 

,/ 
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Figure 11.3-E-18 presents HMS average monthly precipitation data. It can be seen that there is 
a maximum during the winter months with a secondary maximum occurring in June. Tables 11.3- E-15 
and 11.3-E-16 and Figures ll.3-E-19 and 11.3-E-20 present various observed and theoretical extreme 
values of precipitation amounts and intensities during specified time periods. Figure 11 . 3-E- 21 
presents similar data for depth of snow. Examination of these tables and figures would i ndicate 
that a "500-year storm," for example, could result in a greatest depth of snow on the ground on 
the order of 30 inches . 

These precipitation data are considered generally representative of the entire Hanford Reserva
tion except for the ALE area on Rattlesnake Mountain where precipitation may range up to 10 to 
15 inches as a result of orographic effects . 30 
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FIGURE 11 . 3-E-18 AVERAGE MONTHLY PRECIPITATION AMOUNTS BASED ON THE PERIOD 1912-1970 

TABLE I I. 3-E-15 

PROBABLE DURATION OF VARIOUS PRECIPITATION INTENSITIES AT HANFORD FOR 500-YEAR STORM 

Time Period Amount (Inches)(a) 
Intensity ( 

(Inches eer Hour) a) 
5 minutes 0. 5 6.0 

10 minutes 0.6 3. 6 
15 minutes 0. 7 2. 8 
20 minutes 0. 73 2.2 
30 minutes 0.9 1.8 
40 minutes 0 . 93 1.4 
50 minutes 1.00 1.2 
60 minutes 1.02 1.02 
2 hours 1. 22 0.61 
3 hours 1.33 0. 44 

4 hours l. 52 0. 38 
5 hours l. 70 0. 34 
6 hours 1.98 0. 33 
8 hours 1.84 0. 23 

10 hours 1.96 0.196 
12 hours 2. 34 0.195 

18 hours 2.52 0.14 

24 hours 2.47 0.103 

1 year 15 .60 

(a) Differences in values between tables and figures can be 
attributed to smoothing errors when graphing the lines . 

I I. 3-E-31 



r-• 

r· .. , 

._ 

>.... 
V\ 
z 
~ 
~ 

TABLE II.3-E-16 

AVERAGE RETURN PERIOD {R) AND EXISTING RECORD {ER) FOR VARIOUS PRECIPITATION 
AMOUNTS AND INTENSITY DURING SPECIFIED TIME PERIODS AT HANFORD 

{based on extreme value analysis of 1947-69 records) 

AMOUNT IINCHESI INTENS ITV !INCHES PER HOURI 

TIME PERIOD TIME PERIOD 

R 20 60 20 60 
(YEAR SJ MIN MIN 2 HRS 3 HRS 6 HRS 12 HRS 24 HRS MIN MIN 2 HRS 3 HRS 6 HRS 12 HRS 24 HRS 

2 0.16 0.26 0.30 0.36 0.48 0.62 0.72 0.49 0.26 0.15 0.12 0.08 0.052 0.030 

5 014 0.40 0.48 0.55 0.77 0.95 1.06 0.72 D.«l 0.24 0.18 . 0.13 0.079 0.044 

10 0.37 0.50 0.59 0.67 0.96 1.17 1.28 1.1 0.50 0.30 0.22 0.16 0.098 0.053 

25 0.47 0.62 0.74 0.83 1.21 1.45 1.56 1.4 0.62 0.37 0.28 0.20 0.121 0.065 

50 . O.~ 0.72 0.85 0.96 1.40 1.66 1.77 1.6 0.72 0.42 0.32 0.23 0.138 0.074 

100 0.60 0.81 0.96 1.07 1.59 1.87 1.99 1.8 0.81 0.48 0.36 0.27 0.156 0.083 

250 0.68 0.93 l.ll 1.22 1.82 2.13 2.26 2.0 0.93 0.55 0.41 0.30 0.177 0.094 

500 0.73 1.02 1.22 1.33 2.00 2.34 2.47 2.2 1.02 0.61 0.44 0.33 0.195 0.103 

1000 0.!Kl 1.11 1.33 1.45 2.20 2.55 2.68 2.4 l.ll 0.67 0.48 0.37 0.212 0.ll2 

ER (a) 0.59 0.88 1.08 1.68 1.88 1.91 (a) 0.59 0.44 0.36 0.28 0.157 0.0!Kl 

6/12 10/l 10/l 10/1-2 10/1-2 10/1-2 6/12 10/1 10/1 10/1-2 10/1-2 10/1 -2 

DATE 1969 1957 1957 1957 1957 1957 1969 1957 1957 1957 1957 1957 

(a) NO RECORDS HAVE BEEN KEPT FOR TIME PERIODS OF LESS THAN 60 MINUTES . HOWEVER , THE RAIN GAGE CHART 
FOR 6-12-{,9 SI-OWS THAT 0.55 INCH OCCURRED DURING A 20-MINUTE PERIOD FROM 1835 TO 1855 PST. AN 
ADDITIONAL 0.04 INCH OCCURRED BETWEEN 1855 AND 1910 TO ACCOUNT FOR THE RECORD W-MINUTE AMOUNT OF 
0.59 INCH. 

8.0 ~---.---,---,---,-,.........-,---..---,---,--,---,--r-"T"""T--r--i 

0.06 l-----4-- 4---1----.----l-4----1-----l----+---4---+-4--4--..,4-""1,r--....-"_.,,_~,-1 

0.04 1----+--1--1----+--+--+-.----+--l--+--+-+--+--+-l--'""1-r----l 

0.02 .__ _ ___.__..,__...,_____.___.__._....,_ __ ..___.____.__._..,__......__........,_....__, 

5 10 15 20 30 40 50 60 

MINUTES 
DURATION 

3 4 5 6 8 10 12 18 24 

HOURS 

TO USE THIS CHART, SELECT ANY DESIRED 
RAINFALL INTENSITY AND DURATION AND 
READ FROM THE DIAGONAL LINES THE 
EXPECTED FREQUENCY OF SUCH INTENS ITV 
AND DURATION . FOR EXAMPLE, RAINFALL 
INTENSITY OF 1J INCHES PER HOUR FOR 
10 MINUTES CAN BE EXPECTED TO OCCUR, 
ON AVERAGE, ONCE EVERY 5 YEARS (POINT 
Al. HOWEVER , SUCH INTENSITY CAN BE 
EXPECTED FOR 30 MINUTES DURATION ONLY 
ABOUT ONCE IN 100 YEARS (POINT Bl. THE 
RETURN PERIOD FOR THIS INTENSITY FOR 
60 MINUTES DURATION IS GREATER THAN 
1000 YEARS (POINT Cl. 

THERE ARE. OF COURSE, VARIATIONS IN 
USE OF THE CHART. SUPPOSE, FOR 
EXAMPLE, IT IS DESIRED TO FIND THE 
" 100-YEAR STORM" FOR 60 MINUTES. 
THIS IS 0.8 INCH (POINT DI. 

FIGURE II.3-E-19 RETURN PERIODS OF RAINFALL INTENSITY AND DURATION 
(based on the period 1947-69 at HMS) 
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PROBABILITY 11'1 THAT TOTAL ANNUAL PRECIPITATION WILL EXCEED A GIVEN AMOUNT 

99.99 99 90 50 10 QI Q0l 

30 HANFORD METEOROLOGY STATION 
TOTAL ANNUAL PREC I PIT A Tl ON 1913-1974* 

*TOTALS AVAi LABLE FOR ONLY 57 YEARS 

10 

l .___.__.__.___,_.._..___,__,..___,___.__.__,___,___,____._-'-___. _ _,__,_...,__._.1,..__..J 
0,01 QI 10 50 90 99 99.9 

PROBABILITY 11'1 THAT TOTAL ANNUAL PRECIPITATION WILL NOT EXCEED A GIVEN AMOUNT 

FIGURE II .3-E-20 TOTAL ANNUAL PRECIPITATION PROBABILITY DIAGRAM 
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PROBABILITY l1'1THAT GREATEST DEPTH Will EXCEED GIVEN AMOUNT 
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PROBABILITY 11'1 THAT GREATEST DEPTH Will NOT EXCEED GIVEN AMOUNT 

FIGURE II .3-E-21 GREATEST DEPTH OF SNOW ON GROUND DURING 24 OF 25 WINTERS 
OF RECORD AT HANFORD 1946-47 THROUGH 1969-70 
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A study3 1 on climatic effects of irrigation suggests a 25% increase in local precipitation can be 
attributed to irrigation in the Southern Columbia Basin Irrigation District. Another study8 

indicates that these conclusions are at variance with most other research where irrigation i s 
shown to have a minimum influence at distances much beyond boundaries of even substantial (40,000 
to 50,000 hectares) irrigated blocks. In the latter study no statistically sign i ficant difference 
was found between rainfall at stations inside the Columbia Basin Project and at upstream reference 
stations. Figure II.3-E-22 presents HMS total annual precipitation and 10- and 15-year moving 
averages. Total annual precipitation at the HMS has generally decreased between 1950 and 1970 
when the Columbia Basin irrigation operation grew from 2876 hectares to 180,732 hectares . a This 
decrease tends to refute the conclusion that an increase in local precipitation can be attributed 
to irrigation. 
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FIGURE 11 . 3-E-22 HMS TOTAL ANNUAL PRECIPITATION (1913-1970) 
AND 10 and 15 YEAR MOVING AVERAGES 
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11.3- F, Part 1 Aquatic Ecology 

The dominant aquatic ecosystem on the Hanford Reservation is the Columbia River. The fifth 
largest river in North America, it has a total length of 1,214 miles from its origin in British 
Columbia to its entrance into the Pacific Ocean . Numerous dams have been built on the river, 
wi th the only free-flowing U. S. section occurring between Priest Rapids Dam and McNary Reservoir. 
No significant tributaries enter the stream in this section which is .mostly contained within the 
Hanford Reservation. The entire Columbia River is exceptionally clean for a river of its size. 
The only other natural lotic ecosystem of any size on the Hanford Reservation is Rattlesnake 
Springs . 

Several small lentic sites that are a result of waste discharge effluents are present within the 
Hanford Reservation. The largest of these is Gable Mountain Pond. 

11 . 3-F.l The Columbia River 

The basic physical and chemical characteristics of the Columbia River were presented in previous 
sections of this report. Additional nonbiological data as well as comprehensive evaluations of 
the ecological characteristics of the Columbia River, mainly in the Hanford to McNary Dam sec
tion are available. 1- 3 

Studies concerned with the various aquatic organisms in the Columbia River, relating mainly to 
influence of reactor operation, have been conducted for over 25 years; a bibliography with 
abstracts of these investigations was recently published. ~ The following paragraphs sunmarize 
the essential ecological characteristics of the major communities. Figure 11 . 3-F-l is a 
simplified diagram of the food-web relationships in selected Columbia River biota and represents 
probable major energy pathways . 

DEATH AND FECES 
!BACTER IAL BREAKDOWN) 

FIGURE II . 3-F-l FOOD WEB OF COLUMBIA RIVER 

The Columbia River presents a very complex ecosystem in terms of trophic relationships due to its 
size, the number of man-made alterations, the diversity of the biota, and the size and diversity 
of its drainage basin . Streams in general, especially smaller ones, depend greatly upon alloch
thonous input of organic matter to drive the energetics of the system. Large rivers, particu
larly the Columbia with its series of lentic reservoirs, contain a significant population of 
autochthonous primary producers (phytoplankton and periphyton) which Cvntribute the basic energy 
needs. The dependence of the free-flowing Columbia River in the Hanford stretch upon an autoch
thonous food base is reflected by the faunal constituents, particularly the herbivores in the 
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second trophic level. Filterfeeding insect larvae such as caddis fly larvae, Hydropsyche, and 
periphyton grazers such as limpets and some mayfly nymphs are typical fonns present. Shredders 

,- and large detrital feeders (such as the large stonefly nymphs) which are typical of smaller 
streams are absent. The presence of large numbers of the herbivorous suckers also attests to 
the presence of a significant periphytic population. Carnivorous species are numerous, as would 
be expected in a system of this size . 

II . 3-F. 1.1 Phytoplankton 

Diatoms are the dominant algae in the Columbia River, usually representing over 90% of the popu
lation. The main genera include Fagilaria, Asterionella, Melosira, Tabellaria, and Synedra. 
Lentic forms that originate in the impoundments behind the upstream dams are dominant in the 
Hanford section of the river. The phytoplankton also contain a number of species derived from 
the periphyton or sessile algae community. This is particularly true of the Columbia River in 
the Hanford ' area because of the fluctuating daily water levels. Periphytic algae exposed to 
the air for part of the day may dry up and then become detached and suspended in the water when 
the river level rises again. Peak biomass of net phytoplankton is about 2.0 g dry wt/m 3 in May 
while winter values are less than 0.1 g dry wt/m 3 • 5 Figure II.3-F-2 illustrates the seasonal 
fluctuations in plankton biomass. A spring increase with a second pulse in late summer and 
autumn was observed in the Hanford section of the Columbia River in previous studies . 6 • 7 The 
spring pulse is probably related to increasing light and wanning of the water rather than to 
availability of nutrients. The coincident decrease of PO~ and N0 3 , essential nutrients for 
algae growth, may be partially related to uptake by the increasing phytoplankton populations 
but is also highly influenced by the dilution of these nutrients by the increased flows due to 
high run-off at this time . The degree of dilution depends upon the concentration of these 
nutrients in the run-off waters . However, these nutrients do not decrease to concentrations 
limiting to algae growth at any time of the year. Green and blue-green algae occur mainly in 
the wanner months, but in substantially fewer numbers than the diatoms. 
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FIGURE II.3-F-2 SEASONAL FLUCTUATION OF PLANKTON BIOMASS 

11.3-F.l.2 Periphyton 

Periophytic communities develop on suitable solid substrates wherever sufficient light occurs for 
photosynthesis. Dominant diatom genera include Melosira and Gom~honema and in spring and stmner 
luxuriant growths of the filmentous green algae Stigeoclonium an Ulothrix occur. Net Production 
Rate (NPR), as measured from 14 day colonization of artificial substrates,- varied from 0.07 mg 
dry wt/cm2/day in August to less than 0.01 mg dry wt/cm2/day in December and January. 8 Fig-

\., 

ure II.3-F-3 shows the seasonal pattern of NPR and represents the 14 day growth on clean glass 
slides and not the increment on an established community. NPR was highly correlated with solar 
energy and chlorophyll.! concentration on the slides during the two week exposure. The high 
correlation with chlorophyll a is consistent with the fact that closest relationships between 
pigment content and productivTty are usually found only during periods of rapid growth. The 
colonization conditions obtained· in these studies began from a bare surface, and after two...weeks 
the communities were probably still i n the log-growth phase. Correlations among biomass measure
ments were highest between dry weight and ash weight, due mainly to the high population of diatoms 
with silica frustules. 
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0- II.3-F.l.3 Macrophytes 

I 
I 

I_ 
Emergent macrophytic vegetation is extremely sparse and is usually found in slackwater areas. 
Rushes {Juncus) and sedges {Carex) occur in flooded areas, particularly after high-water levels 
recede.~ areas are located°above 100-K, below 100-D, and in the sloughs between 100-H and 
100-F, below 100-F, and near the old Hanford townsite. 

II.3-F.l.4 Zooplankton 

In the Hanford stretch of the Columbia River, zooplankton populations are generally sparse and 
associated with benthic deposits in slack water areas near the edge of the river; cladocerans 
are more abundant than copepods. 9 Quantitative data showed a pronounced spring pulse of 260,000 
organisms/ft2 • Alona rectangula, ~- affinis, and Chydorus sphaericus predominate in spring, fall, 
and winter. Sida crystallina and Eurycercus lemallatus are most abundant in summer. Twenty-four 
species of Cladocera and Copepoda have been identified in McNary Reservoir. 10 This reservoir 
receives water from the Yakima, Snake, and Walla Walla Rivers as well as from the Columbia, all 
of which may contribute to the zooplankton population. 

II.3~F.l.5 Benthos 

Benthic biota consist of organisms which are either attached to or live closely associated with 
the substrate. Dominant organisms presently found in the free-flowing Columbia include insect 
larvae, sponges, molluscs, flatworms, leeches, crayfish, and oligochaetes. The daily fluctuating 
water levels, due to the manipulatiGn of flow by an upstream hydroelectric dam, have destroyed a 
part of this fauna in the littoral zone. Near the old Hanford townsite, midge larvae {Chironomi
dae) and caddis fly larvae {Trichoptera) are the most numerous benthic organisms, averaging 121 
and 208 organisms/ft2 , respectively. 1 Caddis fly larvae and molluscs {Mollusca) are predominant 
in terms of biomass, averaging 2.24 and 1.23 g wet wt/ft2 , respectively. Total benthic organisms 
averaged 375/ft2 and 3.59 g wet wt/ft 2 during 1951-52. These figures are approximations of these 
populations due to the difficulty in sampling all of the bottom in a large river such as the 
Columbia. Sampling was restricted to the shallow shoreline, and even there variations between 
replicate samples were sometimes greater than seasonal variations. 
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II.3-F.l.6 Fish 

Thirty-nine species of fish (Part 2 of this appendix) have been identified in t he Hanford area of 
the Columbia River. 4 • 1 1 Of the many species of fish in the river, the anadromous salmon and 
steelhead trout are of greatest economic importance. The Hanford reach of the Columbia serves as 
a migration route to and from upstream spawning grounds for chinook, sockeye, and coho salmon and 
for steelhead trout. Both fall chinook salmon and steelhead trout also spawn in the Hanford 
reach of the river. Population estimates of the locally spawning chinook salmon are made annu
ally by means of aerial surveys and enumeration of the number of salmon nests (redds) in the 
reach of river from Richland to Priest Rapids Dam (Table II.3-F-1). For the period 1947 to 1972 
the average number of chinook salmon spawners was almost 9500 fish, with a range of 450 to 
31 ,600. 1 2 Since 1962, the local fall chinook salmon spawning population represents 15 to 20% of 
the total fall chinook escapement to the river. 1 3 This recent increase in relative importance 
of the Hanford reach for chinook spawning may result from the destruction of other mainstem 
spawning grounds by river impoundments. 

The chinook juveniles move through the Hanford reach of the Columbia in two age classes , young 
of-the-year and yearlings. The young-of-the-year in particular inhabit the areas near shore 
where they feed as they move downstream. They are present from late winter through midsummer, 
with greatest numbers in April, May, and June . 

TABLE Il.3-F.:1 

NUMBER OF SPAWNING FALL CHINOOK SALMON AT HANFORD, 1947- 1973 
(population estimate based on 7 fish per redd) 

Year 
1947 

48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

No. of Redds (a) 

240 
785 
330 
316 
314 
539 
149 
157 

64 
92 

872 
1485 
281 
295 
939 

1261 
1303 
1477 
1789 
3101 
3267 
3560 
4508 
381 3 
3600 
876 

2965 

Population Est imate 
1680 
5500 
2310 
2210 
2200 
3770 
1040 
1100 
490 
640 

6100 
10400 
1970 
2070 
6570 
8830 
9120 

10300 
12500 
21700 
22900 
24900 
31600 
26700 
25200 
6130 

20800 

(a) Redd counts obta i ned by aer ial surveys 

Average annual steelhead spawning population estimates for the years 1962-1971 are about 10,000 
f i sh. 14 The annual estimated 1963-1968 sport catch in the reach of river from Ringold, just 
downstream from the Hanford site boundary, to the mouth of the Snake River, a distance of about 
30 miles, was approximately 2700 fish. 

The shad, another anadromous species, may also spawn in the Hanford reach of the river. Young
of- the-year of this f i sh are collected during the su11111er. The upstream range of the shad has 
increased since the mid 1950 ' s, possibly as the result of increased impoundment of water in the 
lower and middle river. In 1956 fewer than ten adult shad ascended McNary Dam; in 1966 about 
10,000 passed upstream . The whitefish are resident in the Hanford reach of the river and sup
por t a winter sport fishery . During the period of maximum plutonium production reactor opera
t i on, upstream movement of whitefish and other resident species was demonstrated by the capture 
of fish containing greater than background levels of radionuclides at Priest Rapids Dam, 
upstream of the Hanford Reservation. 
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Other game species such as sturgeon, smallmouth bass, crappie, and sunfish are also fairly abun
dant in the Hanford section of the Columbia. These populations are enhanced by the prohibition 
of fishing and public access to most of the river within the Hanford Reservation. 

Population estimates have not been made of resident coarse fishes (such as suckers and minnows) 
a large portion of the resident population. The problems inherent in effectively sampling a 
river the size of the Columbia preclude definitive measurements. Other common species include 
sculpin, dace, and sticklebacks. · 

II.3-F.2 100-N-Disposal Trench 

Liquid waste from the N .Reactor flows into a crib with the overflow going into a 1600-ft long 
dispersal ditch. Water seeping from the trench eventually reaches the Columbia River. No eco
logical studies have been performed on this disposal trench although periphytic algae and associ
ated microscopic organisms are probably present. Some insect larvae may also be present . The 
trench was occasionally used by migrating waterfowl until it was partly screened and backfilled 
to prevent access. 

II.3-F.3 200 Area Ponds and Ditches 

A number of ponds and ditches in the vicinity of the 200-E and 200-W areas have received low
level aqueous waste . A total of 360 acres received waste, but only about 180 acres are i n cur
rent use. Ecological studies have been performed on some of the sites. The ditches in general 
have sand substrates with a rapid rate of infiltration. Vegetation grows abundantly along the 
shores if not controlled. 

Ecological studies have been in progress since June 1972 on Gable Mountain Pond and since July 
1973 on U Pond. The shoreline vegetation around Gable Mountain Pond is predominately cattails 
and rushes; open sections are present near the inlet and at the northwest end where the overflow 
passes through a culvert in a dike. Figure II.3-F-4 represents the basic food-web present in 
both Gable Mountain Pond and U Pond. The biota is rich in terms of species diversity but addi
tional work is needed to quantify the various populations. (Major taxa are shown in Table 
II.3-F-2.) Quantitative sampling is in progress on the 22 acre U Pond. The daily thermal regime 
of the pond is dependent primarily upon the incoming water and secondarily on atmospheric and 
solar heat. However, the range within which the pond fluctuates is influenced by seasonal 
changes in solar and atmospheric heat. Since pri'mary productivity is closely related to seasonal 
changes in insolation and temperature, striking pulses occur during the warmer months when wind 
and cloud cover are minimal. 
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The pond suoports a simple food-web based mainly on detritus and sedimented organic matter. Pri
·mary producers are mainly phytoplanktonic green algae (Chlorococcales) and several emergent vas
cular plants. Benthic detritivores and scavengers include chironomid larvae, oligochaetes, 
amphipods, and mayfly and beetle larvae. Goldfish, the only nektonic form, also scavenge the 
bottom. Dragonfly and damselfly larvae and backswirrmers constitute the only known carnivores in 
the pond. 

TABLE II .3-F-2 

MAJOR TAXA IDENTIFIED IN GABLE MOUNTAIN POND AND U POND 

Plants 
Phylum Chlorophyta 
Phylum Tracheophyta 

Family Typhacea 
Family Cyperac~a 
Family Najadaceae 
Family Haloragidaceae 

II.3-F .4 300 Area Waste Ponds 

Animal s 
Phylum Mollusca 
Phylum Annelida 
Phylum Arthropoda 

Class Crustacea 
Order Diplostraca 
Order Calanoida 
Order Cyclopoida 
Order Amphipoda 

Class Insecta 
Order Coleoptera 
Order Di ptera 
Order Hemiptera 
0 rder Odona ta 
Order Ephemeroptera 

Phylum Chordata 
Class Osteichthyes 

Order Holostei 
Family Cyprinidae 

Two ponds, totalling about 12 acres, receive low-level liquid waste generated in the 300 Area 
laboratories and reactor fuel canning complex. 15 The South Pond is dry now but could receive 
water again since the North Pond is approaching capacity. Since the waste contains concentra
tions of copper and uranium, a thick layer of copper hydroxide is on the bottom. 

No ecological studies have been conducted on these ponds . Vascular plants grow down to the 
water's edge , but the pond proper is unsuitable for aquatic life . Ducks are occasionally 
observed on the ponds and sanitary waste leaching trench alongside. 

II .3-F.5 Rattlesnake Springs 

tattlesnake Springs, located in the Arid Lands Ecology (ALE) Reserve, is a permanent spring 
~hich begins from ground seepage and is subsequently fed by small ground springs along its course. 
[t flows for approximately 2 miles at approximately 0.43 cfs and disappears into the ground. The 
;tream bottom is composed of sand and gravel, while rubble occurs in some areas. The biotic 
:orrmunities in the stream are subjected to periodic flash floods in winter, depending upon 
~eather conditions. Despite these floods, the stre~m supports a diverse flora and fauna. Table 
II .3-F-3 gives the mean concentrations of several chemical parameters; pH varies slightly around 
B.O. No chemicals are present in detrimental concentrations to the biota. 

II.3-F.5.1 Phytoplankton and Periphyton 

Some 90 species of algae have been collected and identified at Rattlesnake Springs. Slightly 
over half of the species are diatoms . In surrmer, green algae are the second most numerous group 
and are the dominant group in terms of biomass. Table II.3-F-4 shows the breakdown by major 
taxonomic groups. 

II .3-F.5.2 Macrophytes 

Cattails and sedges occur along the stream, especially where it is not shaded. but the over
whelmingly dominant macrophyte is water cress. Rorippa nasturtium-aguatica. This plant season
ally occupies from 2 to asi of the total stream area.II 
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TABLE II.3-F-3 

CHEMICAL ANALYSIS, 
RATTLESNAKE SPRINGS, 

1962-1963 

Ca 30 
Mg 11 

Na 16 
K 3 
Zn 0.004 
B 0.024 
Fe 0.08 
Si 24 
so4 13 to 30 
Cl 3 
P04 0. 3 
N03 0.8 
Total dissolved sol ids 220 
MO al ka l in ity 132 
Turb idity 1.2 

II.3-F.5.3 Invertebrates 

TABLE II.3-F-4 

MAJOR ALGAE TAXA 
IN RATTLESNAKE SPRINGS 

Taxon 
Phylum Chlorophyta 

No. of Species 

Sub-Division Chlorophyceae 22 
Sub-Divis ion Characeae l 

Phylum Euglenophyta 11 
Phylum Chrysophyta 

Sub-Division Xanthophyceae 3 
Sub-Division Chrysophyceae 46 

Phyllffl Cyanophyta 
Sub-Division Myxophyceae 7 

Several groups of invertebrates occupy the stream, although the species diversity is highly 
dependent upon the size of the winter floods, if any, and the resulting physiognomy of the 
stream. No exhaustive taxonomic study has been made of the invertebrates. The major taxa are 
given in Table II.3-F-5. 

TABLE II, 3-F-5 

MAJOR TAXA IDENTIFIED IN RATTLiSNAKE SPRINGS 

Pl ants 
Phyllffl Chlorophyta 

Sub-Division Chlorophyceae 
Sub-Division Characeae 

Phyllffl Euglenophyta 
Phylum Chrysophyta 

Sub-Division Xanthophyceae 
Sub-Division Chrysophyceae 

Phyllffl Cyanophyta 
Sub-Division Myxophyceae 

Phyllffl Tracheophyta 
Family Cruciferae 
Family Typhaceae 
Family Cyperaceae 

II.3-F.6 Other Springs on the ALE Site 

Animals 
Phylum Mo 11 usca 
Phylum Annelida 
Phylum Arthropoda 

Class Crustacea 
Order Ostracoda 
Order Diplostraca 
Order Calanoida 
Order Cyclopoida 
Order Amphipoda 
Order Decopoda (not 
in Rattlesnake Springs) 

Class Insecta 
Order Coleoptera 
Order Ephemeroptera 
Order Plecoptera 

· Order Trichoptera 
Order Diptera 
Order Hemiptera 
Order Odonata 

Approximately 14 other permanent and intermittent springs occur on the ALE site. No ecological 
studies have been made of these springs but qualitative collections were made for certain orga
nisms. Algae was collected at a few sites and the crayfish, Pacifasticus leniculatus, was 
collected for laboratory experiments. 
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II.3-~ Part 2 Columbia River Biota(a) 

Organism 

Phylum Chlorophyta 

Ul othri x zona ta 

Stigeoclonium lubricum 

Clacfophera crispata 

f. glomerata 

Zoochlorella parasit i ca 

Chara~ Gmelin 

f . vulgaris 

Tetraspora sp . 

Oedogonium sp. 

Spi rogyra sp . 

Plesdorina sp . 

Pediastrum sp . 

Staurastrum sp . 

Coelastrum so . 

Ankistrodesmus sp . 

Pandorina sp . 

Scenedesmus sp . 

Rhi zoc l on i um fontanl.f11 

Phyl 1M11 Chrysophyta 

Hydrurus foetidus 

Botrydium granulatum 

Eunotia pectinalis 

Mel os i ra granu la ta 

~- varians 

Cyclotella bodani.ca 

f . gl omerata 

f. melosiroides 

Stephanodi scus astraea 

~- ! · ~ - minuta 
~ - ni agarea 

Rhizosolenia eriensis 

label laria fenestrata 

Di atoma vulgare 

Fragilaria crotonensi s 

f. . harrisonii 

f. . construens 

f. . vi rescens 

As teri one 11 a formosa 

Synedra ~ 

~- .!l· ~- danica 

~-~ 
~- rumpens 

~- pulchella 

~-parasitica 

Cocconei s pl acentu la 

Organism 

Phyl UI II Chrysophyta (contd) 

f . pediculus 

Frustul ia rhomboides 

f. . vulgaris 

~m productl.f11 

Oiploneis elliptica 

~ ob l onga 

Cymbella prostrate 

f_. turgida 

f_. leptoceros 

f . naviculiformis 

f. cistula 

f . ventriocosa 

f_ . tumida 

Gomphonema parvulum 

§. . o l i vaceum 

Epithemia turgida 

Rhopalodia gibba 

Nitzschia dissipata 

!l_. palea 

Ceratoneis sp . 

Cymatopleura solea 

f . elliptica 

Suriella l i nearis 

Phylum Cyanophyta 

Aulosira implexa 

Oscillatoria anguina 

Q. chalybea 

Q. limosa 

Q. proboscidea 

Q. princeps 

Q. spendida 

Q. tenu i s 

Q. !_ . var . natans 

Phormidium autumna le 

P. favosum 
f. . inundatum 

.!;_ • .!:lli.ii 

E_. subfusc um 

!;_ . tenue 

E. , unc i natum 

~ aerugineocaerulea 

b., aestuari i 

b. , Oigue t i i 

b. , vers icolor 

Organism 

Phylum Cya nophyta (contd) 

Anabaena oscillarioides 

Nostoc caeruleium 

!l,. ell ipsosporum 

!l_ . sphaericum 

Aphani zomenon fl os-aguae 

Tolypothrix di storta 

I , lanata 

I - tenui s 

Pl ectonema nostocorum 

Amphithrix janthina 

Cal othri x pari etana 

Gloeotrichia echinulata 

§.. na tans 

Audouinella violacea 

Phylum Pyrrhophyta 

Ceratium sp . 

Phylum Tracheophyta 

Family Najadaceae 

Potomogeton sp. 

Family Hydrochari taceae 

Anacharis sp . 

Elodea sp . 

Family Lemnaceae 

~sp. 

Family Polygonaceae 

Pol ygonum sp . 

Famil y Ceratophyllaceae 

Cera tophyl l um demersum 

Family Cyperaceae 

Family Juncaceae 

Animals 

Phylum Protozoa 

Acanthocystis sp . 

Actinosphaerium sp . 

Vorticella sp . 

Epistylis sp. 

Phylum Porifera 

Spongilla lacustris 

Phylum Coelenterata 

Craspedacusta sowerbi i_ 

Hydra sp. 

(a) Cla ssification after - T. r. Storer , R. L. Usinger, R. C. Stebbins, 
J . w. Wybakken, General Zoology, Fifth edition, McGraw-Hill Book 
Co . , New York , 1972. 
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Organism 

Phylum Platyhelminthes 

Class Turbellaria 

Duges i a dorocepha la 

Class Trematoda 

Actinocleidus sp . 

Uroc lei dus sp . 

Oactylogyrus spp . 

Gyrodactylus spp . 

Phyl lodi stomum sp. 

Lecithaster salmonis 

Diplostomum sp . 

Posthodiplostomum ~ 

Brachypha 11 us ~ 

Neascus spp . 

Allocreadium sp . 

Crepidostomum farioni s 

Crepidostomum sp. 

Dctomacrum sp. 

Cestrahelmins rivularus 

Plaqioporus spp . 

Class Cestoidea 

Coral lobothrium fimbriatum 

Proteocephalus amblopl itis 

.!;_ . ptychochei l us 

f . salmonidicola 

Phyllobothrium sp . 

Caryophyllaeus sp. 

L igula .intestinal is 

Diphyl lobothrium sp . 

Bothriocephalus sp . 

Schistocephalus solidius 

Eubothrium salve! ini 

Phylum Aschelminthes 

Class Rotifera 

Oapidia sp. 

Kelli cotia sp. 

Syncheata sp. 

Notholca sp. 

Polyarthra sp . 

Tr ichocerca sp . 

Keratella sp . 

C 1 as s Nematoda 

Rhabdochona sp . 

Contracaecum sp. 

Phi lonena onchorhynchi 

Bul bodacnitus sp . 

Metabronena sp . 

Cystidicola sp . 

Cama 11 anus sp . 
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Organism 

Phylum Acanthocephala 

Neoechinorhynchus ruti 1 i 

!!• cristatus 

Pomphorhynchus bul bocoll i 

Bulbodactnitis sp. 

Phylum Bryozoa 

Plumatella sp . 

Pectinatella sp . 

Phylum Mollusca 

Cl ass Gastropoda 

Staqnicola nuttal 1 iana 

Physa nuttallii 

Fluminicola nuttal 1 iana 

Fisherola nuttallii 

Stagnicola apicina 

Radix japonica 

Gyraul is vermicularis 

Parapholyx effusa ~ 

f . !· neri to ides 

Lymnaea staqna 1 is 

~ sp . 

Planorbis sp . 

Class Bivalvia 

Anodonta nuttall iana 

Corbi cul a fl umi nea 

Margaritifera margaritifera 

Pisidium columbianum . 

Anodonta compressum 

Anodonta cal iforniensis 

Phylum Anne! ida 

Class 01 igochaeta 

Xironogiton instabil is 

Tri a nnu 1 a ta ~ 

Chaetoqas ter sp. 

Class Hirudinea 

Placobdella montifera 

111 i nobde 11 a moorei 

Erpobdel la punctata 

Theromyzon rude 

Piscicola sp. 

Helobdella stagnalis 

Organism 

Phylum Arthropoda 

Class Arachnida 

Hydracarina sp. 

Aranedia sp . 

Cl ass Crustacea 

Order Anostraca 

Steptocepha 1 us sea 1 i 

Order Oiplostraca 

Leptodora k i ndt i 1 

Oiaphanosoma brachyurum 

A 1 ona rectangul a 

~ - affinis 

~ - guadrangularis 

~- costata 

Chydori s sphaericus 

Pleuroxus denticulari~ 

Sida crystallina 

Eurecercus 1 ema 11 a tus 

Camptocercus rectirostris 

Oaphni a ga 1 ea ta mendotae 

Scapholebercis kingi 

Ceriodaphnia pulchel la 

Bosmi na sp . 

]!. lonqirostis 

I 11 yocryptus sordidus 

l • spinifer 

Macrothrix laticornis 

Monospilus dispar 

Leydigia guadrangularis 

Pleuroxus trigonellus 

Order Calanoida 

Canthocamptus sp. 

f_ . staphyl inoides 

f . verna 1 is 

f_. biscuspidatus !!!2!!!il!. 
Diaptomus sp. 

Q. ashlandi 

Bryocamptus zschokkei 

Order Cycl opoida 

~ sp. 

Order Amph i poda 

Organism 

Phylum Arthropoda (contd) 

Order Oecapoda 

Pacifasticus (lenius
culus) trowbri'(jgiT 

Class Insec ta 

Order Co 1 eoptera 

Gyrinus sp. 

Order Ephemeroptera 

Para 1 eptoph 1 ebi a 
bicornuta 

Baet is sp. 

~ tlllJim 
Ephemerella yosemite 

~ - sp . 

Hexagen i a sp. 

Stenonema sp. 

Order Plecoptera 

Arcynepteryx para 1 la 

Pteronarcys cal i fornica 

Isogenus sp . 

Perlodes amer icana 

Order Trichoptera 

Glossosoma velona 

Hydropsyche cockere 11 i 

Hydropsyche sp. 

H. ca Ii fornica 

Lcptocel la sp . 

Limnophi lus sp . 

Hydrop ti 1 a ~ 

Brachycentrus occidentalis 

Rhacophi 1 a co 1 or a dens is 

Psychomyia flavida 

Cheuma topsyche enomi s 

f_. campy! a 

Leucotrichia pictipes 

Ar thri psodes annulicornis 

Mystacides alafimbriata 

Lep idostoma strophis 

Order Lepidoptera 

Argyractis angulatalis 

Order O i ptera 

Tipul idae 

Chi ronomidae 

~~u~ _Y_];o.t_ta tum 

? imul iu!! sp . 
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Organism 

Order Hemi ptera 

Notonecta sp. 

~Sp. 

Sigara sp . 

Order Collembola 

Family Hypogasturidae 

Phylum Tardigrada 

Macrobiotus sp. 
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Organism 

Phylum Chordata 

Class Cyclost0111ata 

Entosphenus trj dentatus 
Lampetra richardsoni 

Class Osteichthyes 

AcJPenser transmontanus 
Qncorhynchus tshawytscha 
Q_. nerka 

Q_. kisutch 

Salmo gairdneri 

S. clarki ----
SalYelinus malma 

Prosopium wil 1 i1111soni 
Alosa sapidissima 
Pantosteus platyrynchus 

Catostomus columbianus 

Catostomus macrocheilus 

Cyprinus carpio 

!.!!!£!. ti nca 

Richardsonius bal teatus 

Ptychocheil us oregonens is 

Acrochei 1 us a 1 utaceus 

Mylocheilus caurinus 

Rhinichthys atratulus 

R. cataractae 

B_. osculus 

!eta 1 urus nebul osus 

l· melas 

l · punctatus 

l· furcatus 

Gasterosteus aculeatus 

Perea fa 1 vescens 

Stizostedion vi treum 

Lepomis macrochirus 

b_. gi bbosus 

Pomox i s annularis 

f.. nigromaculatus 
Micropterus salmonides 

~- dolomieui 

Lota lota 

Cottus asper 

f . beldingi i 

f . perp 1 exus 

f . rhotheus 

Pacific Lamprey 

Western Brook L11111rey 

Wh i te Sturgeon 

Chi nook Sa llnon 

Sockeye or Blueback Sal1110n 

Coho or Silver Sal110n 

Steel head or Rainbow Trout 

Cutthroat Trout 

Dolly Varden 

Mountain Whitefish 

American Shad 

Mountain Sucker 

.Bridgellp Sucker 

La rgesca 1 e Sucker 

Carp 

Tench 

Redside Shiner 

Northern Squawfish 

Chi se l110uth 

Peamouth 

Blacknose Dace 

Longnose Dace 

Speck 1 ed Dace 

Brown Bul 1 head 

Black Bull head 
Channe 1 Catfish 

Blue Catfish 

Threespfne Stickleback 

Yellow Perch 

Walleye 

Bluegill 

Pumpkinseed 

White Crappie 

Black Crappie 

Largemouth Bass 

Sma llmouth Bass 

Burbot 

Prickly Sculpin 

Piute Sculpin 

Reticulate 

Torrent Sculpin 
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II.3-G, Part 1 Terrestrial Ecology [X.24] 

II.3-G. 1 Climatic Influences 

The Hanford region is frequently referred to as a "steppe" because of its resemblance to the 
steppeland of central Asia. The region is called1 a shrub-steppe to differentiate the area from 
true steppes with more grasses and fewer shrubs. However, other points of contrast between 
Hanford and steppes in general deserve conment because they are fundamental to the structure and 
function of the ecosystems in , the region; these include the causes of aridity and the relation
ships between precipitation and temperature. 

True steppes have some conmen characteristics: 1) little precipitation, with the maximum occur
ring in sunmer and 2) wide daily and annual temperature ranges. The causes of aridity usually 
stem from a lack of storm tracks, with a substantial fraction of th~ annual precipitation coming 
from sunmer thunderstorms. However, Hanford's aridity arises from its geographical location in 
the rain shadow of the Cascade Mountains. Lying in the path of frequent ' winter storm tracks, 
the Hanford region is visited by many winter storms that bring clouds but little water. Sunmer 
thunderstorms average fewer than 10 annually, compared with 30 or more observed in classic steppe
lands. 2 These differences have led climatologists to classify the Hanford region variously as a 
cool desert, a winter-wet cool steppe, or a mid-latitude desert. 1 •2 

The winter maximum of precipitation is graphically shown in Figure II . 3-G-1 in terms of the devia
tion of precipitation from the average monthly amount if the total precipitation were evenly dis
tributed throughout the year. Temperature deviations are likewise shown in terms of monthly 
deviations from the annual mean temperature. The regular, nearly sinusoidal pattern of the tem
perat"ure deviations contrasts with the much less regular precipitation pattern. Precipitation is 
relatively high during the winter months (2 to 3 cm per month on the average). Although June 
exhibits a secondary maximum, the June precipitation is too little and too late to be of substan
tial importance to the vegetation because the rtins usually wet the soil inly to a depth of 20 cm . 
or so, well within the reach of evaporation by the high insolation intensities and warm soil tem
peratures of that season. 3 Consequently, the only precipitation of importance to vegetation is 
that which is stored as soil water during the cool season . 4 
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Typically, about half of the winter precipitation occurs as snow, but snow cover is usually short
lived and offers an undependable shield against cold and dessicating winter wind . 5 Snow is not 
always a reservoir of water for later use; falling as it does in an arid zone, it may blanket 
bare, frozen soil. Subsequent wann winds (chinooks) will melt the snow but not the soil, causing 
rapid runoff of the entire snow inventory. 6 This tendency is most pronounced at the higher ele
vations where enough relief initiates runoff. 

Rainfall in the Hanford region is clearly dependent upon elevation, 7 increasing significantly in 
the high elevations of the Rattlesnake Hills (Figure II.3-G-2). The rate of increase with eleva
tion is much more rapid at lower elevations than at the higher elevations, and wind interacts 
with precipitation patterns to produce substantial accumulations (snow drifts) on lee slopes . 
These alterations in precipitation provide the impetus for relatively far-reaching changes in 
plant communities, especially in tenns of species present . 
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The m,f'ddle elevations of the Rattlesnake Hills are at the top of a persistently occurring night
tim9'inversion of temperature over the Hanford Reservat ion, i .e., air temperatures at night are 
2 to l0°C, wanner at about 400 m elevation than at the valley floor. 5 Consequently, the freeze
free season at midelevations is about 4 to 6 weeks longer than at either lower or higher eleva
tions and therefore the soils may not freeze so deeply. In early spring, when soil water is 
plentiful, this temperature difference can induce noticeable advancement of the flowering time 
of plant species growing at midelevations. 

Wind speeds in the Hanford region average moderate because very strong winds are separated by 
lengthy periods of light winds. Winds are of substantial ecological importance because they 
erode mobile surfaces and ·increase evaporation at higher elevations. Erodible soils exist on 
the Reservation--indeed, much of its surface is mantled by previous wind-laid deposits . Sands 
are the only size range physically able to fonn dunes, 8 but silts can be made airborne when dis
turbed by sa1tating ("jumping") sand grains. The shear stress of the wind at the earth's surface 
determines whether sufficient force exists to move sand grains . Where vegetation exists, the 
shear stress is reduced sharply and erosion is minimized. However, if the vegetation is removed, 
by fire, construction, plowing, or other means, strong winds will erode sandy soils. Most of the 
soils in the Hanford region have a substantial sand fraction and are therefore more or less erod
ible by winds, especially at the lower elevations where vegeta t ion is sparser and sandier soils 
exist.~ 

The Rattlesnake Hills are much higher than any surrounding terrain for many kilometers and are 
therefore subject to nearly free-stream w.ind speeds. During the windy season, winter and spring, 
winds are relatively constant and strong on the ridgetops, leading to a vegetation type consist
i~g largely of cushion-form plants and grasses. However, even at more moderate elevations and 
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exposures, the tendency for higher wind speeds at higher elevations increases evaporation of 
water from plant and, especially, soil surfaces. The increased water loss may amount to a centi
meter or two during the spring growing season. 10 Because only 3 to 5 more centimeters of precip
itation may be at the higher elevations (Figure II.3-G-2), wind reduces the biological importance 
of the extra precipitation by a substantial fraction. "Books about nature seldom mention wind; 
they are written behind stoves." 11 

II.3-G-2 Soil 

Soils play an indispensable role in the ecological distribution of plant and animal communities 
on the Hanford Reservation. Soils provide water storage, essential nutrients, and physical sup
port for plants, as well as a refuge for many kinds of animals from the rigors of wind and 
extreme temperature fluctuations in both summer and winter. 

Soils of the Hanford Reservation differ markedly in their physical and chemical properties and 
productivity, the resul fs of the unique set of soil-forming factors which brought these soils to 
their present state. These factors are: l) the parent material from which the soils were. 
formed, 2) the climate under which the soils were formed, 3) the relief, including both slope 
and exposure, of each site, 4) the vegetation growing on each site, and 5) the period in which 
factors 2, 3, and 4 above have operated. 

Soils of the Hanford Reservation formed in five kinds of parent material, including recent allu
vium, old alluvium (glacial outwash), windblown sand, lacustrine (lake-laid) deposits, and loess 
(wind-laid deposits). Basalt bedrock underlies all of these deposits. The mineralogy of the 
parent material is varied, resulting in part from weathering of local basalts and in part from 
weathering of igneous and metamorphic rocks to the north and east of the Hanford Reservation. 

Relief affects soil formation through its influence upon precipitation, drainage, runoff, and 
normal and accelerated erosion. Vegetation affects soil formation by producing organic matter, 
which in turn influences water holding capacity, infiltration, fertility, and structure. 

In the Hanford region, average annual precipitation varies from 13 to 26 cm, so the organic mat
ter in the soil also varies widely, as shown by the color of the soil. Where annual precipitation 
is 22 cm or less, the organic content of the surface soil is generally less than 1% and the soil 
is dark grayish brown when moist. 12 In contrast, where annual precipitation amounts to 22 to 
30 cm, the organic content of the surface soil isl to 2% and the surface soil is generally very 
dark grayish brown when moist. 

II.3-G.2. 1 Description and Classification of Hanford Reservation Soils 

The soils of the Hanford Reservation have been mapped, described, and classified. 9 Physical and 
chemical characteristics of major soil series of the Hanford Reservation are also available. 13 

Soils which are alike in all characteristics except texture are grouped into soil series , If the 
texture class is added to the series, the soil unit is classed a soil type. The soil type was 
the unit mapped in a recent survey; 9 however, small areas of other soil types were included in 
the delineation. For these reasons the soil type, indicated on the map (Figure II.3-G-3) and 
described subsequently, represents the predominant type of soil in the delineation: in uniform 
areas, the type indicated is representative of the entire area enclosed; in the others, inclu
sions of other soils occur. In addition, because soil boundaries seldom change abruptly, 
transitional areas are included. 

II.3-G.2. 1. 1 Soil Descriptions 

Ritzville Silt Loam (Ri) 

This mapping unit consists chiefly of dark colored silt loam soils which developed midway up the 
slopes of Rattlesnake Hills. These soils developed under bunch grass from silty wind-laid 
deposits mixed with small amquQts of volcanic ash. The surface, an 8 inch layer, is usually very 
dark grayish brown (l0YR 3/2)laJ grading with depth to a dark grayish brown (10YR4/2) silt loam 
subsoil . Small areas of very fine sandy loam are included in addition to Warden, Lickskillet, 
and Scooteney soils. 

Ritzville soils are characteristically greater than 60 inches deep but in places bedrock may 
occur between 60 and 30 inches deep. 

(a) Munsell color designation indicating hue, chroma, and value. 
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R1 - ~1tzville Silt Loam 
Rp - Rupert Sand 
He - Heze 1 Sand 
Kf - Koehler Sand 
Ba - Burbank Loamy Sand 
El - Ephrata Sandy Loam 
Ls - Lickskillet Silt Loam 
Eb - Ephrata Stony Loam 
Ki - Kiona Silt Loam 
Wa - Warden Si 1t Loam 
Sc - Scooteney Stony Si 1 t Loam 
P - Pasco Silt Loam 
Qu - Esquatze 1 S 11 t Loam 
Rv - River.ash 
0 - Dunesand 

FIGURE 11.3-G-3 SOIL MAP OF THE HANFORD RESERVATION 
IN BENTON COUNTY WASHINGTON 9 

Rupert Sand {Rp) 

This mapping unit represents one of the most extensive soils on the Hanford Reservation . The 
surface is a brown to grayish brown (10YR 5/2) coarse sand which grades to a dark grayish brown 
(10YR 5/2) sand at about 36 inches. Rupert soils developed under grass, sagebrush, and hopsage 
in coarse sandy alluvial deposits which were mantled by wind-blown sand. Relief characteris
tical ly consists of hurrmocky terraces and dune-like ridges . This soil may be correlated to 
Quincy sand, which was not separated here . 

Active sand dunes are present. Although some dune areas are separated, many small dunes, blow
outs, and associated small areas of Ephrata and Burbank soils are included. 

Hezel Sand {He) 

Hezel soils, similar to Rupert sands, are a laminated grayish brown (10YR 5/2) strongly calcareous 
silt loam subsoil usually encountered within 40 inches of the surface. The surface soil is very 
dark brown (10YR 3/3) and was formed in wind-blown sands which mantled lake-laid sediments. Areas 
of Rupert, Burbank, and blow-outs are included. 

Koehler Sand {Kf) 

Koehler soils are similar to the other sandy soils found on the Hanford Reservation. They devel
oped in a wind-blown sand mantle. This soil differs from the other sands in that the sand mantles 
a lime-silica cemented layer "hardpan." The very dar~ grayish- brown (10YR 3/2) color of the sur
face layer is somewhat darker than Rupert. The calcareous subsoil is usually dark grayish brown 
(10YR4/2) at about 18 inches. Inclusions are of the Rupert and Burbank series. 
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Burbank Loamy Sand (Ba) 

This is a dark-colored coarse-textured soil which is underlain by gravel. The surtace is very 
dark grayish brown (10YR 3/2}, while the subsoil is dark grayish brown (10YR4/2). The surface 
soil is usually about 16 inches thick but can be 30 inches thick. The gravel content of the sub
soil may range from 20 to 80 vol%. Areas of Ephrata and Rupert are included. 

Kiona Silt Loam (Ki) 

This soil occupies steep slope~ and ridges. The surface soil is very dark grayish brown 
(10YR 3/2) and about 4 inches th_ick. The dark brown (10YR4/3) subsoil contains basalt fragments 
12 inches and larger in diameter. Many basalt fragments also are found in the surface layer and 
basalt rock outcrops are present . Normally this shallow stony soil occurs in associat ion with 
Ritzville and Warden soils. Many areas of stony silt loam and very shallow Lithosols are 
included. 

Warden Silt Loam (Wa) 

This is a dark grayish brown soil (10YR 4/2) whose surface layer is usually 9 inches th i ck . The 
silt loam subsoil becomes strongly calcareous and lighter colored grayish brown (10YR 5/2) at 
about 20 inches. Granitic boulders are found in many areas . Usually this soil is greater than 
60 inches deep . Associated soils and inclusions are of the Ritzville, Kiona , Esquatzel and 
Scooteney series. At higher elevations (1200 feet), Warden soils grade to Ritzville sil t loam. 

Ephrata Sandy Loam (El) 

This is a dark colored medium-textured soil underlain by gravelly material which may continue fo r 
many feet . The surface is very dark grayish brown (10YR 3/2), while the subsoil is dark grayish 
brown (10YR4/2) . Since this soil is associated with the Burbank soil , many small areas were 
included i n delineations of this soil type. The tooography is gener~lly level . 

Ephrata Stony Loam (Eb) 

This soil is similar to Ephrata sand loam but differs in that many large hu111110cky ridges are 
present which are made up of debris released from the melting ice of glaciers . Areas between 
hummocks contain many boulders several feet in diameter. Ephrata sandy loam and Burbank loamy 
sand are associated and included. 

Scooteney Stony Silt Loam (Sc) 

This soi l developed along the north slope of the Rattlesnake Hills, usually confined to floors 
of narrow draws or small fan-shape areas where draws open onto plains . The soils are often 
severely eroded with numerous basaltic boul ders and fragments being exposed. The surface so i l 
is usually dark grayi sh brown (10YR4 / 2) grading to grayish brown in the subsoil . Many small 
areas of Warden and Ritzvil le are i ncluded . 

Pasco Silt Loam (P) 

This is a poorly drained very dark grayish brown (10YR 3/2) soil fanned in recent alluv ial mate
rial . The subsoil is variable, consisting of stratified layers. Only small areas of this so i l 
are found on the Hanford Reservation, located in low areas adjacent to the Columbia River . 
Areas of riverwash may be included. 

E$guatzel Silt· Loam (Qu) 

This is a deep dark brown (10YR 3/3) soil formed in recent alluvium derived from loess and lake 
sediments . The subsoil grades to dark grayish brown (10YR4 /2) in many areas but color and tex
ture of the subsoi l i s va r iable due to the stratified nature of the alluvial deposits. Esquatzel 
soils are associated with Ri tzville and Warden and often seem to have developed from sediments 
eroded f rom these two seri es . 

Riverwash (Rv) 

These are wet, periodically flooded areas of sand gravel and boulder deposits which make up over
flowed islands in the Columbia River and adjacent to the river. 
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Dune Sand (D) 

This unit represents a miscellaneous land type which consists of hills 01· ridges of sand-sized 
particles drifted and piled up by wind and are either actively shifting or so recently fixed or 
stabilized that no soil horizons have developed . In places, recently blown-out land and areas 
of Rupert sand are included . Many small active dunes and accompanying blown-out areas are 
included with other soils, mostly Rupert, Hezel and less frequently Burbank. 

Lickskillet Silt Loam (Ls) 

This soil occupies the ridge tops of Rattlesnake Hills and slopes above the 25OO-ft elevation. 
The soil is similar to the Kiona series except that the surface soils are a very dark brown
(1OYR2/2 to 3/2) . Lickskillet soils are shallow over basalt bedrock. Numerous basalt fragments 
are present throughout the profile. Many areas of very stony silt loam and Ritzville soils are 
included. 

II.3-G.2. 1.2 Soil Classification 

The correlation from the earlier Hanford soil survey9 into the present system appears in 
Table II.3-G-l. In addition to the correlations shown, many small areas of soil were included 
with surrounding or adjacent large bodies of soils . 

Series 
Ritzville silt loam 
Rupert sand 

Koehler sand 
Hezel sand 
Burbank loamy sand 
Ephrata sandy loam 
Lickskillet silt loam 
Ephrata stony loam 
Kiona silt loam 
Warden silt loam 

TABLE II.3-G-l 

CLASSIFICATION OF SOIL SERIES OF BENTON COUNTY AREA12 

1938 Classification 
Current Classification Great Soi 1 

Fami l Subgroup Order Group Order 
Coarse-silty, mixed, mesic Calciorthid i c Haploxerolls Mollisol Brown soils Zonal 

Sandy, mixed, mesic Xerollic Durorthids 
Coarse-loaJTI)', mixed , nonacid, mesic Typic Torriorthents 
Mixed, mes i c Typic Torri psarrments 

Aridisol Regosols 
Entisol Regosoi s 
Entisol Regosols 

Azona l 
Azonal 
Azonal 

Loamy-skeletal, mi xed, mesic Aridic Lithic Haploxerolis Moll i son Chestnut so i ls Zonal 

LoaJTl)'-skeletal, mi xed, mesic 
Coarse-silty, mixed, mes i c 

Xerollic Carrborthids 
Xerollic Carrborthids 

Aridisol 
Ari di sol 

Brown soils Zona l 
Sierozems Zonal 

Scooteney stony silty loam Coarse-loaJTI)', mixed, mes i c 
Pasco silt loam Coarse- silty , mixed, mesic 

Xerollic Carrborthids 
Cumulic Haploxerolls 

Arid i sol 
Moll i sol 

Si erozems Zonal 
Alluvial so i ls Azonal 

Esquatzel silt loam 

Riverwash 
Dunesand 

Coarse-si lty, mi xed, mes i c Torri fl uvent i c 
Haploxerolls 

Moll isol Alluvial soil s Azonal 

Table II.3-G-2 lists the approximate higher category and engineering classification of soil types 
on the Hanford Reservation. The Unified and A.A.S.H.O. engineering classification systems are 
based on characteristics which influence engineering behavior of soil, mostly on grain size, 
plasticity, and load limits. Brief descriptions of the engineering categories are given in the 
following outline : 

A.A.S.H.O. (American Association of State Highway Officials) 

• Group A-1. Typically this is a well-graded mixture of stone fragments or gravel, coarse 
sand, fine sand, and a nonplastic or pebble plastic soil binder. This group also includes 
stone fragments, gravel, coarse sand, etc., without soil binder. 

• Group A-2. This group comprises a wide variety of granular material which is at the border 
line between groups A-1 and A-3. It includes any material of which not more than 351 will 
pass through a No. 2 sieve and cannot be classified as A-1 or A-3 because of having fines, 
plasticity, or both in excess or limitation for these groups. 
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TABLE I I. 3-G-2 

APPROXIMATE CLASSIFICATION OF HANFORD SOILS 
IN ENGINEERING CATEGORIES 9 

Classification 
Soil T.):I!! Unified l'i 1 l'i 1 S1 H1 01 

Ritzville silt loam Ml A-4 

Rupert sand Surface SM A-4 
Subsoil SP 
to SM 

Hezel sand Surface SM A-2 
Subsoi l II. A-4 

Koehler sand SM A-2 

Burbank lo1111y sand Surface SM A-2 
Subsoil GM A-2 to A-4 

to GP 

Ephrata sandy 101111 Surface SM A-2 to A-4 
to II. 

Subsoil II. A-4 to A-1 

Lickskillet silt loam ML to GM A-4 to A-1 

Kiona silt loi1111 GM A-1 

Warden silt loam SM to ML A-2 to A-4 

Scooteney stony silt SM to ML A-2 to A-4 

Ephrata stony loam Surface SM-II. A-2 to A-4 
Subsoil II. A-4 to A-1 

Pasco silt 1 oam SM to ML A-4 

Esquatzel silt loam SM to II. A-4 

Riverwash GP A-1 

Dune sand SP to SW A-3 

• Group A-3. This soil group is a fine beach sand or fine desert blow sand without silty or 
clayey fines or with a very small amount of nonplastic silt. 

• Group A-4. Typically Group A-4 is a nonplastic or moderately plastic silty soil with more 
than 36% of the material passing through a No . 200 sieve. The usual type of significant 
constituent material is silt . 

Unified System 

• Group ML . Group ML is predominately silty material and micaceous or diatomaceous soils . 
The soils usually are sandy silts, clayey silts, or inorganic silts with relatively low 
plasticity. Also included are loessial soils and rock flours. 

• Group GM to SM. These groups include gravels or sands which contain more than 12% fines 
that have little or no plasticity . Both well graded and poorly graded materials are 
included. Some dry strength may be provided by cementation of calcareous materials or 
iron oxides . 

• Groups GP to SP. Poorly graded sands and gravels containing less than 5% of nonplasti c f ines 
constitute these groups . They may consist of unifonn gravels , unifonn sands, or nonunifonn 
mi xtures of very coarse material and very fine sand with intennediate sizes lacking . 

• Groups GW to SW. These groups compri se wel l-graded sandy and gravelly soils which contai n 
less than 5% of nonplastic fines passing through the No. 200 sieve . Fines wh i ch are pre
sent must not noticeably interfere with the free draining characteristics of this group. 

Table 11 . 3-G-3 gives the approximate land use capability classification of Hanford Reservation 
soils . This is a practical grouping of soils based on 1) limitations of soils for possible 
cropland and pasture use and 2) on the risk of damage when they are used. The classification 
shown is the broadest grouping; subclasses and units are lower groups within this system but are 
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TABLE II.3-G-3 

SOIL CAPABILITY CLASSIFICATION 

Soil Type Dry land 

Ritzville silt loam II I-VJ I 
Rupert sand VII 
Koehler sand VII 
Hezel sand VII 
Burbank loamy sand VII 
Ephrata sandy loam VJ 
Lickskillet silt loam VI & VII 
Ephrata stony loam VJ 
Kiona silt loam VI 
Warden silt loam JV 
Scooteney stony silty loam VI 
Pasco silt loam JV 
Esquatzel silt loam III 
Riverwash VIII 
Dune sand VI II 

Irrigated 

I-IV 
IV 
IV 
IV 
IV 
II-IV 

I- JV 

Ill 

I 

not included. Dryland and irrigated capability units are used because of the increased poten
tial of the soil when irrigated. The capability units are the same when the same hazards exist 
in both cases. 

The following are descriptions of capability classes: 

• Class I. These soils have few limitations and have wide latitude for use. Soils classes 
in this group are deep, productive, easily worked, and nearly level. No wind or water 
erosion hazard exists. 

• Class II. Soils in this group have moderate limitations in use and are subject to moderate 
risk of damage. These are good soils; however, some special conservation attention is 
necessary due to slopes, erosion, depth, drainage, or overflows. 

• Class III. These soils are subject to severe limitations in use for cropland because of 
moderately steep slopes, severe erosion hazards (wind or water), inherently low fertility. 
Intensive conservation practices are needed to farm this class of soil safely. 

• Class IV. This class consists of soils that have very severe permanent limitations or haz
ards for cropland use. These limitations may be caused by steep slopes, wind, or water 
erosion hazards, or a dry, arid climate. 

• Cl ass V. 
forestry. 

Soils in this class should be kept in permanent vegetation used for pasture or 
Cultivation is not feasible because of wetness or stoniness. 

• Class VI. Class VI soils should be used for grazing and forestry and may have moderate 
hazards when in this use. These soils are steep, or shallow over bedrock and stony. 
Erosion susceptibility is high. 

• Class VII. These soils can be used for grazing or forestry; however, the steep, eroded 
rough stony or very dry sandy condition causes severe permanent limitations to use. 

• Class VIII. These soils are suitable only for wildlife, recreation, ·or watershed uses. 

II.3-G.3 Vegetation 

II.3-G.3. l Primary Plant Descriptions 

The vegetation mosaic of the Hanford Reservation consists of eight major kinds of shrub-steepe 
co111T1unities identified by the most conspicuous or most abundant plant species: 
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• Sagebrush/bluebunch wheatgrass 

• Sagebrush/cheatgrass or Sagebrush/Sandberg's bluegrass 

• Sagebrush-bitterbrush/cheatgrass 

• Greasewood/cheatgrass-saltgrass 

• Winterfat/Sandberg's bluegrass 

• Thyme buckwheat/Sandberg's bluegrass 

• Cheatgrass-tumble mustard 

• Willow 

Onsite locations where tnese several co11111unities predominate are shown in Figure II.3-G-4. (Fig
_ure II.3-G-15 sho~s place and direction of view of subsequent plant coll11lJnity figures.) 

On the Hanford Reservation, the sagebrush/bluebunch wheatgrass (Figure II.3-G-5) vegetation
type occupies extensive acreage in the Rattlesnake Hills, mostly confined to the ALE Reserve 
(rigure II.3-G-6). In the absence of fire, sagebrush is the most conspicuous plant, but peren
nial grasses (bluebunch wheatgrass and Sandberg's bluegrass) contribute most of the plant bio
mass. In the event of fire, sagebrush is killed but the perennial grasses are not (Figure 
II . 3-G-7) . Over time, sagebrush is expected to return to burned areas, but this is a slow 
process that probably does not occur during the average human lifetime. Bluebunch wheatgrass 
is the most important livestock forage plant on the Hanford Reservation . 

The most broacHy distributed vegetation-type on the Hanford Reservation is the sagebrush/cheat
grass (Figure II.3-G-8 and Figure II.3-G-9) or sagebrush/Sandberg's bluegrass association. This 
vegetation-type occurs as a broad zone between the sagebrush/bluebunch wheatgrass type and the 
sagebrush-bitterbrush/cheatgrass type . The sagebrush/cheatgrass type differs from the sagebrush/ 
bluebunch wheatgrass principally in that wheatgrass is absent, but another important difference 
is that sagebrush plants also tend to be larger in size and provide more ground cover. Spiny 
hopsage and rabbitbrush may be intermingled with sagebrush shrubs. Fire can burn through this 
kind of· vegetat ion, killing sagebrush, but hopsage and rabbitbrush survive burning, sending out 
new growth during the growing season fo llowing the fire. Recovery of this vegetation following 
fire is not as readily apparent as in the sagebrush/bluebunch wheatgrass bluegrass vegetation 
because large perennial grasses are scarce . The general paucity of herbaceous cover also tends 
to favor invasion by tumbleweed, with or without fire. The sagebrush/cheatgrass and sagebrush/ 
Sandberg's bluegrass co11111unities provide very limited forage for livestock or wildlife. 

The sagebrush-bitterbrush/cheatgrass (Figure II.3-G-10) vegetation-type occupies the low eltija
tions in the southeastern sector of the Hanford Reservation . This vegetation-type differs from 
the sagebrush/cheatgrass type by having bitterbrush intermingled among the sagebrush shrubs. 
Also, snow eriogonum, a small shrub, is often locally abundant . The sagebrush-bitterbrush/ 
cheatgrass vegetation-type occupies the sandiest soil short of dunes. Fire is espec i al ly 
destructive in this vegetation-type because sagebrush and bitterbrush are both killed by burning 
and the sandy soil is especially susceptible to wind erosion when protective vegetation cover is 
destroyed. The colonization of sandy soils in an arid environment is a slow process, especially 
if large areas are burned and seed sources severely reduced. The most efficient early invader 
of burned areas in the sagebrush-bitterbrush/cheatgrass vegetation-type is tumbleweed. Bitter
brush is an important forage plant for mule deer, especially in fall and winter. 

The greasewood/cheatgrass-saltgrass (Figure II.3-G-11) vegetation-type is restricted to a small 
area of about 100 acres in the vicinity of Rattlesnake Springs . 14 This vegetation-type is impor
tant because the geographic distribution of greasewood is determined by the presence of a rela
tively shallow water table. Greasewood has an extensive root system and can extract water from 
a depth of 12 meters at Rattlesnake Springs, remaining succulent throughout the summer when other 
upland shrubs- are dried from su11111er drought. Greasewood is known to be a salt accumulator . 15 

The greasewood/cheatgrass-saltgrass vegetation-type provides little forage . 
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1. THYME BUCKWHEAT 
2. SAGEBRUSH/BLUEBUNCH WHEATGRASS 
3. SAGEBRUSH/CHEATGRASS OR SANDBERG BLUEGRASS l 
4 . SAGEBRUSH-BITTERBRUSH/CHEATGRASS 
5. GREASEWOOD/CHEATGRASS-SALTGRASS 
6 . WINTERFAT/SANOBERG BLUEGRASS 
7. CHEATGRASS-TUMBLE MUSTARO 
8 . WILLOW OR RIPARIAN 
9 . SP! NY HOPSAGE \ 

10 . SANO DUNES 

FIGURE II.3-G-4 DISTRIBUTION OF VEGETATION 
TYPES ON THE HANFORD 
RESERVATION 
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The winterfat/Sandberg's bluegrass (Figure II.3-G-12) vegetation-type occupies several thousand 
acres along the gentle lower slopes of the Rattlesnake Hills. For the most part, winterfat is 
restricted in geographic distribution to the ALE Reserve. In the years prior to government 
acquisition of the Hanford Reservation lands, the winterfat areas were used as winter pastures 
for sheep, because winterfat is a nutritious and palatable forage plant for livestock. 

The thyme buckwheat/Sandberg's bluegrass (Figure II.3-G-13) vegetation-type occupies thin, stony 
soils along ridge crests in the Rattlesnake Hills and Gable Mountain areas. These corrmunities 
have no potential for agricultural use other than to provide limited forage for livestock and 
wildltfe, but they possess great aesthetic value because of the presence of many species with 
showy flowers. These species are of substantial botanical interest because of their floristic 
composition and morphological, physiological and genetic adaptations to living in a stressed 
environment. 
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FIGURE II.3-G-5 SAGEBRUSH/BLUEBUNCH WHEATGRASS COMMUNITY. 
(The shrub is big sagebrush and the l arge 
bunchg rass is bluebunch wheatgrass .) 

The cheatgrass/tumble mustard (Figure II.3-G-14) vegetation-type occupies abandoned agricultural 
fields, especially in the 100 Areas and on the ALE Reserve. This vegetation-type is comprised 
mostly of alien annual plants, i.e., cheatgrass and annual mustards. Over the past 30 years 
invasion by native perennial grasses and shrubs and colonization by tumbleweed have been 
resisted. The ecological behavior of cheatgrass/tumble mustard communities has been studied on 
the ALE Reserve. 3, 4 ,16 , 17 , 18 , 19 Cheatgrass/tumble mustard corrmunities in the absence of live
stock grazing are effective in binding soil against wind and water erosion. 

Wi llow vegetation (Figure II.3-G-16) occurs along the banks of the Columbia River, waste ponds 
in the 200 Areas, abandoned agricultural irrigation ditches in the 100 Areas and along pennanent 
spring courses in the Rattlesnake Hills . Although the amount of acreage occupied by willow 
conmuniti es is small, their value to wi ldlife is large. Willows and associated deciduous trees, 
shrubs and herbaceous plants provide food and nest sites for game and song birds, sunmer forage , 
and cover for mule deer . 

II.3-G-13 



FIGURE II.3-G-6 ARID LANDS ECOLOGY RESERVE 

Miscellaneous vegetation-types occur throughout the Hanford Reservation. Of particular impor
tance are deciduous trees around waste ponds, 20 abandoned homesteads, and abandoned military 
installations that provide nesting and resting sites for raptorial birds of prey. (A current 
floristic list for the Hanford Reservation is provided in Part 2 of this Appendix.) 

Ecological aspects of waste management are important for some of the vegetation types, particu
larly the sagebrush/cheatgrass type (around the 200 and 300 Areas) and some cheatgrass/tumble 
mustard type (around the 100 Areas). 

II.3-G.3 . 2 Pattern of Secondary Plant Succession 

The historical pattern of plant succession in the steppe region of Washington has been altered 
during the past century by the introduction of annual weeds from the steppes of Eurasia. One 
of the most aggressive of these plants is cheatgrass. Cheatgrass is well adapted to the fall
winter precipitation regime of the area because its seeds are highly viable and seedling growth 
is more competitive than that of native perennial grasses. Abandoned agricultural fields 30 
years old continue to be dominated by cheatgrass; apparently the competition for soil, water, 
and available essential mineral nutrients is sufficient to exclude other kinds of plants for 
long periods of time. 

Tumbleweed, another exotic plant, has an effective method of seed dispersal. Tumbleweed is not 
as competitive as cheatgrass in most habitats, but it is the most successful colonizer of habi
tats where cheatgrass is suppressed by mechanical means or herbicides, or in soils with hetero
geneous texture. In the absence of physical disturbance, cheatgrass and tumbleweed are not 
effective in invading pristine steepe communities. Nevertheless, cheatgrass and tumbleweed will 
become more important on the Hanford Reservation as soil is disturbed by construction and waste 
burial sites. 
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FIGURE II.3-G-7 SAGEBRUSH/BLUEBUNCH WHEATGRASS COMMUNITY. (Burned in 
1957. The shrub i n the foreground is rabbitbrush, a 
shrub tha t can sprout following fire damage; sage
brush is usually killed by fire.) 

II . 3-G-4 Mall1llals 

The mule deer is the only big game manwnal normally found on the Hanford Reservation, although 
a white-tail deer has been recorded. 21 A single elk resided on the Reservation for a few months 
in 1971-72, probably a migrant from the Blue Mountains 70 miles to the east. Most of the mule 
deer on the Hanford Reservation occur along the Columbia River, with smaller concentrations 
near Gable Mountain and the 200 Area, at Rattlesnake Springs, and on the Snively Ranch area in 
the Rattlesnake Hills. Over the past years, 180 fawns (from near the Columbia River only) have 
been tagged and released. Tagged animals have been taken during the l egal hunting season as far 
away as Prosser, Washington, along the Yakima River; Mattawa, Washington, in the Saddle Moun 
tains; and near the Walla Walla River . 22 

The cottontail rabbi t is the only small game mall1llal, with small populations scattered throughout 
the Reservation area. The raccoon is probably the most abundant furbearing manwnal on the 
Hanford Reservation, mostly confined to shoreline areas of the Columbia River and waste ponds 
in the 200 Areas. Beaver and muskrats occur in backwater areas of the Columbia River, while 
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FIGURE II.3-G-8 SAGEBRUSH/CHEATGRASS COMMUNITY. (The shrub is big 
sagebrush, the dense grass understory is mostly cheat
grass, an alien weed introduced to the Pacific North
west with the advent of livestock grazing and agricul
ture. These growths are prevalent on the low
elevations of the Hanford Reservation.) 

muskrats are found in wasteponds and ditches in the 200 Areas. Mink occur along the Columbia 
River and weasels are scattered throughout the Hanford area. The coyote is abundant on the 
Hanford Reservation as compared to adjacent land areas, although no accurate estimate of popu
lation density has been made. The bobcat and badger are present on the Reservation, but in low 
numbers. 

·The jackrabbit is widely distributed on the Hanford Reservation; however, it is less abundant 
in the sagebrush/bluebunch wheatgrass vegetation than in the sagebrush/cheatgrass and sagebrush
bitterbrush/cheatgrass vegetation-types. The jackrabbit is an important food item for coyotes 
and raptors. 

Porcupines are widely distributed over the Reservation area but are especially abundant along 
the Columbia River. Porcupines occur in the 200 Areas and in the canyons and valleys of the 
Rattlesnake Hills . 
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FIGURE II.3-G-9 SAGEBRUSH/SANDBERG'S BLUEGRASS COMMUNITY . (The 
shrub is big sagebrush and the sparse understory 
grass is Sandberg's bluegrass.) 

Small marrmals are abundant on the Hanford Reservation and their population dynamics have been 
studied by mark and recapture techniques in the sagebrush/bluebunch wheatgrass 23 and sagebrush/ 
cheatgrass vegetation 2 4 and in the sagebrush-bitterbrush/cheatgrass vegetation. 25 The Great 
Basin pocket mouse is the most abundant maITTTial on the Reservation. Deer mice and ground 
squirrels are locally abundant, as is the pocket gopher. Other small maITTTials are the harvest 
mouse, house mouse, Norway rat, mountain vole, sagebrush vole, grasshopper mouse , vagrant shrew, 
Merriam shrew, least chipmunk, and woodrat . The kangaroo rat is not found on the Hanford Reser
vation although it is coITTTion in the steppe region of Oregon. (A species l ist of the marrmals and 
other vertebrates that occur on the Reservation is provided in Part 3 of this Appendi x. ) 

Il . 3-G.5 Birds 

·rhe chukar partridge is the most important upland game bird on the Hanford Reservation . Most of 
the population is concentrated on the ALE Reserve, especially the Rattlesnake Hills, but local 
populations exist in the Gable Mountain and White Bluffs area . Although introduced to Washington 
from Eurasia, the chukar is well adapted to the arid environment of the Hanford Reservation, 
feeding upon herbage, seeds and insects assoc iated with dry rangeland . 
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FIGURE II . 3-G-12 WINTERFAT/SANDBERG'S BLUEGRASS COMMUNITY. 
(The short-statured shrub in the foreground 
is winterfat.) 

The steppe regi on of south-central Washington is not rich in bird species. A year-long survey 
of the birds observed on and adjacent to waste ponds in the 200 Area showed 116 species.2 7 The 
annual Christmas bird census by the Lower Columbia Basin Audubon Society registers about 80 
species. Many species are migratory waterfowl and shorebirds; only a few species nest in steppe 
vegetation. The most abundant birds in steppe vegetation are the western meadowlark and the 
horned lark. 29 The most abundant nesting birds in the riparian vegetation include, among others, 
magpies, crows, doves, some warblers, and waterfowl. 

II.3-G.6 Snakes and Lizards 

As compared to the southwestern United States desert areas, the herpetofauna of the Hanford Reser
vation, like south-central Washington in general, is sparse. The most abundant reptile in low 
elevation steppe vegetation is the side-blotched lizard. The horned lizard is not corrmon and 
the sagebrush lizard is scarce. The most abundant snake is the gopher snake, but the yellow
bellied racer and the Pacific rattlesnake are corrrnon. The coachwhip snake and the desert night 
snake are seldom observed. 
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FIGURE II.3-G-13 THYME BUCKWHEAT/SANDBERG ' S BLUEGRASS COMMUNITY. 
(Appearing at high elevations on the ALE Reserve, 
the low-growing cushion-like plants are thyme 
buckwheat.) 

Snakes are an important food item for the Swainson's hawk. Most reptiles are rather widely 
distributed over the Hanford Reservation in small numbers, generally decreasing 1n numbers as 
elevation increases. The side-blotched lizard apparently does not occur at all at elevations 
above 400 ~eters. 

II.3-G.7 Insects 

Insects on the Hanford Reservation, as everywhere else, are dependent upon plants for their 
livelihood . . However, the vegetation in an area does more than provide food supporting associated 
invertebrate food webs; it also serves to modify extreme fluctuations of environmental conditions, 
such as temperature, humidity, and wind speed. An understanding of the influence plants exert 
on an area makes it easier to grasp how vegetation determines the kinds and abundance of insects . 
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FIGURE I I . 3-G-14 CHEATGRASS-TUMBLE MUSTARD COt+IUNITY . (This occupies 
a 30-yea r old abandoned wheatfield at mid-elevation 
on the ALE Reserve.) 

Two main phases of plant growth are on the Hanford Reservation; one occurs in the fall with the 
onset of winter rains. The ensuing burst of growth in some grasses lasts until cold weather 
precludes further growth . This is not a good time for insects, even though succulent plant 
material is available, because the . onset of cold weather is frequently swift and unpredictable. 
An insect population emerging at this time would risk decimation by adverse conditions . The 
second period of rap i d plant growth occurs in the spring, with the occurrence of warmer tempera
tures. This seems to be the period when insects are most abundant, their numbers reaching a peak 
in June and then declining as the plants become dormant in response to depletion of soil mois
ture. The months of July and August are another inhospitable time for insects--temperatures are 
high, humidity is low and few succulent plants are available. This does not mean that insects 
are not present; insects are always present, but at times in relatively small numbers. 

A preliminary list of insect species known to inhabit this area is shown in Part 4 of this 
Appendix. Although the species which contribute significantly to insect abundance are contained 
in this list, this list will probably continue to be updated for several years as additional 
specimens are found. The following discussion will deal only with some of the important groups 
known to be present at the Hanford site--particularly where certain kinds of insects are found 
and their role in ecosystems functioning. 
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L FIGURE IL 3- G- 5 - SAGEBRUSH/BLUE BUNCH WHEATGRASS 
2. FIGURE IL 3-G-7 . - SAGEBRUSH/BLUEBUNCH WHEATGRASS 
3. FIGURE 11. 3-G-8 - SAGEBRUSH/CHEATGRASS 
4. FIGURE II. 3-G-9 - SAGEBRUSH/SANDBERG'S BLUEGRASS 
5. FIGURE 11. 3-G-10 - SAGEBRUSH-BITTERBRUSH/CHEATGRASS 
6. FIGURE I1.3- G-11 - GREASEl«lOD/CHEATGRASS-SALTGRASS 
7. FI GURE I1.3-G- 12 - WINTERFAT/SANOBERG ' S BLUEGRASS 
8, FIGURE I I. 3- G-13 - THYME BUCKWHEAT /SANDBERG' S BLUEGRASS 
9. FI GURE I1.3-G- 14 - CHEATGRASS-T~BLE MUSTARD 

10. FI GIJ!E I1.3-G-16 - WILLOW COIMJNITY 

FIGURE II . 3-G-15 LOCATION AND DIRECTION OF VIEW FOR PLANT COr+IUNITY 
PHOTOGRAPHS 

Members of the order Homoptera are rather specialized plant eaters (herbivores). All members of 
this order have the,ir mouth parts modified into a piercing beak and imbibe juices from the 
leaves, stems or roots of plants. Homoptera occur in relatively low numbers early in the season 
at Hanford and become more numerous as the season progresses, reaching a peak during the month 
of August. Leafhoppers (Cicadellidae), aphids (Aphididae) and plant hoppers (Fulgoridae) are 
all present, but members of the superfamily Coccidae are the most abundant. The Coccidae are 
primarily mealybug (Pseudococcidae), most of which occur in association with bluebunch wheat
grass, indicating that this grass may be a favored food source . Cicadas may periodically be 
conspicuously present i n this area, primarily due to the buzzing "song" produced by the ma l es . 
They may rema i n as larvae in the soil for several years, but the adult stage generally lasts 
only a few sunmer months . 

The order Orthoptera contains the well known family Acrididae (grasshoppers) which are frequently 
very destructive members of grassland conmunities. The grasshopper possessing the greatest 
potential for outbreak in this area is the migratory grasshopper (Melanorlus sanTuinipes). Under 
optimal environmental conditions, this species is able to increase from 00 fema e eggs to 
8265 female eggs in one generation. 30 Localized concentrations have occurred at Hanford in the 

II. 3-G-23 

- - --- - --- ------~ 



., 

FIGURE II.3-G-16 WILLOW COr+IUNITY. (Located at Rattlesnake Springs 
on the ALE Reserve.) 

past19 and will probably continue to do so in the future. These concentrations appear to occur 
only in the cheatgrass/tumble mustard vegetation. Soil disturbance, resulting in an invasion 
of cheatgrass, Russian thistle or goatsbeard, would provide an ideal area for the buildup of 
grasshopper populations. 

The order Coleoptera (beetles) comprises the largest insect order and contains nearly 50 percent 
of all known insect species. A very diverse group, they inhabit nearly all conceivab'le types 
of habitat. Many are herbivores, some are predaceous, and others are scavengers, helping to 
break down organic residue for further decomposition--an important role in an arid ecosystem. 

Some important predaceous beetle families in this area are the ground beetles (Carabidae), tiger 
beetles (Cicindelidae), checkered beetles (Cleridae) and ladybird beetles (Coccinellidae). The 
weevils (Curculionidae) are probably the most important group of plant eaters in this order. 
There are 16 species of darkling beetles known to occur in this area. Many species in this 
group function as scavengers--eating dead plant and animal matter. Two species of darkling 
beetle, Philolithus densicollis and Stenomorpha puncticollis, can be particularly abundant. 
These beetles emerge from the soi l in the fall and spend the few months prior to cold weather 
feeding, mating, and depositing their eggs in the soil where immature beetles spend two years 
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feeding and developing beneath the surface. These beetles have a "patchy" distribution, being 
very abundant in certain areas and much less abundant in other nearby locations. Philolithus 

r does not occur in high elevation cheatgrass/tumble mustard vegetation, and is very much more 
abundant in native grasslands than in cheatgrass swards. Stenomorpha is somewhat less abundant 
than Philolithus, and less sensitive to vegetation type, but Stenomorpha does not occur at low 
elevations. 

The order Hymenoptera (ants, wasps, bees) contain a great number of species that are either 
predators or parasites, as well as the plant pollinators essential for ensuring fertilization 
of many flowering plant species. The ants (Fonnicidae) are an important component of natural 
systems. Most are omnivores--taking both plant and animal material as food. They also perfonn 
a "t;illing" of the soil through colony construction. Some colonies have tunnels penetrating 
to depths exceeding 10 feet. Soil from colony construction is deposited on the surface and 
organic materials (food) are taken into the colony, thereby enriching the soil. Ants are not 
abundant on the Reservation, but .they seem to occur in all vegetation-types. 

Members of the family Sphecidae are solitary wasps. Most nest in burrows constructed in the 
ground and provision the young with prey. The Ichneumonidae are another important Hymenopteran 
family; attacking a great variety of insect hosts. Unlike the sphecids who paralyze and then 
drag their prey to- a burrow, the Ichneumons are mostly internal parasites of inrnature stages of 
the host. Wasps are very mobile and occur in all vegetation-types. 

The collembola (springtails) play a dual role, some members feeding on decomposing plant material, 
others feeding directly on living plant tissue. Collembola are very COlllllOn in any mulch layer 
but are frequently overlooked, due to their tiny size. Collembola populations at Hanford peak 
in early May and collect infrequently at other times. They appear to be associated with the 
crowns of bunchgrasses and with the litter layer that accumulates beneath sagebrush or cheat
grass. The most abundant collembola species belongs to the family Sminthuridae, sometimes called 
the globular springtails. 

(The distribution of the abundant plants and animals in the several vegetation-types, arranged 
in order of decreasing elevation, is given in Part 5 of this Appendix. This listing demonstrates 
clearly that animals are more ubiquitous than plants . ) 

11.3-G.8 Rare or Threatened Species 

Three endangered or threatened species of vascular plants are known to occur on the Reservation: 
Balsamorhiza rosea, Erigeron piperianus, and Eriogonum thymoides •. All occur on the ALE Reserve 
rather than the low lands where waste management activities are planned. In addition~ Allium 
robinsonii may occur in the gravel bars along the Columbia River; it also is noted as a threatened 
species. 40 

Reptiles and amphibians on the Reservation are restricted to a few wide-ranging species, none of 
which can be classifi ed as rare, although the sagebrush lizard and the desert night snake are 
seldom seen at Hanford. 

Mammals on the Reservation are not endangered at the species level, although their presence on 
the Reservation may be in very small numbers. Minks and bobcats are examples of low-density 
species. 

Birds are a different matter. The Hanford Reservation provides a refugium for several rare, 
threatened or indeterminate species. 31 The prairie falcon (Falco mexicanus) nests in several 
regions on the Reservation, with the number of nest i ng pairs probably in the dozens. 28 

The American peregrine falcon (Falco peregrinatus anatum) apparently does not nest on the Reser
vation but in the neighboring reg'Tori"s, probably in"siiialT numbers. 28 Species lacking specific 
data to attest to their status but considered to be possibly in some danger (i.e., indeterminate) 
include l) the ferruginous hawk (Buteo reqalis) which nests in several sites on the Reservation 
but in small nunt>ers, 2) the American"osprey (Pandion haliaetus carolinensis) only a visitor, 
3) the western burrowing owl (Speotyto cunicularia hypugaea) and 4) the long-billed curlew 
(Humeri.us americanus). The last two nest on the Reservation in small but significant numbers. 

II .3-G. 9 Fragile or Restricted Microhabitats 

The principal example of a fragile microhabitat on the Hanford Reservation is the few hectares of 
thin rocky soils on exposed ridgetops supporting the thyme buckwheat/Sandberg's bluegrass 
vegetation-type. On the Hanford Reservation, only the ALE Reserve has any extensive examples of 

1 this habitat, and its extent has been relentlessly reduced by construction activities over the 
1
,. past decades. The aspect of this vegetation-type is quite reminiscent of an alpine fell-field : 

small grasses, cushion-fonn forbs, and a great deal of bare rocky surface. Constant exposure to 
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cold and desiccating winds without the protection of winter snows has pruned the vegetation 
toward cushion-form, even in normally erect species, a fact readily seen by comparing the stature 
of species common to rocky outcrops at lower elevations and ridgetops. An alpine cushion plant, 
Phlox hoodii, is as abundant in this community as on the alpine slopes of Mt. Hood. The slow 
growth characteristic of arid climates is accentuated in this habitat by poor water and mineral 
relations, so any area of disturbance is extremely slow to recover. · 

The Hanford Reservation encloses about 3000 hectares (12 square miles) of active sand dunes near 
the Columbia River about 8 kilometers south of the old White Bluffs townsite. Shifting, blowing 
sands in the dune areas combine a very porous substrate with placement in a most arid region to 
produce a very severe microhabitat populated by relatively few species. Colonizing species such 
as Psoralea lanceolata are rather corrrnon on the larger (hence slower-moving) dunes, but the 
smaller dunes only a meter or two high move so rapidly that colonization is much reduced. Scat
tered dunes of small stature exist in the lower elevations of the Hanford Reservation between 
the 200 Areas and the WYE Barricade; these dunes barely exceed a meter in height and may move 
hundreds of meters each year. Many of these small dunes were drowned under gravel at roadsides 
by maintenance crews to prevent them from inundating roads with sand. However, the large dunes 
near the river may be 15 or 20 meters high and move only a few meters each year, providing suit
able footing for vigorous colonizing species. Although the dunes contain so much sand they can
not be rightly considered a restricted microhabitat, the dune's structural integrity and 
existence are sensitive to disturbance. For example, animal tracks over the crest of a Barchan 
(crescent) dune can split the dune into two smaller dunes which therefore travel faster than 
their larger neighbors, leading to overrunning and disappearance. 8 

Kettles and drumlins exist in sma l l areas near the 100-N Area (N Reactor site) on the Reser
vation . These small mounds and depressions are very rocky, with little fine soil, and are 
covered with a low-growing vegetation comprised mostly of small annuals, such as cheatgrass, 
Microsteris and Sandberg's bluegrass. The improved water relations on north-facing exposures of 
these small mounds can cause notable differences in species presence and abundance. 

The dispersal of aqueous effluents to the ground surface formed permanent ponds in the 200 Areas . 
Over the past quarter of a century, vegetation has changed in response to the change in soil 
moisture. Aquatic emergent species, i.e., cattail and bulrush, grow in most of the ponds. Shrub 
and tree willows are becoming well established along pond shores, as are mes1c plants such as 
barnyard grass, reed canary grass, cudweed, white top, Russian knapweed, goldenrod, milkweed, 
and others. These plants often form dense stands that provide food and cover for wildlife and 
nesting places for song birds and raptors that were not present before the formation of the 
ponds. · 

A few tiny areas of essentially pristine low elevation shrub-steppe vegetation exist along north
facing slopes of ancient dune trails on and below the 200 Area plateaus. The undisturbed nature 
of these small areas is testified to by the complete absence of cheatgrass, which in general 
abounds in these lower elevations. The slightly more favorable microenvironments on north-facing 
slopes has allowed mosses and other bryophytes to maintain a nearly continuous soil cover, thus 
preventing wind erosion of the sandy soils (which would provide the disturbed soil surface 
favoring cheatgrass) . In these small areas, the spaces between sagebrush individuals are car
peted almost completely with either bryophytes or bunches of Sandberg's bluegrass, and are 
annually attired in the full regalia of desert flowers, principally Phlox. 

A few sites exist on north exposures at higher elevations that have a relatively deep wind
deposited soil supporting a grassland reminiscent of shortgrass prairie (true steppe) and very 
similar to the Palouse grasslands of southeastern Washington before agriculture embraced them. 
A steep north exposure provides improved water relations by capturing windblown snow and shield
ing the community from desiccating winds and intense sunshine. A dense grass cover with no 
interstices between grass clumps is the result, including an interspersion of a few specimens 
of shrubs typical of more mesic (gentler) habitats, such as snowberry. 

The eastern shoreline of the Columbia River is marked by steep•walled banks of 100 meters or 
more in height. These banks are marked on topographic maps as "White Bluffs." Historically, 
these banks have provided nesting sites for thousands of pairs of breeding swallows (cliff 
swallows and bank swallows) and a few nests of the prairie falcon. Occasionally Canada geese 
have also built nests on narrow ledges. In recent years the bluffs have provided nest sites 
for flocks of feral rock doves (pigeons) and starlings. 
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II.3-G.10 Pest Animal Species 

House mice (Mus Musculus) and the Norway rat (Rattus norve~icus) are occasionally trapped away 
from buildings. House mice have been trapped Tntlie riparian vegetation at Rattlesnake Springs 
and along the Columbia River. · 

Starlings occasionally occur in large flocks, especially in winter. A few nesting pairs have 
been observed in hollow trees at Rattlesnake Springs and Snively Ranch on the ALE Reserve. 

II . 3-G.ll Plants 

II . 3-G.ll . l Primary Productivtty 

Arid and semi-arid lands are not as biologically productive as humid or wet lands (Table 
I I. 3-G-4). Deserts produce on an annual basis less than 0.2 grams of herbage per square meter 
per day. The annual aboveground herbage production has been determined on the Hanford Reserva
tion in cheatgrass and in shrub-grass corrmunities. A suR111ary of the peak live standing crop of 
three different cheatgrass corrmunities on the ALE Reserve over the last 5 years is shown in 
Table I I. 3-G-5. Over the 5-yr period annual herbage yields ranged between l 07 and 328 g/m2. 

TABLE II.3-G-4 

ANNUAL PRODUCTIVITY ESTIMATES FOR VARIOUS ECOSYSTEMS 
(g/m2) 

Ecosyst em 

Spartina salt marsh 

Pine plantat i on 

Deciduous forest 

Tall grass prairie 

Short grass prairie 

Desert 

TABLE I I. 3-G-5 

Producti vity 

3300 

3180 

1560 

446 

69 

40 

PRODUCTIVITY OF OLD-FIELD (CHEATGRASS-TUMBLE MUSTARD) 
COffilUNITIES, 1969-1973 

(g/m2) 

Elevation 
in Meters 180 305 518 

1969 328 !. 28 327 !. 26 226 !. 15 

1970 165 !. 11 127 !. 8 208 !. 20 

1971 Not Avail . 211 !. 11 263 !. 38 

1972 Not Avail. 132 !. 7 107 !. 12 

1973 Not Avail. 205 !. 15 226 !. 35 

Average 246 200 206 

Over the years cheatgrass corrmunities have produced on an annual basis more herbage than sage
brush-grass corrmunities. The productivity of pristine stands of sagebrush-bunchgrass is con
sidered1 to be about· 100 ~/m2 • On the ALE Reserve, production of herbage in a sagebrush-grass 
comnunity has been somewhat more than that in recent years (Table II.3-G-6). 

Pronounced differences in species diversity are observed between cheatgrass c011111t.1nities and the 
sagebrush~grass conmunities , demonstrated in Table II.3-G-7. Nine species of plants contribute 
to the herbage yield of cheatgrass c011111Unities, eight of which are annuals. About 20 species 
contribute to plant biomass in the sagebrush-grass comnunity, mostly perennials of several 
different life fonns. 
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1972 

1973 

TABLE I I. 3-G-6 

PRODUCTIVITY OF A SAGEBRUSH
BLUEBUNCH WHEATGRASS COl+1UNITY 

(g/m2) 

Herbage 

63 .:!:. 4 

65 .:!:. 14 

51 .:!:. 5 

Sagebrush 

53 .:!:. 11 

55 .:!:. 36 

42 .:!:. 19 

TABLE 11.3-G-7 

Total 

116 .:!:. 15 

120 !. 50 

93 .:!:. 24 

SPECIES DIVERSITY IN CHEATGRASS AND SAGEBRUSH/GRASS COMMUNITIES 

Cheatgrass Co1T111unity 
Taxa Life Fon11 

Chea tgras s ANGR 
Sandberg bluegrass PEGR 
Tumble Mustard ANFO 
Tansy mustard ANFO 
Jagged chickweed ANFO 

Fi laree ANFO 
Spring draba ANFO 
Lanceleaf microseris PEFO 

Yellow Salsify PEFO 

CODING 
ANGR = Annual Grass 
ANGO - Annual Form 
PEFO - Perenni a 1 Forb 
PEGR = Perennial Gras s 
SH Shrub 

Sagebrush-Grass Co1T111Unitt 
Taxa Life Form 

Sagebrush SH 
Longleaf phlox PEFO 
Fleabane PEFO 
Bluebunch wheatgrass PEGR 
Sandberg bluegrass PEGR 

Needlegrass PEGR 

Cusick ' s poa PEGR 

Cluster lily PEFO 
Sego lily PEFO 
Six weeks fescue ANGR 

Hawk's beard PEFO 
Lupine PEFO 

Locoweed PEFO 
Spring draba ANFO 

Pussy To'es PEFO 

Daisy PEFO 

Yarrow PEFO 

Indian paintbrush PEFO 
Pl antago ANFO 
Tansy Mustard ANFO 

Although herbage production is the visible output of plant growth, a root system is also pro
duced each year. A comparison of root biomass and distribution in the soil profile of cheatgrass 
and sagebrush-grass corrrnunities is shown in Figure II.3-G-17. Less than 25% of the root biomass 
in the cheatgrass corrrnunity is deeper than 2 decimeters, .compared to 50% for the sagebrush-grass 
corrvnunity. The total biomass is also greater in the sagebrush-grass corrrnunity compared to the 
cheatgrass corrrnunity, i.e., 1200 versus 800 g/m2 • However, the root biomass data consist of a 
mixture of living and dead roots because to separate live roots from dead root~ from soil cores 
is not practical. 

11.3-G. 11.2 Mineral Uptake 

Herbage provides a source of energy, protein and essential minerals for herbivorous animals, but 
the amount of energy available to consumers is quite variable. Table 11.3-G-8 shows the average 
heats of combustion (total heat release or caloric content) of cheatgrass, tumble mustard, blue
bunch wheatgrass, Sandberg's bluegrass, and sagebrush leaves and flowers. The mustard has a 
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significantly higher amount of energy bound up in its tissues than the other species. while the 
grasses have the least. typica-1 of comparisons between broad-leaved plants and grasses. 
Although a crude measure of energy such as this does not measure usable energy, the relative con
tribution of the various species to digestible energy is probably similar. 

However, the importance of plants to consumers involves much more than as a source of energy. 
Plants extract minerals from the soil solution for their own functioning, making these minerals 
ava i lable for consumer organisms. Of particular interest to radiation ecology i s the amount of 
stable mineral elements that plants obtain from the soil in which they grow. The mineral ele
ments present i n cheatgrass and bluebunch wheatgrass are shown in Table II . 3-G-9 . 

Some plants accumul ate mineral elements to significant concentrations; 15 the results of chemical 
analysis of greasewood and hopsage leaves growing in the same plant community are shown in 
Table II . 3-G-1O . 

II . 3-G. 12 Litter Decay and Mineral Cycling 

Co~tinuo~s maintenance of life requires that mineral nutrients currently bound up in plant and 
an1mal l1fe eventua~ly be returned to a conmen nutrient pool for use by succeeding generations. 
The rate of return 1s mostly governed by the activi ty of microflora and microfauna, organisms of 

TABLE I I. 3-G-8 

HEATS OF COMBUSTION OF SEVERAL SPECIES 
ON THE HANFORD RESERVATION 

Ki l ocalories gram- 1 (Dry Weight) 

Sagebrush 
Chea t- Tumble Whea t- Blue- Flowers 

Speci es grass mustard grass grass and Leaves 
Hea t of 
Combustion 3.8 6. 1 3. 9 4.2 4.8 
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TABLE II. 3-G-9 

MINERAL ELEMENTS IN CHEATGRASS AND BLUEBUNCH WHEATGRASS 

Cheatgrass Bluebunch Wheatgrass 

N, % 1.7 0. 92 

P, % 0. 25 0. 15 

K, % 1. 6 0.67 

Ca,% 0. 60 0. 32 

Mg , % 0.1B 0. 08 

s. % 0. 25 0.11 

Na , % 0. 06 0. 03 

Zn, ppm 20 7. 2 

Cu, ppm 6 1.1 

Fe, ppm 700 130 

B, ppm 20 9. 4 

Mn, ppm 80 77 

TABLE 11.3-G-10 

ACCUMULATION OF MINERALS IN DESERT SHRUB FOLIAGE 

Greasewood 
Hopsage 

Na 
_% 

12 

0.6 

K 
_ % 

2.5 

11 

Ca 
_ %_ 

1.5 

1.9 

Mg 
_ % _ 

0. 5 

1.6 

decay whi.ch live on or in dead biotic material. The metabo l ic activity of these microbiota 
(measured by CO2 evolution from the soil) is rather closely attuned to environmental conditions 
of temperature and moisture. 32 High levels of both temperature and water induce high levels of 
so i l CO 2 evolution, but the climate of the Hanford Reservat i on precludes such coincidence in 
general. Con·sequently, soil CO2 evolution is usually low, implying relatively little microbiotic 
activity compared to a humid climate. 

The rate of return of biotically fixed minerals is shown in Figure 11.3-G-18 for cheatgrass in 
the cheatgrass/tumble mustard vegetation-type and for sagebrush leaves in the sagebrush/cheat
grass vegetation-type . Decomposition of the annual grass, cheatgrass, can be considered in three 
phases following its peak standing crop in May: first, the loss of seeds during summer; second, 
the transition from standing dead (with essentially no potential for decomposition) to flat 
litter in intimate contact with the soil biota; and third, the relatively slow continuous disap
pearance of the flat litter. Measurements of loss from litter bags over a 2-yr period indicated 
that phase III can be accurately considered an exponential process with a half-time of 6 ± 1 
years. This is much slower than the 1 to 2-yr half-time noted for the perennial bluebunch wheat
grass . Similar measurements in the humid tall grass prairie of Missouri 33 also indicated a dis
appearance half-time of about 1. 5 year for perennial grass litter in Missouri. 

Sagebrush casts about 90% of its leaf biomass in early summer, presumably a period of relatively 
slow decomposition, but weight losses from litter bags are noted 34 (as shown in Figure Il.3-G-18) 
implying a half-time of about 1 year, very much faster than cheatgrass leaves and stems. How
ever, leaf and influorescence litter, which is the annual portion of sageb_rush biomass, comprises 
only about a half of 1% of the total standing crop. No detectable weight losses of bark, 
branches, and buried roots occurred even after 2-1/2 years, 34 indicating that minerals in these 
portions of the sagebrush community remain unavailable for a relatively very long time. 

11.3-G. 13 Animal Populations 

Most of the animals on the Hanford Reservation are nongame species having no direct link to man 
through the food he eats. However, these animals provide food for predators. Some of the most 
abundant animals on the Hanford Reservation in tenns of biomass (g/m2) are darkling beetles, 
which can attain an estimated peak biomass of 2 gm m- 2 ·(20 pounds per acre) in cheatgrass commu
nities. 35 These beetles can provide an important food supply for some predators in autumn when 
beetles are active on the soil surface for a few weeks.3 6 · 
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FIGURE II.3-G-18 RATE OF WEIGHT LOSS IN LITTER BAGS OF LEAVES AND STEMS 
OF CHEATGRASS, SAGEBRUSH AND BLUEBUNCH WHEATGRASS 

Coyotes are wide-ranging animals that have the potential for wandering on and off the Hanford 
Reservation boundaries in search of food. Coyotes have disrupted the nesting of Canada geese on 
Columbia River islands. 26 No studies on the Hanford Reservation have been conducted to determine 
the population densities or movements of the coyote, but an aerial patrol is maintained for the 
ALE Reserve and casual coyote sightings are record~d. The number of coyotes seen from 1969-1973 
are shown in Table II .3-G-11 but how many of these values represent repeated sightings of the 
same animals is not known . 

Year 
Sightings 

TABLE II.3-G-li 

COYOTE SIGHTINGS BY AERIAL PATROL 
1969 

g 
1970 

6 

1971 

16 

1972 

14 

1973 

13 

The relative freedom from "people use" has made the Hanford Reservation an attracti ve nesting 
refuge for large raptors . A scarcity of suitable places to build nests is one of the reasons 
for low density nesting popu l ations of Swainson ' s and red-tailed hawks. 28 Marsh hawks, sparrow 
hawks, prairie falcons, burrowing owls and great-horned owls are known to nest on the Hanford 
Reservation. The golden eagle, bald eagle and osprey frequent the Hanford Reservation in winter 
as a foraging ground . 

The mule deer and the Canada goose are the most impo1·tant game species that use the Columbia 
River area as a breeding ground. Both rely heavily upon the relative security of the islands in 
the Columbi a River as a sanctuary for rearing young. Over the past 4 years 180 n;ule deer fa•.~ns 
were tagged near the Columbia River and released; 17 tags have been returned from legal kills and 
road kills, etc . , some from more than 4 miles from the tagging site . 22 

A 21 -yr history of Canada goose nesting on the islands i s shown in Figure II.3-li-19 . The recent 
decline in numbers was attributed to coyote rredation during nesting. 26 Over thr studv pP.r iod, 
Hanford ' s nesting geese had 97 . 4% fertility, equal to or better th;:in areas that d'l no t lta ve 
operating nuclear reactors nor chemical separations facilities. 

/ 

The Great Basin pocket mouse is, in terms of number pe,. i'l cre, the most abunc!ant t11arn1-11 0 1: !' he. 
Hanford Reservation . Studies using mark-releuse t ech niques show that pork.et mice !:pend t heir 
entire lives in a small area. The number of mice in a 6.8 ,icrc plct ill a ~,.H,s br-ush-grass conl,u-
nity varies considerably from year to year, as sho~m in f' igu n, I I.3-G-20. foe relat ive nu,nh:>rs 
of various species in the community are shown in Tabl2 II..1-G-12. 2 3 
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· FIGURE II.3-G-20 POPULATION FLUCTUATIONS OF THE POCKET MOUSE, 
PEROGNATHUS PARVUS, IN A SAGEBRUSH/CHEATGRASS 
COMMUNITY --

II.3-G.14 Food Webs 

Earlier pages have discussed briefly some aspects of the distribution of environmental factors on 
the Hanford Reservation and the subsequent distribution of plants and animals. Another section 
was denoted to considering population numbers and fluctuations on the Reservation, as opposed to 
distribution· in space. However, the dynamic interplay of the many organisms can best be grasped 
by considering the rates and routes of energy transfers between the species ... the "fate and 
effects" of food in the ecosystem. Following is a synthesis of ecological transfers on the 
Hanford Reservation, based on a few representative organisms and interactions, beginning with 
potential transfers to man, then constdering a non-anthropocentric ecosystem. 

II.3-G.14.1 Transfers to Man 

Historically, the unmodified steppe ecosystem of southern Washington provided relatively little 
food to man. Indian tribes relied mostly upon Columbia River fishes as a food base. Apparently, 
steppe vegetation did not support bison nor antelope herds. Cattle and sheep grazing provided a 
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TABLE I I. 3-G-12 

SMALL MAMMALS TRAPPED IN A SAGEBRUSH/CHEATGRASS COMMUNITY, 1972 

Pocket 
Mon th Mouse 

Jan 0 

Mar 33 

Apr 48 

May 41 

June 44 

July 35 

Sept 30 

Nov 2 

Deer 
Mouse 

5 

11 

7 

2 

2 

0 

0 

Ground 
Sgui rrel 

0 

12 

38 

20 

3 

0 

0 

0 

Grasshopper 
House 

3 

0 

0 

2 

food base for man, but the most arid parts of the steppe region were not very productive, and 
overgrazing resulted in marked changes in floristic composition. 

Irrigation is a practical way to modify steppe lands to agriculturally produ½tive acreage. How
ever, the unmodified steppe ecosystem at Hanford provides little food for man . Livestock grazing 
is not practiced; mule deer forage to some extent upon steppe vegetation, but rely mostly upon 
riparian vegetation for food and cover. Since deer are mobile animals, some animals that are 
born on the Reservation are harvested off the Reservation by hunters. 22 The chukar partridge is 
the most abundant game bird that can subsist on the food and cover provided by unmodified steppe 
vegetation. Although chukar partridges are not hunted on the Reservation, hunting is common in 
the Rattlesnake Hills, Yakima Ridge and the Saddle Mountains . 

Duck and goose hunting is a popular outdoor sport in Benton County, Washington, so ducks and 
geese are biota with potential contributions to food chains leading to man. Within the Hanford 
Reservation, a few ducks use cooling wastewater ponds to rear their young, but most of the utili
zation of ponds by waterfowl is during the fall migration period . 27 Hunting is not permitted on 
the Hanford Reservation on the plant side of the river, so this area serves as a refugium for 
ducks and geese during the hunting season. During the peak week of use in 1972, 1,100 ducks and 
geese were on Hanford ponds and 70,000 on the Hanford reach of the Columbia River. 

II . 3-G. 14 . 2 Food Webs in a Steppe Ecosystem 

Figure II . 3-G-21 demonstrates the motivation for discussing food webs rather than chains, because 
typically a consideration of "who eats whom" wi"l l result in many 1 inked trans fers rather than a 
simple linear cascade of matter and energy through the ecosystem. Similar webs could be con
structed around each plant spec i es on the Reservation . Figure II . 3-G-21 shows a web of energy 
and nutr ient transfers center i ng on cheatgrass . Although inadvertently i ntroduced to this region, 
this grass is well adapted to the Hanford climate. 3 Its success does no t stem from a highly 
efficient capture of energy from the sun, but physiologically, it is geared for growth under the 
cool conditions concurrent with Hanford's wet season. Consequently , green cheatgrass appears {as 
seedlings) when few perennials are growing, making it desirable forage for a wide variety of 
animals , including mule deer, coyotes, and chukars. Mature cheatgrass seeds form important food 
sources for pocket mice and birds. The dead leaves and stems support a large number of micro
biota, including mites, insects, nematodes and fungi. 

Larger food items support larger consumers; Figure Il.3-G-22 centers on chukar partridges, a bird 
with average adult biomass somewhat less than a kilogram. The chukar, i n common with many bi rds, 
is opportunistic in its choice of diet, employing food items i n their period of seasona l abun
dance : both plant and animal matter come to its attention . Chukars support avian predator s l i ke 
the prairi e fa l con, and scavengers l,ike the mag pi e , at differing points i n i ts li fe cycle . Li ke
wise , manmal i an and reptili an predators take advantage of its immobile reproduct i ve stages - 
brooding hens and her eggs. 

Insect predators abound in an arthropod-size community, as . indicated in Figure II.3-G-23, wh i ch 
centers on grasshopper. However, insect predators are ·not alone, because even large mamma l ian 
predators will consume grasshoppers when the insect is abundant. Some reptiles also consume 
grasshoppers, as do small manmals; many carnivorous birds, including large raptors, depend upon 
insects for prey. 
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SMALL MEDIUM LARGE 
BIRDS MAMMALS MAMMALS MAMMALS 
CHUKAR POCK ET MOUS E JACKRABBIT / MULE DEER 

~~~:o;:E:~>~UNDSQU IR~//,,,cb:7foTE// 

GRASSHOPPER $ -'-.-/ _:_ ~ \ I 
EEDS~:=:::~GREEN 
~ :;----_ SUN 

MEALYBUGS ~ CHE A TG RAS s 
WEEV ILS ------ // i \ \ -' Sil-7SONMQUANTA 

DARKLING BEETLES---DEAD// I ROOT 

SPRI NGTAILS --~CHE~T~ASS \ FU,NGI 

MITES -- t \ / 
Tet ra nychidae 1p 

1 
/ ~TMOSPHERE 

SOIL SOLUTION 
Glycyphagu11p. ........___ "-....CAR BON DIOXIDE 

\'/ATER ~ 
Tyrophagul 1p. WATER 

...-NITRATE 

NEMATODES /'.'. - POTASS IUM 

Hete rodora 1p. - - / / 

,FUNGl--rb ✓ 
-... BACTERIA PARENT SOIL MATERIAL 

FIGURE II.3-G-21 FOOD WEB CENTERED ON CHEATGRASS (Arrows i ndica t e 
direction of energy and mass transf er) 

FI GURE 11. 3-G-2 2 FOOD WEB CENT~RED ON CHUKAR PARTRIDGE (Arrows 
indicate direction of energy and mass t ransfer) 

Two cuITTnon not es arP to be f ound i n t he preceding diagrams: 1) the edges of the webs involve the 
same Lop ca rn ivores- -coyotes, eagles , owls , etc . --and 2) all webs have a transfer into the micro
biota, r-e pre $rnkd by t he tra nsfe r t o fu ngi. Figure II.3-G-24 diagrams a v1eb center i ng upon 
f ungi in general, no t a particula r fungal speci es . Microbiota are critical for continuous func
tioni ,·1g of an e:.::osys l Qlll , but generally they are diffi cu 1t to discuss with the same degree of 
concr eteness us the larger orC)a nisms. Their small size is associated with high metabolic rate, 
so the i ndividuals (ad species ) increase and decline very rapidly compared to the human norm of 
con •~i nus ncss . 11 ep res r ntative species of fungi are therefore not readily chosen. 

Fi g11rc 11. 3-G- 24 differs from the preceding di a grams in fundamenta 1 ways: 1) the transfers near
es t to t hf' fu nga 1 or9a nism are mo re nearly a chain than those for macrobiota, 2) there are very 
mun y ir,ore dash Pct l ·i v •,, indi cating ignorance or· uncertainty in many of the transfers, and 3) many 
memters of the 11eb a re iden tif ied by family or superfamily rather than genus or species. These 
proli fr-111 •, arise because this food web is extraordinarily difficult to study: the organisms are 
small, Lrc11,s i ent, hard t o identify and difficult to observe in action. 
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MAMMALS 

/ COYOTE GRASSHOPPER~ BIRDS 

REPTILES L---~ ZMOUSE - SWAINSON'S HAWK 
YEUCN/-BEUIED RACER~-\ /~ MEADCN/l.ARK 

SHORTHORNED LIZARDS~~_ ~BURRCN/ING CN/l 

( ~SEC~ GRASSHOPPER;:::--_ PLANTS 

PREYING~:NT~OS~ ~~~~::::RR~SSS 
POMPI LID ~Eci"o WASPS SUNFLCN/ERS 

WASPS ~ SPIDERS 

ROBBER FILES CORPSES EXCRETA 

SKIN BEETLES.......... I 
FUNGI 

FIGURE II.3-G-23 FOOD WEB CENTERED ON GRASSHOPPER (Arrows 
indicate direction of energy and mass 
transfer) 

DEAD TISSUES 

' FUNGI 
~ 

MITES 
Passatozetidae 

Camissiidae 

' __ .- _ -Amystidae - - __ __ 

INSECTS ,.,. - Bdellidae - - ARACHNIDS 

#"' ' SOFlWINGED FLCN/ER BEETLES- - - - _________ WIND-SCORPIONS 
...._ (SOLPUG I OSI 

CHECKERED BEETLES ....._ , / / / 
I ....._ / 
t ....... .,,..,. / 

GR:D BffiUS~ICA\BIDSI ~:.:- - ::: ;:,--:_-? _-=-;~EPTILES / 

~~MEADCN/l.ARK ; 'slDEBLOTCHED LIZARD,.., 

BURRO!¥ I NG CNIL SHORTHORNED LI ZARO 

FIGURE II . 3-G-24 FOOD WEB CENTERED ON FUNGI (Arrows indicate 
direction of energy and mass transfer) 

II.3-G. 15 Ecological Research Results and Availability 

The preceding pages sU1T111arized some aspects of the ecological systems of the Hanford Reservation; 
more could have been written based on the many years of research at Hanford. A current and com
plete bibliography of journal articles, annual reports, Battelle documents and other writings by 
the staff of the Ecosystems Department is available . 37 Many of the references in that bibliog
raphy devolve directly from ecological research on the Hanford Reservation. 

Good bibliographies of (world-wide) publications concerning ecological aspects of radioactive 
waste management are available, both for radioactive waste in general3 8 and for trans.uran ics 39 

specifica 1 ly. 
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Vascular Taxa of the Hanford Reservation 
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EQUISETACEAE Horsetail Family 
Equi s etum arvense L, 

JUNCACEAE Rush Family 
Juncus torreyi Cov . 
Juncus tenuis Willd. probably var : tenuis 

CYPERACEAE Sedge Family 
Carex spp . 
Care x douglasii Boott. 
Eleocharis palustris (L . ) R. & S. 
Scirpus americanus Pers. 
Scirpus validus Vahl 

GRAMINEA Grass Family 
Agropyron cristatum (L.) Gaeutnt. 
Agropyron dasystachyum (Hook) Scribn. 
Agropyron spicatum (Pursh.) Scribn . & Smith 
Agropyron spicatum var. spicatum (Pursh . ) Scribn . & Smith 
Agrostis exarata Trin . 
Bromus tectorum L. 
Bromus sp . 
Distichlis stricta var. dentata (Rydb . ) C.L. Hitchc . 
Echinochloa crusgalli (L.) Beauv. 
Elymus cinereus Scribn. & Merrill 
Elymus glaucus Buckl . 
Festuca bromoides L. 
Festuca idahoensis Elmer 
Festuca microstachys Nutt. 
Festuca octoflora 
Hordeum jubatum L. 
Melica spectabilis 
Oryzopsis hymenoides (R. & S. ) Ricker 
Poa bul bosa L. 
Poa cusickii Vasey 
Poa juncifolia Scribn . 
Poa palustris L. 
Poa sandbergii Vasey 
Polypogon monspeliensis (L . ) Desf . 
Secale cereale L. 
Setaria lutescens (Wiegel) Hubb . 
Sitanion hystri x (Nutt . ) J . G. Smith 
Sitanion hy5trix var . hordeoides (Suksd . ) C. L. Hitchc . 
Stipa comata Trin. & Rupr. 
Stipa thurberiana Piper 
Tritic~m aestivum L. 

TYPHACEAE Cat-tail Family 
Typha latifolia L. 

LEMNACEAE Duckweed Family 
Lemna minor L. 

LILIACEAE Lily Fam i ly 
Allium acuminatum Hook 
Allium macrum Wats . 
Brodiaea douglasii Wats . 
Brodiaea howel l ii Wats . 
Calochortus macrocarpus Dougl . 
Frit i llaria pudica (Pursh.) Spreng 
Smilacina steliata (L . ) Desf . 
Zigadenus paniculatus (Nutt.) Wats . 

POLYPODIACEAE Common Fern Family 
Woodsia oregana D.C . 

SALICACEAE Willow Family 
Populus alba L. 
Populus tremuloides Michx. 
Populus trichocarpa T. & G. ex Hook 
Salix spp . 

ULMACEAE Elm Fam i ly 
Elmus pumila 

URTICACEAE Nettle Family 
Urtica dioica var. gracilis L. 

SANTALACEAE Sandalwood Family 
Comandra umbellata var. pallida (D . C.) M. E. . Jones 
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Common horsetail 

Torrey's rush 

Douglas' sedge 
Common creeping spike-rush 
Bulrush 
Tule, soft stem bulrush 

Crested wheatgrass 
Thick-spike wheatgrass 
Bluebunch wheatgrass 
Awned bluebunch wheatgrass 
Bentgrass 
Chea tg ra s s 

Salt grass 
Large barnyard grass 
Ryegrass 
Wild rye 
Barren fescue 
Idaho fescue 
Nut ta 11 's fescue 
Six weeks fescue 
Foxtail; Barley 
Onion grass 
Indian ricegrass 
Bulbous bluegrass 
Cusick bluegrass 
Alkali bluegrass 
Fowl bluegrass 
Sandberg bluegrass 
Rabbitfoot grass 
Rye 
Bristlegrass 
Bottlebrush squirrel-tail 

Needle & thread grass 
Needlegrass 
Wheat 

Cattail 

Duckweed 

Wild onion 
Wild hyacinth 
Howel 1 's brodiaea 
Sego lily 
Yellow bell 
False Solomon's Seal 
Death camas 

Wood fern 

White poplar 
Aspen 
Cottonwood 
Willow 

Siberian elm 

Stinging nettle 

Bastard toad flx 
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POLYGONACEAE Buckwheat Family 
Eriogonum heracleoides Nutt. 
Eriogonum microthecium Nutt . 
Eriogonum niveum Oougl. ex Ben th. 
Eriogonum sphaerocephalum Oougl. ex Benth. 
Eriogonum strictum var . flavissimum Benth . 
Eriogonum strictum var . pro] i ferum 
Eriogonum thymoides Benth . in DC . 
Rumex crispus L. 
Rumex venosus Pursh. 

CHENOPDDIACEAE Goosefoot Family 
Atriplex rosea L. 
Bassi a hyssopifol ia (Pal 1.) Kuntze. 
Chenopodium leptophyllum (Moq.) Wats. 
Eurotia lanata (Pursh.) Moq. 
Grayia spinosa (Hook . ) Moq. 
Salsola kali L. 
Sarcobatus vermiculatus (Hook . ) Torr . . 

AMARANTHACEAE Amaranth Family 
Amaranthus albus L. 

PORTULACACEAE Purs lane Family 
Lewisia rediviva Pursh. 
Montia perfoliata (Dorn) Howell 
Talinum spinescens Torr . 

CARYOPHVLLACEAE Pink Family 
Arenaria franklini i Dougl . ex Hool . 
Holosteum umbellatum L. 
Silene douglasi i Hook . 
Silene menziesii Hook . 

RANUNCULACEAE Crowfoot Fdmi ly 
Nutt . in T. & G. 
Pritz . ex Walpers 

Clematis l i gusticifolia 
Delphinium nuttallianum 
Myosaurus apetalous 
Ranunculus glaberrimus Hook . · 

Ranunculus s celeratus L. 
Ranun culus testiculatus Crantz 

CRUCIFERAE Mustard Family 
Ar abi s c us i ckii Wats . 
Arabis holboellii Hornem . 
Arabis spa r siflora Nutt . in T. & G. 
Cardaria draba (L . ) Desv . 

Chor i spora tenella (Pall.) DC. 
Descurainia pinnata (Walt.) Britt. 
Descurainia sophia L. Webb 
Descurainia sp . 
Draba ve r na L. 
Erysim um asperum (Nutt . ) DC . 

Lepid i um perfol i atum L. 
Phoen i caulis cheiranthoides 
Rorippa nasturtium aquaticum (L . ) Schinz & Thell . 
Si s ymbrium s p. 
Si symbrium alt i ssimum L. 
Streptanthella long i rostris 
Thelypodium laciniatum (Hook . ) Endl . 

CAPPARIDACEAE Caper Family 
Cleome lutea Hook . 

CRASSULACEAE Stonecrop Family 
Sedum leibergi i Britt. 

SAX I FRAGACEAE Saxifrage Family 
Heuchera cylindr i ca Dougl . ex Hook . 
Li thophragma bu l bi fera Rydb. 
Lit hophragma glabra Nutt . T. & G. 
Lithophragma parviflora (Hook . ) Nutt. ex T. & G. 
Sax i fraga integrifolia var . claytoniaefolia (Canby) Rosend. 
Sa xi fraga s p . 

GROS SULARIACEAE Current Fanl'i ly 
Ribe s aureum Pursh . 

Rib e~ tereum Douql . 
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Parsnip flowered eriogonum 
Slenderbush buckwheat 

Roundhead 

Thyme-leaved buckwheat 
Sour dock 
Veined dock 

Red saltbush 

Slender leaved goosefoot 
Winterfat 
Spiny hopsage 
Tumbleweed 
Greasewood 

Pigweed 

Bitterroot 
Miner's lettuce 
Fameflower 

Sandwort 
Jagged chickweed 
Campion ; Catchfly 
Menzies' silene 

Virgin's bower' vase flower 
Larkspur 
Mouse-tail 
Smooth western buttercup ; 
Sagebrush buttercup 
Celery leaved buttercup 
Horn seed buttercup 

Cus i ck's rockcress 
Holboell ' s rockcress 
Sicklepod rockcress 
Heart-podded hoarycress ; 
White top 
Blue mustard 
Western tansy mustard 
Flixweed 

Spring whitlow grass 
Rough wallflower ; 
Prair i e rocket 
Pepper grass 
Dagger pod 
Watercress 

Tumblemustard 

Thick-leaved thelypody 

Bee plant; Stinking mustard 

Leiberg's stonecrop 

Alumroot 
Bulbiferous fringe 
Fringe cup 
Smallflower fringe cup 

Golden current; 
Yellow squawberry 
Red current 
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HYDRANGEACEAE Hydrangea Family 
Philadelphus lewisii Pursh. 
Syringa vulgaris 

ROSACEAE Rose Family 
Amelanchier alnifolia Nutt. 
Geum macrophyllum Willd . 
Potentilla biennis Greene 
Prunus virginiana var . melanocarpum 
Pru nus vi rgi niana L. 
Purshia tridentata (Pursh.) DC 
Rosa woodsii Lindl. 

LEGUMINOSAE Pea Family 
Astragalus leibergii Jones 
Astragalus purshii Dougl_. ex. Hook 
Astragalus sclerocarpus Gray 
Astragalus spp . 
Lupinus laxiflorus Dougl . ex Lindl . 
Lupinus laxiflorus Dougl. ex Lindl. var . calcaratus C.P. Smith 
Lupinus lepidus var. aridus (Dougl . ) Jeps . 
Lupinus leucophyllus Dougl . ex Lindl. 
Lupinus sulphureus Dougl. ex Hook . 
Medicago lupulina L. 
Melilotus alba Desr. 
Petalostemon ornatum Dougl . ex Hook . 
Psoralea lanceolata Pursh. 
Robinia pseudo-acacia L. 
Swainsona salsula (Pall.) Taub . in Engl. & Prantl. 
Vicia americana Muhl . ex Willd. 

GERIANIACEAE Geranium Family 
Erodium cicutarium (L . ) L'Her. ex Ait. 

ANACARDIACEAE Sumac Family 
Rhus glalira L. 
Rhus radicans 

MALVACEAE Mallow Family 
Sphaeralcea munroana (Dougl . ) Spach 

LOASACEAE Blazing Star Family 
Mentzelia albicaulis Dougl. ex Hook. 
Mentzelia laevicaulis (Doug 1.) T. & G. 

CACTACEAE Cactus Family 
Opuntia polyacantha Haw . 

ONAGRACEAE 
Epilobium 
Epilobium 
Epilobium 
Oenothera 
Oenothera 
Oenothera 

Evening Primrose Family 
glaberrimum Barbey in Brew . & Wats . 
paniculatum Nutt. ex T. & G. 
paniculatum Nutt. ex T. & G. 
andina Nutt. In T. & G. var . hilgardii (Greene) 
booth ii 
contorta (Doug 1. ) Kearney 

Oenothera pallida Lindl . 

UMBELLIFERAE Parsley Family 
Cymopterus teret,inthinus Hook . T. & G. 
Lomatium canbyi Coult. & Rose 
Lomatium dissectum var . multifidum (Nutt . ) Math & Const . 
Loma ti um farinosum (Howel 1) Coult . & Rose 
Lomatium grayia Coult . & Rose 
Lomatium .macrocarpum (Nutt.) Coult. & Rose 

Lomatium macrocarpum (Nutt . ) Coult . & Rose 
Loma ti um triternatum (Pursh.) Coult . & Rose 

Mock orange; Syringia 
Lilac 

Serviceberry 
Large-leaved avens 
Biennial cinquefoil 
Western chokecherry 
Chokecherry; Plum 
Bitterbrush 
Wood's rose 

Leiberg's milkvetch 
Woolly-pod milkvetch 
Stalked-pod milkvetch 

Prairie lupine 
Velvet lupine 
Sulphur lupine 
Medic 
Sweet clover 
Prairie clover 
Scruf pea 
Black locust 

American vetch 

Hemlock filaree; 
Stork's bill 

Sumac 
Poi son ivy 

Munro's globe mallow 

Stick leave 
Blazing star 

Prickly pear cactus 

Smooth willow herb 
Tall annual willow herb 

Obscure evening primrose 

Contorted-pod evening 
primrose 
White evening primrose 

Turpentine cymopterus 

Carrot leaf 
Coeur d'Alene lomatium 

Large-flowered desert · 
parsl"ey 

Desert parsley 

CORNACEAE Dogwood Family 
Cornus stolonifera Michx. Red-osier dogwood 

PRIMULACEAE Primrose Family 
Dodecatheon conjugens Grrene Shooting star 

GENTIANACEAE Gentian Family 
Centaurium exaltatum (Grieseb) Wight ex Piper Centaury 

APOCYNACEAE Dogbane Family 
Apocynum sibiricum Jacq. Dogbane 
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POLEMONIACEAE Phlox Family 
Collomia grandiflora Dougl . ex Lindl. 
Coilomia linearis Nutt. 
Gilia minutiflora Benth. 
Gil ia sinuata Dougl. ex Ben th. 
Leptodactylon pungens (Torr . ) Nutt. 
Linanthus pharnacoides (Benth.) Greene 
Microsteris gracilis (Hook.) Greene 
Phlox hoodii Rich . 
Phlox longifolia Nutt. 
Polemonium micranthum Benth. 

HYDROPHYLLACEAE Waterleaf Family 
Phacel ia ci l iata 
Phacelia hastata Dougl . ex Lenm 
Phacel ia linearis (Pursh.) Holz. 
Phacelia ramosissima Dougl. ex Lehm. 

BORAGINACEAE Borage Family 
Amsinckia tessellata Gray 
Cryptantha circumscissa (H. & A. Jonst.) 
Cryptantha pterocarya (Torr . ) Greene 
Cryptantha sp . · 
Hackel ia di ffusa var. cottoni i (Lehm.) Johnst. 

Lappula Sp . 
Lithospermum ruderale Dougl . ex Lehm 
Mertensia oblongifol ia (Nutt . ) G. Don 
Mertensia longiflora Greene 

VERBENACEAE Ve rv ain Family 
Verbena bracteata Lag. & Rodr . 

LABIATAE Mint Family 
Agastache occidentalis (Piper) Heller 
Marrubium vulgare L. 
Mentha spicata L. 
Monardella odoratissima Benth. 
Salvia dorrii (Kell.) Abrams 

SOLANACEAE Potato - Nightshade Family 
Solanum triflorum Nutt. 

SCROPHULARIACEAE Fi gwort Family 
Castill eja thompsonii Pennell 

Collinsia parviflora Lind·l. 
Col linsia sparsiflora Fisch . & Mey . 
~imulus floribundus Lindl . 
Minulus Guttatus DC 
Penstamon acuminatus Dougl . ex Lindl. 
Penstamon gairdneri Hook 
Penstamon glandu l osus Dougl. ex Lind. 
Penstamon eriantherus 
Pens t amon richardsonii Dougl . ex Lind . 
Penstamon speciosus Dougl . ex Lind. 
Verbascum thapsus L. 
Veronica americana Schwein . 

OROBANCHACEAE Broom Rape Fami ly 
Orobanche grayana Beck. 

PLANTAGINACEAE Plantain Family 
Plan tago patagonica Jacq. 

RUBIACEAE Madder Family 

Large flowered collomia 
Narrow-leaved collomia 
Small flowered gilia 
Shy gilia 
Shrubby phlox 
Thread stem linanthus 
Pink microsteris 
Wild sweet william 
Long leaf phlox 
Littlebell's polemonium 

White leaf phace1ia 
Narrow leaved 
Branched phacelia 

Fiddleneck tarweed 
Matted cryptantha 
Wing nut cryptantha 

Stickseed; 
Wild forget - me-not 

Lemonweed 
Leafy bluebell 
Long-flowered bluebell 

Bra cted verbena 

Nettleleaf horsemint 
Horehound 
Spearmint 
Coyote mint 
Purple sage; ballsage 

Cut-leafed nightshade 

Thompson's Indian 
paintbrush 
Blue-eyed Marry 
Few - flowered blue-eye Mary 
Purple-stem monkey flower 
Yellow monkey flower 
Sharp leav ed penstamon 
Gairdfler ' s penstamon 
Sticky stem penstamon 
Fuzzy-tongue penstamon 
Richardson's p . 
Roya 1 p ; Showy p. 
Common mulle i n 
American water speedwell 

Broom ~a pe 

Indian wheat 

Galium aparine L. Bedstraw 
Galium multiflorum Kell. Shrubby bedstraw 

CAPRIFOLIACEAE Honeysuckle Family 
Sambucus cerulea Rof . 
Symphoricarpos albus (L~ ) Blake 

VALERIANACEAE Valerian Family 
Plectr i t is macrocera T. & G. 

COMPOSITAE Composite Family 
Achillea millefol i um L. 
Agoseris sp. 
Antennaria d imorpha (Nutt . ) T. & G. 
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Elderberry 
Snowberry 

Corn salad 

Yarrow 
False dandelio 
Low pussytoes 



Composite Family (Continued) 
Arctium minus (Hill) Bernh. 
Artemisia dracunculus L. 

Artemisia tridentata Nutt . 
Artemisia tripartita Rydb . 
Aster canascens (Pursh.) Gray (Machaeranthera) 
Balsamorhiza careyana Gray 
Balsamorhiza rosea Nels . & Macbr . 
Centurea re pe ns . L 
Chaenactis douglasii (Hook.) H. & S. 
Chrysothamnus nauseosus (Pall . ) 
Chrysothamnus visidiflorus (Hook.) 
Cichorium intybus L. 
Cirsium arvense (L.) Scop. 
Cirsium vulgare (Savi . ) Airy-Shaw 

Conyza canadensis (L . ) Cronq . 
Crepis atrabarba . Heller 
Crepis barbigera Leib . 
Crepis modocensis Greene 
Erigeron corymbosus Nutt. 
Erigeron filifolius Nutt. 
Erigeron linearis (Hook . ) Piper 
Erigeron piperianus Cronq. 
Erigeron poliospermus Gray 
Eriophyllum lanatum (Pursh . ) 
Ambrosia acanthi ca rpa (Hook . ) Colville 
Gnaphalium chilense Spreng. 
Haplopappus stenophyllus Gray 
Hel ianthella uniflora Nutt . T. & G. 
Hymenopappus filifolius Hook. 
Iva xanthifol ia Nutt . 
Lactuca serriola L. 
Layia glandulosa 
Madia exigua (J.E. Smith) Gray 
Microseris troximoides Gray 
Senicio hydroph~ lus Nutt. 
Solidago occidentali s (Nutt.) T. & G. 
Sonchus asper (L.) Hill . 
Stephanomeria tenuifol ia (Torr . ) Hall 
Stephanomeria paniculata Nutt. 
Taraxacum officinale Weber in Wiggens 
Tetradymia canascens DC 
Townsendia florifer ( Hook.) Gray 
Xanthium strumarium L. 
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Burdock 
Tarragon ; 
Dragon sagewort 
Sag eb rush 
Three - tip sagebrush 
Hoary aster 
Balsamroot 
Pink balsamroot 
Russian knapweed 
Hoary false yarrow 
Rabbit brush 
Green rabbit brush 
Chicory 
Thistle 
Common thistle ; 
Spear thistle 
Horseweed 
Hawk ' s beard 
Slender hawk ' s beard 
Low hawk 's beard 
Foothill daisy 
Thread-leaf fleabane 
Line-leaf fleabane 
Piper's daisy 
Howell 's erigeron 

Sandburr 
Cudweed; Everlasting 
Narrow-leaved golden weed 

Poverty wee~; Marshelder 
Prickly lettuce 
White daisy tidy-tips 
Tarweed 
False agoseris 
Alkali march butterweed 
Western goldenrod 
Sow thistle 
Rush pink ; Skeletonweed 
Stiff-branched wire lettuce 
Dandelion 
Horsebrush 
Daisy 
Cockleburr 
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AMPHIBIANS 1 

Pelobatidae 
Scaphiopus intermountanus 

Bufonidae 
Bufo boreas -----

Hylidae 

~ regil la 
Ranidae 

Rana pretiosa 
R. pipiens 
8-_. catesbeiana _ 

Testunidae 
Chrysernys pict~. 

REPTILES 1 

Iguanidae 
Scel oporus graciosus 
Uta stansburiana 
Phrynosorna douglassi 

Colubridae 
Masticophis taeniatus 
Coluber constrictor 
Pituophis rnelanoleucos 
Tharnnophis elegans 
Hyspiglena torguata 

Viperidae 
Crotalus viridis 

, 
\ 

Toads and Frogs 

} 

Great Ba s in Spadefoot 

Western toad 

Pacific Treefrog 

Spotted Frog 
Leopard Frog 
Bullfrog 

Turtles 
Painted turtle 

Lizards 
Sagebrush lizard 
Side-blotched lizard 
Short-horned lizard 

Snake, 
Striped whipsnake 
Western yellow-bellied racer 
Gopher snake 
Garter snake 
Desert night snake 

Pacific rattlesnake 

Podicipidae 
Podiceps auritus 
Podiceps caspicus 
Aechornphorus occidentalis 
Podilymbus podiceps 

Pelicanidae 
Pelecanus erythrorhynchos 

Ardeidae 
Ardea herodias 
Nycticorax nycticorax 
Botaurus lentig i nosus 

Anatidae 
Olor colurnbianus 
Branta canadensis 
Anas platyrhynchos 
Anas strepera 
Anas acuta -----
Anas crecca cardinensis -----
Anas discors 
Anas cyanoptera 
Anas arnericana 
Anas clypeata 
~ arnericana 
Aythya col laris 
Aythya valisneria 

~affinis 
Bucephala clangula 
Bucephala islandica 
Bucephala albeola 
Clangula hyernalis 
Oxyura jarnaicensis 

Horned Grebe 
Eared Grebe 
Western Grebe 
Pied-billed Grebe 

White Pelican 

Great Blue Heron 
Black-crowned Night Heron 
American Bittern 

Whistling Swan 
Canada Goose 
Mallard 
Gadwa 11 
Pintail 
Green-winged Teal 
Blue-winged Teal 
Cinnamon Teal 
American Wigeon 
Shoveler 
Redhead Duck 
Ring-necked Duck 
Canvasback 
Lesser Scaup 
Common Goldeneye 
Barrows Goldeneye 
Bufflehead 
Oldsquaw 
Ruddy Duck 
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BIRDS {Continued) 

Merginae 
Lophodytes cucullatus 
Mergus merganser 

Accipitridae 
Buteo jamaicensis 
Buteo swainsoni 
Buteo lagopus 
Buteo regalis 
Aguila chrysaetos 
Haliacetus leucocephalis 
Circus cyaneus 

Pandionidae 
Pandion haliaetus 

Falconidae 
Falco mexicanus 
Falco sparverius 

Tetraonidae 
Pedioecetes phasianellus 
Centrocereus urophasianus 

Phasianidae 
Lophortyx californicus 
Phasianus colchicus 
Alectoris chukar 
Perdix perdix 

Rallidae 
Fulica americana 

Charadriidae 
Charadrius vociferus 

Scalopacidae 
Capella gallinago 
Numerius americanus 
Actitis macularia 

Hooded Merganser 
Common Merganser 

Red-tailed Hawk 
Swa i nson' s Hawk 
Roug h-l egged Hawk 
Ferruginous Hawk 
Golden Eagle 
Bald Eagle 
Marsh Hawk 

Osprey 

Prairie Falcon 
Sparrow Hawk 

Sharp-tailed Grouse 
Sage Grouse 

California Quail 
Ring-necked Pheasant 
Chuckar Partridge 
Gray {Hungarian) Partridge 

American Coot 

Killdeer 

Common Snipe 
Long-billed Curlew 
Spotted Sandpiper 

BIRDS (Continued) 

Tringa melanoleucus 
Tringa flavipes 
Calidris alpina 
Calidris mauri 
Limnodromus griseus 

Recurvirostridae 
Recurvirostra americana 

Phalaropididae 
Steganopus tricolor 
Lobipes lobatus 

Laridae 
Larus californicus 
Larus delawarensis 

Columbidae 
Zenaida macroura 
Columbia livia 

Tytonidae 
Tyto alba 

Strigidae 
Bubo virginianus 
Speotyto cunicularia 
Asio otus ----

Caprimulgidae 
Chordeiles minor 

Alcedinidae 
Megaceryle alcyon 

Picidae 
Colaptes auratus cafer 
Dendrocopos pubescens 

Tyrannidae 
Tyrannus tyrannus 
Tyrannus verticalis 

Greater Yellowlegs 
Lesser Yellowlegs 
Dunlin 
Western Sandpiper 
Long-billed Dowitcher 

American Avocet 

Wilson Phalarope 
Northern Phalarope 

California Gull 
Ring-billed Gull 

Mourning Dove 
Rock Dove 

Barn Owl 

Great Horned Owl 
Burrowing Owl 
Longeared Owl 

Common Nighthawk 

Belted Kingfisher 

Red-shafted Flicker 
Downy Woodpecker 

Eastern Kingbird 
Western Kingbird 
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BIRDS (Continued) 

Myiarchus cinerascens 
Sayorni s saya 

Alaudidae 
Eremophila alpestris 

Hirundinidae 
Hirundo rustica 
Petrochelidon pyrrhonota 

Corvidae 
Pica pica 
Corvus corax ------
Corvus brachyrhynchos 
Nucifraga columbiana 

Sittidae 
Sit ta canadensi s 

Trogl odyti dae 
Troglodytes troglodytes 
Telmatodytes palustris 
Catherpes mexicanus 
Salpinctes obsoletus 

Mimidae 
Mimus polyglottos 
Oreoscoptes montanus 

Turdidae 
Turdus migratorius 
Ixoreus naevius 
Catharus guttata 
Myadestes townsendi 

Sylviidae 
Regulus satrapa 
Regulus calendula 

Motacillidae 
Anthus spinoletta 

9 

Ash-throated Flycatcher 
Say' s Phoebe 

Horned Lark 

Barn Swa 11 ow 
Cliff Swa 11 ow 

Black-billed Magpie 
Common Raven 
Conmon Crow 
Clark's Nutcraker 

Red-breasted Nuthatch 

Winter Wren 
Long-billed Marsh Wren 
Canyon Wren 
Rock Wren 

Mockingbird 
Sage Thrasher 

Robin 
Varied Thrush 
Hermit Thrush 
Townsend's Solitaire 

Golden -crowned Kinglet 
Ruby-crowned Kinglet 

Water Pipit 

BIRDS {Continued) 

Bombyci 11 idae 
Bombycilla cedrorum 

Lani i dae 
Lanius ludovicianus 

Sturnidae 
Sturnus vulgaris 

Virionidae 
Vireo huttoni 
Vireoolivaceus 
Vireo gilvus 

Parulidae 
Vermivora celata 
Vermivora ruficapilla 
Dendroica petechia 
Dendroica coronata coronata 
Dendroica coronata auduboni 
Dendroica townsendi 
Wilsonia pusilla 

Ploceidae 
Passer domesticus 

Icteridae 
Sturnella neglecta 
Xanthocephalus xanthocephalus 
Agelaius phoeniceus 
Icterus galbula bullockii 
Euphagus cyanocephalus 
Molothrus ater 

Thraupidae 
Prianga ludoviciana 

Fringi 11 idae 
Passerina amoena 
Carpodacus mexicanus 

Cedar Waxwing 

Loggerhead Shrike 

Starling 

Hutton's Vi reo 
Red-eyed Vireo 
Warbling Vireo 

Orange-crowned Warble~ 
Nashv i lle Warbler 
Yellow Warbler 
Myrtle Warbler 
Audubon's Warbler 
Townsend's Warbler 
Wilson ' s Warbler 

House Sparrow 

Western Meadowlark 
Yellow-headed Blackbird 
Red-winged Blackbird 
Bullock ' s Oriole 
Brewer's Blackbird 
Brown-headed Cowbird 

Western Tanager 

Lazul i Bunting 
House Finch 

j 
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BIRDS (Continued) 

Spinus tristis 
Pipilo erythrophthalmus 
Anmodramus savannarum 
Pooecetes gramineus 
Chondestes grammacus 
Amphispiza belli 
Junco hyemalis 
Spizella breweri 
Zonotrichia leucophrys 
Zonotrichia atricapilla 

lnsectivora (Insect-eaters) 
Sorex merriami 

Chiroptera (Ba ts )(a) 
Myotis lucifugus 
Lasionycteris noctivagans 
Lasiurus cinereus 

CarJivora (Flesh-eaters) 
Procyon lotor 
Mustela vison 
Mustela frenata 
Taxidea taxis 
Mephitis mephitis 
Canis la trans 
Lynx rufus 

Rodentia (Gnawing Mammals) 
Eutamias minimus 
Citellus townsendii 
Thomomys talpoides 
Perognathus parvus 

Amer ican GoldfiAch 
Rufous-sided Towhee 
Grasshopper Sparrow 
Vesper Sparrow 
Lark Sparrow 
Sage Sparrow 
Junco 
Brewer's Sparrow 
White-crowned Sparrow 
Gol den-crowned Sparrow 

Merriam Shrew 

Little Brown Bat 
Silver-haired Bat 
Hoary Bat 

Raccoon 
Mink 

Long tailed Weasel 
Badger 
Striped Skunk 
Coyote 
Bobcat 

Least Chipmunk 
Townsend's Ground Squirrel 
Northern Pocket Gopher 
Great Basin Pocket Mouse 

, 
,, 

MAMMALS (Continued) 

Castor canadensis 
Reithrodontomys megalotis 
Peromyscus maniculatus 
Onychomys leucogaster 
Neotoma cinerea 
Microtus montanus 
Lagurus curtatus 
Ondatra zibethicus 
Mus musculus 
Rattus norvegicus 
Erethizon dorsatum 

Lagomorpha (Hares and Rabbits 
Lepus cal i fornicus 
Sylvilagus nuttallii 

Artiodactyla (Even-toed Hoofed Mammals) 
Odocoileus hemionus 

Odocoileus virginianus 
Cervus canadensis 

a Most bats are occasional visitors only. 
b) Resident but very low in number . 

(c ) Accidental. 

Beaver 
Western Harvester Mouse 
Deer Mouse 
Northern Grasshopper Mouse 
Bushytail Woodrat 
Mountain Vole 
Sagebrush Vole 
Muskrat 
House Mouse 
Norway Rat 
Porcupine 

Black-tailed Jack Rabbit 
Nuttall Cottontail Rabbit 

Mule Deer 
Whitetailed Deer(b) 
Elk ( c) 
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Anthicidae 

~Sp. 

Buprestidae 

Agrl]_us_ ~ (Say) 

Chrysobothris sp . 

Carbidae 

Agon1111 jejunum LeC . 

hnara sp. 

Calosoma luxatum Say 

Carabus taedutus F. 

COLEOPTERA (a) 

Cymindis brevipennis Zirrmerman 

Harpalus sp . 

Chrysomel idae 

Disonycha altemata Ill i ger 

Glyptoscelis artemisiae Blake 

Honox i a g rhea Blake 

Pachybrachis abdominalis Say 

Phyl lotreta sp. 

Cicindel idae 

Cicindela oregona LeC . 

Cicindela purpurea 01. 

Onus californicus Reiche 

9 8 

(a) Only those groups identified to at , ·east generic level are included. 
Many important invertebrate families are awaiting specific 
detenninations and were excluded from this list. 

' . -

3 

COLEOPTERA (continued) 

Cleridae 

Enoclerus .eiumiu.s. Mann . 

Phyll obaenus sp. 

Cocci ne 11 i dae 

Coccinella novemnotata Herbst 

Hippodamia convergens Guerin 

Hyoerasois elliptica Casey 

Hyoerasois fastidiosa Casey 

Hyperaspis guadrivittata LeC . 

Hyoeraspidius vittigera Lee . 

Scymnus intrusoides Hat ch 

Scymnus (Pullus) sp . 

Curculionidae 

Anthonomus sp . 

Baris sp. 

Cercopedius artemisfae Pi erce 

Cleonus trivittatus Say 

Dyslobus alternatus Horn 

Ophryastes cinerascens Pierce 

Sitona californicus Fahr . 

Stamoderes lanei Van Dyke 

Tychius lineelus Lee. 

Dermest i dae 

Dermestes caninus Germar 

His teri dae 

Saprinus sp. 

Sapri nus copei Hom 

COLEOPTERA (continued) 

Meloidae 

Epi cauta oregona Horn 

Epicauta normalis 'Werner 

Epicauta puncticollis Mann . 

Lytta vul nerata cooperi Lee . 

Zonit is vermiculat is schaeffer 

Melyridae 

Anthoc_omus antennatus Hopping 

Anthocomus horni Fall 

Collops hirtellus LeC 

Collops versatilis Fall 

.Morde 11 i dae 

Mordellistena aspersa Melsh. 

Scarabaeidae 

Aphodius dist i nctus Muller 

Aphodius fossor L. 

Aphodi us granarius L. 

Aphodius haemorrhoidal is L. 

Aphodius hi rsutus Brown 

Aphodius washtucna Robinson 

Coenonycha sp . 

Cremastocheilus pugetanus Csy . 

Di plotaxis suba1gulata LeC . 

Diplotaxis tenebrosa Fall 

Glaresis clypeata Van Dyke 

Onthophagus nuchicornis L. 

Paracotalpa granicollis Haldeman 

Pleurophorus ™ Creutzer 

.J 
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COLEOPTERA (continued) 

S11phidae 

Necrophorus 111arglnatus F. 

Tenebrionidae 

Blapstinus discolor Horn 

Blapstinus substriatus Champion 

Coniontis lane! Boddy 

Coniontis ovalis Ulke 

Coniontis ~ Casey 

Conisattus nelsoni Boddy 

Eleodes granulata Lee. 

Eleodes hispilabris i• itabilis Blais . 

Eleodes humeralis Lee. 

Eleodes nigrina diffonnis Blais. 

~ novoverrucula Boddy 

Eleodes obscura Say 

Eusattus • uricatus Lee. 

Oxygonoder1 hispidula Hom 

Philolithus densicollis Hom 

StenCJ110rph1 puncticollls Lee. 

Jsota.id .. 

ls9t0111 .!1tlM! Bourlet 

S.fnthurid1e 

COLLEMIIOLA 

Boyr]et1eJJ• hortensis Fitch 

9 

Acroceridae 

Eulonchus !!.· sp. 

Anthomyi ldae 

~ cinerella Fallen 

... 

~ neomex, 1 can a Ha 11 och 

Scatophaqa furcata Say 

Scatophaqa stercoraria L. 

Apiocerldae 

Apiocera sp. 

As111dae 

Ab lautus co 1 el wn cox 

Cyrtopoqon sp. 

DIPTERA 

Cyrtopoqon ablautoides Helande r 

Oioctrla sp . 

Efferia albibarbis Hacquart 

Efferia benedicti Branley 

Effer1a coul ei W11 cox 

Efferh harveyi Hine 

Lasiopoqon chaetosus Cole and Wilcox 

Leptogaster sp . 

Lest0111Y1a !!.· sp . 

Hyelaphus sp. 

Nicocles utahensis Banks 

Proctacanthus sp. 

Pranachus sp. 

Scleropogon neqlectus Br0111ley 

----..,,, 

DIPTERA (continued) 

Asilidae (continued) 

Stenopoqon inguinatus Loew 

Stenopoqon martini Bromley 

Tolmerus sp. 

Bombyliidae 

Conophorus obesul us Loew 

Villa sp. 

Call I phoridae 

Calliphora vicina R.-0. 

Phormh regi na Heigen 

Cecidany11dae 

Les tremh sp. 

Ceratopogonidae 

Culicoides crepuscularis Hall . 

Chironomidae 

Cricotopus sp . 

Tanytarsus sp. 

Chloropidae 

Hippe 1 ates pus 1 o Loew 

Heromyza niqriventris Hacquart 

Oscinella carbonaria Lw . 

ThaumatOlll)'ia appropingua Ad. 

Tha1111atany1a qlabra Hg. 

t:phydridae 

Hydrellia grlseola Fallen 

Philygria debilis Lw. 

Scatella stagnalis Fallen 
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OIPTERA (continued) 

Mil i chi idae 

Leptometopa halteralis Coq. 

Musc1dae 

Fanni-t sp. 

Musca dom~tica L. 

Schoenomyza do~alis Loew 

Mycetophilidae 

Docos i a sp. 

Nemestr1nidae 

Neorhyncocephalus sackenii Williston 

Otitidae 

Ceroxys lat1usculus Loew 

P.hysiphora demandata F. 

Sarcophag1dae 

Blaesoxipha falciformis Aldrich 

He11cobia rapax Walker 

Ravinia lherm1nieri R. D. 

Sarcophaga sp. 

Senotainia sp. 

Taxigranma heteroneura Meigen 

Scenop1nidae 

Brevitrichia sp. 

Scenopinus whittakeri James 

Scfar1dae 

Bradysia sp . 

9 

DIPTERA (continued) 

Sepsidae 

Sepsis neocynipsea Melander and Spu l er 

Stratiomyidae 

Nemotelus sp . 

Syrphidae 

Eristalis tenax L. 

Metasyrphus meadii Jones 

Scaeva pYrastri L. 

Syrphus opinator Osten Sacken 

Syrphus torrus Osten Sacken 

Tachinidae 

Acemya sp . 

Alophorell a sp. 

Catagoniopsis sp . 

Euphorocera sp . 

Exori s ta me 11 a Wl k. 

Gonia frontosa Say . 

Ostracophyto aristal1s Tns . 

Peleteria sp. 

Periscepsia cinerosa Coq . 

Periscepsia ~ Wlk . 

Procatharos1a calva Coq . 

Stomatoniy1a parvipalp1s Wulp 

Uclesia retracta Ald. 

Tephritidae 

Euaresta tapet1s coquillett 

Oxyna utahens1s Quisenberry 

·-

DIPTERA (continued) 

Therevidae 

Psilocephala baccata Coqu i llett 

Thereva sp . 

Ti pulidae 

Tipula (Lunat i pula) dors imacula Wal ker 

Trixoscel ididae 

Trixos celis sp . 

HEMIPTERA 

Corei dae 

Leptoglossus occidentalis Heidemann 

Lygaeidae 

Neosuris castanea Barber 

Mi ri dae 

Stenodema vi cinum Prov . 

Reduviidae 

Zelus sp . 

Saldidae 

Saldula sp. 

Cicadellidae 

Aceratagallia sp . 

Ballana sp. 

Carsonus aridus Ball 

Ci rculifer tenellus Baker 

HOMOPTERA 
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HOOPTERA (continued) 

Cicadellidae (continued) 

Collandonus genninatus Van Duzee 

Conmellus sexvittatus Van Duzee 

Dikraneura carneola Stal. 

Empoasca neaspera Oman and Wheeler 

Empoasca nigra Gillette and Baker 

Errhomus !!.· sp . 

Psammotettix sp . 

Sorhoanus debilis Uhler 

Texananus extremus Ball 

Xerophloea peltata Uhler 

Cicadidae 

w Okanagana utahensis Davis 
I 

'P Ortheziidae u, 
01 

Orthezia sp. 

Pseudococci dae 

Trionymus winnemucae McKenzie 

Aphidiidae 

Lysiphlebus sp . 

Argidae 

HYHENOPTERA 

Schizocerella pllicornis Holmgren 

Braconidae 

Agathis sp . 

Apanteles sp. 

Br1con gelech11e Ashm. 

HYHENOPTERA (continued) 

Braconidae (continued) 

Cremnops californicus Morr . 

Microctonus sp . 

Microplitis sp . 

Orgllus strigosus Hues . 

Bethylidae 

~ cochise Evans 

Ceraphronldae 

Ceraphron sp . 

Chrysididae 

Ceratochrysis sp. 

Chrysis sp . 

Chrysura sp . 

Ency rt i dae 

Copidosoma s~ . 

Eul ophi dae 

Euderus sp . 

Tetrastichus coerulescens Astvnead 

Eumenidae 

Pterocheilus decorus Cresson 

Pterochellus provancheri Huard 

Stenodynerus sp. 

Eurytomi dae 

Bruchophagus sp . 

Hanno 1 ita sp . 

HYMENOPTERA (continued) 

Fonni ci dae 

Camponotus semitestaceus Emery 

Camponotus vicinus Mayr 

Fonnica manni Wheeler 

Fonnica neogaqates Emery 

Fonnica subpolita camponoticeps Wheeler 

Lasius crypticus Wilson 

Lasius sitkaensis Pergande 

Monomorium pharaonis L. 

Mynnecocystus testaceus Emery 

Pheidole californica oreqonica Emery 

Pheidole creiqhtoni Gregg 

Poqonomyrmex owyheei Cole 

Solenopsis molesta validius cula Emery 

Tapinoma sessile Say 

Ichneumon i dae 

Anomalon sp . 

Campoletis sp. 

Di phyus sp. 

Diolazon laetatorius F. 

Eri qorqus sp . 

Euryproctus sp. 

Lissonota sp. 

Herinqopus dlrus Prov 

Q.phj_Q!!_ s p. 

Pteroconnus sp. 

Temel ucha sp. 
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HYMENOPTERA (continued) 

Mutill idae 

Odontophotops is sp. 

Sphaeropthalma (Photopsis) sp. 

Pompi 1 idae 

~orinellus sp . 

Epi syron snowi Vi ~rock 

Pompi 1 us ( 1'rmos phex) s p. 

Priocnemis oregona Banks 

Tachypompilus torridus unicolor Banks 

Pteromalidae 

Gastrancistrus aphidis Girault 

Mesopo~obus sp . 

Scelionidae 

~ sp. 

Sphecidae 

~phila aberti Haldeman 

Anlnophi la azteca Cameron 

Anlnophila karenae Menke 

1'rmoph i1 a mcc 1 ayi Menk i 

Cerceri s s p. 

Pidalonia mexicana Saussure 

Podalonia luctuosa Smith 

Podalon1a va11da Cresson 

Pri onyx atratus Lepe 1 et i er 

Sphec1us grandis Say 

St1ct1ella emarg1nata Cresson 

Stizoides unicinctus Say 

HYMENOPTERA (continued) 

Sphecidae (continued) 

Tachysphex sp . 

Tachytes californicus Bohart 

Tachytes distinctus Smith 

Ti phi idae 

Srachycistis sp . 

Vespidae 

Pol istes fuscatus F. 

Vespula pensylvanica Saussure 

ISOPTERA 

Rhinotermitidae 

Reticulitermes hesperus Banks 

Arctiidae 

Apantesis sp . 

Coleophoridae 

Coleophora sp . 

Gelechiidae 

Aroga riqidae Clarke 

Chionodes sp. 

Noctuidae 

Euxoa sp . 

Feltia ducens Walker 

Fel tia Heril is Grote 

Feltia subgothica Haworth 

LEPIOOPTERA 

LEPIDOPTERA {continued) 

Noctuidae (continued) 

Lacinipolia pensilis Grote 

Nephelodes errmedonia Cramer 

Rhynchagrotis sp . 

Schinia so . 

Spaelotis clandestina Harris 

Ufeus hulsti J . B. Smith 

Pyral idae 

Crambus attenuatus Grote 

Crambus whitemerellus Klots 

Saturni i dae 

Hemileuca hera Harr is 

Scythridae 

Scythri s sp . 

Tischeriidae 

Cop tot ri che s p. 

Arctiidae 

Apantes is sp . 

Chrysopi dae 

Chrysopa coloradensis Bks . 

Chrysopa excepta Bks . 

Eremochrysa tibial is Bks. 

Myrmeleontidae 

NEUROPTERA 

Paranthaclisis congener Hag. 

. ....,/ 
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NEUROPTERA {continued) 

Raph1d1 idae 

Agulla bicolor Alb . 

Acrididae 

ORTHOPTERA 

Ageneotettix deon,n Thomas 

Amphitornus coloradus Thomas 

Arphia pseudonietana Thomas 

Aulocara elliott1 Thomas 

Circotettix undulatus Thomas 

Conozoa wa 11 u la Scudder 

Cratypedes neglectus Thomas 

Oissostei ra carolina L. 

Melanoplus bivittatus Say 

Melanoplus cinereus cinereus Scudder 

Melanoplus sangu inipes sanguin i pes F. 

Oedaleonotus ~ Scudd . 

Paropomala pallida Bruner 

Psoloessa delicatula bucke111 Rehn 

Trimerotropis caerule1penn1s Bruner 

Trimerotropis fontana Thomas 

Trimerotropis graci11s sordida Walker 

Tr1merotropis pallid1penn1s pallidfpennis Bunneister 

Tr1111erotrop1s sparsa Thomas 

Xanthfppus laterit1us Sauss . 

Gryl 1 acrfdfdae 

Ceuthoph fl us vf cf nus Hub be 11 

0 

ORHTOPTERA (cont inued) 

Gryll i dae 

Gryllus sp . 

Oecanthus argent inus Sauss . 

Oecanthus guadripunctatus Beutenmuller 

Mantidae 

Li taneutri a minor Scudd. 

Tett i gon ii dae 

Ste1roxys sp . 

Li posce 1 i dae 

Li poscel is sp . 

Hydroptil i dae 

Hydroptila xera Ross 

Hyrodpsychidae 

PSOCOPTERA 

TRICHOPTERA 

Cheumatopsyche campyla Ross 
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Sumnary of the distribution of impc rta ~t shrub-steppe biota on the Hanford 
Reservation in reiation to elevation and vegetation associations .. 

Decreasing elevation • 
Ill 
Ill 

"' Ill 
I,. Ill 
en "' 5 +> I,. 

"' en 
C a., a., 
0 ..c ::, Plant associations en 3 ,- ..c 
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~ taxa • 
X Eriogonum thymoides 
X Haplopappus stenophyllus 
X Balsamorhiza rosea 
X Phlox hoodii 
X X X X X X Poa secunda 

X Agropyron spicatum 
X Stipa thurberiana 
X X X X Phlox longifolia 
X X X Eriaeron filifolius 
X X X X Artemisia tridentata 
X X Crepis atrabarba 
X X X X Calochortus macrocarpus 

X Eurotia lanata 
X Sacrobatus venniculatus 
X Distichlis stricta 

X Purshia tridentata 
X X Rumex venosus 

X Oenothera pallida 

0--
X Psoralea lanceolata 
X Agropyron dasystachyum 
X Coriospermum hyssopifolillll 
X Oryzopsis hymenoides 

Birds 
X X X X X X Horned Lark 

X X X X X Meadowlark 
X X X X X Mourning Dove 
X X X Sage Sparrow 
X X X X X Loggerhead Shrike 

C' Mammals 
X X X X X X Deer Mouse 
X X X X X X Pocket Mouse 
X X X X X X Grasshopper Mouse 

X X X X Jackrabbit 
X X Sagebrush Vole 

X X X X x. X Coyote 
X X X X X X Mule Deer 

Repti 1 es 
X X X X X Sideblotche4 Lizard 

X X X X X X Horned Lizard 
X X X X X X Gopher Snake 
X X X X X X Rattlesnake 

Insects 
X X X X X X Philolithus densicollis 
X X X X X Stenomorpha puncticollis 
X X X X X X Eleodes hispilabris 
X X X X X X Melanopus sanguinipes 
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III-A, Part 1 Programs ARRRG, CRITR and GRONK 

111-A.l Introduction 

The methods used for computing environmental radiation doses and for evaluating radiological 
impact are presented in detail in this appendix. 21 

To meet current needs, a simplified model for calculation of radiation doses from radioactive 
effluents was developed and prograrrmed into a conversational language, providing the fast turn
around time required. The new model is divided into four independent parts, each written as a 
separate program: 

• ARRRG: calculates individual and population doses from liquid effluents 
• CRITR: calculates internal radiation doses to four c001Tion classes of aquatic 

organisms and to organisms which consume them 
• GRONK: calculates doses from gaseous effluents, to individuals and to the 

total population within 50 miles 
• FOOD: calculates doses from consumption of food crops and an-ima 1 products 

produced on irrigated farms 

The model can be used to calculate radiation doses to the whole body and selected organs of indi 
viduals and population groups, and to organisms other than man. Included are all air and liquid 
exposure pathways thought to be significant and for which a reasonable amount of supporting data 
is available. Internal doses to man are based on a 1-year radionuclide intake, assuming no prior 
accumulation in the body . The radionuclide content of ingested food is assumed to be at equ i lib
rium with the environment. 

Part 1 of this appendix discusses the models in detail and describes the programs ARRRG, CRITR, 
and GRONK. FOOD is described in Part 2. The question-and-answer format of these programs allows 
them to be used by nonprograrrmers . Although the programs were originally intended specifically 
for nuclear reactors, they are applicable to any nuclear facility which releases radioactive 
effluents to air or water. 

111-A.2 Pathways of Exposure 

The pathways of consequence by which man can be exposed to radiation from a nuclear facility can 
be grouped into those associated with gaseous effluents , those associated with liquid effluents, 
and those involving exposure to direct radiation from the facility or from transportation of radio
active materials to or from the facility. The exposure pathways are arranged by group in 
Table 111-A-l. Calculations for each pathway are made for those selected organs which could 
potentially receive the highest radiation dose .* 

The pathways of consequence by which organisms other than man can be exposed to radiation from a 
nuclear facility are similar to those for man . Table 111-A-2 is a more inclusive list of path
ways of exposure to organisms other than man. 

In this appendix, aquatic organisms are designated as "primary" organisms if a bioaccumulation 
factor for them was found in the literature. The bioaccumulation factor relates equilibrium 
concentration of a radionuclide in the organism to that in its water environment, including con
tributions from direct assimilation of nuclides from water and ingestion of food and water. 
"Secondary" aquatic and terrestrial organisms are those that feed upon primary organisms; their 
dose must be calculated from their diet. 

III~A.3 Dose to Man--Basic Considerations 

The fundamental equation for calculation of radiation dose from the pathways described above is 

where 

R. 
1pr 

Ripr = dose rate to organ r from nucl ide i via pathway p 
c. = concentration of nuclide i in the medium of pathway p 

1P · 

(l) 

UP = usage: the exposure or intake rate associated with pathway p 

* Table III-A-10 includes a list of these organs_ for each pathway. 
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dose factor: a number specific to a given nucl ide i, 
pathway p, and orga n r which can be used to calculate radia
tion dose rate from exposure to a given radionuclide con
centration or radionuclide intake 

The three tenns on the right of Equation l are discussed i n the following subsections. Equations 
tailored to each specific exposure pathway are derived from Equation 1. The principal difference 
between pathways is the manner in which the radionuclide concentrations are calculated. 

TABLE III-A-1 

PATHWAYS OF EXPOSURE .TO MAN 

Pathways 
Computer 
Program 

Water Pathways 

External 

Water irrmersion and water surface 
Exposure to shoreline 

Internal 

Ingestion of water 
Ingestion of aquatic foods 
Ingestion of irrigated food crops 
Ingestion of products from animals 

fed irrigated foods 

Air Pathways 

External 

Air submersion {b} 
Exposure to deposited materials 

~ 

Inhalation 
Transpiraiion of tritium oxide 
Ingestion of food crops 
Ingestion of animal products 

Direct Radiation Pathways 

External 

Direct radiation from the facility 
Exposure during tr~nsport of fuels 
and solid wastes \bJ 

7 
6 

2 
3 

8 

8 
8 
8 
8 

{c} 

{a) The program FOOD is included in Part 2 of this Appendix . 
(b} Doses from these pathways are generally insignificant. 
(c) Reference 1. 

III-A.3. 1 Concentrations of Nuclides in Environmental Media, c. 
l I-' 

ARRRG 
ARRRG 

ARRRG 
ARRRG 
FOOD{a) 
FOOD(a} 

GRONK 

GRONK 

GRONK 
GRONK 

Concentrations of nuclides in air, water, soil or food are calculatecj as intermediate steps in the 
computer programs described in Section III-A.?. Concentrations in water, in aquatic foods, and 
on shoreline sediment are calculated from the radionuclide release rates, the effluent flow rate, 
the mixing and dilution in the receiving waters, and bioaccumulation factors for aquatic foods. 
Concentrations in air and on vegetation from aerial depos i tion are generated from radionuclide 
release rates and from the equations for atmospheric dispersion given : in Equations 8 and 9. 

Concentrations of nuclides in irrigated farm produce are calculated from concentrations of radio
nuclides in the irrigation water, irrigation rate, facility lifetime (detennines long-term soil 
buildup}, and decay time between nuclide release and produce consumption. 

III-A.3.2 Usages, UP 

Usage refers to duration of exposure to external sources of radiation and to intake rates of 
ingested water and food. For pathways other than air submersion, the usage depends on the specific 
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TABLE III-A-2 

PATHWAYS OF EXPOSURE TO ORGANISMS OTHER THAN ·MAN 

Pathway and Organism Type 
Water Pathways 

External 

Water inmersion and w4t~r surface 
(Primary, Secondary)(a) 

Exposure to sediment or shoreline 
(Primary, Secondary) 

Interna 1 

Ingestion of water and aquatic foods 
(Primary) 

Ingestion of water (Secondary) 
Ingest ion of primary aquatic foods 
(Secondary) 

Air Pathways 

External - - -
Air submersion (Secondary) 
Exposure to de~os i ted materials 

(Secondary) (b) 

Internal 

Inhalat ion (Secondary) (b) 

Direc t Rad iat ion Pathways 

External 

Direct radiat iQn from the facility 
(Secondary) (b) 

Equation 

7 

6 

12 

2 
16 

8 

8 

Computer 
Program 

ARRRG 

ARRRG 

CRITR 

ARRRG 
CR ITR 

GRONK 

GRONK 

(a) Organi sm types exposed via the given pathway are li sted i n parentheses . 
(b ) Doses f rom these pa t hways are genera l ly insignificant . 

si tuation . Since noble gases are the principal contributors to air submersion dose, the assump
t i on is made that the air concentrations of radionuclides are essentially the same indoors as 
outdoors . Thus, no shielding and occupancy factors are applied, and 8766 hr/ yr is used for the 
air submers i on pathway . 

In the absence of site- specific data , the usages and exposure times in Table III-A-3 are employed 
to cal culate i ndividual adult doses . For population dose calculations the usages of the average 
adult are multiplied by the size of the population. 

III-A.3.3 Dose Factors, Dipr 

Equations for calculating internal dose factors were previously published. 2 • 3 They were derived 
originally from those given by the International C0111T1ission on Radiological Protection 4 (ICRP) 
for body burden and maximum permissible concentration. For this study, effective decay energies 
for the radionuclides are calculated from the ICRP model which assumes all of the radionuclide is 
at the center of a spherical organ with an appropriate effective radius. Where data are lacking, 
metabolic parameters for the Standard Man are used for other ages as well. Internal dose factors 
have units of mrem/yr per pCi/yr intake via ingest ion or inhalation, and represent the first year ' s 
dose from one year ' s intake . For calculating external dose factors from air submersion or water 
inmersion, the penetrat ing power of the radiation emitted determines whether i t contributes to 
ski n dose only or to both skin and whol e body dose. Beta and ga11111c1 radiation which can penetrate 
7 x 10-3-cm of tissue i s considered to contribute to skin dose; that which can penetrate 5 cm of 
t i ssue is considered to contribute to whole body dose (and dose to internal organs). The dose 
factors for air submersion and water immersion are derived by assuming that the contaminated 
medium is an infini te volume compared to the range of the emitted r~diations. Under this assump
ti on , the energy emitted per gram of medium equals the energy absorbed per gram of medium. Cor
rections must be applied for differences in energy absorption between tissue and air or water, 

III-A-5 



TABLE III-A-3 

RECOf+IENDED ADULT VALUES _FOR Up TO BE USED IN LIEU OF SITE-SPECIFIC DATA 

- Maximum 
Pathwaz: indi vidual Adult References Average Adult References 

Air Submersion 8766 hr/yr (3) 8766 hr/yr (3) 

Inhalation 7300 m3 /yr (4) 7300 m3/yr (4) 

Drinking Water 730 1 i ter/yr (3) 438 1 iter/yr (4) 

Local Sea food -fish 18 kg/yr 2. 3 kg/yr (5) 
-crustacea 9 kg/yr 0.9 kg/yr (5) 
-mo 11 uses 9 kg/yr 0.25 kg/yr (5) 

Local Fresh Water Fish 18 kg/yr 2. 2 kg/yr (5) 

Holdup Time for Aquatic 
Foods 24 hr 24 hr 

Aquatic Recreation : 
4 hr/yr(a) Ocean - shoreline activ. 500 hr/yr (6) ( 3) 

- swirrmi ng 100 hr/yr (7) 1 hr/yrf al ( 3) 
- boating 100 hr/yr (7) 1 hr/yr a (3) 

River - shoreline activ. 500 hr/yr (6) 2 hr/yr(b) (3) 
- swirrmi ng 100 hr/yr (7) 4 hr/yr(b) (3) 
- boating 100 hr/yr (7) 4 hr/yr(b) ( 3) 

Lake - shoreline activ . 500 hr/yr (6) 1 hr/yr(a) (3) 
- swirrming 100 hr/yr ( 7) 2 hr/yr(a) (3) 
- boating 100 hr/yr ( 7) 4 hr/yr(a) (3) 

(a) These are hours spent in the vicinity of the site . Other hours are spent in areas unaf-
fected by the liquid eff luent from the facility . 

(b) These are hours spent downstream of the site . Other hours are spent upstream and at 
nearby lakes . 

physical geometry of the specific exposure situation and the conversion from MeV per disintegra
tion per gram to rem. The resulting dose factors have units of mrem/hr per pCi/m 3 of air or 
mrem/hr per pCi/liter of water. 

Material deposited from the air or from irrigation water onto the ground represents a fairly 
large, nearly uniform, thin sheet of contamination . . The factors for converting surface contami
nation in pCi/m2 to ganma dose at 1 meter above a uniformly contaminated plane are described in 
the literature. 2 • 3 •8 Dose factors for exposure to soil (or river sediment) have units of mrem/hr 
per pCi/m2 of surface. 

A set of dose factors for 45 radionucl ides was calculated originally for the Year 2000 Model. 3 

These are recalculated using the latest available decay schemes 9 for an expanded list of 136 
nuclides.* 

III-A.4 Dose to Man--Liguid Pathways 

III-A.4 . 1 Drinking Water 

The dose rate from ingestion of water i s calculated by 

where 

R pr 

dose rate to organ r from all of the nuclides 
(mrem/yr) 

(2) 

via pathway p 

* The revised list is given in Table III-A-13. An explanation of the terms "+D" and "D" appearing 
in this table is ·given in Section III-A.7.6. 
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Ni = reconcentration factor as defined in Section III-A.7.5 
Qi= release rate of nuclide i {Ci/yr) 
F = flow rate of the liquid effluent {ft3/sec) ~ 

MP= mixinq ratio _ at_ the point of expos~re {or the point of with
drawal of dr1nk1ng water or the point of harvest of aquatic 
food) as defined in Section III-A.7.5 

t = transit time required for nuclides to reach the point of 
P exposure. For internal dose, t is the total time elapsed 

between release of the nuclidesPand ingestion of food or 
water {hr) 

Ai = radiological decay constant of nuclide i (hr-1) 

1119 = a constant which converts from {Ci/yr)/{ft3/sec) to pCi/liter 

Q. N. 
The terms T in Equation 2 define the concentration of nuclide i 
in the effluent at the point of discharge. The expression OiFNi MP 
exp{-Aitp) yields the concentration at the time that the water is 
consumed. This latter concentration is the tenn Cip in Equation l. 

III-A.4.2 Aquatic Foods 

Concentrations of radionuclides in aquatic foods are directly related to the concentrations of 
the nuclides in water. Equilibrium ratios 10 , 11 between the two concentrations, called bioaccumu
lation factors in this report, are listed in Table 111-A-13. The equation for calculation of 
internal dose rate from consumption of aquatic food is 

where B1P is the bioacculllllation factor· for nuclide f via pathway p 
{pCi/kg per pCi/liter). 

111-A.4.3 Shoreline Deposits 

(3) 

The calculation of sediment load, transport and concentrations of radionuclides associated with 
suspended and deposited materials is a complex problem. One approach to this problem was used in 
the Year 2000 Study . 3 For the program.ARRRG, a simplified scheme for obtaining an order of mag
nitude estimate of the concentration of shoreline sediments was developed. The concentration of 
nuclide i in the sediment can be estimated from 

_where 
s1 = concentration of nuclide i in sediment {pCi/kg) 
A; = concentration of the nuclide i in the water adjacent to the 

sediment (pCf/lfter) 
K = assumed constant in units of liter/kg-d 

(4) 

t
5 

= total time the sediment is exposed to the contaminated water, 
nominally taken to be the operating lifetime of the facility (hr) 

In the original evaluation of the equation, Ai was chosen to be the radiological decay constant, 
although the true value should include an unknown "environmentalN removal constant. If the pres
ence of a radionuclide in water and sediment is controlled primarily . by radioactive eq4ilibrfum 
with its parent nuclide, then the water concentration afld half-life of the parent should be used 
in the equation. 
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The relationship was tested and the value of K derived from radionucl ide concentrations measured 
in water and sediment samples collected over a period of several years in the Columbia River 
between Richland, Washington and the river mouth and in Tillamook Bay, Oregon, 75 km (47 miles) 
south of the river mouth. 12 • 13 Since the primary use of the equation is to facilitate estimates 
of the exposure rate from garrma emitters one meter above the sediment, an effective surface con
tamination was devised. This surface contamination level was taken to be all of the nuclides 
contained within the top 2. 5 cm (1 in.) of sediment.* The dose contribution from the radionu
clides below 2.5 cm in depth was ignored. The resulting equation is 

->. .t 
s; 100 'i Ai w (1-e 1 s) 

where 
s; 
'i 
w = 

"effective" surface contamination (pCi/m2) 
radiological half-life of nuclide i (d) 
shore width factor (unitless) 

(5) 

Shore width factors (derived from data given in Figure 3. 1(5) of Reference 14) are surrmarized in 
Tab 1 e II I-A-4. 

TABLE III-A-4 

SHORE WIDTH FACTORS FOR USE IN EQUATIONS 5 AND 6 

Exeosure Situation Shore Width Factor (Wl 
Discharge canal bank 0. 1 
River shoreline 0.2 
Lake shore 0.3 

-Nominal ocean site 0.5 
Tidal basin 1.0 
Organisms o~ surface or 
in burrow(a 2.0 

(a) Since the radionuclide concentration normally decreases with depth 
in the mud, the dose to a buried organism is probably no higher 
than that to one lying on the mud s11rface . 

The combination of Equations 5 and 1 yields the equation below for calculation of radiation dose 
from exposure to shoreline sediments. 

136 

R = ~ S'. U D pr 4,,,.- 1 p ipr 
i=l 

III-A.4.4 Swirrming and Boating 

136 

100 L 'i Ai W (1-e->. its) UP Dipr 
i=l 

("6) 

The equation for calculation of external dose to the skin and whole body from swirnning (water 
inmersion) or boating (water surface) is 

(7) 

* Calculated by multiplying the concentration (pCi/kg) by a mass thickness (40 kg/m2 ). 
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where KP is a geanetry correction factor equal to l for swinming and 2 
for boatinq. 

III-A.5 Dose to Man--Gaseous Pathways 

Ill-A.5.1 Air Submersion 

The formulas used to calculate doses from air submersion are Equations 8 and 9 below15 

136 

Rpr(x,8,d) I xi UP Dipr 
i=l 

(8) 

where 

Rpr(x,8,d) external dose rate fran all of the nuclides i via pathway 
p to organ r of a person located a point x meters fran the 
source in a direction d, averaged over a sector width of a 
radians (mrem/yr) 

and 

U = 8766 hr/yr for air submersion 
p 

dose factor for nuclide i via pathway p to organ r based 
on a half-infinite cloud geometry and corrected for the 
fractional penetrati3n of beta and ganma radiations to 
the depth of 7 x 10- ~ for skin and 5 cm for total
body (mrem/hr per pCi/m ) 

J' I 

xi =L (ff 
(0.0lf . ) 1012Q! 

. 1 

J=l (o
2

)J iij ax 

where 

xi = annual average concentration (pCi/m3) of nuclide i at point 
(x,8,d) 

f . • percent of time wind blows in direction d under meteorological 
J condition J 

1012 picocuries per curie 
01 release rate of nucl i de i (Ci/sec) 
a sector width= 2n/n radians, where the number of sectors n is 

normally 16 

x = downwind distance (meter) 
uj = average wind speed for meteorological condition J (meter/sec) 

x = travel time of released material to point (x,8,d) under 
uj meteorological condition J (sec) 

radiological decay constant for nuclide i (sec-1) 
he i ght of effluent release (meter) 
standard deviation of vertical dispersion under meteorological 
condition J (meter2) 

J ' number of meteorological conditions ("stability classes") 

(9) 

The standard deviation of vertical dispersion may be derived for the Hanford (Fuguay-Simpson) four
stability-class method from equations 15 or from tables15 of oz versus x by Pasquill stability 
category. Both the Hanford and the Pasquill formats are programmed into GRONK since raw meteorol
ogy· data may be given in either format, depending upon the particular system employed at the 
nuclear facility. 
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Equation 8 yields the yearly external dose to a person located at point (x, e ,d). The population 
dose in man-rem/yr is detennined by multiplying this dose by the population located within the 
sector of the annulus of concern. Values of the dose at the point (x, e,d) are assumed to apply 
to all individuals located in that sector. 

III-A.5 . 2 Thyroid Doses from Radioiodine 

Equation 8 may also be applied to the calculation of thyroid dose from airborne radioiodine . 
Pathways of importance are inha l ation , i ngestion of vegetation contam~nated via radioiodine depo
sition on agricultural land, and ingesti on of milk from cows which consume such vegetation. The 
program provides for calculation of thyroid doses to different ages, since the thyroid dose is 
usually greater to children than to adu l ts. 

A standard value for the usage parameter UP. is assumed for each of the above pathways, and stan
dard transfer factors between ai r, vegetation, cow, milk and humans are assumed . For ease of 
calculation, these standard values are multiplied into the thyroid dose factors to create a mod i
fied dose factor which converts air concentrations of radioiodine directly into dose rate . The 
user need only consider those parameters which alter the st andard usages: grazing season, vege
tation growing season and vegetation consumption rates. 

Parameters used to derive the thyroid dose factors are derived from the food pathway model used 
in the Year 2000 Study 3 and are listed i n Table III -A-5 . The dose factors obtained from these 
parameters are listed in Tables III-A-6 , -7 and -8.* 

TABLE III-A-5 

METABOLIC PARAMETERS USED IN THE THYROID DOSE FACTORS 3 

Par ameter .J....1!:_ ~ ....!.LIT_ _Miill__ 

Fract ional up t ake vi a ingesti on, f 0.3 0. 3 0.3 0. 3 
w 

Fractional uptake via inhalat ion, fa 0. 23 0.23 0. 23 0. 23 

Biol ogical ha 1f -1 ife in thyro i d (d) (a) 20 20 50 100 

Thyroid mass (g) 2 5 15 20 

Thyroid radius (cm) 1.4 2 2.7 3 

Inhalation rate (m3/ d) 5.6 7.0 13 . 5 20 

Effecti ve MeV per di s integrat i on 
(b) 1291 0.060 0.061 0.063 0.064 

1301 0.388 0.427 0.472 0.490 
131 I 0. 206 0.213 0. 22-1 0. 224 
1321 0. 5B1 0.624 0.673 0.693 
1331 0. 467 0.478 0.491 0.497 
1341 0. 779 0.838 0.906 0. 934 
1351 0.481 0.514 0. 551 0.566 

(a) From References 16-20 . 
(b) Calculated from formulas of Reference 4 and decay schemes of Reference 9. 

III-A.9 Dose To Organisms Other Than Man 

Pathways of exposure associated with liquid effluents are generally the most significant contribu
tors to radiation dose to organ i sms other than man, since aquatic organisms can concentrate radio
nuclides from their water environment ei ther directly or via their food chains. For purposes of 
calculating equilibrium concentrations of radionuclides, organisms other than man are divided into 
two classifications: "primary organisms " which are aquatic and for which bioaccumulation factors 
are available, and "secondary organisms" which feed upon primary organisms. 

* NOTE: The thyroid dose factors listed in the sample runs and program listings as well as the 
thyro~d ~oses in the sample GRONK run are incorrect. The dose factors have been changed since 
the l1st1ngs were programmed. The correct values are shown in Tables III-A-6, -7 and -8. The 
program now calculates doses for a 1-yr old and an adult thyroid. 
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TABLE III-A-6 

FACTORS FOR CONVERTING AIR CONCENTRATIONS OF RADIOIODINE TO THYROID DOSE VIA INHALATION(a) 

(mrem/yr per pCi/m3) 

~ 
1291 1301 s 1321 1331 1341 1351 

1 yr 21 3.4 20 0. 96 6.8 0. 49 2.3 

4 yr 11 1. 9 11 0.52 3.5 0. 26 1.3 

14 yr 18 1. 3 8. 5 0. 36 2.4 0. 18 0. 86 

Adult 36 1.6 10 0. 41 2. 7 0: 21 0. 98 

(a) Organ i c and i norganic forms of rad i oi odine gi ve t he same dose via 
i nhalation . 
Factors include a breath i n~ rate for ages I yr , 4 yr, 14 yr and adul t 
of 5.6, 7.0 , 13 .5 and 30 m /d , respectively . 

TABLE III-A-7 

FACTORS FOR CONVERTING AIR CONCENTRATIONS OF RADIOIODINE TO THYROID DOSE VIA MILK(a) 

(mrem/yr per pC i/m
3) 

~ 
1291 1301 1311 1321 1331 ~ 1351 

1 yr 5800 44 2700 2. 3 -140 . 0. 47 17 

4 yr 2400 19 1100 1.0 59 0. 20 7. 1 

14 yr 2000 7. 2 460 0. 36 21 0. 073 2. 5 

Adult 2900 5. 6 380 0. 28 16 0. 056 2.0 

(a) Factors include the followi ng assu,npt ions : 
• Graz i ng season i s 365 d/yr . 
• Mil k consumption is 1 1 iter/d for all ages . 
• There i s no decay between milk i ng and consu,nption . 
• Rad ioiodine i s l OOl i norganic (organic fonns of radioiodi ne contr i bute 

i nsignif i cantly to dose vi a t his pathway) . 
• Long- term accu..,lation i n the soil i s i gnored for 1291 (adds '-l. 4S i n 

1 yr or 42% i n 30 yr) . 

TABLE III-A-8 

FACTORS FOR CONVERTING AIR CONCENTRATIONS OF RADIOIODINE TO THYROID DOSE VIA LEAFY VEGETABLEs(a) 

(mrem/yr per pCi/m
3

) 

~ 
1291 1301 1311 1321 1331 ~ 1351 
~ 

1 yr 0 0 0 0 0 C 0 

4 yr 500 3. 1 180 0. 17 9. 7 {I, 033 1.2 

14 yr 720 2. 0 130 0. 10 5.7 0. 020 0.70 

Adult 1400 2. 1 140 0. 11 6.0 0. 021 0. 73 

(a) Factors Include t he followi ng assumptions : 
• Vegetables are fl'OII home gardens . 
• There i s no decay between 9arden and table . 
• Vegetables are exposed 3 months above ground to air . 
• ZSS of deposited material remains on vegetables (r-1nder on 

ground) 1<ith "env1roninental" ha l f-11fe of 14 days. 
• Rad ioiodfne is JOOS i norganic (organic for11s of radfo1od i ne 

contribute insfgnfffcantly t o dose vfa thfs pati-vl. 
• Long-tenn accumulation in the soil is ignored for 129( (adds "'1 .4S 

i n 1 yr or 42'.l in 30 yr). 
• Mufmu., i ndividual vegetable consUllll)tion for ages ·1 yr , 4 yr, 14 yr 

and adult are 0, 32 , 54 and 72 kg/yr, respectively . 
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Radionuclide concentrations for primary organisms can be cal culated directly from the water con
centrations and bipaccumulation factors. The primary organi sms are fish, crustacea, molluscs and 
plants. Radionuclide concentrations for secondary organisms must be calculated from their diet 
of primary organisms . Representative secondary birds and manmals were selected such that each 
primary organism would be in the diet of at least one secondary organism. The predatory birds 
and manmals coomonly selected are herons, raccoons, and muskrats. Also selected are plant-eating 
ducks. 

III-A.6.1 Internal Doses Via Liquid Pathways 

The whole body dose rate to an ·aquatic organism is 

136 

0.0187 L bic 
i=l 

f;. 
1C 

where Rc = dose rate to whole body of organism c (mradiyr) 
Ei c = effective absorbed energy in MeV per di sintegration 

(dis) for . nuclide i in organism c 

(10) 

bic specific body burden of nuclide i in organism c (pCi/kg) 
0.0187 conversion factor calculated as follows: 

{3_7 x 10-2 dis . \ (3 156 X 107 secJ (1 6 X 10-6 ~\ (~80merardg\ 
\ sec-pC1 7 · yr/ · MeV/ I 0_0187 dis-kg-mrad 

pCi-yr-MeV 

For a primary organism, b- is given by 
lC 

B 1119 
Q. N. - X. t 

b . = A. . = . 1 1 M e l p B 
lC l lC -r- p ic 

where the symbo)s are as given in Sections III-A .4.1 and III-A .4.2. 

Combining equations 10 and 11 yields 

~ Q. N. - X. t 
20 . 93 ~ -1/ MP e 

1 
P B;c Eic 

i=l 

The whole body dose factor dik from nuclide for a secondary organism k is 1 

( 
mrad/yr ) 

pCi/yr intake · 

where 

(11) 

(1 2) 

( 13) 

fraction of ingested nuclide i retained in secondary organism 
(unitless) 
mass of secondary organism k (g) 

period of exposure (hr) 
, 

Eik = effective absorbed energy in MeV per disintegration for 
~econdary organism k 
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AEi = Ai + A8i = effective decay constant of nuclide i in secondary 
organism (hr-1), where 

ABi = biolo9ical removal constant of nuclide i in secondary organism 
(hr-1) 

The parameters (fw)i and AEi are taken to be the same as those for Standard Man because data for 
other organisms are lacking. Since the dose factors tabulated for the ARRRG program include 
whole body dose factors f~r man, an alternate formulation is convenient for Equation 13: 

t:' m' o'. Eik 70,000 o. = ~ man 1 ,man = -::.-- 1 ,man 
mk Ei,man mk Ei,man 

(14) 

where 70,000 g is the total body mass of the adult . 

The radiation dose rate to the whole body of the secondary organism expressed in the format of 
Equation l is 

136 

0.365 L bic P~k o;k 
i=l 

(15) 

where P~k = consumption ra·te of primary organism c by secondary organism k 
(g/d) 

0.365 = (kg/g) (d/yr) 

Substituting the values of bic and Dik from Equations 11 and 14, respectively, into Equation 15 
yields 

lI:36 Q. N. -A .t £.k' D. 
R ~ = 2. 86 x 10 7 B . 1 1 M e 1 P P ' 1 ' 1 ,man 

1 . 1 c -r p ck mk Ei man 
1=1 • 

(16) 

where 
2.86 X 107= (0 .365) (1119) (70,000) . 

The values for E and E' are determined from the effective radius of the organism. Table 111-A-18 
tabulates£ for seven effective radii for organisms other than man and for the whole body of man 
for each of the 136 nuclides. In the absence of site-specific data, the values of the parameters 
in Table 111-A-9 may be used for Equation 16. 

III-A.6.2 Other Doses to Aquatic and Terrestrial Animals 

Primary and secondary organisms are also exposed via water immersion, water surface, bottom sedi
ment and shoreline silt. Although these doses are usually relatively insignificant, they may be 
calculated using the methods of Section III-A.4 or by the program ARRRG. For shoreline exposure, 
a correction must be made for the difference in height of exposure between animals and men. For 
small organisms this correction factor is 2 and has been incorporated in the shore width factor 
of 2.0 in Table 111-A-4 . 

Secondary organisms are exposed via air submersion, inhalation, and radiation from materials 
deposited by air. Air submersion doses are of possible significance, depending upon t he particu
lar nuclear fac i lity involved, and may be calculated using the methods of Section III-A . 5 or by 
the program GRONK . Exposure from inhalation and materials deposited by air are usually relatively 
insignificant . Inhalation doses cannot be calculated directly at this time, since the detailed 
behavior of inhaled radionuclides in animals is not yet known. 
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TABLE 111-A-9 

RECOMMENDED PARAMETERS FOR ORGANISMS OTHER THAN MAN 
TO BE USED IN LIEU OF SITE-SPECIFIC DATA 

Body Effective Source 
Mass Radius of Intake Rate 

Organism _fuL (cm) Nuclide (gLd) Air 

Primar~ 

Fish (a) 2 Water (a) 0 

Crustacea (a) 2 Water (a) 0 

Moll uses (a) 2 Water (a) 0 

Algae (a) 2 Water (a) 

Secondart 

Mus krat 6 Plant 100 8766 
-y 

Raccoon 12 14 Crustacea 200 8766 
& Molluscs 

Heron 4.6 11 Fish 600 8766 

Duc k 5 Plant 10D 8766 

(a) Not required for calculation of doses to primary organisms . 
(b) .The hours spent in contact with the sediments are highly variable . 

111-A. 7 Computer Programs ARRRG, CRITR and GRONK 

111-A.7.l Introduction 

Annual 

Sediment 

0-8766(b) 

0-8766(b) 

8766 

8766 -y 

8766 
-4 

8766 
-3-

8766 
- 2-

Exeosure 
IITlller-

(hr) 
Water 

sion Surface 

8766 

8766 

8766 

8766 

8766 
-3 

8766 
-y 

8766 
-y 

Three programs are written in the Basic Computer language to implement the dose calculation models 
described. These programs are executed interactively at a conversational terminal and are designed 
to be used by personnel untrained in programming . The codes print informative messages if a user 
error is detected and allow the user the· opportunity to correct the faulty information . The data 
files utilized and items calculated by each program are listed in Table 111-A-10. 

Each program produces a summary output at the teletype, with the user controlling the level of 
detail in the output . ARRRG and GRONK also create fully detailed output at a high-speed printer 
to serve as a permanent record of the run . 

The programs obtain their information from three sources : 

(1) Parameters which are highly variable, such as human diets assumed for the particular 
locality, reactor coolant flow rate and release height, are entered directly at the 
time each case is run by interactive questions to be answered by the operator, such 
as "cooling flow in cfs=?" 

(2) Parameters which are applicable only to a given facility are stored once within a 
file when the information is received from the applicant. This information is then 
automatically accessed each time a case is run for that faci l ity . For ARRRG and 
CRITR, the liquid release rates for all facilities are stored on a single large file 
called REL. For GRONK, a file called Gxxxx, where xxxx stands for the first four 
letters of the reactor name, contains the radionuclide release rates, the population 
distribution out to 50 miles in 16 sectors and up to 10 annu l ar rings, and meteoro
logical tables of joint frequency of wind speed and direction by stability class 
in either Hanford or Pasquill format or both. 

(3) Parameters which remain constant for every program run are stored in permanent data 
files and accessed by the program when needed. 

Table 111-A-11 describes all permanent files of type (2) and (3) and lists the programs which use 
them. 
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TABLE III-A-1O 

PROGRAMS FOR CALCULATING RADIATION DOSES 

Program Data Files Item Calculated, Eguations Used Organ Doses calculated 
ARRRG ARGIN Individual and population doses Whole body, GI-LLI,(a) 

REL from ingested water, Equation 2 thyroid, bone 

Individual and population doses Whole body, GI-LLI, 
from aquatic foods (fish, thyroid, bone 
crustacea, molluscs, plants), 
Equation 3 

Individual and population doses Skin, whole body(b) 
from sediment exposure 
(shoreline), Equation 6 

Individual and population doses Skin, whole body 
from swinming and boating, 
Equation 7 

CRITR ARGIN Internal doses to aquatic biota Whole body 
REL (fish, crustacea, molluscs. 
CRITEN plants), Equation 12 

Intemal doses to predators of Whole body 
aquatic biota, such as ducks, 
muskrats, raccoons and herons, 
Equation 16 

GRONK GIN Annual average atmosph§ric 
TONIC dilution factors (Ci/m per 
Gxxxx Ci/sec released) versus 

distance and direction from 
the source (x/Q'), Equation 9 

Individual doses from exposure Skin, whole body 
to half-infinite cloud of 
effluents, versus distance and 
direction from the source, 
Equation 8 · 

Integrated man-rem doses to Whole body 
total population within 
50 miles, Equation 8 

Doses to child and adult from Thyroid 
inhalation, and consuq,tion 
of milk and leafy vegetables, 
Equation 8 

(a) GI-LLI llll!ans gastrointestinal tract-lower large intestine. 
(b) For these pathways, the calculated whole body dose is listed under 

GI-LLI, thyroid and bone on the printout and is added into the total 
dose to these organs. 

Discussions of ARRRG, CRITR and GRONK are located in Sections III-A.7.2, 111-A.7.3 and III-A.7.4, 
respectively. Table III-A-12 is a guide to the contents of these sections. 

Each program discussion includes a teletype printout for a typical run, with input typed by the 
user* indicated by wavy underlines. Once the user has signed onto the system, he begins execution 
with the conmand RUN name, where name represents ARRRG, CRITR or GRONK. CRITR allows one case to 
be computed per execution; for additional cases the user enters the conmand RUN. ARRRG allows 
any number of cases with varying input to be computed for the specified reactor; to change reac
tors , the user enters the conmand RUN. GRONK has no restrictions on changing reactors or on the 
number of cases per reactor . · 

* Reactor data files and input parameters chosen-for the sample runs are intended· only to demon
strate operation of the programs. 
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TABLE I Il-A-11 

DATA FILES UTILIZED BY THE DOSE CALCULATION PROGRAMS 

·Fil e Contents 
ARGIN Decay constants; internal i ngestion dose factors for whole body, 

GI-LL!, thyroid and bone; external dose factors for skin and 
whole body for exposure to sediment"9nd to water for 136 radio
nuclides ; fresh and salt water bioaccumulation factors for fish , 
crustacea, molluscs and algae by element . 

REL Radionuclides released with liquid effluents (Ci/yr) for each 
fac i l i ty under study. 

CRITEN Li st of effective absorbed energies per dis i ntegration versus 
radius for 136 radionuclides. 

GIN Decay constants, external sk i n and whole body dose factors fo r 
air submersion for 136 radionuclides; child and adul t thyro id 
dose factor s for i nhalation, mi l k and leafy vegetables . 

TON IC Constants used for the Pasqui ll meteorology calculation. 

Gxxxx (a) File fo r a particular facility containing radionuclides released 
with gaseous effluents (Ci/yr), population distr i bution out to 
50 miles i n 16 sectors and up to 10 annular rings, and meteorologi
cal data i n tables of joint frequency of wind speed, di rect ion and 
stabi l i ty clas s in ei ther Hanford or Pasquill format or both. 

(a ) Where xxxx represents the f i rst four letters of the facility name . 

TABL E III .:A-12 

INDEX TO PROGRAM DESCRIPTIONS AND LISTINGS 

Sample Sampl e 
Program Conve rsat iona l Input High-Speed 

Prog ram O~scri pti on Session Work Sheet Printer Ou t put 
~ (Sec tion) (Tab le) (Tabl e) (Table) 

AR RRG l l l-A.7 . 2 l l l-A- 15 lll-A-16 l l l -A-17 
111-A .7.5 

CRITR 111-A.7 . 3 l l l-A-1 9 None None 
lll-A . 7. 5 

GRONK 111-A.7.4 l l l-A-22 111 -A-20 111 -A- 23 

Constants may be entered with or without a decimal point or in E format . If more than one con
stant is to be entered on a line , the values may be separated by either blanks or corrrnas. Ques
tions requiring yes-or- no answers may be answered wi th either Y, YES, Nor NO. Titles and 
reactor names may be more than one word . 

The programs use a corrrnon master list of 136 radionuclides. Section III-A.7.6 details the method 
by which parent-daughter nucl ide pairs are treated in the master list. Table III-A-13 is a com
pi'lation by nuclide of standard decay constants, bioaccumulation factors and dose factors used in 
the programs . The Nuclide Release Worksheet (Table III-A-14) is helpful in preparing the release 
rate input required for REL and Gxxxx files . 

Copies of the programs and associated data files may be obtained upon request . These programs 
are written in the considerably enhanced version of Basic provided by Computer Sciences Corpora
tion for their INFONET time-sharing network. The CSCX operating system is currently available 
only at the Richland, Washington INFONET installation; the CSTS operating system is in use at all 
other insta l lations . ARRRG and GRONK are available in both CSCX and CSTS versions; the other 
programs and files are compatible with either system without change. The sample output reproduced 
here was created with the CSTS versions of ARRRG and GRONK. The CSCX output shows minor differ
ences in format . 
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TABLE III-A-13 

( NUCLIDE MASTER LIST 
Ht.!> TE« Ll5T UF C ,lt ,Ct.t1T11 A Tl JN F,CTOHS 

l!.OIU>'t. L4Mt.1JA L.Af4BUA 5A._T .ATER CONCt:tlTRA f1014 FklSH ~ATLR COt:CENTRATJON 
l/SLC 1/ .. (\,Jt<~ FACTORS, I ITEt</111, FACTOHS, LITlH/WG 

' 
f 1:-11 cAUS• "C.L- ALC..\E Fl5H CRIJ!,- t,,QL• ALGAE 

TACEA LUSC!. TACLA LIJSCS 
,,-j 1.79t.-,,.. o.•JL-Jb l I l I I l l l 

:, 1r,.•l" J.tl3t.-12 l,J8E-J8 l l I I •bOO •1100 'HOO 11600 
J •• -1J I, ll>L•\l3 •.H,E • JU ~ u -.:, 0 n 0 0 0 

• ••Id 1.ll'+l•'.l lt J. 75E-Jl • " " I 10 100 100 2 
!, ,.A-.!2 o ... ttc.-ii9 3.UtoE•J!> l I l lUO 200 200 500 
b i,A•2• 1,20L•O~ to,o.!l•J~ I I l . 10)•> 200 200 soo 
1' .--J, ~.blL-•J 7 i.02l• JJ 1couu ll~c.o u 1 vu,.~·• lC,~llOO 1.,~00 200,10 20000 ~noooo 
d ~R-~'i o.17t.-11 2. 'J,.E•J7 I I I I l I I I 
9 ,.tt--.1 1.0~~-o• 3.7?E•Jl I I l I I I I l 
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ll ,._li(-!Jl ,1..i19L••~7 l,01tE-J3 10~ lCl'•U }UfJ\J l •'O O 2n 2uuo 2000 11000 
•2 ,,N-~'+ ~ .uSt:-r.8 9.~3E·J~ 3000 1c::,r,u ,,flUljS, t\H'!JO •UO 9'10(11) ·iuouo 1,1000 
l3 N1,-~u 1.11h-1l ~ l.b'iC

0

,-Jl !-Dull ll'c,r1u !'-i(ll)C,~, 14'0 •10 •on 900uo 90000 10000 
•• ►~-~~ O.'+'+r..•09 J.011r-.1~ lOuO 1-C,(11,; 2uu,, -.:, bf1,JO 100 3200 37.0-0 1000 
15 •C.-~'l 1.1dt.~ l~ 7 u.'+2l- J1' l C~U c.::,rJu 21Juc, ~ bnuo 100 3200 3200 lOOU 
'6 .... 0-~1 •, 97(•\lll 1.07t:-.1 • 100 ti:'O(•U Jut, lOu ~n 200 200 2no 
11 "'O-~tt 1. l2t.•ll 7 •.~5E-Jlt 100 1.::.~,'- JU !, luO so 200 200 200 
18 '-iJ-bi;, •, 17t.•\l9 l.~-,(-JS lUC H'll<,u 3,,,. !,JU ~o 200 20n 200 
!9 ,,I-bl ie,J9L•l0 H.b •)r.•J7 ~00 l(tU } 1j (1 100 10n 100 100 50 
,n ,1-b!> 7,~3~- ,,:, 2.71E-Jl 5QU l~U lUV 100 100 100 100 50 
21 .U-o'+ lo5lt. • tl 5 ~.'+~l- .12 lOa•l ~c,r,u !>UU\.I lOUO ',n •oo toOO 2000 
u .,i,-o~ J,28L•r.8 l.!S(• JII 5o uo 50 (•0 ..,r,uo~, l •luO 2,,011(1) 10000 10000 ?0000 

" .:,fl-1,)'l •,+u l,J9l•U5 ~.OZE •.12 500~ ':,C,l')tJ 50\H.•t", 1nou . 2000 10000 10000 20000 
'-" •"•-u9 ~.~2 ... -~ .. 7 .2'1E•Jl 50u~ !ill(li.l !)uUU t, l<luO 200n ir,ooo 10000 20000 
25 .,.t-02 :.,,1t1tc.-Vb l .'lt.C• Jie 3 lu 1 ~· lllO to20 3JO 330 so 
.!b JH•o~+O u .U Jt. •tl ~ 2 .ol9l •Jl l IU 1-., 100 1120 J30 J30 50 
21' urC-o .. .., .&ltt.-C lt l . JlC•.10 l IU Ii• 100 1t20 330 330 50 ,o ..,:.-ti::, J , Aot. -0 .l 1. Jq~· Jl l lu \(1 100 1t2(1 ~lO 330 so ,., "ri-uJ ·,1 l,OIIE•U• J.7JE-Jl l I I I I I l I 
Jr. ",c-u:.u '4 • j9L•l~~ l,58f.•Jl I I l I l l l l 
JI l(,<•b!> ... o-.c:.-1.i9 7.J:.C-Jb I I I I I l l I 
32 ,-.H.-a7 ~.:.,Jt.•Vlf s.~1r.-J1 l I l l I I l I 
33 " H-t,u u.&&1..- ti 5 2.•7E•Jl I I l I I I l I 
J'+ ... u-ut, 14,lli..-•_n 1.:.5E-J3 .;;c ~u IC 10 2000 1000 1000 1000 
~:, 1,:.J•tH> b,47t.•~tt l.Ur:+ .10 JC Su If. 10 2,,on IOUQ 1000 1000 
Jb ,,b-o9 7,50L•O• ,.nE•JU j~ .,~ ! (, 10 2000 luUO 1000 1000 
J1 ~H-1,'l l.~ .. L-V7 ~.:,::,t-Jtt l I I 20 30 100 100 500 
J8 .-R•"~ 7.78(-10 ~ • j •,E- .If.. l 1 I 1.0 31) 100 ltlO 500 
39 ~ol-9~ ..: 7,78L•l0 2 . 1J •1i-• .lb l l l lO 30 100 100 sou 
.r. ~M-•H l,Ci9~-ti~ 7 .17E-J.! I l l 20 lO 100 1no 500 
'+1 ~11-92 7.1lt:•l0!> 2. ~&E• Jl l l l ·.!O 3n 10n 100 500 
112 Y•9~ J,COE•Ub 1. 'J8[-J2 .>O MU 10(, Jao 25 1000 1000 ~0 00 
"3 t-911• ,.31L·O• s.J2E•Jl JO lOU IOi, JOO 2:, 1000 1000 5000 .... ,-91 l. lbt:•117 .... 1(- Jlt 30 IOU JfJ !·• JOO 25 1000 1000 5000 
'+!> ,-112 ~ ..... t.•f.~ l.9t.E- Jl .;,O l(JU 1 o~·, JOO 25 1000 1000 ~000 
'+6 f•CjJ 1.1:'it.•OS o.tnE-JS. JO MO 1,,,. .>UO ~:, 1000 1000 !'>000 
'+1' .,R-"~ l . 23L•07 ..... ttt..•J .. JO 1(11,.1 1r, t.1 1000 330 7 7 1000 
-.a .,M-9!1\J l.23c.•07 ••"'•E•-ltt lU 100 10.:. 1000 3JO 7 7 1000 
.. 9 .A-97 l.13E-O!> •.oeE-J2 JO 100 10,, lOUU J30 7 7 1000 
50 .,H-'17:; l. 13t.•05 •.0llt:-Jl 30 lOu 10.:. 1000 J30 7 7 1000 
)1 1111-'I) ,,2'1E•07 ~;25[-JII 100 200 20(, 100 ,0000 100 100 800 
:,, ,-.IJ-~7 J., lilt.•l~'I ~. 71\C- .•l l c•l .! i.lU c. vi• lVO lnQOll 100 100 IIOU 

!J:S ,.j\)•~~.L.t .i;,l\bt:.•t1o 1. 03L•J2 IU MU lU l, lUU 1n 10 10 1000 

I 
!,'+ i-,0-'1"1.J :t: ,8bt.•l~b 1 ,')3t:-J2 1G llJ\.I 1(.1 {, 1110 l lJ 10 10 JO GO 
:,:, IC-~~ ,, J,22t.-05 l.lbl•Jl IC lftt,; 1 (1 ~. 1(11.)0 I) ~ s on - . ~b I C-'i'-J l,~•c.•13 J,73(-10 10 lOU 10(1 1(1111) I:> 5 5 40 
57 ,c-1°1 <l,"~c.-lH+ 2 . •,7l• H.I 10 1r,1.,; l'•l1 1r,u o I!> 5 ~ 40 
!>d hU-lt;l.) • l.i <,02o•G7 7 ,l9t°-Jlt 3 1 '•u l(• !, 1nl, o 1n 3ll0 300 2000 

O' 59 t\U-l ,:-t=,• Li '1,JJt..-0~ 1 . :.Jh1..- J l ~ Un.: ir,u 11'00 1n 3JO 3UO 20110 
or. 1cU-l"u+lJ , , \~1.- L~B 7.d7E-.1) ~ 1[1;.: J rJl• l t'Oll 1n 300 300 20,10 
bl h•t-lf):> ::,,~bt.•tH::, 1,93£ -.12 lG lftU 10 ,, IJ!t JIJ 31)0 300 2u ll 
oi' l""li•l".'~+l, 1.'+.3L.• ti~ !.I. l!>i- .12 , ... IQ\J 1 (J ~· 1110 1~ 3uu ,o~ 200 

o3 ~G-II OM+u J,l7t- lllJ 1, lltl•.111 J ;,;l)1j C:.CILt~ ~uv ,, itlJU ;. 770 770 200 
i>II ""U-1 lJ 1 , 0 7c.• (l b J, cl~1.· -.1l 1 OlrO !jC,r_1\i ~UO (, l ~Oll < nn 770 200 
b~ :,,..i-12::, i;. SJt:.- tn 3,07E-H J ., 3 lu Jt)UI') 1000 IOUO I UO 
bb :.,.~-.12 ... 1, j .. c.•tH 4, ·llf-.1• ){IJC 1or,~ l U<J~• 10('100 l 10 10 1500 
t,1' :.atJ-12~ .,;, L-.L- L; '-J ~.':1~(-.l"i ion~ l(l(JIJ 1 uo ~, 1\1::)i,JI) 1 10 10 1:,00 
bt, ~J-1?/ ,. n~ -,.,to 7,•b(- .IJ I J~U 10,, u l u(• ~, 11'.'1 000 l 10 10 1500 
t,9 1L-12~H 1,j~t.-L: 7 't .llt.1t.: - Ja+ lo li.: l O~• l :'lll,) •on 75 7!, l ~O 
7r. 1.: -1211o1 7, J6c.- l~lJ 2.&~t:- J4 11j It: 1,,,. 1000 1100 75 7~ 100 
71 1~•12 I 2. 0 5L•t: t, 7,J7t-.1~ IG liJ lC, l1 1000 40~1 15 75 100 
72 ,C-l.2'1M• v &., JbL-07 tl, ... 9C.-J-. I~ l iJ lti 'J 1000 •DO 7 5 7!> 100 
7J IL-12-1 1,bAL•t1-. 1.1,03e.- Jl 1~ I u lU 'J 1000 l.tlll'.I 75 75 100 
71t IC.:-lJIM o,&t2L.- t1 b 2.31F.• J2 1:) l u 1 (1~, lf'\uu 1100 75 7!> 100 
7:, 1~•1JI 't ,fllt.-li&t l,bb( • .10 l C lu l<Jt• 1000 11nn 75 75 100 
7b I c.-1 .. ~~ t!.~ 7l:.-lill tt.u9t-.1J 10 IU 1(1 ~, lllUO .. o,., 75 75 100 
7"'! lt:•1Jl0 ~.47L-flb a.,J9E•JJ 1G lu tr, \. 1000 lfU(I 75 75 100 
78 lc.•lJJM • v 2.31(-114 e,32t:-Jl 10 IU 10\1 1000 400 7~ 75 100 
79 1C:-lJ1it ?., 7~L.•lHi 9,d'it::• ·Jl IG lu llll• 1000 IIUQ 75 7~ 100 
11t. •-1,9 i.29t.-l5 1t.o!il-12 ,c 1nu lu(, i.JQOO l!t 5 5 "" bl .-1:i~ 1.~~t.-05 ~.59E•.ll 4:J l~u 10 \1 1(10 ~0 l!> ) 5 110 
82 •~lJl 9,"i7L-t17 J.~qL-J :1 1.U 1,,u 1(1,j 10000 I~ 5 5 ltO 
H3 ,-13~ U,Jbl-0~ J.O lt • .11 ,u lfJu l C• •~• l0l'l1U 15 5 5 40 
bit ••l JJ '-.:, l7t.•t\b J,j)L- J 2 20 1nu IC, (, JQOOO 1~ 5 5 40 
d~ ,-1J .. .t.C. 2E.-0 6' b . u)E-Jl .;.:, l Qu 10\• 10000 I~ ~ 5 110 
116 ,-.J~ .; , Obt.-t1~ l.u3C•Jl 20 l(tlJ 10\1 100011 I!:> s 5 110 
07 Al-lJJM b ,<l lL•C.7 2,•St•J3 I l I I l l l l 

( 1111 AL•l.)~M J.Sb~·Ob 1.211f-)2 l I I l l l l I 

'-- 1'aT"Tor'"""tiii7iiii1ord \lute Manag!r.nt EnvfronM2!al l,q,act Stlte,r.ent the locally 
.. uured values of 170 for P and 64 for Zn fn panffsh flesh w~re used, 
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TABLE III-A-13 (Continued) 

b9 AL-l~j 1.s2t:.-l':6 ~.'tdt::-JJ 1 I 1 1 I I 1 
9r. )l.t:-1.l:JM 7,,2L-r,4 2.n7£•JO 1 1 1 1 I I I 
91 .-.L-l.)t, ~. U9t.-l15 7,54[-J2 1 I 1 I I I I 
92 AE-137 ,,97l-O.l 1,07[ • .ll I I I I l I l 
~3 AL-1,0 b,HlE•Oo 2. '• 5E • JO I I 1 I 1 1 I 1 
9• Ll>-15•M u,b•l•05 2.J9L- .1l J~ :c.u lu 10 2000 100 100 500 
~~ ... s-t~'t 1 . C7c.•O& J, !bt-.1~ .l~ .,., Ii, 10 200n mo 100 500 
% 1.,.S-L .. "t!:> 7 • .J.3L-ll9 2. o'tE- .1~ :\1; !iu l {, 10 2000 lUO 100 500 
97 1..>-1Jo •.Jel7L- C, 7 2,,ll-.lJ .IC Se I i, 10 ?QOQ 100 100 500 
~d ..,.S-l.H 7 • . HL-J.0 C.h::ll- .h:, .):; ~" 1'.i 10 200[> 100 100 soo 
~9 1,,.::t-l .. "tu J.~ui..-0'4 1 0 2':lt'tJU .) ·) ~)l,; 1,, 10 21)(.lf) 100 100 500 

,uo .s-i.i-i 1, 22L- t:J '4.JUL • Ju .lC ~- lu 10 2000 lUO 100 500 
1 01 u~-J.:~1 l • . }9L-ljlf ~.!J2l-Jl 3 J j l (,O • 200 200 500 
\ !.12 ..,A-1" 1.1 ..... ~8L - C7 .? , 2bf.-.13 J J 3 100 . 2UO 20 0 500 
tO~ '-'A-l't 11U o, 2flc.-l~ 7 2,2bt-JJ 3 j ., 100 .. 2no 20 0 500 
I u• u"-l'tl o, .. tL- fl &o ~ • • 51L + .IU I :, 3 111 0 .. 2UO 200 soo 
' <JS wA-142 .&.,U!k-l~l J. 78L+ .IU 

., 3 3 luO .. 200 200 500 
\OL ._t.-1~(1 ~ • 78t.-ljc, l. l4!L- .Jl J G J fJtJ JfJ '.·, lull 25 1000 IOUU MOO 
1!J"." ,._,,__1'41 ~,Y<4L-l~~ 1, IUl-.11 J~ l 1,1u 1 ~· ~. j,uu "' 1000 1000 ~000 
I Ud 1r.A-14€ J. e4-t>t. - l:~ 4.:.,l[-.11 j._; H•i; 1 (1~, 5uJ "~ I OUO 1000 souo 
\;jq 1..L-l'+J .!. lt.Si.:.-li7 ts. 7:.,t_ .. -'" 3~ 1 (•u 1 (1 ~, luu 1 lCJOo 1000 •ooo 
11.t'i .l-1•> =>.u!L- llO ,,.iq[ - .12 J c 1 1.,u 1 ii ~-, >UO 1 IOUO lOUU 1,000 

\B 1..t.-li.t'+ • li l • .1J:.- l~ b l. ljiL- .1 .. .i ,; l r,u J {J \, lnO 1 000 100 0 4000 
112 1•1~-14.S .;. d 11L- l~ 7 2, l,<[- .I J l ~t.: l ti ~• IJ luU I• l liflO <> l UUO 100 0 5000 
\t5 ..-r(-11+ .. o.u9L- l, 4 '•,.. lE• )U lu ( 1u r,u lCJi, {, 1n un ~~ 1 vun 1000 5 00 0 
1111 .,0-14 7 7,2h-•.'7 t.OJL-.IJ 1 (11) 1t1r,u lU (n, l OuO c::., lUtJ O I DOil ~000 
tt!); ... ::-1'+7 o . J9t.-•.19 .),UE- .1 ~ l uO 1c,1,u lUu :·, 1noo 2, l OIJO l 000 ~000 
1t(:, ,-;~-J.-. .... J. • .. 9L-l~b ~.J~L-.13 l ~\j lCHJU ll>u ~·, 1 flllQ 2> lCJllO 10011 ~000 
t! 7 t-" .'·1- i't":f J.u'+L- tl o 1,Jll- U 1 111) H.111u 1 (J (J ~· l ('I\JO l> IOUO 1000 5000 
118 ,~M-lt>J u.hut.- l~b 2 ... n:-.12 t oo ltl(,u 1ur, ,:, J fltlU ~5 1000 lOUO ~000 
'!9 :;:. i•1-l:i.> 14.08t.-l,h l • 1• 7t.-.12 10~ lCHJU 1ur1 ,:, l t)ull ~5 IOUO 1000 5000 ,~ r. ,.;.U-1:.,u ~ .JbL- l'7 1,~.ll-JJ l U~ lt,(Ju l ltU {, 1 ~!.)0 2, 1000 1000 sooo 
.\,1 ,. -101 !i. 72t.-U8 2,%E-.14 IC lU 1 (J ~, 100 1200 10 10 1200 
\~2 •-ld~ 1 . 07t.-t17 3.oSt.-.14 J', IU l'J (, !JO 1200 10 lU 12110 
\.i::3 - - l d7 u.06t..-ll6 2.q)f-.12 IC lu l(J \1 1 nu 1200 10 10 1200 
tl~ ,,-2.)7 1. l9r..-li6 1.t.2t1r-.1J 1 1) lu Ii, n7 i bO l,Q I 
1l!"> ,-.1-'-.::3u .),8J~-0() 1,.lJE- .12 l ~ l U li• b 10 1100 400 30 0 
1£b .. P-~:19 .:.,•2l-C.b 1,,5(- )2 10 t u I', 6 1~ •uo 400 300 
127 r'U-£.:td ~.5&£-10 9.2 ·)E-J7 3 2 1•U 2U i, lf1ll0 lUO lUO JSO 
1"8 ru-2J<,1 ~. 0.l[-lJ J.,t':,(-JCJ J 2(1i,. 2(1\J 1r,uu 100 100 350 
129 t"U-i'• l! 3, .l3[-l2 1 .2 ·)t::-.18 J 2(11,; ~ (j { , l OUU ,, 

ll10 100 3~0 
'Jt'i ,.-U-~'• J • i., l.bbt.-09 5,~9l-J6 2r,u 2'Jl• I OUO • 100 100 3~0 
•~I ,...U-21f.: ~.blL-1'+ 2,0~E-lU .) ~(llJ 2(;\J luJO " 100 lUO J!, O 
I J~ ... ~-21fJ 14 . 8l t•J..S 1, 75l-.19 .::S lU(1U tur, (, 5000 .i:.~ IOJO I 000 S0 60 
1J~ ._ •.+-~UJ• I.J £. 77i..-lC: 9.~t,(-.)9 ~!1 l ~(llJ tuu i·, ~ ( 1 uu ,, 1u uo I OUO 5000 
'Jlf i.. -l - i42 ".q~t.-C.H 1,77l - .14 ,•; 1t,r•u lU+J {, !.1000 25 1000 lOU O 501JO 
\J~ 1,.1'4-.i:4,. J..2~t.-l1~ lf.'l ·)[-Jb 2~ t t,(1u lu (,(, 50u0 l5 lfHH) 1000 ~000 
13u 1..f-· -2~.: O • Jli-l~9 i.'1~l-J:> ., }{t(+l! lll(b ~,uo l~ 1000 100 0 ~000 

•: l)LJY ~.,,1. 1 ( 1'. 1 C•l -1 LI TIIYkOIU t.,0,4f Si<.11,. ro,.v SKI"I BODY 
u ". :> 1·. -Ct • , • ijf1I - UIJ l. ~•?L-1, 7 r C, r, ~ 

; · ... - j w : ... r -11 J.~l-.19 .J o ,. a1 - c., : .1. t'• II -CJ7 ~ . i'ql-u7 l . b41..- •.l , u J . .. c,E-C.9 0 .. -1., u .:,t- :17 1 ... :: -.1n C :. .lJOf.-l,o 7 .bM .. -0111 i .tiC•F-fJb I, 90[-0G 

" ,--1u ..,.&"l - rt 7 lo ll-.Ju -, • O( . - ~.., 1. C?} 1. - t,:J u b o J~t - 1)7 P.(J •)f.-l•Q n.,w(-Ctq ~ • .Ht[ -f,6 l .f\l'\r-06 
J ,, l-, ? j, • ' \l- 0v t • .J[ - .lo l • 77 r.. - ~!) .'i . l n• -Lb l . 7 71.• .i ~ 1. 77c.• 1) ·J 1.0.:,r - un 1 ,bOL - OA " • • ,,,( - (Jf,, •. oor.-06 
b ...... ~4 J, ~, l-:':11 .. • :..i - .1n l.7h• Lv ·"• 7~L -U b l. 7 1l- t> b 1. 7 1L -/)U ?,9or-un ? • ~01:. - nn Y • ..it•F. -r,u 7 ,Mf-Ub . .... -.)"' ~. :.:t-c:,., t,ll-.17 i ... i.i C: - :. u ;: . 1!.>I -CJ !', t.4!iL• 1)'+ 0 0 -b, d C• F- 6 7 1i.1t"lr.-nq 
C ,, ·' -.J -J J • .:.t: - !t• J .ll •.17 ,, u () 1. jf,r-r,7 b,20E-10 
• ,..,1- ... 1 J.. lt.- Ov 1.1.>t. - .lu e ,, 0 -~. ~C•E -6fi 2,40E•llb 

" · ... :. -" 1.. • • 7[ - ~v c. )l-.lu ~ - ~1 71. - ·: '1 !.> .1 ''I . - 1.J!> " ~ . ~(JL - !l '.i 1.~0L -Oh 1. 3ot -or ... . ,nr-c,i 3, 70F-1b 
•. J .., , .- !.> l ,.. • "f[-C~ r. .9t- _1(\ ;_ • t ,71- .: • L. t,t.l - (., 7 l. ~'?L- u9 Ll 2,b0[-10 2,?0[-10 o ... c,~-rJs 5,?0E- ,1~ . , , , , .. ~w 7 • ~l- ,l I H. lt..- .1 7 u. u Of - ,; 7 1. ~1-1~ -(.,!, u n,80r-09 >,80L-09 1.:"J{lf: - C.6 1,50F-1b 
1 ~ ,, ,1- !.>u "• :., i: - :,v ~.4(-.lu .... ') .. ;. - ·~ u ~.fm(.-(Jb u 0 1. Jor-uH l. l Ot. - 0~ &1. t.i(•F -C.6 3, 2or-a& 
!• r ... - !.J ~, .J. :,L - !" l .or: - .t'/ l .4P .:. - ;• 1 J .41 L- li7 ,:, b. 7!:k- 07 0 (I J. c:,C1F•l (l b,IIOE-ll 
!~ r-L..-~'1 1 • • a.- r.u 1 . l( - .II> .!i.f,~l - •;u :'o . :\H-l1~ u It .1 2L - •)u 9.ltOf-iJ9 6.0CJ[ - Otl 2.uC•[-C,6 2,20[-% 
!n .._..,-J, J.. ~[- t: 7 1,21. --'7 .... 92 t- - i: 7 q • 117L-U1, u 1.oc..r.-09 ~.IOl-10 2 • 7(•f-C,7 2,20f-&7 

... .J- ~o u . ?. [ - t17 1.lf.-Jn 1.F,Ci - .: u J .!',:>1 .- u~ " A, 20[-U9 7,00(-0° 2,3!•F-Ob 1,AO[•Ob 
!c ,. •)-y :' ,; • :.: t.- ~v ~ . ~ l-Jn ... 7t., '" - .; v ' • 'IUI -u5 " 2. oor-<lA 1. 70£-nA 5."ff•F:-<,6 4.60F:-O& 

"' .1 -c., l. i'. OL - i.: u 1, 6Jl -ub ,j, (12L-O·, u 0 0 0 ,r. .. 1-u :..i •• .N. - ~7 l. lt.- Ju .., . (' ;' I - _;c, ) 0Cl f) f -Uh ~,.'+C..,1,,.-•)7 ... 30t: -09 3. 70L -O'"I 1 .'IC•F: -C,6 1. oor-a& 

0- ,1 i.. l• -C.., 1• l. 7t- c I ~ . rlf .. .17 .. . '}1, - :_:d f,,.A~,; -1.,6 I, 70[-0~ 1,ME-n° 5,2f•f.•67 3, 70f-07 
« L · •-O ~l .. • ':IL - :17 "'> • t.~ - J / ~ . 1H11_- :; .., ~. 7 i\ f -Ub 3 ... 01,,.-l'lo 'f .OOF-U9 4.00L-C9 1. ?r•f-C.6 1, IOE-Ob 
d .. ~-o'-.J ..1 • .. L .. (': I u . AC - .17 :, . ,.~.:. - t: u ~ - 4 'J{_ - t,~ u 1.c.~1: -1) 7 3.40[-(,Q 2 ,C)Ol-09 1,?(,f. -Ob 7,50f.-07 
.:11 , -,-~,l:t ·1 • ll:. -! l , 7 . 5L - .1°/ 1.~'4 - ~ ',I 2.0 ,11 -uQ u 1. 1,,k - ~:i 0 0 2.nC•t-r,1 ! .60f.-1)9 .~ .,,c-o ·! .; . 11 t. - ~u 2 .GIL-.1t.i ; • j'-1 ; "" ( v 2. C:.. JL-uh u C 2 .2or-u~ 1.oot:-OA 6. ~ r,r.-C.6 5.30f - O& 
,t't-, ., <- o:,.u ? • ~it- ::,, ~. n- .1 1 J .P7 1. - i:. o •,,nll -OU ~ 9,30t-11 b,40t-ll 3, l!•f.-07 I, 70F•O.A 
,7 ._r(-JU le bl-~-u J . :'1.... - .l u ~ . ? l, : -;..o 't. l~f -1 J 0 1,11or-u~ 1. 2fll: .. -O~ !> • .lf•F-f,f., 3,50F-Ob .. i.1!: -l. ::> u . 7t.- ~Y c.i. 7!.- ,: 7 i . 2a1 .. :, ,, r, C 0 0 1. H•f-Cib 1,110,-os .~ ,.t,,-LJ~\ 7 .t.,t- -J u n 0 0 0 7. ~r• E-r,9 3.1or-11q 
jr, l\ i ~-1,;~ •, 1 • . K - :1 1 .).2!. - _17 C• C 0 0 ~. lf•E-r,7 2 ,An[-07 
.)J .. re-u:.., i • .:[ - J ':I 1. <,t - .17 6 u 0 0 1. ,,,,r. -u1 ct• 7C'lf-09 ,, ,, ,i-u7 1. 3E - ~1, ;>. 7(- Ji,, 0 u ,J 0 ".,,c,£-06 2, 70E-ub 
.l; ,..~-ui.. L :>L - ~u 2. ':'L - Jt., 0 u 0 (I If .1(,[-(16 3. 3nE-16 .,. •~tJ -L. ... d. i:~ [ - Ou het\t. -J 7 1. ~or- -:~ ,, • 77t -u<, ,:, ,,2or-10 b, ~Ol-10 o.~r,E-07 1,70f--l 7 ,~ , .:, -t.,tJ ;...hf-,7 .i:! . 7t.-.lb .:, . ?t.r. - :.:.n IJ &1.tlOf-ll~ 3,50l -09 3.h(•f'-(16 !,?Of-% 
Ju "·'-"'"' ~. \1:.-Ciu 2 , Hl - .lu 2,Hu:-co r, ,:, I ,80t-OA 1, 50l-OA s.~c,E-'Jb lt,50[-~b 
,1 :> ·~-u9 .:. tE-o.; If .q[-.17 ..,,.J !.S:-- Co •,9bl-O> ;j.20L-') i ,..5or-1~ 5.liCJE-1'.' 5. 4C•E-07 lt,bOF-09 
5b J~-'1" ~. lfl-1 l• 1,3£-)7 a,q!J~-o~ 1,231" -0II J.36C..- 1)4 0 0 1.sc,E-r,1 ~.•OE-l 0 
Jl) _.,-t-'J'11.1 u. 1£.-0':I f'.tir.-.11 2,f>!> f. -1~ l,~~L-04 u 9,8bL-~ 9 2,001:-1? 2,?0E-l? 9,b!•E-07 1.Jor-nA 
•'· ., ,~-'ll o,9L-07 1.uE-Jo ~-"~[-01 2.01r.-05 u ~.tt2l-Ob 8, 30F-U9 7,IOl-09 2, 1!•E-Ob 1,90(-0b 
•I ~l~ -'l? l, lf-O o 1.3l-Ju 9.3!'\J. ' -:JH '•.Jlt-tl!. ii 2.lol-00 1,00E-08 9,00l-09 3, lOE-Ob 2,bOf•Ob 
Ill l'-..,,l• b, IL- 0~ 8,bl-.17 2 ,b5f_ -1C 1 .r1!>L-Ulf " 9,dbt-H 2,&or-12 2,20(-12 9,bOE-07 I, 30f•08 
•.i r-'11 •·· t.i .nf.- 0 7 ~.6f-J7 5,11&,· -1, 2,91!-IO u 0,89E-ll ..... i.JF:-0':' l.80£-0~ 1,2!•E-06 I, 00[-nb ... ,-111 ,.tr-~9 f>.Ll:.-.17 3,&or.-c~ 7 ,5 01 -o~ 1, 36E-07 2, 70(-11 2,IIOl-11 5, 7!•E-07 6, 70(-09 .... ,_.,, 

£. lf.-C7 l.oL-.11..i ?..~Cr. -11 1.lf'.f t_ -(J~ 0,57l-lO 1,90[-00 l,n0[-09 2, OC•E-66 ,.,bOf-07 
llb ,--JJ o . 7t -oo 1.2,. -.11, ~.!"l~~-11 1,,)IE-u~ 1,~ttL-0~ 7.tsUf'l10 5,70l-Jn I, •C•f-Ob 1,90F•07 -~ "11-~:.. o."r-111 d,•l-.17 t... llf[- C'/ i.9~l-L~ ,:, 2,7U,•08 s.aur-l•'? ~.OUL:•09 1.at,f.-6b I, ME•O& 
•ti •"'-"'l~J o.'-4£-n 7 7,5l• H 1 .a1 L. - .:11 2,~.lt·L5 u 5,>l>c-H t..ooc-uq 5,IO[•Oq l ,<,!•f-Ob l,IIOf-% 
ll'l .~-~7 u,9L- 0 7 1, Ill• _ti, 1.'>~::- -l C 1.::,7L-Ct .. u l,b91. - !J~ f>,•OE-09 5,Ml•On 2, •f•E-Ob 1,50f-Of> ·,C"i '-R-'1711 ;,,,b[-117 1, ll-Jf> ... 7CJf. -1~ ... C..9(-(its u !).(lbl-11 ~.•or•OQ &I. 601:.-0° 1.Q(1E-f16 1,20F.-Ub 
~I ,, i1-9!', u,•E-07 7,5[- .17 1.lllr..-~9 2,U3L•65 u ~.~oL- 1)1 h.OO[•(tt'I ~.,oF-o9 1,b!•E-&b 1.•0f•Ob ... , l ~~-'.,7 !J.ol-07 I, ll- .IL fit t 701·. -J, 4. :'., ":J t •llli (, ~. ilbt-11 ", ... t,r-09 4 , f> Ol-09 1,90[-0b l ,2;)[-l'l6 :.>., ,.,0-9\: • li ~.2t-07 S,UE-.17 1,qzr-c-I Q.8~('-t.,b ,:, 0 2.2oi:-un t, 0 0L-O" 9, H•F-&7 ,.,70£-07 ~-,·,u--;;'J.., l,lt:-07 1,3[-.17 ?.,011: -ou 2.(1(1t:..-li6 u l,77L••J,; 9,50(-10 8,30[-JO 2,11(1[-(17 2,10[-07 
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TABLE III-A-13 (Continued) 
( ,~ 1C-'-i"J ,.· 1. t[- \;7 I .~t-.17 2 . 0IF.- Ub 2. ('Jt.1L-Llh u l. 77t-'l9 l. lUC-U'? 9.60t.-10 2. 7(•(-07 2.40F.-C7 

~t, 1-,; - t.,I.) ~.tl -1 ! l .4f- Jtl "•44L•;)b 5.3A[- ub ,:, l.llL-'ll 0 0 2.1,0E-10 1.30(-10 
J7 1<..-l".'l .>.ut..-07 7 . of -.17 J. ~sr - ,:"' "-~•r-u u 2.~,lt. -Hi .i.oor-u<:> 2 . 70l-r. 0 t.7(1f- Ob b.80f-07 
!>d 1,Ll-l".'.) • l .. •. lf-01 4.01.- .17 1.31r-~a 2.oqr-us u l.Ul.-07 4. 20f.-u9 3.bOE-r'? I. IC•E-Ob A.9~f-17 
~ ... nU-l':i.,,1+L. :,.=tt.-07 1. )f-Jo t>.03r_ - ~-, q.141-·-c..o ,:, lo'+qL-tJd !t.loE-09 4.SOE-09 I . 3!•E-11b 1.20(-% 
bf. t\ U-l~o+U 1.7(- '1 7 lo~L-.ln 3.5f.t:-C7 t.At(-0~ u 2 • 7<,[-0b 1.t1ur-09 1. 50E -~'I l.%E-Ob 3.00E-07 
ul nlt-l 'J:.., 7,c:,f-Cd lob£-J7 ~.~2::.-~o 1, 3bf -(.,5 ,:, 1,l!>r_-!)7 1.1or.-10 6.bOL-10 J, U(1(-r,7 1.70F.-07 
be ,~U-11:'':f • U •. Jl-r.9 .l. )(-J7 14,Jb'""-Cb ?..C.tll-CJS v 0 •.our.-11 3.SOf.-11 3.4!,E-07 9.30E-n9 
t,3 ..-13-ll i.l fl tL l.2(- 0u 2.•l-.t& b.7oc-ou ~.,21:-0~ \I l.4bL-07 2,1or-0A 1.110[-0A ~- J(1[-66 •• 9~f-olb 

•• ,..\J-1 l l 4!,.;E-Oo 3.~l-J7 1,21,. -\jo 4.34(-05 u 5, 71+L-OcJ 2.1oc-10 1.8ot-10 3dOE-07 4.8or-o8 .~ :,,4-12~ 7,Jl-Ob 9.lf-.17 ~. 19,-c ·1 1.o .. r-1,4 1,4Vl-c,7 8,.3.~C:-'lo ... bor-10 ~.70(-IQ 1. lC•F-r,t, 1.bOE-n7 
bh ..,(! -12o+ l.&[-r.u l.2E-.lb 1.10,L-l)U 7, 9(•[•U5 6,74t.-U~ 2,trnt:-'lo 1. ~or.-o·A l. JOE-OIi "·~(Jf.-Ci6 J.60f-n6 
&7 .> l t-12:.. o.bl-0·1 •• !,[-.17 ,.11,-n l.At>["-<,5 l.72l-u9 1,~7L-IJU J,5or-u9 J.J OE - 0'1 9.!'>(IE-07 7.80E-D7 
ob ~t>-127 b.7l-n 9.)l-J7 1.18~-07 1,.541 -"5 ", ~,71:.-C,9 :s.~7l-07 h.uOC-09 ~.70E-r'I 1 . r.oE-O& t.5nE-Db 
69 IL.-12:JM ,.7l-0'1 l. IL-Ju a.49[-C7 1. o~r. -0~ 7 .~4L-(17 2.12~-o., 4.aor-u j.50E-ll 1,5(•£-C,8 3.&or.-rc;i 
7r, IL•l27M ••'-C-t C, l,6[-.19 , ,621.-U7 2.1oc-"s l.ull-ub b,&tOE.-~t> 1.3or-12 l, 1 Of -I? 1.nnr-09 2.bOf-10 
71 I ,.-12 / l.~l-0~ t.t,L- .17 ?.,2tr- t.:b a.13L-06 7.'>3L-uH 1. ~jc-07 1.1ur-11 l.OOl-11 1,7(1(-(17 2,Mf-09 
7;;: ,t.-12•)J.:it.i '1.4(-C~ ~.7l-J7 l.77L-C<> 5.7'1l-y5 &t,!>Ut::.•Ob I. 17(-0~ 9.00(-10 7.70l-10 1. ·,or-r,1 2.1or-n1 
73 II -129 b.7E-Ob !>.3t-.l7 7.~ll-0~ 2.12r-ua 2.4(,E-08 3.1JE-0Jd ~.4or -10 7. IOE-10 7.00E-07 t.90E-07 
74 1(-lj lM J.,ClE-Oo t .3E- J6 4.71f-C7 3.8•f-05 b.'12l-07 A,1)2L•07 9 .90£- 09 8.40f.-09 2. 7r•f-ub 2.20E-% 
7~ IL-1.IJ ) .,c-n 1.IE-.lu t..,25l-U'J 3.511! -14 1.bJL-011 J.95t-Od 2.60E-U9 2.?0L-11'1 l .u!•f-06 1.•~r.-n1 
7b l r..•l .. ,~ l . OE - 07 ~ .3C-J7 1.54[-Cu 7.7'1l-u5 1.ll2l-ub 2.50E-Ou 2.oor-og l.70~-09 .. , (\(1(-C,7 4.0nE-07 
77 ·1E-l.>~O .ii::,Ol-Oo 2, 7l-Jb 1,qf,C.: - C7 1. on-01 7.33L-1)5 2. ~•tu:-01 2. oor~,111 l .70l-OA !J , Sc,E-06 4.40£-06 
n ·1~-l 3Jl-l • L., 1.llE-Ou l .4[-.lu 2.35 ~-llo t 0 4SL-09 3. !>2L-(J8 .. , ~l't1;.•0d 1.1or.-011 1. 50L-n6 5 . nC•E-Ob 3.9~E-Ob 
79 .~-1 .. 'ii+ l.2l-07 l. 9E-J7 l ,20F •t)o 4.4C•E-u9 2.&Sl-!18 J,.:!~,L-Od 1.2oc-09 1.oot.-09 J.~OE-07 2.50E-~ 
80 ,-1.9 l. tE-09 i.t • .)E-J9 b.Ott.-Ou 3.07E-07 b.lAL-03 2,4'Jt.-0U '1.bOE-12 1.ooE-12 6 . l!•F.-09 2.30E-09 
dl .-1J') l. HE-Ou 2. 3C-.l<> s. 77>. -07 l.89r-Ob 2 .HUl-U" 7.44l-OI 1.70f.-08 l.40E-OA 't.li(l(-66 J,9or.-o& 
82 1-tJl ,.tl-07 lt.9E-.17 ~.J7F.:-Ob 1.53F.-Ob 1.SbE-03 J.<,Jt:-Ou ~.40f-09 2.BOl-O'l 9 0 .l(IF.-07 6 . 80E-J7 
oJ .. -1J2 2.0l-Oo l.7E-.tb l.%L-07 1.01L-u7 7.33L-05 2.lthL-07 2.00E-08 1. 70E-08 5.5nE-U6 -.,a.or-n& 
bit ,-1)J 4.4E-07 8.8l-,)7 7.&2t:-01 2.2!:>f-(16 4.82E.-0" 1,,.3E-O& •.5or-o9 3.70l-09 t.!>uE-,,6 9.&0(-07 
b!, .. -13'+ ce:.OE-00 2.9f-J6 1. ~2~-C7 2.2~r.-10 3. 73l-!15 1. 07[ -07 1.90C-OA l.&OE-011 5.~r,f-Ob 4.20(-06 
ob .- 1j:.> l.5l - Oo 2. ·)f-Jb -..sc~.- 1.n l.1t1l-Ob 1.7bL-u• 5.r,1c-01 J.40( -08 1.20t-08 a.. nr,E-V6 3.Jnf-06 
~7 Al-l~l" -~.uE-o<J 4.0t:-JB C 0 u 0 0 0 5.&C•f.-08 6.20(-09 
di! AL-l.).,,1W. • •7t:-Od o. •~E-JO u n ,:, 0 0 0 1. rc,E-07 6.00E-08 
bq AL-1 .. ,j 2.5l - Oo b.9!-Jd 0 c, (, 0 0 0 l. tr•f.-07 5.70E-08 ... 9r. ;,,t.-1 .:i;..>1 .l.~E-07 t>. -,t. -.1 7 n (o (, ') u 0 1, •JOE-u6 7.60(-07 
'JI A~-1.):, •• lE-07 4.~f-.17 0 ,, u 0 u 0 7.90(-07 4.50E-07 
~l ..... ~-1 .. ,1 1.lE-0 I J . tH -.10 ~ LI ,:, 0 0 0 2. tr•E-Ob 2.70E-07 
'13 "'L-1-'b 1.2r-nu 1. 7L- .lu 0 (J ,:, u 0 0 J.ooE-06 2.60F.-01, 
i• ... ~-1 .. , ,. •. 7.3[-Cd ~ -11 -.18 2 .lt ! ... - ~ !) 1,6.,t -08 tJ 2, 2~t:- •)J 7.3uE-lr, o.20[-10 l.%F:-07 1.bOf-07 ,, ~) .. S-! .. '-'4 ! .JC-Ou l. 7l - .h:, 1. uo: - .: ... ;> . !", r,f, -(,6 u ~' • 29L - 1):, 1.4~f-OB l, 20[ - nA J.'H1F:- C1 6 ?.90(-06 
% ... :.:i -1 .. ,:... ~ .nf-!J. f-1 ,Lk·- .I Y 5 ,o4 t - 1) 0 3.71f-Ub u l.4 ct t.-(b 0 0 1.J(lf.-lj8 6.bOF.-11 
97 ... ~-1 .. )r. 1.'lt-Ou l .ll-Ju l .dlt - C~ 7.8h!-ub u h,.::4L- ')u 1.1or- oo l,50~-011 , . a c,E-oo 4.lOf-06 
"II ""s-.1. .. ,, .. , 7l - f'.'17 . 1. ,r- .1 1 :.,,htit - u~ 2.~'Jf•CJ6 u ~ • .lk-OS 4.90(-J~ 4.20l-O'l J. ·1of.-Ob 1.00E-06 
'l'l ... ·, -1 .. \u 1. l'E-Ou .\, ll-.lU ~ . 4 0 ~ - (. o ,,.09,:-13 (, ~.6h(-'),J 2.40f.-OR 2.lnt:-OA S, 7(1E-'•6 4 , 0t')F-l)t, 

'ur, ,.::,-1 .. 'i •.I ... ~1.-r.1 2 .11 - .1 1, 1.47:. -t.Jo 3.S•F.-3(, u J,H1t:.-Od 1.2ur.-u9 b.3CIL-09 J.?(1[-'J6 1,70E-06 
•~l ..,,,-1 .. '-'J J, 7t-Oo o.YL-J7 &:..ll8f-i.;y t.hOt-07 9.H5t-l)d 2.70(-09 2,'t0v•09 I. O!•E-ub 7.70f-08 
l!J~ l,,..-l" 'J :-:. .~t:.-l'I' ~.~L-J7 1.:,~r.-c u ,, . ::,21::-c.,~ u 2.02c-o~ 2.40(-09 2 . 1ot-09 7 .or1E-&7 4.90E-07 
'.0 .. \ Lu'.- l'+ HO t.':ft-Oo ~. 7[- .lt.> .:.,. 34;.~-lt' 9.32l-CJ5 u 2.53~-09 l . 7UE-OII 1.50E-OII 5. J!•E-Ob •.tJE-Ob 

1 ~- i..1A-14J :.,. ~t.-J)7 1.t.E-JI> 1.731. - 0~ 1.1.t(.1(-17 u ~. ll•E-Ob •.90E-09 4.JOE-09 2.40f.-Ob 1.1or-06 
to :., u,,-l&t i l ,il t- Ou 1.o[-Jll 1. J7i-. - u-1 LI u 2.2ot-os 9.00(-09 7.90E-09 3.0t•F:-06 2.?0E-~6 
1 Ub a.\-llt ~ ! . qi:.:- \) \) 2.7E-.lh J.34[-1~ 9.32!-0~ u i2,5Jt: - 01 1.1or-011 1.50l-08 s.JC•E-06 4.IOE-06 
107 ._ ,'\-l~J , • .>L- ll~ Y.2t-.17 ,.03,-11 t.24t::-05 u 3 .<JOt::-l!J 2.aor- 10 2.50E-10 1 . •1(,f.-06 s.1or-os 
\Oo ._rt,-t&t2 '- , 0l-Uu 3.lt-Ju I .44C-ll 4. IOL-07 u l.29C:-IO 1.dOE-08 1.sot:-0~ !>.9CoE-O& •.sor-o& 
hl\J 1,,,i-l'tl ~.9E-Ou 1.~r-,1 t..UBE-11! ? • 2Pf-u5 (, 8.8JC-09 6.20E-IO 5.SOE-10 2.•or-01 l.30E-07 
t!r. ""t.-l&tJ l. obt.-?1 h,Jl•J7 1,J:3'.-l!J 4.39l:-IJ5 ,:, t.&Ot-0? 2.soc-09 2.20E-n9 1. nc,r-01, 5.70(-07 
t!l ""~-l&t'4+U 4,0l-Od 1. 2 t:-.1n 1.qc :.- i; o l,bfll-L'4 u 3.27':-07 J.70f•l0 3.?.0l-10 1.40(-06 8.60E-08 
• t ~ t·r. -,1.4,j -, ,Sl-1•~ i .~i.-J"/ ,;J9f -lC 3 .0hF.-05 ,:, 8,9bl• 1)9 0 0 2.d(,f.-07 t.bOE-09 
\ 1_ 3 , ·,<-1&+-. ~.ul - 06 l,~t-.-Jb 1.S'lf -l~ . ,51 [-18 u :S.13i:-ll 2.30f-10 2.00E-M l. 3C•F'-06 5.60f-08 
ltlt ,-.L' -1 ~, I . 3l- a7 J , lt.-.17 1t,0.Y.-1 C .l. 34E-05 1) S.4Jt::-09 1.2UE-09 1.00L-09 ~.oc,r-c.., 2.An(-07 
I • ~ t· : - 1'4 7 J , JL-! l l . ,d - .1 O 1. i2c-~c; 7 . 93!-0b v 2 .3i>t::-ou 0 0 1.30E-08 7.50£-11 
11 t 1 t-', .. -l&tu :.J,i'l-U7 1 ,c?E.-JC c.,.11:-. -1 ~ 'l.•3F-v5 u 7.l .. L-09 5.JOF'-09 4.bO[-OQ 2. Jr•f-Ob 1.IOE-06 
l1 7 t"'' --1~ -J u . 'IC-0" .;,. U .•J 7 &.f.4[-11 '4 ,:1(•t-(J5 (, t .'>Oi:'-09 2.90f-ll 2,5fJE.-11 3.~!•E-07 1.sor-na 
"H 1•'. :-1,1 , . Jl-0 I !> .1(.• .17 o. ~t, f -11 3·. 3~(-(,5 (, 7.23£-lr. 2.30(-09 2.2oc-no 6,4M~•fJ7 s .onr-01 
1 ! 'I ~ •l-1!:>J .), ~(-Co 2 . ·~E-J7 ~.'lhi.•11 2.8t>F.-05 ,:, "• dhf-1 (; 3.oor.-10 2.1ot-10 2. ~,,r-r,1 h.SOE-08 
12r. ._u-1~0 ~. ~L-'.17 1 . ~f-.10 1.6'?L• t;'J 7.2•E-u5 u t.3nt-Od 8.7oc-u9 7.60L-n9 2 • .t1 (1€-C,6 2.IOF.-)b 
\~l .. -u,! , . ~l-Hl J . ~f.-lCJ .:.,ct9r -ic· ·.l.bOt-07 u t.Oll-Qtl 2.80E-12 2,IOL-12 &. ll(of.-10 5.30£-10 
l,!2 . -td~ 1. 4L-lf. 7 . lE- JII 1 • • ac -Cd 1.hr,r.-u5 (, 4.2bL-17 0 0 1. ,or -011 3.20E-10 

~ 
•.t~ •-lb7 J.o~-01 6 , JE - .17 , .• 12r-Od J.01[-"5 u l. llL-07 3.&ur-uq J.tOE-O" I .~C•f-Ob 6 . 30E-H 
, . .t4 v- 2.17 1,Zf.-07 1.ut- .1 7 l.it7t-lr 1.9•c-os ,:, 5 . 531.'-IO l.3UC-09 1.00l-09 3.4C•F.-r,7 2.bOf-07 
12!, ,,1'-ii! JJ ~.::ot-07 5. 7E-J7 • • 11r. -10 J.4 J[-u5 ,:, ct.27c.-!l9 3 • .2of.'-09 2.AOE-0'> 1.1(1F"-f16 7. 7 tl['-n7 
14!:b , ,P- .C:,jl:I l .lE-07 2.1E-J7 b,i.tt,£.-11 2.1tr,c-ll5 (, 1.~CL-~~ 1.1or-09 9.snc-1n J. 7e,r-01 2,•nr-J7 
1.::7 t"U-4'.3iJ bo8l:°-ll J.7r.-J9 4,39t - :j 7 7 . 3(1(•(,~ ,:, l.7&.-05 1.Gor-11 1.30(-12 '+,tl(JF-C.,9 1.~or.-10 
1,8 t 'U- 4!J~ ~.bE-11 7.bt-1 0 "• 12:-01 n.bbE-05 u I ob5L-05 7.70£-12 7.~0[-IJ 1.70F:-09 1,2or-10 
129 , 1U-.::cto u,!,E-11 l.7E-J9 4.lbE-07 6.70E-05 u 1 .o~~-o!> 1 .11or-11 l.30E-12 4.00E-09 t.40(-10 
tj(i t•U-21tl +U ,.ac-11 '4.2l-ll ••21E-IC 6.78£-07 ,:, l.44L-0~ 1,.8or-12 4.60E-t2 9.50E-11 6.!0f-ll 
•.Jl rv-242 ~.lE-11 I .bE- .19 .:i.92f•tJ7 1>. !>3E-05 (, I.Sh-~~ t.l>OE-11 l.lOE-12 J.6~E-!J9 1.IOE-10 
132 " :•-2•1 t.8E-08 2.7E-Jb 1.ct6£•0..- 7.lt2(-05 ,:, lodJL-0 ~ ?..bOE-10 1.80l-lO b.lOF.-08 3.90f-08 
u, ~ l•- ~'tJ+U 1.,E-07 2.5E-)7 1.•tr-00 9 .BE-05 v lo 77L-0~ 1 ,50(-09 1.JOf-09 "•6<•E-07 3.10£-07 
l J4 \,. f·~--''til l.&(-111 2 . 1~-.19 8.26(-07 7.92[-<,5 ,:, l. l5E-05 2.30(-ll s.sot-12 4. 7(1f-09 3.•0E-10 
,13~ ""M-c!ctlt l.2E-10 1,7l-J9 1, ~lF- -1.::o 7.55(-05 ,:, 2.2bE-O~ 1.IIOE-11 2.90E- 12 3. 90E-09 2.60F-10 
13n ~F - C:~i b.OE.-Oo 7.9f-JC, l,16t-tJo 2,8.-E-O• (, ... ost: - os 7.20f-ull b.ME-011 1. 7(,E-05 t.•oE-05 

( 
' 
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C' . 

1!.OTOt'E. 

7"! fE-·1 ;,i!u 
ar. 1-12<1 
111 1-13~ 
82 1-1,H 
113 1-132 
8" 1-13:3 
85 1-1, .. 
Bb 1-J3!i 

TABLE III-A-13 (Continued) 

MASTER LIST OF THYROID DOSE FACTORS(a) 

MRCM/YEAR PER PCI/CUBIC 
---lN;iALAl IOll--- ----M I L 1\-----
2 YLAH AUULT 2 YEAR Al>UL T 

u. ~- 126, 9,11 
5,7,. 3,.,3 36GC, Jl,.O, 
2,811 1,57 83, 6,61 
12,!> 10,6 362C, ""8• 

o,835 c,"1" ,.,511 0,330 
5.~1 2,70 262, 18,7 

0 ... 2.. C,209 0,911 d,Ob55 
2,00 ~.985 31,2 2,28 

METE:.-
LEAFY VE~E.TA~LE!. 
2 yEAR ADULT 

... o-. 1.11 
1"85, 5190, 

26,11 8,:,3 
1190, 5119, 

1,,.8 u,'128 
8", l 2'1, 1 

O,l'93 0,011'1" 
10,0 2,9 .. 

(a) The thyroid dose factors listed in the sample runs and program 
listings, and the thyroi d doses calculated in the sample GRONK are 
incorrect . The dose factors have been changed since the listings 
were prepared . The correct values are shown in Tables 111-A-6, 
-7 and -8 . The program now calculates thyroid doses for a 1-yr 
old and an adult. 

TABLE III-A-14 

NUCLIDE RELEASE WORKSHEET 
__ l __ H:_J 

2 c-1• 

______ ,J:.:;5'---"l<_,,L>_--'•:c..1 _____ ...,._kn •[,_-12!,,,1 _ _ ·- - ·-- _ IO~ __ BA_:1 .. 00 __ 

j7 SH~H9 71 T~-127 

-·- • __ f_-J8 _ _ ----"-~~-'-'S,_._t<'-----'-9~Q _____ --'-7_>_"c.-1?.':, t1 +Cl ______ 106 LA_-l'tl.l 

7~ TE-129 107 LA-1•1 

. 7'•. TL - 1'1" 

__ 1 . ~ :: .M~-----"'-'1'--"'S"-k:;.-9z.?"---------'·,..cs'-'-"'u,-1 ,1_, __ __ . _ .l~9_ C(_-1 •1 --

a Ak-J9 •2 Y-:O0_ 

9 Ah-•1 . . . "3 .. y_-_9J_v . 

l_Q_!>_c=-•-~-------"-•~•-Y~-~9~1~-----~z~• ~If.=J~.J.'::t.!l .. __ • . . . 11 Z. f',~~ 1."~- _ 

.s .Y- 0 2 

12 ,·,,.-s• 
__ 1J_~"9------'"'-'~Z~k~-~9~'-----~h~J~l_-.,_,_n _______ _ U~Le!l::l.•J. _ _ 

1• fE.-55 48 ZH-95~ b2 1-131 11~ PM-l•H 

15 f L-59 •9 Zk~ 97 b~ 1-132 lli PM-149 ' 

__ .1.u _v.:-~7 ~o Zk- 0 zw b!i ,-13;1 u_e_ PM,:-1_~1~-

11 cv-se b~ 1-13• 119 SM-153 

10 Lu -bO d6 !-135 12~ EU-15b 

19 I.J-t,J __ _ __ 5 3 . "0 - 9c •n . ____ t,_7_ VL-131 ' " 121 w-181 

J U Kr• -6~fo1 

.i t l( H- lJ~ 

··32:,;~-ttT 

~7 Tl'-I QI ',l ~~-- 13~ 

~q l~~-1 ~ ~ •~ ~~ ,l-l~b 

~o Qu-1 ~~•u ~·• C$• 1 ~4'' 

12~ w-187 

12• u-237 

. -125tlP-:-2 s;;--

12~ ~!P-239 

127 PU-23~ 

- - 128PU-2~-

130 PU-241+0 

131 PU-24, 

13~ CM-2"" 

\3~ Cf-252 



Warning to non-INFONET potential users: the authors studied the possibility of converting ARRRG, 
CRITR and GRONK to the IBM 360-370 series and to the CDC 6600 series and found that many of the 
features used in these programs are lacking in the Basic of these other computers. Thus, the 
authors concluded that these programs are not convertible into IBM and CDC Basic. Presumably, 
this conclusion would hold true for most other computers and time-sharing companies. 

III-A.7.2 Program ARRRG 

ARRRG (Aqueous Reactor Release Result Generator) calculates annual individual and population doses 
resulting from radionuclides released with liquid effluents. The calculation is performed using 
the equations of Section III-A.4 for doses received via any user-selected combination of eight 
exposure pathways: ingesting fish, molluscs, crustacea and marine plants; drinking water; stand
ing on contaminated shoreline; and swirrrning and boating in contaminated water. 

Internal radiation doses along the fish, crustacea, _molluscs, marine-plants and drinking-water 
pathways are computed for four organs of reference: whole body, GI-LLI, thyroid and bone. Exter
nal radiation doses along the shoreline,* swirrrning and boating pathways are computed for two 
organs of reference: skin and whole body. These external whole body doses are also listed under 
GI-LLI, thyroid and bone, and are included in the totals for these organs. 

Program output at the user's conversational terminal consists of the total dose by pathway and 
organ, and an optional table of the percent contribution to the total dose by nuclide for each 
pathway-organ combination. A more detailed output is automatically sent to a high-speed printer . 
The printout includes the above information plus 1) the section of the REL file containing the 
releases for the specified facility, 2) tables of dose factors, bioaccumulation factors, decay 
constants, concentrations of radionuclides in the liquid effluent, and 3) a copy of the parameters 
entered by the user at the time of the run . 

ARRRG obtains its data from three sources: 

(1) The holdups, usages and mixing ratios by pathway, the reactor coolant flow, shoreline 
width factor, and the reconcentration factor parameters are entered by the user at the 
time of the run. Section III-A.7.5 discusses the choice of parameters to use for the 
reconcentration factor and mixing ratios . The standard input to be used for the other 
parameters in absence of information specific to the site is given in Table III-A-3. 

(2) - The radionuclide release rates for all facilities are stored on a single large file 
called REL . Release rates for the given facility a.re stored once within REL at the 
time the information is received fr.om the applicant; this is the only file ever 
modified by the user of ARRRG and CRITR. ARRRG automatically accesses that portion 
of REL headed by the facility name entered by the user at the time the run is made. 
There is no limit to the number of facilities and they may be in any order, although 
facility names must be unique. Each facility within REL requires: 

• A line containing the facility name, optionally followed corrments. This 
line is printed as part of the heading on the first page and on the top of 
each result page. 

• The word SALT or FRESH to indicate which set of bioaccumulation factors to use. 

• The 136 liquid releases (Ci/yr) in the nuclide order given in Table III-A-13. 
Isotopes which are not released must be listed as zero, but ARRRG accepts the 
shorthand notation rZ to represent r consecutive zero releases . 

• A blank line of one or more spaces. 

(3) The 136 nuclide names, decay constants, dose factors, and fresh and salt water bio-
accumulation factors required by ARRRG are stored in the permanent file ARGIN. 

Table III-A-15 shows teletype printout for a typical run, with user input indicated by wavy under
lines. The worksheet of Table III-A-16 is helpful in preparing the input. The reactor name 
detent1ines which set of releases from REL will be accessed by the program. The user must specify 
a population dose or an individual dose calculation. If a population dose calculation is speci
f i ed, the user enters yearly usages for the entire population of interest; dose will be calculated 
in man-rem/year and appropriate table titles will be printed. If an individual dose calculation 

* For the shoreline calculation {Equation 6), the operating lifetime of the facility ts is taken 
to be 40 years. 
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TABLE II I-A-15 

TELETYPE PRINTOUT FOR SAMPLE ARRRG RUN 
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is specifi ed , the user enters indi vidual yearly usages; dose will be calculated in mrem/year and 
appropr iate table t i t l es will be printed . For a population dose calculati on, specific site data 
is used for consumpt ion of aquatic foods and hours of recreation. In the absence of such infonna
tion , default data on per capita usage such as in Table III-A-3 are multiplied by the population 
l i ving within a 50-mile radius of the si te. 

The holdup, mixing ratio and usage paramet ers are then entered by pathway . For unused pathways 
0 0 0 i s entered. Usages are in the units kg/yr for the four food pathways, liter/yr for the 
drinking water pathway, and hr/yr for the shoreline, swirrming and boating pathways. After the 
user enters shoreline width, coolant flow and reconcentration data, the program surrmarizes the 
input for the user to check. If t he response to "constants OK?" i s N or NO, the user is pennitted 
to re-enter all the parameters. 

The program prints a table of dose by pathway and organ, and prints totals by organ. At the user ' s 
option, a table of percent contribution to the total dose by nucl i de is printed for each pathway
organ combination. If the user responds Y or YES to "run another case?", he may run ARRRG for 
the same facility with a different set of input constants . 
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REACTOR NAME 

TABLE III-A-16 

ARRRG INPUT WORKSHEET 

--------------
• POPULATION or • INDIVIDUAL dose calculation 

HOLDUP USAGE 

Fish hr __ kg/yr 

Crustacea hr __ kg/yr 

Moll uses hr __ kg/yr 

Plants hr __ kg/yr 

Drink-ing water hr -- i/yr 

Shore 1 i ne hr __ hr/yr 

Swinrning hr __ hr/yr 

Boating hr __ hr/yr 

MIX ING RATIO 

SHORE WIDTH FACTOR COOLANT FLOW ____ cfs 

RECONCENTRATION MODELS 

Simplified theoretical modeJ 
VOLLfolE ____ ft 3 TURNOVER RATE day-l ----
MAKEUP FLml ____ cfs CYCLE TIME hr 

Empirical model 
RECYCLE FRACTION __ _ CYCLE TIME ____ hr 

D 3 No reconcentration 

TITLE FOR THIS CASE ------------------
RE MARKS : 

Table 111-A-17 shows the high-speed printer output resulting from this run. On the last page is 
a sU111Tiary of all cases contained in the printout. 

111-A.7.3 Program CRITR 

CRITR calculates annual internal whole body doses to organisms resulting from radionuclides 
ingested with their food, using Equations 12 and 16. CRITR always calculates the internal dose 
to fou~ primary organisms which are directly exposed to the radionuclides in the water: fish, 
crustacea , molluscs and algae. At the user's option, internal dose can also be calculated for up 
to six secondary organisms which feed upon one of the primary organisms. 

Program output at the user 's terminal consists of internal dose to all four primary organisms of 
the selected organ radius, internal dose to the selected secondary organisms , optional percentage 
contribution to internal dose by nuclide for each selected primary and secondary organism, and an 
optional table of release rates and concentrations of radionuclides in the liquid effluent by 
n~clide. CRITR produces no high-speed printer output. 
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TABLE I Il-A-17 

HIGH SPEED PRINTER OUTPUT FOR SAMPLE ARRRG RUN 
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17 t:u -':>" 
lb Ctl -t> U 

l':> ""' "" 82 
lb t, N-HJ•U 
,1 .. ..,_"_ 
J• ..,o-ttb 
.t"i ,.,., .. t,t' 

Jb • l"l-t,'1 

J 7 ~---d'i 
.HI !,"'-"IV 

J'I ~°'-"I oli 
• • , '::,rl-91 
4 l ':l"-"ll 
,., Y-9U 
ttJ r-'H., 
•• Y--il 
.. 5 f•'12 
4tb Y-'IJ 
ttf /W-'15 
•H l""-'J':>U 
•o; '"_...,, 
:,(J /N-'171.J 
.,1 ""rt-"IS 
.,2 ,...,, .. 97 
-:,) "'U-'J'il•O 
S4 l'"U-'i'JU 
">5 TC--i'i,.. 
')8 NU-lC,J•u 
:;._ wu-11.1,•U 
bO HU-ll.lb•U 
bl N'1-1U':> 
OZ ._,O-l09•t) 
tt • au-111 
b" Sd-127 
b9 Tt-lc514 
ro rt-ll7• 
II Tt-127 
72 Tt:.•lt9,.•u 
rJ rt:-lc" 
r• n-lJI" 

15 Tt-Dl 
11, Tt-lJZ 
17 Tt-lliU 
7b Tt.-133.,.• U 
,., Tt-134 
"I 1-IJO 
CO2 1-JJI 
c,J 1-132 
... 1-133 
d5 1-134 
dll I-IJ5 
"'• C..:,-lJ•• 
~5 ,s-lJ• 
~, c,--1311 
~8 <.S-131 
'19 cs-1J1, 

100 CS-139 

IOI ""-IJ" 
1~2 l>A-140 
IOJ NA-1401> 
IOI> LA-140 
!el l a -141 
1ue L&-1•2 
II,. Ct-141 
110 Ct.-l•J 
111 Ct:-144•0 
112 l'lf-143 
114 NU-147 
115 .. _147 
l lfl> l'N-1411 
117 .... -149 
118 P"-151 

l+bOt-c,.J 
J.O.?t.-u~ 
~.)-,t-(.1) 

t.llc.-uit" 
i+•lt.-Oc' 
l ••h-Ui 
1.11lt.-u) 
••i,,t.-uJ 
,.:tttt.-u~ 
I • .t~t-u.t 
:,.'1Yt.-U6 

t.out.-u::. 
c:'e'IJUl-Uc. 
o.:,ut.-uo 
d.ouc.-Ub 
c:.~ut.-uu 
•• out.-ua 
c.:iut.-uh 
1e1Ut.-U:, 
c.•ut.-uo 
'••Vt.-"" 
1edOt.-Ub 

1.110 
1.vo 
I .uu 
I .vu 

'·"" ,.uu 
1.uu 
1 .110 
, • .,u 
1.ou 
1.11~ 

TABLE III-A-17 (Continued) 

c.::..:,t.-0:» 
••1 lt.-UO 
-..c:lt.-Uo 
,.c-,t.-u:, 
.J•:>•t.-Ub 
b.~c&.-UC> 
.J.ilot..-Ub 
J .,IH.-0:> 
.J•"ltUt..-Ob 
••ttCt.-u• 
c.,x-u• 

1000 
1000 
111011 
1000 
JUOU 
lUUO 
1000 

IIO ... 
400 
110 

l\lUU 
IJOO 
,uou 
uoo 
lUUU 
IUUO 
IUOU 

1>0 
OU 

•u• 
lUO 

~000 
SMUO 
,uoo 
~uuo 
,uoo 
~uoo 
,uuo 

I 
JUU 
JOO 
J~O 

------------------------• u v L T V \J ':, t f • ~ 
ti •~-----------------------

----••••-•) 11 b t. ~ 

H•Llf 

i,. l ft - iJ I 
t! .,., 7t:..-u-, 
-,. o~ c.- ,1 / 
l elt bt.-u I 
J •bbt.·Ub 
l • bf:lt.•Ub 
•. 7ut.•Vb 

C' • J•t.•Ub 
J . tilt • Uo 
':> . tbt'. -Uo 
l • Ullt •0:) 
J.~t,c -li.:, 

t'•O"-t.•Ob 
"' • l.Jt-Ub 
o. 9':> t. -0:) 
,.b':>t-11.. 
t!.4.Jt.•UI 
"l•J':>t - llb 
c' .o::,L• l U 
J.ltl\t.-1 e' 
.hbUt.- 0 "1 

i.':>llt.•l l 
').':)Jt.-1 l 
tJ. J•t.-OY 
l."IE-0~ 
1.~~t-lv 
... 7ut. -lc:: 
l .~1t.-fJ,1 
4.7ot•l, 
I ."llt't•0 I 
l.Olt-ue 
c-.Olc.•Ub 
I.art-Ob 
b.U3t.•U1' 
.l.!:>bl-U7 
:,.tt2c. -ua 
••lbl:.•Ob 
1 .llt.-Ub 
1 • 1 ttt.•U I 
~••9l-01 
1.bt't-OI 
~u!lt-OD 
l.71t. - Ub 
leblc.•UY 
.. . , J.t.-t,1 

b.c'~t.-U'I' 
1.:,•t-uc, 
1 .... ht.-OI 
c:.3'!>~-~10 
i.lut. -U<' 
1:t.77t-OI 
.J.:tlt.-Ub 
1.Yt>t.•0 I 
1.b~t.-OI 
l•U~t.-01 
•• ~nt.-ul 
~••-'t.-Ob 
J..uut.-o• 
1 .elt.-0'!> 
!'leb&,t:.-t,:, 
:,.4Yt.-OD 
..... 7(-0tl 
~.ttctt.-U1 
t.JJt.-Ob 
Jel4t.-lU 
).J4l-lu 
,.o.Jt:-11 
l-•"E-11 
Cledltt..-1 0 
l•.j)f-lu 
leYttt.-Oo 

, ••)4-t.-lU 
•• u:tt.-lv 
lelt't.-UY 
bellt.-lv 
deft•t.-11 
•••lll-11 

l~ 1-Ll. i 
o ... uc..-u ,, 
O eO 'l't.-U, 
1. JC\t. •u :, 

o • i. l l•U I 
J• J 1 t.•U ':) 

l e':,t!t.•U:, 
J. 'll11t. -V :> 
c- .':,Jt.-uo 
:)• o lt.•Ut, 
i.. 1 :,c.- i .t 

.. •C: 7t.-U"' 
.uot. •u u 
• UUt. • Uu 

,. • "1f't.-u, 
J .c .Jt.-u .. 
1 .U:,t,-U«. 
t.olt-u, 
~te.Jlt.-u, 
1. u,t.-u11 
C' e"llt.-l 1,1 

r. ,u t.-u:, 
1 .... -,,c.-u, 
b.Jlt-u:, 
c.-,JC.:•O':, 
t.uJt-u:, 
1.u1t. -u ... 
-..uvt-ua 
c:: . uJt-u, 
4.u'lt.-uo 
.,.o':>t.-ut. 
C.1,,10t•Ub 
c.uut-u<• 
C• U"t.•U:> 
..,. l"c.-uo 
1.oll-\l ... 
1.Jot.-u:. 
c.u,c.-u:, 
,. • .J•t-u, 
b•=»•t.-0:» 
1.u,t.-;.t':> 

c.1ut-u, 
.,. lJt..-Uo 
:.. l"llt.-!J :, 
,.J.c:t.-ur, 
.,.o .. c. - u, 

.J.:," t.-1• 
I. l"llc.-1'"> 

1 •" lt. - !JI 
Je•:,t.•VY 
-••llt.•!J"I 
1.ovt:.-U'> 
le:>..Jt.-Ub 
1.u1c..-ut 
t!•t!~t. -vo 
c.c,t.-1•1 
1.•1t.- v., 
l•b..Jt.-U" 
~.:,bt.-UO 
c.obt.-uo 
i.w:,t.-uo 
••o"t.•l .i 
J.:,•t.-.JtJ 
1.oot.-u I 
• •Uc't.- u:, 
... J~t.-u::> 
,, • ..sct. -11:, 
1.c•t.- 11:. 
• .1 ot.- ut 
~.cctt.-u, 
••.J'tft. -u:, 
1.c,.,t.-u• 
.J.oe,t.-u:, 
:, • .1•t.-U:, 
I .>t,.:tt.-Vb 
., •• .)t.-u, 
•.uot.-u:, 
J.~,t-u, 

I I O -~----------• 
f M"fK\JlU 

l .c- tt.- u I 
1.:--,t.-U""I 
.uut.•u u 
• UUt. • UU 
.uu E. •uu 
• IJUl:. •UU 
.uOt:..•I.IU 
.uot• Jv 
.1.,ll)t. •UU 
.uut•Uu 
• Ul.lt • UU 
.uut.• QO 
.uUE.•Uu 
.uot.•Ou 
.uOE•UU 
.u Ut. •UU 
• uut. •Uu 
.uur. •Ou 
.uuE•UU 
• UUt. •tJU 
.uut•CI U 
.uut•Ou 
.uut.•OU 
• Ullt •UU 
.u uE•UU 
• uut: •u u 
.ouE. •U u 
.out•uu 
.out:•uu 
.uot.•Uu 
• uot. •uu 
• UUE •UU 
• UU l• OO 
.uuE. • Uu 
.uui•uu 
.uo':.•uu 
. uut.•uu 
.uut • ou 

4 .U7t::- Uli 
'•"•t.-ut 

ttUNt. 
• uut • \IU 
.u uc.•uo 
• UVt. • UU 

o. lc,t:..-u I 
.... ,ct•uo 

.uuc.• ou 
• uut:.. •uo 
.uut•uo 
.uOt•UO 
.uOt•OU 
.uut.•uu 
.uut.•uu 
.uut. •UU 

J.cut-u-. 
J.Jbt.-U'
'll.dbt.-U-1 
':>.dt!t'. • Ob 
C°• lbt.•Ub 
'll.dbt.-0"11 
Ded"lt.-1 l 
leJbt.-11I 
o.,tt -tu 
1 ."llttt•U'll 
,.,ut-uo 
, . ~bt•IJ.M 
1 .b-,,t.• O'i 
,.uot-J 1 
:,.',ot.-U"II 
:,.\,)bt.-11 

.uut.•uo 
l. 7lc.-UY 
1. I lt.-U 'I 
1. ,,t.-07 
1.-.._t.-ua 
C. hlt.-Ub 
1.1~t.-ut 

• uot.•uo 
:,.7•t.-Utt 
.,_., ·,t.-07 
.t.lct- UI> 

1.01t.-uo o.•Ut.-Ub 
1.:,,t.-uo l.tJ Jt. -\1 1 
... :,0£-ur, l.l tt. -U'> 
~-•ut.-un J.l)t. •u~ 
a.-,,ct-u, ~.oct. •ut 

J.eoJl-Ub l•Y~t. - Ulf 
1.o~t-Ub c' e,bt.-Jb 
1 • .J.Jt:..-u, c:.ubt-07 
J.~ek-J" ... u-~-~e 
lel!l':>t.-Ort J.c'~t..-Uo 
~.dbf-u• ,.--t.-ur 
1.o~t.-\1.J J.Y.Jt.-Ub 
7 • .JJl-u:, c.uot.-uf 
-.o.et.-o- 1.•.Jc..-ub 
.J.IJt.-'1, 1.utt.-\11 
1.lbt.-'1• :,.Qlt.-U1 

.uUt.•OU i-~~t.-u& 
•"Ot.•VU :,.iYt..-V~ 
.out:•uu o-~•t.-nb 
.vut•uu o. J tt.-u~ 
.ut,t.•UU :,.bbt.-Od 
.ut,t. • Uu .Jeldt. • utt 
.uut•IJU ,,.o:»t. - ud 
.uOt. • ~~ CeUc' t-41 '> 
.~ut. • ~u c.,Jt.-u~ 
.tlUt.•OCt i.:,.Jt.-U'I 
.uut.•OU ..J.YOt.-lU 
.t1ut:.•11u 1.~'lt.-1 0 
.uul•Ov ct.tt.Jt.-O'lf 
•"Ot.•UO l•bUt.-UY 
.uot.•ou .:1.c,t.-ut 
.uut.•UU de'IK- OY 
.\IOt•OU ~-•lt.-\1 '1 
.IIUt.•CfU c'e..lbt.-O• 
.vut:.•OV I -~'11::.-0Y 
.vuf •Ou 1.,ut.-0'1 
.uut:•uV ,.i.tt..-10 

-') l"t U "' l L l N c.-
~,._ 1,.. rlOUY 

• (IUt • IJU 
t!•bUt-10 
beoUt-U'II 

.uu t.•uu 
'1 .4tC,l-U", 
be.?Ut•OY 
t.uut-uo 
t! . cut-ots 
'JI • .JUt. • 11 
l • «.Ut.-Ud 
1.~uE-10 
•-uuc.-u-; 
1.ouc.-u cs 
b., ut.-1:J 

.uut:..•\h.1 
l•bUt.-lC 
d.Jut.-lJ"t 
1 • \.IUE-utt 
2.out-ll 
"•"Ut-U"il 
l .7ut-ll 
1.-;uc.-U', 
7 .but:..-10 
:,.ttot-U" 
b.UUt. - U'il 
b . • c.,t:-UY 
':,.4Ut:..-09 
o.uuc.-u'tt 
, •• ot.-OV 
2.,ut- 0,1 
~.sut.-tu 
1.1ot-us 
••iUt.•U"il 

• OUt. •\IU 
~.cut.- 1u 
I;, . t:SOt.•U'lf 

• UUt. •UU 
b.Out.-U'll 
I• OUt.-U'll 
l. IUc.-Ob 
1. 'il(lt-Ut, 

t,.4Ut.-11 
1.cut.-Ub 
h.JUt-lU 
J.':> Ut.~U'll 
1.~ut.-ua 
~.bOt.•LJ 

.out•Ou 
l.2ut.-lc:: 
1 • 1 Ut.-\lY 
~.out.-u., 
c'o c'Ul-lc' 
J.dOt.•0'1 
t.4Ut.-11 
1 • bUt.-u'II 
s.1ut-10 
:,. OOt.-O"il 
~.lut.-uY 
s.,ot.-uv 
.-.bot.-U'I' 
~. 1oc.-u"' 
4.bUt.•U"I 
l .Y0i•U"ll 
tt.JOt.-lU 
._.bUt.-1'1 
J.bOt.'"-O'lf 

, .1 uc.-ov •• sut.•u; 
1.oot.-u" 1.,ut.-uY 
I.IUE-IU 1>.011t-lU 
.-.uot.-11 J.,ut.-11 
c'olUt-10 l.8Ut-lU 
b.OOl -0 '11. :,. 7ut. -U'II 
4.dUt. •1 1 J.,ut.-11 
1 • .Ju t.• lc 1.tut.-1~ 
1 . tot.-.1.l 1.o ut.-11 
;.uut.-1 0 7.7ut.-1u 
" ••l..lt.- .1.u 1.1ut.-1u 
Y.Yut.-O'f d •• ut.-uY 

c.out.-uY ~.~ut.-U'tt 
t.uut.-:J'- t . 7ut.-u.,, 
c.out.-utt 1. 7ut..-Jtt 
} • 7Ut..-UIS l .':>Ut..-ue 
1.cut.-u~ 1.uut.-U"II 

1. 7ut.-utt 1.•ut.-01t 
J.-ot.-"Y i.out.-U~ 
c.out.-utt 1.1ot.-oo 
• • ~ut.-o~ .J.7ot.-0"ll 
1 • ..,ut.-Uts 1.bot.-ua 
1 •• ut.-ud 1 .cut.-ut1 
l.J0~ - 10 b.iOt.-lU 
l e • Oi:..-0&:t l .lUt..-UD 
1.1 ut.:-Ob a.:,ut..-OD 
•• vot:-u~ •.iut.-u~ 
c.•uf-ua ,.1ut..-ut1 
,.~ut..-uv b.Jut.-u.,, 
~. 111t.-O¥ c'••Ot.-OY 
~-•ut..-UY t . 1ut..-UY 
1.tut. - ua 1 . ,ut.- ~d 
l •7Ul-Ub l o5Ut-UO 
2 ."ut-1u z.sut:-1 0 
l edUt. - u8 l.Sut-ub 
b.iUt.-10 ~.~Ol-lU 
l e'> Ut -u¥ l.~o~-UY 
J.lut.-lU J.Cot.-lU 

. ou£.•oo .out.•uu 
1. 2ut..-u~ 1.oot.-~Y 

.out.•UO .Olilf•UU 
~.J~t:-u¥ ••&Ut.•U'I 
i.suf-11 2.sut.-11 
2.J~t.-u¥ i.ltt.-u~ 

111-A-25 

-~ • l M ~ l Nb--
~K IN dlJtJT 

. OU t.•Ou 
o. • Ut:.-Oo 
I.Hut-Ob 
3 .ouE-IU 
ZobUE-Ob 
l.JOE-Ob 
s .... ut-Ob 
b.JOt - Ob 
.1 .iuE-01 
~.Jut-Ob 
H.>Ul-01 
J.buE-Ob 
S. dUE-01> 
~.•ol-07 
l.~oE-07 
•.bOt - 07 
z.,oE - Ob 
J. lOt.-Ob 
"ll.oot:.-1.17 
1.tut:.-00 
~. tuc::.-o 1 
c'."O E•Ub 
l ••UE.-Ub 
I .cout-Ob 
l.bUE-Ob 
c • .-uE•Ob 
1.,uE-Oo 
l.bOt.-Ob 
l .'lfUE.-llb 
"• lOt.-0 I 
i • .-01:. - 01 
2.rut-01 
t.lOE-Oo 
1ed0E•Ob 
1.vot.-Ob 
J.ouE-07 
J.•uE-07 
J.dUt.-07 
1.dU[-Ob 
I .SH - OH 
ledUt - UY 
1.Iu,:..-u1 
, ... ue - u , 
1.1i1ut. -u 1 
l.7ut - Ub 

I• bUl-Ob 
.. . dut: -o t 
,.'Jlut.. -uo 
,.u'1t:..-Ob 
J.,OE-07 
•.dUi -Oo 
"11.Jut-UI 
,.:,Qt..-lilb 
1.,oE-O o 
,.:,ut.-Ub 
... uot.-,.u, 
1.,.otc-01 
J.SOl-01> 
4.dClt:-Ob 
J ... ut:-Ob 
,. ,ot-uo 
JoiUt:-Ob 
1.u c. t:-0& 
, . c,ut: - u, 
:, • .J~l-O b 
, .Jut.. - o• 
1 . uot. - 0• 
~ ... uE-o• 
l ••Of - 07 
1.uut:-ub 
l e• Ul:.-Utt 
, ... ut. - ol 
'JleOUt-ltl 
le.JOt.-ue 
.toOOf.-Ob 
~.,-ot:-ul 
-t.4ut:-o7 

.uuc.•1i1u 
':>.cut.-uo 
l .:,Ot.•Ub 
b. • Ot.•.1.1 
2.tOt.•Ub 
1.c1ut.-uo 
... out.-ub 
':>.JOt.•Ub 
i • IUt.-Utl 
J.:,oi-uo 
t.7ut.•UI 
1.cut-Ub 
4.!:>Ut.•Ub 
• • out.-u" 
:, .• llt.-llil 
1.Jut.-Ob 
1.-iut.-Ub 
z.out. - uo 
l.JUt.-Ub 
1.uut-uo 
t,. lut.-U'i 
... bOt.-01 
l.'llUt.•U/ 
1 .'Jlut.-Uo 
l.4Ut.-Ub 
1 .:,ut.•Ub 
loc'Ut.- Ub 
1.•ut.-u,;i 
,.~ot.-uo 
•• ,ut.-u, 
C. lUt.•U I 
c.-.ut. - ut 
"•YUt. •U 1 
1 .~c.,c. - ue. 
J.oot.-UI 
1.1n- 01 
'll.JOE-O'tl 
•• auc.-Ott 
1 .:>0t.-Ob 
J.6ut-os 
c.ooc.-10 
,.c:tC.,t.-U'I 
c.1ut.-01 
1.-,ot. -U / 
2.2u,-u,. 
, • • ot. -u t 
... uut - ut 
• ... \lt.•Ot, 
J.YUt..•Ub 
C:e:»Ut.-0I 
J.YUt.•Ub 
t11.1to1:.-u1 
4eo11tC,t.-Ub 
SobOt-01 
••c'Ut.-Ut, 
J.Jut-ub 
1.but.-01 
l.-,c,t.-Ub 
• .10£-uc, 
1.uot..-ot> 
•.vut:-uc, 
l.1ut.-Ut, 
1. ,ut.-uo 
- .Yut.-u, 
• • lut.-"" 
••lUt.- Ub 
~.101::-ua 
... ~ut.-o& 
lelUl-UI 
!>o IOt.-U I 
d.oOt.-Uo 
lebOt-U'i 
2.•0t.-UI 
1.:,ot.-11 
1.ut.-uo 
1.,01:.-ue 
!>oUllt.-tl 



1111 
li!U 
lif4 
li!!'t 
lift> 
130 

"' ~ 

TABLE III-A-17 (Continued) 

S•-l!'tl ,.Yttt.-11 z.attc.-1>, .tfllt.•UU v.eot.-10 loOOl-10 z.1ot.-1u l+!I0(-01 o.,ot.-1h, 
tU-lS6 l •t.'Jtt.-O,t '•it•t.-u~ .uut.•lfU 1 • .JCK.-"IS d+711l-OY 1.001:.-0., it.ttoE-oo Z+lttt.-ltb 

u-zn l+41t.-1U le'11141tt.-":, .-,Of•UU ~.~.st-lU l+Jlff-U'I 1.oot.-u" lo • Ot.-01 Zol>Ot.•U/ 

"'P•Zl" z.11t.-1u .l •• :Jt.-t.l:"1 .oot:•Ou ... tlt..•cJ'I l+~Uf-UY -'••Ot.-0,_ lo!Uf•06 1+ 7Ut.-tH 

llt'-Z39 e., •• e.t.-11 if+•Ot.-u~ .uoE•UU lel&tt.-OV lol0t.•U9 llo59t.•l0 3. 1UE•Of L+40t.-UI 

.. U-241•0 4o?lt.•l0 1te l11t.-ul .uut.•uo 1-••t.-1ttt l>ollUf•li! ••l>Ot.•li! Y.,oe-11 l>o!Ot.•H 

( A~t. l: 

--T 1, I ,. L r O u Y-• 

l eLlnt.-lJc' b•t
:t• i<'t.-\lJ Jl,-

-----,, I - L L 1------ ____ , Ii Y M O 1 u-----

Tt\l IL c; hULll 1.e .. r.-1.u 

-------·------
1.1 .. 1 .. -.1;4\j •' Tt.k ""j I• ltt. •UJ •l• 

1-1 .tl J•Jdt.•U,_ .. 
TOT•LS duL)T a.,.::,t.•1. J 

-·----•) • I .. --------
!t"O"r:. L ll'IIE (">•lJ<t ••U lt.•U• tH 

1,.::,•l,I "l•V•t.• LI• ... 
ToT•L~ , ... 1.,. 1 ••ut•UJ 

s., ... ~,q,-c; I• l JI 1 •. u,t.-01t l•• 
l•lJC ,.1cc.-u~ .. 
l•lJJ l eV'llt•U• )"If. 

I• I J, l e \lJt.-U• "°' 
TOTALS SI'. 1-. ,.1,c.-.J• 

ttu• r ,,,,,u ~• ... t: ., :t•l"'"lH'J 
TOT IL c; ~,..~ i(.~lt.-U• 

C•SE 1: !>U•U•'L.t. AkKHb KUN 

MULUUt" fl "4t. U:,'°IUt ~IAiNU 
NIJUN!> PtS ,. IUTlU 

FIS" z• JJ.t, ,UJ 
oa IN• ING IIIATE~ ,. t•JO , UJ 

Sf10Mt.Ll"'tt. s iOb ,I• 
S•lMMlhU ~ •lb ,1" 
dUAI I"~ ~ •lb ,I• 

PLA,..T LIFE• JO 'f't.A~~ 

WECONClJ\IT"'AT JON F Uk"4!..ILA ,-UMdt.N J 
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CRITR obtains its input from three sources: 

(1) The reactor coolant flow, reconcentration parameters, holdup, mixing ratio and 
information characterizing each organism are entered by the user at the time of 
the run. Section III-A.7.5 discusses the choice of parameters to use for the 
reconcentration factor and mixing ratios. The standard input to be used for the 
other parameters in absence of infonnation specific to the site is given in 
Table III-A-9 . 

(2) 

(3) 

The reactor release rate file REL is shared by ARRRG and CRITR . · The discussion 
of REL in Section 111-A.7. 2 ~lso applies to CRITR. 

The file ARGIN is also shared by ARRRG and CRITR, and the discussion of ARGIN 
in Section III-A.7.2 also applies to CRITR. The file CRITEN Table III -A-18 
contains a tabulation by nuclide of effective energy per disintegration for 
seven critter* radii between 1.4 cm and 20 cm and for the total body of man . 

Table 111-A-19 shows teletype printout for a typical run, with user input indicated by wavy under
lines. The reactor name determines which set of releases from REL will be accessed by the progr am . 
A title is entered to identify the teletype printout, but is not otherwise used by the program . 
Holdup time in hours, mixing ratio and effective critter radius in cm, is then entered for the 
primary critter. The program su11111arizes the input for the user to check, and if the response t o 
"constant OK?" is N or NO, the user is given a chance to re-enter the parameters. CRITR then 
calculates and prints the internal dose to the four primary organisms of the given radius : fish , 
crustacea, molluscs and algae. 

Any name is allowed for the secondary cri tter. The holdup time, mixing ratio and the radius are 
entered. The tabulated radius in CRITEN closest to the user~specified radius is used to scale 
this dose factor to the size of the organism. The food type may be specified using any of the 
following names: 

Response to "food type? " Organism Used for Dose Calculation 
fish fish 
crustacea, shellfish, lobsters crustacea 
molluscs, oysters, clams molluscs 
algae, plants algae 

The program examines only the first two letters of "food type" so the operator need not be con
cerned whether his response is singular or plural, or is a variant spelling. After entering the 
food intake rate and mass, the user i s given a chance to exa~ine and reject the parameters. CRITR 
uses the adul t whole body ingestion dose factors to calculate internal doses, then calculates and 
prints the internal dose for the secondary critter . 

By answering ·y or YES to "another secondary cri tter?" the user may repeat the secondary critter 
portion of the ca l culation , up to a max.i./llum of six secondary critters . At user option, a table 
of percent contribution to each internal dose by nuc l ide is printed for each nuclide contributi ng 
at l east a user-specified mi nimum percent . The release, rec i rculation factor , concentration, 
bi oaccumulati on factor , body burden , dose and percent contribution are printed for each nuclide . 
Al so at user opti on, a l i st of releases and water concentrations i s printed fo r all nucl-ides . 

111-A. 7.4 Program GRONK 

GRONK (Gas Release of,NuKlides) calculates annual dose resulting from radionuclide releases in 
gaseous effluents, using Equations 8 and 9. Skin and whole body dose to an individual and total
body dose to the population are calculated in 16 sectors and in up to 10 annular rings out to 
50 miles from the point of release . An optional calculation ts the thyroid dose via the inhala
tion, milk and leafy vegetable pathways at a user-specified set of ranges. 

Meteorology is accepted in either the Pasquill or Hanford format. The user may specify the release 
height of the effluents, a plume rise constant, a bui l ding-wake correction and a meteorology 
height correction. If the opti onal thyro id dose calculation is selected, the user may specify a 
grazing peri od, vegetable consumption period and the vegetabl e consumption rate . 

A deta il ed output is automatically sent to a high-speed printer . This output contains: 

• the population table supplied by the user 

• meteorology tables supplied by the user 

* In CRITR jargon, "critter" means "organism. " 
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TABLE III-A-18 
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TELETYPE PRINTOUT FOR SAMPLE CRITR RUN 
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• the meteorology tables after any normalization is performed by the program 

• the releases, decay constants and dose factors used by the program 

• the percent contribution by nuclide to dose at the point of release (termed 
"at the stack" in the printout) 

• a table of computed x/Q' 

• tables of skin and whole body dose to individual and whole body dose to population 

• average dose to population in annular rings 

• tables of thyroid dose if that option has been selected. 
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At the time of the run, the user may request that any combination of these tables also be printed 
at his conversational terminal. 

GRONK obtains its data from three sources: 

(1) The user specifies at the time of the run the items indicated in Table 111-A-20. Due 
to the large number of possible user options GRONK does not operate in a question-and
answer mode as do ARRRG and CRITR. Instead, at the beginning of the case the user 
enters letters representing his chosen options. If any of the selected options require 
user-specified parameters, GRONK will request only those parameters required. 

(2) A single file contains all the information necessary to characterize a facility for 
GRONK. This file name~ Gxxxx, where xxxx stands for the first four letters of the 
facility name, is the only file ever modified by the user of GRONK. The infonnation 
for a _given reactor is stored once in Gxxxx at the time the information is received 
from the applicant. The program automatically accesses the Gxxxx file indicated by 
the reactor name entered by the user at the time the run is made. Gxxxx contains 
the radionuclide release rates, population distributi on out to 50 miles in 16 sectors 
and up to 10 annular rings, meteorological data in tables of joint frequency of 
occurrence of wind speed, direction and stability condition, and certain miscellaneous 

REACTOR NAME: 

RELEASE LIST NA.ME : 

COMMENTS: 

MODEL : 

RELEASE HEIGHT : 

EXTERNAL RANGES : 

PLUME RISF. : 

WAKE rACTOR: 

WIN D SPEED: 

THYROI D: 

ADD TABLES: 

PRINTING TABLES 
AT TELETYPE : 

TABLE I II-A-20 

GRONK INPUT WORKSHEET 

(if mor~ than one set of releaae rate •) 

PASOUILJ. MODEL 

SAMF: AS PR£VIOUS CASE 
l•O if case Il l 

BUILT- IN RANGES 

H • HANF'()RD MODEL 

G • GROUND RF.LEASF: 

R • NEW RANGES (mile•) : 

ELEVATED RELEASE 
height• ____ _ 

SAME AS PREVIOUS CASE 

• 
• 
• 
• SA.MF: AS PREVIOUS CASE 

(s O if ca!le tl l p • PLUME RISE CONSTANT• ____ meter 2 / aecond 

W • USE BUILDING WAKE FACTOR 

USE METEOROLOGY HEIGHT CORRECTION 

ALS O CALCULATE THYROID DOSES 
GR.AZ ING PERIOD month/year 

VEGETABLE CONSUMPTION PERIOD ____ month/ year 

CHILD VEGETABLE CO~SUMPTION kiloqr&m/ year 

ADULT VEGETABLE CONSUMPTIO~ kiloqram/ year 
NEW RANGES (miles): ____________ or 11ame as external 

range• <•e• cape • key) 

AD ADD SUCCF.SSIVE CA.SES (Us.e for all exce0t last case in group) 

oO Print population table at teletype 

1 D Print. raw meteorology t.ables at teletype 

2
0 Print. derived metft-o roloqy tables at teletype 

3
0 Print releAses, decay constant• and ttoae factor• at teletype 

4
0 Print. percent by nuclide at. teletype 

sD Print );/Q table at teletype 

6 
D Print individual skin do9e table at teletype 

7 
• Print. individual total body dose table at teletype 

8 
0 Print population total body dose table at teletype 

9 
D Print thyroid dose table • at teletype 

X • Print averaqe population dose table at teletype 

For additional eaaea, fill out another sheet or list difference• below : 

FOR OPERA,.OR Is USE: 
Option word• : ll 12 I) 

Final optiona: F. • END RUN f • END RUN, THEN OFF 
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input. The stability classifications may be of the Pasquill or Hanford model, or 
both models may be entered for use in separate runs. Detailed rules for the formation 
of file Gxxxx are given in Table III-A-21. 

(3) The 136 nuclide names, decay constants, whole body and skin dose factors, and thyroid 
dose factors required ~Y GRONK are stored in the permanent file GIN. A table of 
Pasquill oz versus range by stability condition is stored in the permanent file 
TONIC (Table III-A-22). In the past some applicants have specified nonstandard 
Pasquill conditions G and G+; here the oz for these conditions is to be 0.6 times 
the oz for condition F. GRONK uses linear interpolation for ranges which fall 
between the tabulated ranges in TONIC. 

Table III-A-23 shows the teletype printout for a typical run, with user input indicated by wavy 
underlines . A worksheet such as that in Table III-A-20 is essential in preparing the input and 
should be referred to during the following discussion of input to GRONK. 

The reactor name determines which reactor data file will be accessed by the program. The option 
word is a combination of letters which tells GRONK the features that the user desires in the cal
culation. The letters may be entered in any order and spaces are allowed . The user may select 
one option from each of the following categories: 

Meteorology Model 

• Option H: use Hanford Meteorology tables. 

• Option Hnot selected : use Pasquill meteorology tables . 

Release He i ght 

• Option G: the effluents are released from ground level. 

• Opti on L: GRONK will later ask for the release height desired by the user . Sample 
responses are lOOF to represent 100 ft or 7()1 to represent 70 meters . 

• Neither options G nor L selected : the release height will be the same as that used 
in the previous case [it will be assumed equal to zero (ground level release) i f 
th i s selection is made for the first case]. 

External Ranges 

• Option R: the user will be asked later to enter the ranges for which x/Q ' and skin 
and whole body dose to indiv i dual will be calculated. If this option is selected, 
GRONK will not have the information necessary to calculate whole body dose to 
popula ti on . 

• Opti on S: the ranges for skin and whole body calculations will be the same as 
those used in the previous case (built-in ranges will be assumed if this selection 
is made for the first case). 

• Neither options R nor S selected: the "built-in" ranges specified for the population 
table in paragraph 4 of Table III-A-21 will be used for skin and whole body calcula
tion. Whole body dose to population will be calculated. 

Plume Rise 

• Option P: the release height h in Equation 9 is replaced by 
h + plume rise cons~ant {meter2/sec) (Reference lS). 

Uj 
• Opti on P no t selected : the plume rise constant will be the same as that used i n 

the previous case (it wi ll be ass11ned equa l to zero i f this selection is m~de for 
the first case) . 
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TABLE II I-A-21 

RULES FOR FORMATION FOR FILE GXXXX 

Before running GRONK for ·a new facility, you must create a master file 
containing the pennanent data GRONK will need for that facility . The 
file shall contain the following data in order . 

1. The facility name optionally followed by cOOJTients, all on a 
single line. This line is printed as part of the heading 
on the first page and on the top of each result page. The 
total length of this line cannot exceed 72 characters. 

2. For each release list: 

a. The word RELEASE, followed by the release list title 
(enclose title in quotes if more than one word). These 
items are optional if there is only one release list. 

b. The 136 releases for the facility in Ci/yr in the nuclide 
order given in Table 111-A-14 . Use as many lines as you 
need. Nuclides which are not released must be listed 
as zero, but the program accepts the shorthand notation 
rZ to represent r consecutive zero releases . (This 
notation is not allowed anywhere else in the file . ) 

3. The word RANGES. 

4. The ranges in miles for which the data in the population 
table are tabulated. Up to ten ranges are allowed. 

5. A blank line of at least one space . 

6. A line containing: 

a . The word POPULATION. 

b. The date of the population table . If the date is not known, 
use two adjacent quotation marks. If more than one word 
is needed to characterize the date of the population table, 
enclose the words in quotation marks (example: "1970 
seasonal"). · 

c. The name of the sector direction which begins the population 
~able (but see step 18). 

7. The population table . Enter the numbers in the same order 
that GRONK prints them . l)se as many lines as you need . The 
first sector direction must be the same one you specified in 
step 6, and the sectors must follow in clockwise order . 

8. A line containing: 

a. The name of the model (HANFORD or PASQUILL) . 

b. The number of sectors in the meteorology tables (only 
allowed value is 16). 

c . The name of the sector direction whi ch begins the meteor
ology tables (but see step 18) . 

d. The wind-sensor height in meters to use in the wind-speed 
correcti on formula . Enter zero if you do not know the 
height; this will cause building-wake correction requests 
to be ignored. 

e . The building height in meters to use in the building-wake 
correction formula . Enter zero if you do not know the 
height; this will ca use wind-speed correction requests 
to be ignored. 

9 . . The average speed in mph for eac h column in the meteorology 
table. A maximum of ten speed categor ie s are allowed. 

10 . A blank line of at least one space . 

11. The column headin~ (maximum five characters each) to appear in 
the printout for each speed column of the meteorology table . 

12. For each stability condition, the follow inq information: 

~- An abbreviation for the name of the stabilit condition 
~uote marks required if more than one word . 
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b. 

C . 

d . 

TABLE III-A-21 (Continued) 

If the meteorology table i s given in percent of all occur
rences across all stability conditions, enter the number 
.!.QQ. 

If the meteorology table is given in number of observa
tions, enter the total number of observations for all 
conditions combined . If the total number of observations 
is not known, enter the number zero . The program will 
automatically sum and print the total number of observa 
tions, and you should then use this number to change Gxxxx 
before the next run . When zero is used, the "s tandard 
form " meteorology output i s supressed . 

If the meteorology data for each stability condition 
t able sums to 100%: enter the percentage of time that the 
given stability condition occurs. 

e . The meteorology table for the given stability condit ion. 
Enter the numbers in the same order that GRONK prints 
them . Use as many lines as you need . The first sector 
di rection must be the same one you specified i n step Be , 
and the sectors must follow i n cloc kwise order . (aJ 

13. For t he Hanford model, t he stabi l ity conditions mu st be i n 
t he order : very stable, moderately stable, neutral and unstable . 
For the Pasquill model, the stability conditions must be in 
the order : A, 8, C, D, £, F, G (optional), and G+ (optional) . 
Both Hanford and Pasquill model meteorology (steps 8 to 12) may 
be l i sted for the same reactor , but the Hanford model must be 
f i rst. 

14 . (Optional ) The word NOTES , followed by as many lines ·of 
descriptive comments as you require . 

15 . The name of the master f i le containing the· data will be G + the 
f i rst four letters of the reactor name. Example : The Aquirre 
reactor data is stored on f i le GAGUI . 

16 . Naming directions : Direct ion name s in GRON K are t he 16 primary 
compass directions (N, NN£ , NE, £NE, etc .), and t he 16 directions 
midway between them (N-NN£ , NN£-N£, N£ - £N£, etc .) . 

17 . Naming sectors : All sectors are named for the direction of the 
center of the sector . Exampl es : if the sector boundaries are 
NW and NNW, the sector name i s NW- NNW. If the sector boundaries 
are N£- £N£ and EN£ -£, t he secto r name i s £NE . 

18. Agreement Between Po pula ti on and Meteorol ogy Sectors 

• Any des ired sec tor may be chosen to begin the meteorology 
tables;(a) that same starting sector must be used for every 
stability condit ion . 

• If the populat ion sec tors are offset one-half sector from 
the meteorology sectors, then for popu lat ion dose computa
t ions the population i s ad j usted by averag i ng adjacent 
sectors . The sector chosen to begin the population table 
mus t be one of t he two closest to t he sector which begins the 
meteorology tables . 

• If t here i s no off set between population and meteorology 
sec tors, t hen the same sector mus t begin the popu l ation and 
me t eorology tab l es . 

Example : i f the first meteorology sector i s N (S i n meteorolo
gis t's t erminology ) , allowed f i rst popula ti on sectors 
are ei ther NNW- N, Nor N-NNE . 

------
(a) The direct ions used by GRONK are the directions of the people 

receiving dose (the directions towards wh ich the wind blows). Since 
meteoro l ogy tables rece i ved from appl i cants usually use t he di rec
tion from which the winds originate, the sector data must be rotated 
180° toruse in GRONK . 
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TABLE I II-A-22 

FILE TONIC 
TIil Hcl 1(1, IIC I!. A I Atilt OF !.IGMA-l VERS.US RAl,G( JS.ED l!Y GRONII, IT IS STOHEO Jt, INTEHNAL 
FOR >: AT, 11~1iCL 11 CA,<IIOT nE LISTED OJHECTLY, TH( TAt1LE l!ELOW GIVES THE CONTLNTS OF TONIC , 

H"'-N..,1,.., MCT(ti~ PA S.~UI LL A PA'.;UUILL L PASUUILL C PAS.QUILL D PASOUILL E PASOUJLL F PASOUILL G, 
0 

IUu 
120 
1511 
iuo 
250 
.)QI) 

ttO II 
,oo 
bO ll 
7011 
bO O 
YOO 

100 0 
1~0 11 
~UOII 
.)UOII 

.. 0011 
~UOII 
ouou 
7000 
bUOO 
YUOO 

luuoo 
1,000 
,OUU II 
.>UOO U 
.. uooo 
:,JOuO 
t.H.1000 
7\JUUU 
oUU(Jtl 
YUOOII 

IUUUUO 
lt.Jo 

Wake Factor 

15. :, IO, 2 7,b •• 9 
I>,!. IU,2 7 , 6 •• 9 
16,0 1.1.0 9,0 s .s 
~..). IJ .,.u 11.• 6,6 
J i. u 20.1) 1•,S 8 , 7 
•3.u 2,.s 18, 0 10., 
s, .o ~1.0 21 . 0 12, 1 
90,0 •3,0 26,0 15,8 

13>, 0 , , .o 3• . 0 19,0 
2ou .o 7U, 0 atQ . 8 22.0 
270,U llo,o .1.0 2• . 7 
380 . U 1uu,o 52.5 27,S 
~.lU. Q 12U, 0 59.0 JO,O 
1 .. u. 'J 1•0. 0 b•,O 32,0 

lUUO,o 2•~.o 93,0 ••• o 
luOO,O •ou.o 110. 0 53,5 
1uuo.o ~ou.o 1&5.0 70.0 
1000, 0 lOOU ,O 210.0 8•.o 
IUOU • 0 1uou.o 2•9,0 91,,0 
IOOU, u 1ouo.o 300.0 1os.o 
1ouu. o 1000.0 3•C,O 118,0 
l uOU,U lOOU,O 360,0 128.0 
JUUO, 0 1000.0 .,s.o 135,0 
1000. 0 1000.0 ,.~o . o 1115,0 
1000, U IOOU ,0 618,0 175,0 
IUO O, 0 1000.0 7&0 ,0 2011 .0 
1000.0 1000. n 1000 , 0 2•8.0 
IOO U, 0 1000. 0 IOO C. 0 290,0 
IOOU, 0 1o ou.o 1000.0 320.0 
1000.u lOUU ,O 1000.0 3•8.o 
1000.0 1ouo.o 1000, 0 360.0 
1000 ,U IOOU, 0 1000,0 •oo.o 
1000, 0 1000 .0 1ooc.o •20.0 
1000 ,U IOOU,O IOOC , 0 ••u.o 
1000, 0 1000.0 1000.c ••o.o 

TABLE III-A-23 

TELETYPE PRINTOUT FOR SAMPLE 

RUN GRIJNK 
~ 

GRIJNK 1.3111 01/1 V7~ 

REA CTI.JR NAl'IE?l'IARC F'IJUR --I.IPTIIJN III.IRD?I.Tl!'!/. 
ENTER CIJl'IME~riR THIS CASE~l'IPLF.: Gl!IJN,.11 RIJtj 
RELEASE HEIGHT+UNITS:7~ _, • ,., -

J , O 1,5 
3 . 0 1.s 
3 .0 1,7 
,. ~" 2,3 
S,7 3.0 
7 .1 3 . 8 
8,3 •• 7 

11,0 6,2 
13 , 0 7, 7 
IS, 0 9,0 
17. U 10 .2 
19,0 11,5 
20 . • 12. 7 
22.u 13,5 
30,0 18.3 
37.0 21.7 
•6.5 27 ,6 
55,0 J2.0 
61. 0 35.5 
67,0 38.6 
71,0 •1.2 
77,0 ••• o 
60,0 116 , 0 
811,0 118,0 
98,0 ~&.o 

110,0 60,8 
125,0 70.0 
135,0 75,0 
••s.o 80,0 
155,0 83,0 
lbO,O 67,0 
165,U 90,0 
175,0 92,0 
175,0 93,0 
175,U 93.0 

GRONK RUN 

ENTER GRAZING PERirJD, ~ETABLF.: CIJNSUl'IPTIIJH PERIIJD (l'IIJ/YR>~ 
ENTER 2-YF.:AR-riLO VEG CI.IPl5Ul'IPTiriN, ADULT VEG CIJfEUl'IPTIIJN (1(1,7r10?~ 
ENTER THYRI.IIO RANGES IN MILF:S. EIIO THE SET WITH A BLANK LINf: 
7~ 
~ 

PIJPULATI fJN TIJTAL BIJOY D•.t;f:: • 72 to!A NREl'V YEAR 

fJPTI IJN 1/IJRD?,L. 
NOW AT END 
SRU'Sr 16,3 
READY 

,9 
, 9 

1.0 
1,3 
1,8 
2,3 
2,8 
3.7 
•• 6 
s.• 
6.1 
6.9 
7,6 
8,1 

11.0 
13.0 
16,6 
19 , 2 
21 • 3 
23,2 
2•.1 
26 •• 
27.6 
28,8 
33,6 
36 ,5 
112.0 
•s.o 
118,0 
•9.8 
52,2 
5•,o 
55.2 
55 , 8 
55,8 

• Option W: in Equation 9, 0 2
2 is everywhere replaced by 0 2

2 + (building height) 2/2n but is 
not allowed to increase beyond the maximum value of 3oz 2 , The building height is that 
specified in paragraph Be of Table III-A-21. 

• ·option W not selected: no building-wake correction is applied. 

Wind Speed 

• Option M: let ha be the larger of the effluent release height or 10 meters. Let 

• 

hs be the wind sensor height specified in paragraph 8d of Table III-A-21. Then 
the average wind speeds Uj are corrected by the factor (ha/hs) 0 • 25 for Hanford 
neutral and unstable, and for Pasquill A, B, C and D stability conditions; and by 
the factor (ha/hs) 0 • 5 for Hanford moderately stable and very stable, and for Pasquill 
E, F, G and G+ stability conditions. 

Option M not selected: no meteorological height correction factor is applied . 
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Thyroid 

• Option T: a thyroid dose calculation will follow the skin and whole body dose 
calculations. GRONK will ask the user to enter grazing period, vegetable consumption 
periods and desired ranges for the thyroid calculation. Special feature: if the 
user presses the "escape" key when asked to enter thyroid ranges, the rarrges pre
viously selected for external doses are automatically used. 

• Option T not selected: no thyroid calculation is made. 

Addinf Tables. Sometimes to sum the doses for a group of successive cases is desirable; for 
examp e, when both stack and vent releases occur. To invoke this feature, the option letter A 
is used for all cases except the last case in the group. GRONK will compute and print both 
summed and unsummed tables. 

Printing Tables at Teletype. The user may select as many options as desired from the list in 
Table III-A-20. If printing option 11 811 is not chosen, the integrated man-rem whole body dose to 
population, if calculated, will be printed at the teletype. The selected tables will be printed 
at the teletype in the same format as they appear on the high-speed printer output. Some of the 
tables may be folded unless the user's conversational terminal has a width of at least 125 columns . 

More than one set of release rates may be stored on the file Gxxxx. If GRONK determines that 
more than one list of releases is present, it will ask the user to enter the name of the desired 
list. (This feature was not used in the sample run.) 

When the case is completed, GRONK will again request an option word. If the user desires to run 
another case for the same facility, he may enter another option word as described above . To 
indicate that the run is completed, he enters one of the following option letters: 

• E End the run 

• F End the run, then end the session as if an OFF command had been issued 

• N End the run, then rerun GRONK for a new facility. 

Table III-A-24 shows the high-speed printer output resulting from the sample run.* On the last 
page is a summary of all cases contained in the printout . 

III-A.7.5 Mixing Ratios and Reconcentration Formula 

Mixing ratios and reconcentration factors are required by both ARRRG and CRITR. This section dis
cusses the methods of choosing the proper parameters to use as input for these sections of the 
programs . 

The mixing ratio Mp, best determined from hydrological studies, accounts for the dilution of the 
liquid effluent between the point of discharge and the point of exposure. If the temperature 
increase which would result at the point of exposure solely from mixing is known, then the mixing 
ratio may be estimated from 

where T = ambient temperature of the receiving sink 
TA= temperature which would exist at the point of exposure 

P for pathway p if no evaporation or radiation effects 
were present 

T0 = temperature of the effluent at the outlet. 

The value for Tp can be estimated from a plot of isotherms due to mixing only in the receiving 
waters . 

* The thyroid dose factors listed in the sample runs and program listings, and the thyroid doses 
calculated in the sample GRONK are incorrect. The dose factors have been changed since the 
listings were prepared. The correct values are shown . in Tables III-A-6, -7 and -8. The program 
now calculates thyroid doses for a 1-yr old and an adult. 
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TABLE III-A-24 

HIGH-SPEED PRINTER OUTPUT FOR SAMPLE GRONK RUN(a) 

Gl'f0NI( •• GAUNK •• bMUPtl'. •• b"'Ofot •• \JtcU~fl. Ul/14/14 IJ:IZ utcO~K •• u~UNI'. •• 6HUNK •• UtcONK •• btcUNK 

I i 8 0 ~ u ~ U L A T I IJ N ' • d L t: 

flf&NGf .5 Ml 1., ., ;t.:, .. 1 . J.:, Ml --~ Ml ,.~ .. , h Ml l~ .. 1 J:, Ml flt'> Ml TOTALS 

N 0 lY "I 67 ~h Jl,t1:,0 lJl,o:,u HhlhJO 13 .. !00 200,7YI! 
NNE j bl ll• dO •JI I' '11:,U l41tt4SU l~utt,u btd';)O flt0tUY9 
NE h IU JJ l,4ttb ,._,v,u :,:,,u:,u l 7,ouo lc,oou l • 1 ••O• 
[NE 0 ii ••• :,J,~,o :,l,t100 tO,Y:,U 11,ttS0 ll'il,t1:,0 

E u " u ~ 1,eo .. lu:,u Y,YUU 7 u::,u Li ,YSO J,;,1,Y 
ESE u " 11 J,SJ l btUOU •,Y:,u 1 'ilt 1 uo , •• 1 uu 41 ,h1ti 
SE u u ll ••>J 4tYUIJ lS,l:,U bt 1UU b, IOU l.J,tU:, 
SSE 0 0 10 •JO .,,oo le .~oo JJ, TSO c.1,0:,u I:,, U40 

s 0 u u 0 dZ lu~:,rJ li, • :,u ttJ,u:,o tttt,J:,b ldl,Yts2 
SSW u 0 u 37 JI• '>tb:,Q :,,voo b,4:,\l 11,-00 2,;, ,,1 
S• 0 0 I J• 1110 7,YOO 1 u,t1:,o CHit'>O lb,JOO • l,'>J7 
• sw 0 J• •• l•J o,,,u b,Y:,U ,,,ou '11,JOO 31 ,Jt''tl 

• 0 • •u J• •JJ i,l:,U .,o:,u Yt:tUO Jl ,000 •1,bbl 
WMW 0 u 8J •• ... Ill 3,000 ;.hlifSU 1!»,J:iio 1rua,o • l,Z•e. ... 0 l 1 • ll lol l,1SU 1, 1SU 1ttt2'!,0 l~,lifOO YY,Z•J ..... 0 Iv IIZ ID 1,; 131 Jr,o,u ll,lSO lb,t,u 1:>,.t=-:0 t1J,Zb'!) 

TOTALS 0 J~ Zll .. o •9~ 1•, 171 4!:'J0,'11:>0 lbl,OOU JuO ,!iiUO Jt,J,'11'!)0 1 ,291,11!»7 

CUN TOTL 0 H Jll 1~1 l,ZIUt 1,,.s, ~oc.,•01 bl1,•0I --~,.-- .. , 1,z,11,11:,r 1,4._1•¥>7 

MAwC f OUQ 2 UNITS Ol ✓ H/h 

PASYUILL • c.;Alt.UVKY l'A>IJUILL • CATtt,u1H 
ME T[Ort 1JLUGY AS lt,,..,UT 1-"t<OH '1L[ Mt.Tt.Ul"fULUbY IN ':,JANUAI-IU FuHM 

~f•C~NT OF •LL UCCUMt<tNCt> ~t.l"fl:t.NT OF ALL OCCUHl"ft."'t.:t. 

o-J •-1 o-1 4:'. IJ-lb , ... TIJTALS o-3 •-r d-JZ IJ-1• IS• TOTALS 

N .os • ur ,UJ .oo .oo ., .. N .o, , U 7 ,03 .uu .uo .It, 
~Nt: ,03 .o, ·"' ,UI ,Ou ol I NNt. .OJ .u, ,Ol , 0 I .oo .11 
Nt ,UH , ll ,Ub • u.0 .ou .c:, N< .oo .le .Ob ,UU ,00 ,Z5 
Er4E , U I ·" .o, .uo .oo .11 , ... t ,01 ,ll .o~ ,OU • 00 • 11 

t .o. • 15 ,U.! ,UO .uo ,21 t .oo .1, .OJ .uo .oo .c1 
<St .03 .u . u~ .uo .oo , ll ,st ,OJ ,IJ .o~ ,OU .uo ,21 
St ,Ob olO ,U.! .u1 ,00 .JO >E ,Ob .zu .o3 .ul .oo .JU 
sst • Ub .o• .u .u1 • ou . , . SSt ,Ob .u, .Ol ,01 .oo • I• 

s • uo ,UO ,UZ • uo .ou .,. s .o • ,Od ,Ol ,OU ,UO • Id 
SS• .o• ,OJ ,UI ,uo .oo ••• SS• .o• ,OJ .01 ,00 ,00 ,09 
S• ,03 .oo ,07 • uo .ou ., . s• ,OJ ,Ud ,01 • ou .oo ., . .,. ,03 .u. .o, ,UO .ou ,lb •S• ,OJ .o. .o5 .ou .uo .It, . .o~ .1• .uc .uo .oo ,ll • .o~ .u .oz .ou . ·UO .21 .... , 02 ,00 ,UI •• o .oo ,II . ... .oz ,Od ,01 ,OU .oo .11 ... .uJ .o~ . uc ,uo .oo .10 N• .OJ .us .oz .uo .uu .10 ..... .02 .1z ,OU .uo ,00 .1• NNW ,Ol oil , 00 .ou .uo ,h 

VARttl .oo ,00 ,00 ,UO .oo ,00 
CAl1'4 .oo .ou 

TOTALS .6 .. 1.>1 .,1 .uJ .ou z.eo IUIALS .6. 1.,1 .,1 .OJ ,00 l.tso 

(a) The thyroid dose factors listed in the sample runs and program l i stings, and the thyroid doses . 
calculated in the sample GRONK are incorrect. The dose factors have been changed since the 
listings were prepared. The correct values are shown in Tables 111-A-6, -7 and -8. The pro
gram now calculates thyroid doses for a 1-year old and an adult. 
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TABLE 111-A-24 (Continued) 

(ISt. 1: .. , .. c f,;IJUM l "'"' T> 
JO Mt. ft.A ""'c.1,,.t.•:-tl SAM.,-Lt. (jlit(INI( NUlf 

1SuT •J..»( .. (l.t.•~t. lAMdUA t.A ft.l'CfltAL uust. F AC ru.tS fHYNUlU 1JUSt. •-aCTUN~ --
l (/l't,A,c l/~t.\.: ,...,t. .. , ..... ~LM ~~I/CUIOIC 14LTt.N 

c~ l(,1•8)M 

JO Ill:.,_,; .. 
JI ""·•~ 
J2 1114•87 
JJ ti:N•lit8 
JI, tiltt••~ 
dl l•lll ... l•IJJ ., at:•lJIM 
di u:•IJJM ... Al•IJJ 

•• lt.•ll5M ... X£•1l5 
•Z At'•IJ7 
'fJ •••13¥ 

i,aswlLL M01)t::.L 
JU ~ T[N Nt.1,.t.ASt. 

ll • d'lb 1.u•c.-u• .... ,. ... Ji,c.-o, 
Jldo.M ii•U•c.•O"tl 
J•.111' l •'!tiic.-Ott 
111.,~ •••e.c.-u, 
l)•,•b ,.,oc.•u• 
0.11@ ""•"' ft.•U 1 
u.1.10 Ye l 1t.•Ub 
t:1u.u• b.tUt.•07 
ll.Je4o J•>•c.•Ob 
IOU Jo l • !llt.•\tb 
1.J~l '••~t.•O• 
100 .... .:.tlYt.•11~ 
'J.,l'lll l,lflt:•IIJ z,., •• o.1:11c.•o• 

WUILT-lN TOTAL ~OOY/SKlN ~~~vts 

rufAL. 1:fUJY ~Kl" 
u , •• t.-10 

l.Jt•UI Jeiit.•OI 
.:.iic.-~li lolll•Ol 
J .Jt.•Uo l• /l•Ot, ,.,t.-lJCt 2.ot.-011 
l• ll•Ub z.11t.-0tt 
J.lt.•01 ••Yt'.•01 
·-•t.•01 ••• t.-0, 
l • dt:.•UY ••-t.•Od 
.:• 7t.•U• ••of-o• l..,~-•· ••¥t.•Otl 
J.51&.•I/ :,.Ol•0I 
z. ll•OI .... t.-01 
l•lt.•01 1.n-•• 
loZL•O• 1. rt-u• 

8UILDING ... ,(t. F'ACTOH .,..,L.it.u. dlJIL.UhtG Nt.lVNr• ~ •• J lllt. Tt.RS 
elltO SPEE~S CONNtCTtU fNUN •••"''" H(ftNS IU JV -It.NS 
i,L~FOWM THY~OIU CALCULAflUh 

G•ulUtb Pt:.MlOU• lu ·""'"l,llt:Atf 
Wt.tit. fA8Lt. CUN>U_,T ION l'&.tlflUU• , McJNfrtS/Tt.Ak 
Z•YE AR•OLU •Ec;tTaoLt. CU~'>U .... TIUN• le KILUlillANS/YtAM 
AOULT •E6lJA-Ll CONSUN~TIUN• ll AILIMi~AMS/YlAM 

CA~c. J.: 

l ·J•• ···,-- • J.l,, l .. 
,~ uu:,t ., ,. tLt•>t. ""'"' 

l~l>T""t' J1.,f•L >"&•• ,l ,~ALAf1l••f ---.. ,L. ... ••-- Wt~t.J11e1..t.~ 

"'"'' ' '" •'-Ul I ~ , .. •uut.. r ' 
,. AIIUL.f 

JI ..... d!, , .. . 
Jl ""'-"' ~ . , • JJ 11( ... tt. •• . 1, . 
•l l•UI •• .. •• • •J • ... • .. .. , • ... • ... l•IJJ JI • •.. • , • I . -~ .lc.•13'.' . , . •I . •• ac.-1 .1-, , • , • •J Jt•lJ"I ., . 

cast 11 

A • L t. u f 

··- ., • & , .. ~, .. , •I J•• .. , ... , ... ,.:. .. , 
" 'lleJ .O(•ur 4:•••t•VI l •li~t.•cH l.->Uc.•110 'll•c''>C.•u• ~ .. ., ..... ... ~ 11, IJfi.•'IJI ,. :.n,t.•1,/ , .,..., t.•or tt.'l .. c.•U• • •"•t.•u• C'••lt.•tt• - '. , ..... "ft -•••c.•ul , .,.,.t.•vt l•J">c.•ul .,,JYl.•u• •••lt.•'IJ• 
t..: I ,et,,•.•wt1 ,t,t,•1.•"' leC'lt.•UI 'J,l•t.•u• ~•••t.•u• c, lll•v• 

l .. ,C'li•III ,t,J1,c.•ul I . u'ft.•UI t ,u,c.-1,e ..... ac.•e• c.•ac.-u• 

'"' "• 1Jt.•u7 I ,,Jc.•"' l,it-.t.•u• • ••Jc.•u,. J,,tJt.•41• 1,iVt.•O• 
St: -.,.ot.-ur i,llc.•IJI l,Udt:•\11 O,lt .,c.•"• •• ,.t.-11• i•l•t..•u• 
SMc 1.Jd'-'.•;,,1 &,,.•c.•'IJI ••• ,t.-0• ,.olL•ti1• J•'fA•v• 1,-,•t.•O• 

5 l,'IJ•t:•111b ~•'>'fc.•ul h4!.Jt.•u1 '••.Jc.•v• ,,•e.t.-o• ~-tt•c.-11• 
SS• e,1ott.•UI l,l•t.•01 1.u•C.•OI ..,,S.,t.•'IJo ••~t.•O• t',it•t.-u• 
S• I ,41t•ull .J,~t,c.•u/ 1,,wt..-vr "'•••c.-ue t.t,,.k.•u• J,1 lt.•0• 
•S• ,.-;.t:-111 I, IJt.•Uf •• ut.-11• ,., ... -u. J,,M.•O• ,.,,t.-•• . M,,?Mt.•ctJ leiJk•Uf e,olt.•\lo ,;.">lt.•-..o .J, • Sc.••• .... , ... _. . 
11;•111 ~., 1,·•vl hit'ft•ul -·••t.••· J • .,•t.•v• ,.,x-o• l,JX.•ct• ... ,, .. t ·-01 C•lflc.•UI 1',lct.•o• ••l•t.•v• ••Jitt.•O• l•l•t:•O• ..... •,-•~t.-ur l •••c•UI t.uat.•o• ••• '!t&.-•• J,l.t&•O• ·-~•t.••• 
TVhL:,, l,•l't•u'll J.t-ct.•U• l .lcE. • 1t• 1.11'Wt.•v• r,e.t&.•OI J.1•1.-1t1 

CUOI TUTL ••• 1,-11, h4.M.•tt~ ~.fut.••> iteU&•V> ,,., ....... l,ll~-•~ 

••• l...,ALAT IOlf••• ----• 
i ft.AN AUULT l Yt.Atil 

lLeS 10-• l•iiO• 
:,.~1 2.10 c?6C:. 

, .. ... ~ .. ... J'll .. , 

l,YJt.•11• -,,olt.•OV J.tt•t.•UV 
;l,111t1l•"" >•4'•C.•t,'I Je111tlt. • U,-
l••lt.•u• 1.,1£-v• be:t•t.•V• 
l,llttc.•11• ... ,,t:-c,1JJ ,,..,•t.• tl'IJ 

"'••lt.•uw ~-"~t. • U'IJ .;.•at.•ui, 
tt•C>t•UY Je•'ll(•OW it,ctc.•uv 
"'•l•t.•11,. '>.ux.-,.,, J.,tllt.•O., 
7,tt.J&.•U'IJ •• lel•OY ,., ....... 
i•U!tc.•ve , •• ,,.-ov J•••t:.•U'f .. ,, ...... •• .,'!t('•OV J,.tut.••,. ·-~~1.-11• t .vM:.•ctV •• ,:,&.••~ 
••••t.•OY ., ••• ,-u., c,•..,t.•v., 

1,-th.•tl'I ••• 'ft.-tl .. Z,oK••,. 
~ •. Ut.•OV Z,Y&t:-ov ........... 
•••vt.•U'III •••.11t-ev J.tl&t.••'I 
••'-'ft•IIV l~~vt•ev ~., ..... ., 
l •••t•1tl ... ,a.c.-•• ~-J•t.••• 
l•~•a.•d~ ,.~--~ ~-~--~ 

01,,.,,. 

.... lfll / Tt.AM ~LM ..-..:1,c..-1-.: .... n,.(a) 

I L l.t.Af'Y n..t.TA"'-lS 
AUIA. T i YUM AU\11. T 

•••• 11~•- >••· ... , •••• i • .l 

., 'II '"'~" 
(",tt•t.•\IV •••ttt.•u• 
c••Jt.•o., '.Jet.•ve •• , .. -v., ~.1 It.-•• 
tt••>t.•C,'IJ ••• ,1.-•• 
, ... ~-"" ····-"· l•o•t•u,, "••1t.-•I 
4°•.J•t.•V'I ··•--•· ,_,, __ ., .. , ........ 
~-'--"" , ...... .,. 
~,.Jlt.•UY l•.J~•u• 
l,4 lt.•u'f z., ...... 
l • lft.•UY 1.1J1.••• 

, ... ~t:-uw ,.~----· 1,.Jet.•UV , ...... , 
It, l'lt.•l"f , .. ._ ... ,., .... ., ...... , 
l,itA-•• ~.l.a.•v• 

<•~--·· it•lM.••· 

(a) The thyroid dose factors listed in the sample runs and program listings, and the thyroid doses 
calculated in the sample GRONK are incorrect. The ~ose factors have been changed since the 
listings were prepared. The correct values are shown in Tables 111-A-6, -7 and -8. The pro
gram now calculates thyroid doses for a 1-year old and an adult. 
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cc 

CASE I: MARC rouN 2 U~lT~ 

N •.JJE•ol 
NNE ••O~E-01 
Nt B.JJE-ul 
l"E s.u2E-ul 

E 4.2'1l-ul 
tSE 2od3E-Ol 
SE ••3,E-01 
SSE 3o4IE-Ol 

S ••~IE-01 
SSW •-uoE-ul 
S• b.S',f-0 l 
ws• 3.S0E-ul 

w 3.,1•E-Ol 
~NW 2.37E-Ol 
NW J.HE-Ul 
NNW 2oblE-Ul 

TOTALS b o79E•OO 

c,sc: 1: 

MANuE .~ .. I 

N l. • uf-01 
NNE 1.JIE-ol 
Nt. 2.b~f-01 
lNE 1.~2E-Ol 

E 
tSE 
Sf 
SH 

1.311[-Ul 
Y.O~f-u2 
1.•uE-OI 
l • I oc:-o I 

1.:, .. 1 

lolll-UI 
l .04t.-U l 
2oO.!t-Ol 
le2J.t-Ul 

l • UJt:: •Ul 
o.c:ut.-uC 
1.oct.-01 
es.3:,c.-uc 

I• I lt-01 
'iet:llt.•OC 
l .4:>t.•Ul 
7.H-.t.•UC 

d.•uc.-uc 
o.tllt-Ul 
'feObt.•02 
o.,,t-Ol 

}.b)t.•UU 

J..:, -.1 

3e4 /t.•UC 

J.2Yt.•O~ 
Oe4C'.t.•UC 
J.ttut.•Ot 

J.2Jt•O< 
2.1 Jt.•Oc'. 
3e2lt.-ul 
lebC'.t.•Ui:.' 

s 
SSW 
Sw 
WSW 

1.~~(-Ul ].btst.•Ut 
le31E-Ul . JelUt.•O~ 
2.lCE-01 4.~tst.•Oi 
l.lJE-01 2o4dl-O< 

" •NW 
N• 
NNW 

COSE 1: 

MANGE 

.. 
NN~ 
NE 
E••E 

E 
ESE 
Sl 
SSE 

s 
SSW 
Sw 
wSw 

• .... ... ..... 
TOTALS 

CUM TOTL 

lo2H-ol 
7.bJE-02 
loll£-Ol 
R.J~E-02 

2.6:,c.-u, 
le8Jt.•UC 
2,1:t'>t.•Uc'. 
2•0~l-Ol 

MahC f0Uk 2 UNJT~ 

, OCIL•UU 
.uot::•uo 
.ooE•OO 
.ooE•UO 

,OOE•OO 
,OOE•UU 
,00E•00 
.OOE•OO 

.oot.•uu 
,OOE•OO 
.ouE•OO 
,OOE•uO 

,00E•00 
,OOE•OU 
+OOE•OO 
,OOE•UU 

+OOE•OO 

,0ut.•U0 
Ii.ts (t-0~ 
._,btt•\J• 

• UIJt.• UU 

.out•oo 

.uut•\Ju 

.oot•ou 

.out•oo 

.out.•uu 

.out•uu 

.uot.•uo 
eO\lt.•00 

.out.•Ull 
e0'1t•1>'1 

,.,ot-o~ 
le'IOc.•u, 

I ,!Hf-OJ 

l.!>lt-03 

>•<Ut-Oi 
l• e'1UE.-OC 
'1et• Dt.-Ol 
,.cU:.•Oc' 

•• l7l-Oc
Je ldt.-OC 
'•• l•l-02 
J.Yut:•U2 

,.•JE.-oc 
••oui::-02 
o.o•f.•OC 
J.ouE-uc 

J.K .. t:-02 
c'e I lf. • 02 
••<nl-Oi 
J.ull-OC 

,.,~f-01 

l ebUE-OC 
l e:>c'E-OC 
c.Y~t:•Oc' 
le/JE•OC 

1.•IE-O< 
"'• fUt .•03 
1 ... ot:-oc 
I .tul-02 

lebdl-Ul 
l ••c-t-Uc: 
z.uat.•OC 
lelCt.•OC 

l el"ll•OC 
c, • .J'l't•OJ 
l eJCt.•O~ 
"'•°'U:.•UJ 

TABLE 111-A-24 (Continued) 

SAM~Ll UHONK MUN 

SKIN UOSE IU INOIVluUAL, MNtM/YEAM 

J.c~t.-uc 
3 • Uot-Uc 
5.~lt-Ui 
3.,u-ui 

3.Ult-uc 
1.91:St.•O~ 
l • '1bt-OC: 
2.1tJt.-u2 

3.J'l't-uc 
2.d~t.-UZ 
••llf-uc 
z.cot-oc 

2.4lt-Ol 
I• Tit-Uc 
z.ort-ut 
1.~lt•Ol 

•• f:,E•Lll 

4eS M[ 

c.z•t.-oc 
•• 11~-02 
... o6t-u2 
2o42E-Ol 

c.011.:-02 
leJ6t.-OC 
loOJE-02 
l+oll-02 

cd3t-Oc 
ldbt-02 
i,dl t -02 
1,53l-Oc 

1.ost-0, 
loldt-02 
led4f-Ol 
I .JZE-02 

1.S Ml 

1.07E-02 
1.ooE-02 
lo93E-02 

.l•ht-02 

s.112E-OJ 
b••2t-03 
-.oJt-03 
1o'ibE-OJ 

lolll-U2 
~.24E-03 
I .Jzt-02 
1 • IIIE-03 

1. 1,t:-03 
5o5'il-OJ 
e.eut-oJ 
b+27t:-U3 

SAMPLt bHUNK ~UN 

IS Ml 

3o'll8E-UJ 
J.7JE-OJ 
1.11t-03 
••llt.-Ul 

J.bCt-lJJ 
2ol7t-OJ 
J.~bt:-ul 
z • .,,6E.•UJ 

•.u~t:-u3 
J.40E-Ul 
4.tlOt.-03 
2oblE-U3 

2,t12l-03 
z.01£-oJ 
3oZbE-03 
2o3JE-OJ 

5o70f-Ul 

2.u1E-Ol 
l,YIE-Ol 
3.dOE-03 
lol4E-OJ 

l .~uE-03 
I olbt-OJ 
1.07E-03 
1.SJE-UJ 

2.17l-OJ 
lodlf-03 
Z+b!>l-03 
1.4:,t,-OJ 

I .!>2f-UJ 
1.ut1E-OJ 
lolUf-OJ 
locOf-OJ 

J.OcE-02 

TUIAL dOU Y oust TO lNUIVIOUAL, MMtM/YtAN 

"i.t1Jt.•UJ 
"• J~t-uJ 
I odlt-Oc 
loOdt-Uc 

Y.llt.•O.J 
s.~Jt.•o;s 
Fl • ..,bt.•03 
7.J4l-Ul 

Oebtlt.-OJ 
o.J~t.-0) 
I +i3l-Ot 
l.i~t.-OJ 

Cel4tt.•Ol 
J.'IYt.•OJ 
b•Ubt.•03 
"'•"dt.-03 

1.u)t-uc: o.Yot-Ol 
s.o,t.-UJ ~.dJt.-Ol 
1.zot•O~ o.•7t•UJ 
be~Ut.•U.J ••Dit.•OJ 

7.J'l't:-ul 
5.ilt-OJ 
s.ubt.•Ul 
S. 1,t•OJ 

~."lfot:•OJ 
J.:,Jt•O.J 
s •• 'l't.•OJ 
JeYOt•Ol 

7.S Ml 

JoObl-OJ 
2o~ll-OJ 
'>•b,t:-Ul 
l•C~t-Ul 

C.1tst•UJ 
1.110E-UJ 
io71>E-03 
Zelot.•UJ 

J. I ll-03 
2.ost-03 
lodJt-03 
t.O~l-Ol 

,.z•t:-oJ 
lol>IE-03 
ZoSil•OJ 
lo78E-Ol 

1, "I 

1.uot.-u.J 
1.uzt-03 
le ibt.•Ul 
1.1:tt-ul 

Ye4"1t.•O • 
belbE•IJ4 
"ile':>lt:-u• 
-,.au~t.•IJ• 

lelOt.-lJJ 
i.U Tt.-04 
loJOt-OJ 
7.U9t•U4 

7.6lt.-u• 
s.~6t•u• 
tie 1~t.•04 
6.llt.•O• 

,.11s1t.-u• 
s.u,E-o
"•tUE-o• 
s.o6t.-o• 

4.t,b[•Q • 

J.OfS(-04 
, .10E-01t 
3.t1,E•04 

, •• 5£-o• 
• ejY[-U • 

6e77E-O• 
3+/ll-O• 

J.ttrt-o• 
l.1lt:•O • 
4ei6E•04t 
l."ISE•04 

JO Mt.TEA Ht.Lt.ASt SAMPLE. GMONK HUH 

4.b:>t.•O• 
I.U<E-oJ 

.uut:.•uu 

.uut•uu 

.uuE•UD 

.uuE•OO 

.uuE.•oo 
•. uuE•(IU 

.uut•ou 

.uut.•ou 

.uoE•OU 

.uut.•uu 

4.loE-05 
tii.Ybl•04 
~.cJE•O!> 
1. llt-o• 

••l>OE-Ol 

IU l •L dUOY UO~t 10 PU~ULATION, MAN•HtM/YtAH 

z.ool-u• 
z.01tt.•OJ 
l.2 1t-OJ 
.oot•l)U 

.out•ou 
• OUt.•OU 
.uot•Ou 
.oot.•uu 

.uol•OO 

.oot•ou 
tled.\t.-o, 
Z.b~t-04 

6.tt,t•O• 
<j.J7E-o!> 

.out•ou 
l.Olt.•O.\ 

4+73E•U3 

-.,lJE-UJ 

•·•7t -o• 
5.oet:-o .. 
•• Obl-04t 
I o2Jt-O• 

J.ort-u, 
b. T~t-0!> 
1.21t-o, 
4.Ydt•O~ 

.oot•Oo 
2oll>t•O• 
le8tll•O • 
2o2ll-04 

I oll9E-04 
2+ll>t-04 
l+lll-0 • 
!>+d!lt-o, 

J+Ulta-03 

lo23l-02 

7.~ Hl 

lo7bE-03 
Ze4lt-OJ 
1,•oE-02 
3o2bE-03 

5o0lt-03 
b,JJE-03 
2,IIJE-03 
~. HE-04 

lol>Ol-U4 
llollt-04 
7o5IE-O • 
1,55E•03 

l o&bE-03 
2+11l-04 
4,0dt-0 • 
2o33f-0 • 

4+21>E-02 

!>. • 9E•02 

111-A-40 

•-ozt::.-u2 
8.0"lt.•03 
1,lllt-Ul 
boUlt•OZ 

6eth:tt.•ul 
Jol>YE-03 
4e66f.-u) 
J+!>• l-03 

J.!>bE•OJ 
s. 1 Jf•oJ 
lo03E•02 
• + T'iE-Ul 

l+o4E•03 
2.11t-OJ 
l ,&llf-o:, 
2.Jot-02 

2.vn-01 

25 Ml 

l>odOE-Oc 
7.JUE-03 
5.41E-02 
2,~9E-Ol 

... b4E-0J 
loS2E-03 
7.JZE-Ol 
••HIE•OJ 

l>o7YE-03 
2, 71E-03 
7,J!>E-03 
2,,eE-OJ 

1,S7t:-03 
1.01E•OJ 
J.Jot:-oJ 
J.<jOf•OJ 

2.un-01 

S.!>IIE-01 

3!> "I 

I .JOf-03 
1.2•t-0J 
i.Jllt:-OJ 
I ••lt:-UJ 

lolOt-OJ 
1.vct.-0, 
I• 17E-UJ 
'iebJi-04 

leJbt:•uJ 
l•l•E-OJ 
l .1>!,E-OJ 
.,,.oJt•u• 

11.:,1tf•O• 
f>.1tst.•u• 
l,U7t-U3 
1.,JE-u• 

J, "l 

J.1 .n:-u• 
J.~Jf-04 
::>ed-;E-O• 
1.,ut.•O• 

CedJf•u • 

lod!>E-04 
2ed2t:•04t 
c.J1E-u• 

3eC7t.-U4 z.,,i::-u• 
,.O,jt:•u• 
ZeilE•U4 

c.Jlt.•u• 
l ebJt.•U4 
c.,ot•u• 
l • I 11:.•0lt 

5ol>3E-OJ 
4t e 74tl•O) 
l,o,E-U< 
,.12t:-0J 

2.o~E-03 
3,S•E•OJ 
l + 1ZE•u3 
7.dlE-03 

2. hE-Oc 
I, 771:.-0J 
Z+!>ZE-03 
l+ol>l-03 

2.zot-03 
2+!>lE-OJ 
••ll•E-OJ 
2, .. 7E-i.J 

11.1131:.-02 

PASYUILL MOutL 

•~ Ml 

~.21£-0• 
do70l•04 
lol>llt-03 
9."1,t::-IJ" 

l:Sefl'i[-\)4 
!,.!>Yl-04 
tsel'1l-04 
betllE-0.\ 

'febOE-o• 
1:t.OCt•o• 
l+l,t-OJ 
beJZE•O• 

6. l~t.•04 
-..tUE • O• 
1.~,t.-0• 
!:>.J-.E-0tt 

l+l•f-Oc 

c. l•E-1,), 
~.Ubl-04t 
•.ult.-o, 
... J~t:.-04 

1.--•t:•04 
I .i7l-U4 
le'illf•U• 
1.:,aE•ll• 

z-~•t:-o"' 
lectlE•U11t 
z.Jit.-u• 
l ett'llt-O• 

1.,.t:-0• 
1.l~l•u• 
l• 7:,t:•O• 
1.aE-O• 

TOTALS 

1,.10,-01 
l>.2/f•Ul 
1.zoE•UO 
7.5dt-Vl 

fh4'it.•Ul 
4.cdt-01 
l>o!>lt-01 
5.!Yt-ol 

7 oHl-01 
o.l~E-ol 
9.5 .. E-UI 
:;.1~t.-01 

~.bOE-Ul 
l+tilf-01 
5o3dt-01 
•-oot:-01 

l • Olt. •IJl 

l+OJE•Ol 

Ol/l•/1• 

TOTAL~ 

2ol2t-ol 
c,OOt-ul 
4+0JE-vl 
l, • lt-Ul 

. leO:,t-01 
l+ht-Ul 
leOot•Ul 
1.o•t:.-01 

2.J!Jt-01 
1.~,1:.-u1 
J.Ue,t.•Ul 
l eb«tt.-01 

le71tt.•Ul 
l,l4t-ol 
1, 70f•Ol 
l,lot:.-ol 

Ol/h/14 

l'ASlolU1LL "OLltL 

C:etll!t:•OJ 
1.•lt:-u:; 
4odlE•03 
2.l!>l-03 

2+!>ll-OJ 
1,7YE-OJ 
1+30E-V3 
J+ldt:-03 

l,Ylll-OZ 
2+llE-v3 
4+4 • E-0J 
1.J'IE-03 

• +lldl-03 
lo'iYE-03 
l•ZIIE-02 
l+ll7E•Ol 

7,04E•Oii!. 

7.l •E-01 

TOTALS 

1.2ot"-01 
.:.h>t-02 
2.o•t-01 
l+OJE•Ol 

2.11t-oc 
l ,bYt:-oz 
I, ht:-Oi 
Z,IOt:-02 

!>+7dl-Oo! 
l,Zdt-02 
z.sn-oz 
l+Z • l-Ol! 

l+JOt-lZ 
1,\lll-13 
2.211£-02 
J.JJE-ll 

1.1u-01 

1.ut:-01 



( -

( 

f 
\._. 

CASI:. I: 

CUMULATIVt 
liAUIUS 

INILtSl 

l 

• 
s 

10 

zo 
30 

40 

!,O 

CASI:. 1 : ,owe 

CUNULAI In 
1 .... 0 

PUt-ULAllU" 

u 

3,. 

JII 

, .. 1 

l•~»b 

l!l,•!11 

ll>l>,•01 

Uh•OI 

9Z1tVOI 

l,Z._l,•!>I 

l'VUt,r '- u"'J. r~ 

CU"ULA11Vt: 
uu~l 

lMAN-Kt.M/Ytfl 

u 

.uo1, 

.uo•o 

.uo.,3 

,Ulc 

,u!>, 

,J!> 

,!If> 

,I>!, 

,1l 

TABLE 111-A-24 {Continued) 

SAMPLl ~HON~ HUN 

AVt.tfA\lt. 
A"HUAL UUSI:. 

IMHl:.'4/YA) 

•"-'"' 
,Ul!> 

,Ole 

,1.10¥6 

,UOll> 

,UOll 

,oouav 

,0007 

,000!,I> 

JU .. t.rt.w ,-tt.Lt.A:,t. 

TNfNOltJ 
•> MILtS 

IIOSl:.{a) 

01/h/H 

Ol/14/h 

l"ASWUILL MUUt.L 

i;:H{/ t) "'UCL!L.lt. 1.0~\.t.NT,o,J lu,.., "Ci/t.:UdlC Mt. ft.PC U u ~ E F ~ 0 M .-, A T ,, • A Y "4 M t. "' I Y M 

,. 
N"'tf 

"E 
ENE 

£ 
tSI:. 
St 
SSE 

s 
SS• 
SW 

•S• . -~· ..... 
CASt II 

N -Nt. 
[o,£ 

£ 
U[ 
Sc' 
$5[ 

• .... 
NW ..... 

St.C/ ·4••J ••••-----•-• •••••••-•---••••••••••• •••-••••••---••••••• l~NALAJION MlL~ LlA~Y Yt.~t.TAdLES 

q.•t.-01 
tt . 1t-u 1 
l ,dt: •'lo 
l elt.•IJb 

9 .Jf • O 1 
6. ll•U7 
~.•E-u7 
1 ,•t.•0 1 

l , lE•Ub 
fi,bE•07 
l ,•t.•Ob 
7,St•Ot 

8 . JE•OI 
S ol E•UI 
'•••-•u7 
S . 1:.-01 

••we r o-.1w l u,.l rs 

CNIN 
SlC/f'f••J 

2.sL-ur 
z . Jl•O r 
•• !t£•01 
l,1E•01 

2 . Jt:-01 
1.n-01 
Z,JE•OI 
1 ... E•OI 

l ,6l•01 
z.u-01 
l ,2£•01 
J.1[•07 

l , VE•01 
l , 3E•01 
Z,UE• OI 
1.n-01 

r~-1 J,11 1•1'" 

l•IJU l•lJI 

,.a.-ul 
4,lt • ul 
-i, lt.•t.,J 
.,,,n.-uJ 

:,,llt.•ul 
J,Jt.•ul 
':»,lt.•uJ 
••ut.•Ul 

:,, ft.•\IJ 
• • lt.•U.J 
7,ot.•uJ 
- • lt.-UJ 

.. . .,t. -V J 
i • dt.-Ul 
- . ot.-V.$ 
J.Ot.-UJ 

.J" Nt:ft.l'f .ct.Lt.A~£ 

l•llu 

l•Jt.-V.$ 
l•it.-UJ 
i••t.-vl 
1.•t.-vJ 

lelt.•UJ 
d•'t. "" U• 
l•.i::t.•UJ 
l.llt.•UJ 

l••t. • VJ 
lelt•vJ 
l.lt.•UJ 
'i.Jt.•U• 

l•llt.•Vl 
••Vt.-v• 
lell:.•UJ 
1.vt•u• 

l•IJJ 

l•ttt.-Ul 

~::~=~~ 
•••t.-OJ 

J.~1:.-0J 
i.;1:.-03 
J.'it.•U:J 
3 . 01:.-0J 

•••t-OJ 
J.6t.•Ul 
!1.&t.•UJ 
J.lt.-OJ 

J .•t.•UJ 
iolt • OJ 
l•l ••UJ 
2.JE• o ·• 

T NYWU l O 
l•~ •1L£S 

l•IJJ 

leVt.•OJ 
.... t.-04 
l.dt.•OJ 
l•lt.•Ol 

v.Jt:•O• 
••2t.•u• 
... 2t.•O• 
1 . st.-o• 

1.1t:-0J 
• • _Yt.•04 
i ,Jl:.•oJ 
1,ll•h 

1 .6t.•O • 
!telt.•O• 
••11!:E•O• 
~.'ft.•O• 

1-ll> i , .. ADULT 

tl•-t.•02 belltE•UZ 
7.9t.•UZ 6.uE-02 
1.bt. • Ol t.c:E-01 
Y. 11::-,z T .•E•Ul 

ll.•E•02 6,JE•Ol 
,.,(-ol •• ,t-oc 
•• st.-02 a.•E-OZ 
e..bt.-oz ).ut.-oz 

."l.~t:•Ol 1.2E•Uc! 
, • .,,t.-oz a.ot.-02 
1 .JE•OI 9.6E•02 
,.11t-02 s.1(-02 

1,•(•0i >.6E•Ui 
••bt.•112 J.SE-Oi 
be 1t'.:-U2 ,.1£-0Z 
,. 1t-oz J,9£•0l 

IIO~l{a) 

u u s t. F H O N 

l '" 
AUULT 

~.~t.-02 le7E•Ol 
i. IE•U2 1 ,6t•02 
•.ut.-11, J.oc-o~ 
le•t.•OZ l••t.-oz 

,.1t.-oz •••1::-0, 
•••t:-o, 1.uE-u, 
c'.Ut.•OZ l .~(•Ol 
le7t.•OZ lelt:•O~ 

c' • Jt. •Ol t .tf£ •02 
Z,Ut.•Ol l , ~t•Oc 
i,Vt.• O.t l,lf•Ol 
1 ••t•oZ I .u-o.e 
I• 7E•OZ I ,lt.•02 
I ,.tl:'•02 •••£•OJ 
1 .n-oz 1 ••E•Ol 
I ,JE•Ol V,9£•03 

l '" 
AUULT 

l.bt.•Ol leYt.•00 
l.~t.•Ol ledt.•UO 
J.lt.•Ol J.1t.•UO 
leYt. • Ol ZeCt:.•OO 

1.0£.• 0l leYt•UO 
lelt.•01 l elt.•00 
leot:•Ul le,tf.•00 
t.Jt.•Ol leSl•UO 

1.11t.•Ol Zelf•OO 
t.~t.•01 l.ttt•OO 
i.•t.•Ol l.Yt.•OU 
lelt.•Ol leOt.•UO 

l ••t.•Ul l .1t.•UII 
11.tlt. • OO l. lt. • '-'U 
lelt.•U l le>t.•UO 
"• 1t. • OU l .tt.•UU 

'YA AUULT 

.?eOE•OO l . JE•OO 
z.St:•OO 1.i£•1)0 
,.u£•00 '••t:•OO 
leUE•OO 1.:,t: , 00 

te6E•OO l eJl::•00 
1,l(•Oo 8.•t•OI 
.?.bt:•Oll leJt.•UU 
lelE•OO l.Ut.•00. 

J.Ut:•Ud l ••E•OO 
i.~t.•00 1 • .tt:•OO 
•.uf•OU !. 'llt:•OO 
t.lt:•00 l.Ut:•OO 

2elt.•OO 1.1E•OO 
l••t.•OG 1.ut.•01 
lelE•OU l eUt.•00 
1.oi•uo 1.rt.-01 

Ull'l • /'14 

~ASWUILL MOUlL 

~ I T H w I Y M M t. M / Y N 
"IL~ L~A~f YE~t:TA•L~S 

z '" AUULr 

••2t.•OO ~.lt.•Ul 
J.'llt.•OO •• ot-ul 
1ebt.•OU Y.Jt:•Ul 
•• ot.•UO ,.,t.-ul 

J•"t.•00 ••ttt.•Yl 
ieOt.•UO leit.•Ul 
le'll't.•UU •• lt.•Vl 
J.~t.•VtJ l••t.•Ol 

--•t. • 00 , •• t.-«11 
Je•t.•00 ••~t.•Ul 
,.:,t.•00 o.ctt.•Ol 
J.Ot. • -VO J••l:.•Yl 

J.4!t.•UV leVt.•Ul 
.e.,t.•UO l• 1t.-Ul 
Je•t.•OU 4.Zt:•01 
leSt.•00 3.0t.•Ol 

l TH •uULr 

b.'1111::•0l Jelf•Ol 
o.,t.-01 3.lE•Ol 
lelf•OO ct•lt.•01 
7.:»£•01 le•f•Ol 

o.;t.-01 J. 11::-01 
••JE•OI l. 11:.•0I 
o.•E•O l Jelt:•01 
~h~f.•01 .t.>t:•01 

feJE-01 3.>t.•01 
&,lf•OI J,ot-:-01 
v.OE•Ol 4e•t:•Ol 
•• 'lllt.•01 , •• c.-01 

!>,lE• 0I t,~£•01 
J,•l-01 I ,41E•OI 
!>, 1£•tl Z, lt-:• 01 
••lt•OI t,OE•tl 

{a) The thyroid dose factors listed in the sample runs and program listings. and the thyroid doses 
calculated in the sample GRONK are incorrect. The dose factors have been changed since the 
listings were prepared. The correct values are shown in Tables 111-A-6, -7 and -8. The pro
gram now calculates thyroid doses for a 1-year old and an adult. 
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TABLE III-A-24 (Continued) 

c•s~ 1 : s ,.,_~Lt ,.,,v ._" "u" 
J' AS WUlLL ,..vut:.L.. .JU "'l ft k Nt.1..lA S t ·•"'t. .. AC TuW • , , .. u s.,t.t. U h tY 

J. •• : .o. ~l 

The reconcentration factor, Nj, accounts for the extent to which effluent is recycled through the 
reactors . ARRRG and CRITR allow the user a choice of the following reconcentration models: 

(l) If the cooling water is drawn from a cooling pond, smal r 
lake or reservoir which is connected to a larger body of 

water or is fed by a stream, then : 

IL= l- -Le 1c [ 
(F ) - >. . t J-1 

1 F + V AT (17) 

(2) If the cooling water i ntake is downriver from the outfall 
or on a lake or ocean site and arranged such that recircul

ation occurs, then 

(18) 

(3) If there is no reconcentration, for example, if the cooling. 
water is drawn from a river in which the outfall is below 

the intake, then 

1.0 
(19) 

where g recycle fraction (the · mixing ratio at the point of intake) 
(unitless) 

F = coolant flow (ft3/sec) 

L makeup flow (water drawn into the intake to replace losses) 
(ft3/sec) 

V pond volume (ft 3) 

AT 

tc = 

A; = 

pond turnover rate (sec- 1) 

cycle t ime (hr) 
decay constant (hr-1

) 

n = number of cycles during facility lifetime plant life (hr) 
tc 

The above three models were chosen for the programs because they apply to the most conmon recon
centration situations. Unusual cases could require that special reconcentration formulas be 
added to the program. 
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Equation 18 is the closed fonn of the series 

(19a) 

where G1 = g exp(-A1tc) for nuclide i. 

Fonnula 1, the most complex of the reconcentration models, is used for sites on a cooling pond, 
lake or reservoir where the water is exchanged by stream flow or connection with a larger body of 
water such as the ocean. It can also be used for a system of cooling canals where a fresh dilu
tion stream (makeup) is injected into the inlet pipe along with the recycled water from the cool
ing pond. From elementary considerations of mass balance, assuming steady state conditions and 
instantaneous mixing in the cooling pond, Fonn~la 1 fs of the fonn of Fonnula 2 with n-- and with 
the recycle fraction a function of hydrological parameters and th·e radionuclide decay constant 
(Figure III-A-1), 

(17) 

The volume, V, for Fonnula 1 may be taken to be a series of canals, a pond, small bay, small lake , 
etc . However, the model loses credibility if Vis very large since instantaneous mixing in V was 
assumed; therefore , Fonnula 2 should be used for large V. 

L 
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FIGURE III-A-1 RECONCENTRATION IN REACTOR EFFLUENT DUE TO RECYCLING THROUGH A COOLING POND 
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During an ARRRG or CRITR run, the program will ask "which reconcentration formula?" The user 
should then enter one of the numbers 1, 2 or 3. The programs will next ask for only those parame-
ters which are needed for the selected reconcentration formula. - '"'\ 

III-A.7.6 Treatment of Parent-Daughter Nuclide Pairs 

Parent-daughter nuclide pairs require special consideration since decay of parent into daughter 
represents an additional source of the daughter nuclide in the environment and in the body. 
Effects of parent decay subsequent to i ntake into the body are already accounted for in the cal 
culation of decay energy and internal dose factors by ICRP methods. 

Accumulation of a daughter nuclide in primary aquatic organisms may be controlled by the bioaccu
mulation factor of either the parent or daughter, or both. To ensure that calculated doses are 
always conservative, a pseudo-nuclide i s devised which has t he half-life and bioaccumulation fac
tors of the parent but the .decay energy and dose factors of the daughter . Pseudo-nuclides are 
placed in the nuclide master list with a name formed by appending the letter D to the parent name. 
The release rate assigned to the pseudo-nuclide is the release of the parent multiplied by the 
fraction of the parent decay which passes through the daugh t er nuclide. 

The doses calculated from the combinat i on of the pseudo-nuclide plus daughter nuclide will always 
be at least as large as the true dose from the daughter. Furthermore, accumulation of the daughter 
on sediments is conservatively calculated, since the longer half- life of the parent is used for 
the pseudo-nuclide. 

A simplification of the above method is possible when the daughter has a radiological half-life 
which is short compared to that of its parent and compared to the elapsed time between release of 
the nuclide and exposure. Since the env i ronmental behavior of the daughter will always follow 
that of the parent, the decay energy of the daughter is included with that of the parent for the 
calculation _of external dose factors. The symbol "+D" is appended to the parent name to indicate 
that the external dose factors are modifi ed. Thus, whenever a parent nuclide release is speci
fied, the result of the dose calculations will be as though an additional equilibrium amount of 
the daughter nuclide is specified. The daughter nuclide itself will appear separately in the 
master list if it can be released independently of the parent. 
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III-A.Part 2 Program FOOD 

III-A.l Introduction 

Program FOOD is designed to calculate radiation doses to man from ingestion of foods, such as 
produce, milk, eggs and meat produced on farms irrigated with water containing radionuclides. 
Concentrations of the radionucl~des in the water and ingestion dose factors (mrem/yr per pCi/yr 
intake) are obtained by FOOD directly from the program ARRRG previously discussed in Appendix 
III-A, Part land in Reference l. 

FOOD is based upon the use of sprinkler irrigation since this method of application should result 
in higher radionuclide concentrations in plants (and animals consuming them) than surface irriga
tion because of foliar deposition. Surface irrigation can be simulated if necessary by setting 
the factor for foliar retention to zero by editing the prpgram. In addition, the program output 
lists the fractions of the individual radionuclide concentrations in the plants which result from 
foliar deposition and from soil uptake. 

The program accounts for the consumption by the animals of both contaminated feed and drinking 
water. Since the program output lists the radionuclide concentrations in the final product, the 
internal radiation dose to beef, cattle, swine and chickens could be estimated in a manner analo 
gous to calculation of internal dose to man . The assumption would have to be made that the con
centration of the radionuclides in the meat represented the average equilibrium concentration in 
the whole animal . 

I I I-A.2 Irrigated Vegetation 

The concentration of radioactive material in vegetation results from deposition onto the plant 
foliage and from uptake from the soil of prior depositions on the ground . The model used for 
estimattng the transfer of radionuclides from irrigation water to plants through both leaves and 
soil to food products was derived 1 for a study of the potential doses to people from a nuclear 
power complex in the year 2000. The equation for the model is presented below in slightly modi
fied form. The first term in brackets relates to the concentration derived from direct foliar 
deposition during the growing season; the second term, to uptake from soil, and reflects the 
deposition throughout the total life of the nuclear facility . Thus for a uniform release rate 

where 

(1) . 

c
1
v • concentration of radionuclide i in edible portion of plant . v 

(pCi/kg) 
di • deposition rate [pCi/(m2•hr)] 
r • fraction of deposition retained on plant (unitless), taken 

to be 0.25 for sprinkler irrigation 
Tv • factor for the translocation of externally deposited radio

nuclide to edible parts of plants (unitiess) . Assumed to be 
independent of radionuclide and taken to be 1 for leafy 
vegetables and fresh forage, and 0.1 for all other produce., 
including grain. 

• effective removal constant of radionuclide i from plant 
(hr-1) AE i • Ai + Aw• where Aw • weathering remova l constant 
• 0.693/14 (day-l) . 

te • time of above ground exposure of crop to contamination during 
growing season (hr) 

Yv • plant yield [kg(wet weight)/m2J 
e
1 

• concentration factor for plant uptake of nuclide i to edible 
V • 

part of plant from soil (pCf/kg(wet weight) per pCf/kg 
(dry soil)] 
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tb • time for buildup of radionuclide in soil (hr), taken to be 
~O years for typical power reactor 

P • soil "surface density" [kg(dry soil )/m2J. Assuming a uniform 
mixing of all radionuclides in a plowlayer of 15 cm (6 in.) 
depth, P has a value of approximately 224 kg/m2. 

th • holdup time (hr-1); the time interval between harvest to 
consumption of the food. 

The deposition rate di from irrigation water i s deffned by the relation 

di = Ciw I (water deposition) (2) 

where 
Ciw • concentration of radionuclide i in water used for irrigation 

(pCi/i) 
• irrigation rate [i/(m2,hr)]; amount of water sprinkled on 

unit area of field in 1 hour. 

The dose rate in mrem/yr to a particular organ r would then be given by 
Equation 3 for n radionuclides i via a particular vegetable pathway v: 

where 

n 

Rvr = I civ UV 0ivr 
i = l 

R • the dose rate to organ r from all nuclides via pathway v vr 
(ingestion of a particular irrigated food) 

Civ • the concentration of nuclide i in the media of pathway v 

Uv • usage: the intake rate of food v 

(3) 

o. • a dose factor: a number specific to a given nuclide i, 
ivr pathway v, and organ r which· can be used to calculate 

radiation dose from the intake rate of that radionuclide. 
In th i s instance pathway v is ingestion and the dose 
factor has units of mrem/yr per pCi/yr ingested. (These 
factors are listed under the ARRRG program description 
in Appendix III-A, Part 1. ) 

III-A.3 Animal Products 

The radionuclide concentration in an animal product such as meat, milk or eggs is dependent on the 
amount of contaminated feed or forage eaten by the animal and its uptake of contaminated water. 
The following equation describes this model for the concentration in animal products. 2 

where 
C: • concentration in aminal produce (pCi/i) or (pCi/kg) ,a 

(4) 

Sia• transfer coefficient of radionuclide i from daily intake of 
animal to edible portion of animal product [pCi/i (milk) per 
pCi/day] or [pCi /kg (animal product) per pCi/day] 

CiF • concentration of nuclide i in feed or forage (pCi/kg) calcu
lated from Equation 1 above 
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QF • consumption rate of contaminated feed or forage by animal 
(kg/day) 

Ciaw • concentration of nuclide i in water consumed by animals 
(pCi/t); assumed usually to be equal to Ciw 

Qaw • consumption rate of contaminated water by animal (i/day) 

The second set of terms in the brackets in Equation 4 can be omitted if the animal does not drink 
contaminated water. Average consumption rates assumed for this study are listed in Table III-A-25 . 

Hilk cow 
Beef cattle 
Pig 
Chicken 

TABLE III-A-25 

ANIMAL CONSUMPTION RATES 2 

QF 
Feed or Forage 

(kg/day) 
55 (pasture grass) 
68 (stored feed grain) 
4.2 (stored feed grain) 
0. 12 (grain) 

QAW 
Water 

(l/day) 
60 

50 
10 

0. 3 

The dose from the consumption of animal products is given by Equation 3 with Cia substituted for 
Ci V• 

For a cow grazing on fresh forage, te in Equation l is set equal to 720 hours (30 days), the typi 
cal time for a cow to return to_a particular portion of the grazing site. 

Values for the various plant concentration factors and animal product transfer coefficients for 
the elements considered are given in Table III -A-26 . For the plant concentration factors Refer
ence 2 was consulted and .modified at times. Transfer coefficients were also taken from the lit
erature where available for beef, 2 pork, 2 poultry, 2 eggs, 2 • 3 and milk. 4 The milk transfer 
coefficients of Reference 4 were reduced by a factor of one-half to account for average transfer 
of radionuclides from grass to milk via a cow, rather than maximum. 

For the Hanford Waste Management Operations Environmental Impact Statement the contribution to the 
radiation doses to the Maximum Individual were estimated using the parameters listed in 
Table III -A-27. On infrequent occasions hay harvested from irrigated land is fed to milk cows 
causing traces of 65Zn to appear for short periods of times in farm milk. 

The dose to the total population in the vicinity of Hanford from irrigated foods was estimated as 
explained in the main text . It was asslJTied that a total of less than 2000 persons could be fed 
with the river-irrigated foods produced at the Ringold and Riverview areas. Since the average 
adult diet is generally about one-half of the Maximum Individual's diet, the man-rem dose to the 
population would be approximately numerically equal to the whole body dose (in mrem) to the 
maximum individual, that is 

2000(people) x 0.5(diet) x 10-3 ( m;: ) = 1.0 
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TABLE II I-A-26 

PLANT CONCENTRATION FACTORS AND ANIMAL PRODUCT TRANSFER COEFFICIENTs(a} , 
\ 

8iv Sia 
Element Plant Soi 1 Egg/Feed Milk/Feed Beef/Feed Pork/Feed Poultry/Feed 

!Dimensionless) (daileggl !dayl1l !day/kg) !daylkgl !daylkg) 

H 0.2 1 0.01 1 1 1 
C 5.5 1 0.0075 1.0 1 1 
Na 0.05 0.01 0.025 0.05 0.1 0.01 
p 1.1 0.1 0.012 -6 0.033 0.54 0. 19 

Sc 0.0011 * 2.5 X 10 * * * 
Cr 0.00025 * 0.0011 * * * 
Mn 0.029 0.005 0.00012 0.005 0.01 0.001 
Fe 0.0004 0.005 0.0006 0.001 0.005 0.001 
Co 0.0094 0.005 0.0005 0.001 0.005 0.001 
Ni 0.019 0.005 0.0034 0.001 0.005 0.001 
Cu 0.13 0.010 0.007 0.002 0.005 0.002 
Zn 0.4 0.0002 0.02 0.002 0.005 0.002 
Sr 0.2 0.007 -5 0.001 -5 0.002 O.OOB 0 .0009 
y 0.0025 1 X 10_5 1 X 10 0.006 0.01 0.004 
Zr 0.00017 6 X 10_5 

2.5 X 10-6 0.0005 0.001 0.0001 
Nb 0.0094 2 X 10 0.0012 0.0005 0.001 0.0001 
Mo 0.13 0.0070 0.0038 0.01 0.02 0.002 
Tc 0.25 * 0.012 -7 * * * 
Ru 0.01 7 X 10=~ 5 X 10 0.001 0.005 0.0003 
Rh 0.13 7 x l 0_5 0.005 0.001 0.005 0.0003 
Sn 0.0025 1 X 10 0.0025 0.0025 0.005 0.002 
Sb 0.011 * 0.00075 * * * 
Te 1. 3 0.007 0.0005 0.005 0.01 0.01 
I 0.02 0.03 0.01 0.02 0.09 0 .004 

t:·~ Cs 0.003 0.02 0.007 0.03 0.04 0 .4 
Ba 0.005 0.006 -5 0.0003 -6 0.0005 0.002 0.0005 
La 0.0025 4 X 10_5 2.5 X !g 0.005 0.01 0.004 

~ 
Ce 0.0005 5 X 10 _5 

1 X 10 _6 0.001 0.005 0.0006 
Pr 0.0025 4 X 10_5 2.5 X 10_6 0.005 0.01 0.004 
Nd 0.0024 4 X 10 _5 2.5 X 10_6 0.005 0.01 0.004 
Pm 0.0025 4 X 10_5 2.5 X 10_6 0.005 0.01 0.004 
Sm 0.0025 4 X 10_5 2.5 X 10_6 0.005 0.01 0.004 
Eu 0.0025 4 X 10_5 5.5 X 10 0.005 0.01 0.004 
u 0.0025 5 X 10_5 0.0005 -6 0.005 0.0001 0.004 
Np 0.0025 5 X 10 _5 2.5 X 10_7 0.005 0.0001 0.004 
Pu 0.00025 5 X 10_5 7.5 X 10_6 0.005 0.0001 0 .004 

O" Am 0.00025 5 X 10_5 2.5 X 10_6 0.005 0.0001 0 .004 
Cm 0.0025 5 X 10 2 .5 X 10 0.005 0.0001 0.004 

*Value unknown or very small; assumed to be zero for calculations . 
(1) For use in Equations 1 and 4 . 

...., 

III-A-52 



( 
TABLE III-A-27 

FOOD INPUT WORKSHEET 

REACTOR NAME HEIS - 100-N + 100-F + 300 A 

TITLE Dose to Naximwa Individual 

DATE Nay 1974 

FOOD TYPES 

1. Leafy Vegetables 
2. O.A.G.(a~egetables 
3. Potatoes 
4. Other Root Vegetables 
5. Berries 
6. Melons 
7. Orchard Fruit 
8 . Wheat 

9. Other Grain 
10 . Eggs 
11. Milk 

12 . Beef 

13. Pork 
14 . Poultry 

HOLDUP 
~ 

1 

__ 1_ 

10 

1 

__ 1_ 

1 

___!!!_ 

10 

1 

1 

1 

15 

15 

1 

COtlSUHPTI ON 
{kg/yr or t/yr) 

30 (b) 

30 b,---~-
110 

72 

30 

40 

-~~---
80 --8-rr,,---

30 
274 (b) -

40 

40 

18 

IRRIGATION 
RATE 

( ,/m2 /mo) 

150 

160 

180 

_12Q___ 

~-
150 

150 

0 

150 

150 
___ o __ 

140 

140 

140 

GRO!-/ltlG 
YIELD PERI OD 

fuL!'!:l ~ 
---1...2_ _ 9JL_ 

..JW__ ~ 

~._o __ 9_0 _ 

-2..,_Q_ _ 9_0 _ 

...bJ_ _ 6_0 _ 

....Q.,!__ _ 9_0_ 

....b.l_ _.1!!.._ 

_Q_,2L _ 9_0 _ 

1.4 90 

(0 . 84)(c) 90 

..il.:1L. - }O (d) 

~ _9_0 _ 

~ _9_0_ 

~ _ 9_0 _ 

RIVER FLOW IN CFS __ l6_0~,_oo_o ____ _ t·1IX!IIG RATIO_~l ____ _ 

RECONCENTRATION MODELS 

Simplified theoretical model 
VOLUME ____ ft 3 TURNOVER RATE day- l -----
MAKEUP FLOW ____ cfs CYCLE TIME hr 

Emp irical model 
RECYCLE FRACTION __ _ CYCLE TIME hr ------

~ 3 No reconcentration 

NOTES : 

(a) Other Above Ground (d) Length of time· before cow 
returns to same piece of 
pasture . (b) During irrigation season only . 

(c) () indicates yield of animal feed. 

l. 

2. 

3. 
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III-B DESCRIPTION OF MATHEMATICAL MODELS USED IN DOSE CALCULATIONS FOR ACCIDENTS 

This appendix describes mathematical models used to calculate external and internal doses from 
the accidental release of radionuclides from nuclear facilities. 

III-B . l Atmospheric Dispersion Models 

The atmospheric dispersion of radionuclides can be described mathematically by a bivariate 
normal distribution model which has been in use at Hanford for many years . The standard devia
tions of the cloud concentration in the crosswind lateral and vertical directions can be esti 
mated from any of the several methods in colllllon use; i.e . , Sutton's parameters, Hanford 
equations, or Pasquill's curves. Using this model, the air concentration at ground level is 
given by: 

where : 

(l) 

x • ground level air concentration at the coordinates x and y, 
Ci/m3 

x • downwind distance measured from point of release, meters 
y • crosswind distance measured horizontally from centerl ine 

of cloud, meters 
Q • apparent rate of release at receptor , Ci/sec(a) 

cry• crosswind lateral standard deviation of cloud concen
tratfon, m 

oz• crosswind vertical standard dev iation of cloud concen
t ration , m 

uh• average wind speed .at t he height of release in direction 
of travel, m/sec 

h • height of release , m 

(a) apparent rate of release at receptor is the rate of release at the 
source corrected for radioactive decay during time of transport to 
receptor 

III -B. l . l Accidental Release 

The time-integrated air concentration is convenient to use when calculating doses resulting from 
accidental releases of short duration. Also, use of the cloud centerline air concentration 
results in a maximum estimate of this quantity thereby maximizing the resultant ·dose. The center
line time-integrated air concentration is given by : 

where : 
E

0 
• · t ime-integrated air concentration at ground level 

beneath the centerlin~ of the cloud, Ci- sec/m3 

Q • total release from source, curies. 

(2) 

The crosswind standard deviations, cry and oz, for stable atmospheric conditions are calculated 
by the Hanford mode l1 , 2 as fo 11 ows : 1 
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a; = A [r - a(l -- e-T/a)] 

a;= a(l - e-KZTZ) + bT 

where: T • transport time from point of release to point of 
interest, sec 

and: A= c + d(a9u) 

(l ,: 
A 2 

2(09ii} 

(3a) 

(3b) 

and a, b, c, d, k and (a9u) are parameters describing the atmospheric condition. Table III-B-1 
surrmarizes parameter values used in this study. 

TABLE II I-B-1 

VALUES OF METEOROLOGICAL PARAMETERS 
FOR THE HANFORD MODEL 

Moderately Stable Very Stable 
Parameter Conditions Conditions 

a 

b 
C 

d 
k 

97 

0. 33 
13 

230 
2.5 X 10-4 

MINIMUM VALUES 0F(creu) 

Assumed Duration 
of Release, min 

10 
60 

120 
240 
480 

( a8rr, 

0.024 
0.040 
0.080 
0.10 
0.18 

34 
0.025 

13 
230 

8.8 X 10-4 

Crosswind standard deviations calculated for unstable and neutral conditions with Sutton's para
meters are: 

where: 

a;= 0.5C; X (Z - n) 

a~ = o.sc~ x (Z - n) 

n • atmospheric stability index 
C • virtual diffusion parameter in the horizontal cross
Y 

wind direction 

(4a) 

(4b) 

CZ • virtual diffusion parameter in the vertical crosswind 
direction. 

Representative values of the parameters n, Cy and Cz are tabulated in Table II-B-2. Numerical 
values of cry and oz in use at Hanford repres~ntative of .Pasquill's curves are listed in 
Tables III-B-3 and III-B-4. 
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TABLE III-B-2 

NUMERICAL VALUES OF ATMOSPHERIC DISPERSION PARAMETERS 
FOR NEUTRAL AND UNSTABLE ATMOSPHERES 

Parameter Release Level Wind Seeed Unstable Neutral 

Cy Ground 1 m/s 0.35 0 . 21 

5 m/s 0. 30 0.15 

10 m/s 0.28 0. 14 

Elevated 1 m/S 0. 30 0. 15 

5 m/S 0. 26 0. 12 

10 m/s 0.24 0 . 11 

CZ Ground 1 m/s 0 .35 0. 17 

5 m/s 0.30 0. 14 

10 m/s 0.28 0 . 13 

Elevated 1 m/s 0. 30 -0 . 15 

5 m/s 0 . 26 0 . 12 

10 m/s 0 .24 0.11 

n 0.20 0. 25 

TABLE III-B-3 TABLE III-B-4 

VALUES OF cry FOR PASQUILL STABILITY CATEGORIES VALUES OF a z FOR PASQUILL STABILITY CATEGORIES 

DISTANCE a for Pasgui 11 T.)'.I!! DISTANCE a
2 

for Pasgui 11 Ttee 
. METERS _L_ _L Y_L_ _D_ _E _ _ F_ METERS _!_ _L _c _ _Q_ _E _ 

100 21 16 12 8 . 0 6 .0 3. 9 100 15 10 7 .8 4. 7 3. 0 

150 34 24 18 12 9 .0 6. 0 150 22 15 11 6.8 4. 3 

250 54 40 28 20 14 9.8 250 43 26 18 10 7 . 1 

350 75 55 40 26 20 14 350 70 37 24 14 9.4 

500 100 76 55 37 28 18 500 140 57 34 19 13 

700 140 110 76 51 37 26 700 270 86 46 25 17 

1,000 200 150 110 72 52 36 1,000 670 140 64 33 22 

1,500 290 220 160 100 75 52 1,500 2,000 240 90 43 29 

2,500 450 340 240 160 120 81 2, 500 2,000 580 140 62 41 

3,500 610 460 330 220 16-0 110 3,500 2,000 1,200 190 76 50 

5,000 830 630 450 310 220 150 5,000 2,000 2,000 260 95 61 

7,000 1,1 00 840 610 420 300 210 7,000 2, 000 2, 000 340 120 72 

10, 000 1,600 1,200 850 570 410 280 10, 000 2,000 2,000 440 140 84 
15,000 2,200 1, 700 1, 200 810 570 400 15 , 000 2,000 2,000 600 170 99 

25 , 000 3,400 2, 600 1,800 1,200 880 610 25 , 000 2,000 2,000 880 220 120 

35 , 000 4,500 3,500 2,500 1, 700 1 ,200 820 35 , 000 2,000 2,000 1,100 260 130 

50,000 6,200 4,700 3 ,400 2,300 1, 600 1, 100 50, 000 2,000 2, 000 1, 400 320 140 

70,000 8 ,200 6,400 4 , 700 3,000 2, 100 1, 500 70 , 000 2,000 2,000 1,800 370 160 
100, 000 11,000 8,500 6,300 4,100 2,800 2,000 100,000 2,000 2,000 2,000 450 170 

111-B.l .2 Chronic Release 

Nonnal operations involving chronic low-level release rates usually require detennination of 
average air concentrations within geometric sectors surrounding the facility . These average 
concentrations are detennined by: 

I 

0. 01 Q fd (-
112

) 1/2 
Xsect = w 
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where terms not previously defined are : 

-
Xsect • sector average air concentration at ground , Ci /m3 

w • sector width (;2nx/n), meters 
n • number of equal sized sectors i n 360 degrees 

fij • joint frequency of occurrence release in sector 
for wind speed interval i and stability class j. 

III-B . 2 Whole Body Tissue Dose ·from Ganna Radiation 

The basic equation for the external whole body tissue dose rate from a ganma emitting radionu
clide present in the incremental volume of a cloud is : 3 

where : 

where: 

(6) 

dy • incremental dose rate to tissue, (rad/sec)/(MeV/di s) , 
from galllTla rad i ation emitted from an i ncremental 
cloud volume, dx, dy, dz at a distance r meters from 
the point of i nterest 

x • concentration in incremental cloud volume , Ci/m3 

B( µk r) • dose bui ldup factor for ai r 
µk • tot al linear attenuation coefficient in air, m- l , 

for photons with ga111T1a energy in energy group k 
Kk • dose conversion factor, (rad •m2)/(Ci •sec) per MeV/ 

disintegration . 

3.70 X lOlO ~ l 60 ·X 10- 6 ~ 10-4 m2 ( ) C1 •sec · · MeV ciiiZ µu 
100 lli.L P k g-raa 

0 . 0592 (~c:\ 

(µa)• mass absorption coefficient, cm2/g in tissue for average 
P k garrma energy of energy group k. 

0- A quadratic expression is used to calculate the dose buildup factor . 

where: 
(7) 

Ak and ak are constants empirically determined to fit buildup 
factor data of Berger.~ 

Since dose rate is a function of y-ray energy, the ganma spectrum has been divided into energy 
groups . The incremental dose is calculated separately as a function of photon energy and inte
grated over the cloud volume to obtain dose rate factors for each energy group. The dose rate 
factors are coupled with radionuclide release rate data, duration of release, and site clima
tology data to calculate dose. 

The beta dose calculation is considerably simpler than the ganma dose calculation. Because of 
the short range of beta particles in air, the radionuclide cloud may be assumed to be semi
infinite in dimension. With this assumption, the tissue beta dose is: 1 
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where: 
D~ • beta dose at depth din tissue, rads 

£8 • average beta energy, MeV/dis 

Q • quantity of radionuclide released, Ci 
E • time-integrated air concentration, Ci-sec/m3 

Dd/D0 • depth dose correction factor. 

(8) 

The depth dose correction factors for several tissue depths have been calculated5 and their 
energy dependence is illustrated in Figure III-B-1 . 

0 
Q 

' ~ 
Q 

10-
3
-----------------------....._ __ _ 

0. 1 1 . 0 10 
MAXIMUM BETA ENERGY. MeV 

FIGURE III-B-1 RATIO OF DEPTH DOSE TO SURFACE DOSE AS A FUNCTION BETA ENERGY 
SPECTRA (for infinite plane source of infinite thickness and 
for allowed spectra) 

111-B.3 Inhalation Dose Models 

Two lung models have been rec011111ended by the International C011111ission on Radiological Protection 
(ICRP) . The initial lung model , rec011111ended in ICRP Publication 2 and hereinafter referred to as 
the ILH, treats the inhaled material as either soluble or insoluble. When the inhaled material 
is soluble, the uptake by other organs is assumed to be essentially instantaneous. The more 
sophisticated lung model , recently reco1T111ended by ICRP Publication 19 and hereinafter referred 
to as the TGLH, treats the inhaled material in a more complex way. The derived equations for 
estimating the dose to organs other than the lung are considerably more complex than those for 
the ILH . A com~uter program has been developed for calculating the dose to lung and other organs 
using the TGLH. 
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III-B .3.1 ILM 

The dose to and organ of interest via inhalation using the ILM, from a radionuclide accidently 
released to the atmosphere, is given by: 

where: 

Ps = bQ', (E/Q) = bQ(E/Q), µCi 

D = b(fak) Q(E/Q) )[1 - exp (-Aetl]!, rem (9) 

D • dose to organ of interest delivered over time t, rem 
fa • fractional uptake, via inhalation by organ of i nterest 
k • dose conversion factor for organ of interest, rem 

per µCi in organ 
Ps • quantity inhaled, µCi 
Ae • effective elimination rate constant, d-l 
t • time following initial intake, d 
b • ventilation rate for standard man, cm3/sec 
b 350 cm3/sec (8 hour working rates) 
b 230 cm3/sec (24 hour daily rate) 
Q' • atmospheric release rate, Ci/sec 
t • duration of release (exposure), sec 
Q • quantity released, Ci 

E/Q • time integrated air concentration normal i zed to quan
tity released, Ci-sec/m3 per Ci . 

The dose from inhalation during chronic atmospheric releases is given by: 

where previously undefined terms are : 
P • daily intake, µCi/day 
P = 86400 b X t sec . 

(10) 

When the chronic intake is interrupted at time, t
1 

say, then the dose is detennined by: 

III-B . 3.2 TGLM 

The mathematical model for calcul ating the dose to an organ of interest via inhalation using the 
TGLM is considerably more complex than that utilized by the ILM. In the TGLM, the respiratory 
tract is divided into three regions, the nasopharyngeal (NP), the tracheobronchial (TB), and 
the pulmonary (P). The schematic representation of the respiratory tract used in the develop
ment of the mathematical model for the deposition and clearance of inhaled radionuclides is shown 
in Figure III-B-2. Deposition is assumed to vary with the aerodynamic properties of the aerosol 
distribution and is described by the three parameters D_

3
, D

4
, and D

5
• These parameters repre

sent the fraction of the inhaled material initially deposited in the NP, TB and P regions, 
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respectively. Each of the three regions of deposition are further subdivided into two or more 
subcompartments, each representing the fraction of material initially in a compartment that is 

( subject to a certain clearance process. This fraction is represented by fk, where k indicates 
the clearance pathway. For example, the quantity of material in the TB region cleared by process 
(c) is .then represented by the produce fcD4Q1. Values of the (fk) and the clearance half times 
Tk for each clearance process for the three solubility classes of aerosols used in the computer 
code are shown in Table 111-B-5. 6 Values of the deposition fractions D3 , D4 , and D5 as function 
of activity median aerodynamic diameter in the form of a graph have been published.7 
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FIGURE 111-B-2 SCHEMATIC DIAGRAM OF ICRP TASK GROUP LUNG MODEL 

TABLE 111-B-5 

VALUES OF THE CLEARANCE PARAMETERS FOR THE TASK GROUP LUNG MODEL 
SOLUBILITY CLASS 

COMPARTMENT 0 w 

k(a) T( b) 
k 

f (c) 
k l fk \ 

NP a 0.01 0.5 0. 01 0.1 0.01 

b · 0.01 0.5 0.40 0.9 0.4 

TB C 0.01 0.95 0.01 0.5 0.01 
d 0.2 0. 05 0. 2 0.5 0.2 

p e 0. 5 0.8 50 0.15 500 

f n.a. n.a . 1 0.4 1 
g n.a n.a. 50 0.4 500 

h 0. 5 0.2 50 0.05 500 

L 0.5 50 1000 

(a) Metabolic pathways from lung . 
(b) Removal half t ime fn days from compartment vfa pathway k. 
(c) Fraction removed from compartment via pathway k. 
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The respiratory tract model was incorporated into the simple metabolic model. 8 Transport of the 
radionuclides from the respiratory tract, lymph, and G~I. tract to organs and tissues, where 
significant accumulations of the inhaled activity occur, is assumed to take place via the blood. 
The report of the Task Group7 describes in some detail this translocation of the activity from 
the respiratory tract and lymph to the blood. Of the material clearing from the respiratory tract 
through the G.I. tract, a constant fraction is assumed to be taken up by the blood. Uptake by the 
nth organ or tissue is assumed to be a constant fraction of the amount entering the blood stream 
at any time. Once in the nth organ, the activity is assumed to clear the organ and the body at 
a constant rate. 

The dose cOlllllitment for both individual and population inhalation exposure was based on an inha
lation time equivalent to either the duration of the release, the accidental releases or one 
year for a chronic release. In this study, two dose conrnitment values are usually calculated -
one corresponding ·to the dose delivered in the first year following exposure and the other corre
sponding to the dose delivered over a SO-year interval following exposure. 

Notation for the equations found in this section is as follows : 

is the dose equivalent in rem received by the nth organ or 
tissue by time r1 during continuous inhalation of a radio

active aerosol. 

is the dose equivalent in rem received by the nth organ or 
tissue by time T2 following the termination of continuous 

inhalation of a radioactive aerosol. 

is the quantity of radioactive material in µCi present in 
the nth organ or tissue as a function of time during con
tinuous inhalation of a radioactive aerosol. 

is the quantity of radioactive material in µCi present in 
the nth organ or tissue following the termination of con
tinuous inhalation of a radioactive aerosol. 

is the effective absorbed energy per disintegration in 
HeV -rem . ais ·•rad for the nth organ or tissue. 

'is the mass in gra'!ls of the nth organ or tissue over which 
the dose is to be averaged. 

A~ is the biological removal rate constant for the kth sub
compartment of the respiratory tract in seconds . 

is the radiological decay constant of the nuclide of interest 
in seconds. 

is the total removal rate constant for the kth subcompartment 
of the respi ratory tract in seconds and equals A~+ A . 

i s the biological removal rate constant for the nth organ or 
tissue in seconds . 

is the totdl effective removal rate constant for the nth 
organ or tissue in seconds and equals A~+ A. 

is the fraction of material in the blood that reaches the 
organ or tissue of intere-st. 

is the fraction of material in the G. l. tract that reaches 

the blood. 

P
0 

is the rate at which the radioactive aerosol i s inhaled 
in )JCi/sec. 

fk is the fraction of the material in a deposition region, 
NP, etc., that clears by the kth pathway. 

o3 is the fraction of the material inhaled depos i ted in the 
NP region. 
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is the fraction of the material inhaled deposited in the 
TB region. 

is the fraction of the material inhaled deposited in the 
P region . 

T1 is the total uptake time in seconds. 

T2 is the time following termination of uptake . 

The development of the equations to describe the lung clearance model was divided into two parts . 
The first part is concerned with describing the quantity present and the dose to the respiratory 
tract subcompartments and other organs during the inhalation of radionuclides . The second part, 
requiring a different set of equations, describes the burdens in and the dose to the organs or 
tissues for a contiguous period of time following the termination of uptake . 

During uptake, the equations for computing the quantity of radionuclide in the eight subcompart
ments of the respiratory tract have the form : 

(11) 

The equations for the removable quantity in the lymph are complicated by the fact that both equal 
and unequal rates for transfer paths into and out of the lympth are involved. This is due to the 
dependence of transfer rate upon the solubility class of the radionuclide . Thus , two equations 
are needed to compute the quantity in the lymph. 

For the case Ah1Ai, i.e . , classy solubility in the current version of the model : 

( 12) 

and for the case Ah=Ai• i .e., class D and Win the current version of the model : 

b 
Ahf/hPoDS 

Ah l')LMi (t) ( 13) 

With the preceding equations, the equations describing the quantity of radionuclide in an organ 
as a function of time during uptake can be derived by : 

where: 

and: 

L the contribution to the organ burden from material 
passing through the lumph, 
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Cd= >. ~fd D4f1/ >.d 

C = b 
e >-/e 0s1>-e 

cf = b 
Alf 0sf1/ Af 

C = b 
g >-gfg D5f1/>-g 

The lymph pathway contributions to the organ burden for the two situations are calculated as 
follows: 

(15) 

(t+l)J 

(16) 

The calculation of the dose equivalents received by the tissues at risk are based on the 
tT' following : 

u 

(17) 

where 

5. 92 x 10- 4 = 3. 7 x 104 (dis/~ec)l .6 x 10-6 (ergs) 10·2 ( rads)· µC1 MeV erg/g 

The dose computations for the pul monary lung and the nth organ or tissue at the end of inhala
tion uptake for a time T

1 
are made using the following equations : 

for the pulmonary lung : 

where Mp is the mass of t he lung in grams 

for the nth organ or tissue when >- h1 >- i : 
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0 I g D 5 92 10-4 nMon 2 ~- CJ. ln= . x k..J 

where : 

A = 
h 

J=d 

- exp (->. .T1) 

>.j 

1 - exp (->-;T1) 

>-; 

for the nth organ 6r tissue when >-h=>-; : 

E P f' ( g (T - A 
5.92 x 10-

4 
\~ 2 ~ cj \ n 

. J=a n 

(>. . - >. ) [ 
+ 1 2n 1-(>.iTl 

>-; 

where Cj and Ch are as previously defined. 

(19) 

(20) 

Now for the time following termination of uptake, the equations used to calculate the respiratory 
tract burden and the other organ or tissue burdens become: 

(21) 

where: QZj (T2) is the respiratory tract subcompartment burden at a time 
r2 following the termination of inhalation uptake . 

Q1j(T1) is the respiratory tract subcompartment burden at the end 
of inhalation uptake for a time T1. 

For the burden in the nth organ when >-hi>-;: 

>. T • b (e->-iTz_e->-nTZ) 
Q2~(Tz) = Qln(Tl)e- n 2 

+ fzAi QlLMi (Tl) (A -A) 
n i 

(2?) 
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where: 

I b 
C = A Ql (T1) 

C C C 

I b 
C = A 01 (Tl) e e e 

For the burden in the nth organ when Ah=Ai: 

_ -AnT2 _ ' b (e-"iT2_e-"nT2) 
Q2n(T2) - Qln(Tl )e - f2AiQlLMi (Tl) (A ->. . ) 

n l 

I 

+ Ch {e-AnT2_e-A;T2 
{Ai-An) 

(23) 

The effective total dose to the pulmonary lung due to inhalation uptake for a time T1 followed 
by a period of no additional uptake for a time T2 is computed using the following equation: 

(24) 

where: o1P(T1 ) is the effective dose to the pulmonary lung during the 
uptake period. 

Total effective dose to the nth organ as a result of inhalation uptake for a time T1 followed 
by a period of no additional uptake for a time T2 is computed using the equation that follows: 

o,,c,,1 a 5.92, ,,-4 !; f,,1,,1,, • ,; 
h b I 

{
"""' LC . 
£- ~ (Bn -Bj) 
j=a J n 

b 
+ Ai Qlt:;(Tl) [r2 -

,)l) (

B -B. n l ~-
1 n 

(25) 
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where: 

or : B. 
Z = -r (A.T+l) 

i 1 

and : -A T2 
B = 1 - e n 
n An 

Bh 
l - e-AhT2 

Ah 

B; 
- e-A;T2 

A; 

Bj 
_ e ->.jT2 

).j 

:n addition, the equation for Qin is dependent on whether Ai=Ah or not, so the choice of equa
tions for the burden and dose computation must be consistent throughout. 

111-B. 4 Population Doses 

The population dose from accidental releases is calculated fof selected organs of reference from 
both external radiation and internal deposition resulting from inhalation. This calculation 
presl.llles the 1973 population distribution described in Appendix II.3-A. 

PopuJation dose for an accidental release is calculated by combining the dose to an individual 
for each sector as a function of distance, using the joint frequency distribution of wind speed 
and direction versus atmospheric stability as a probability function. In other words, the 
joint frequency distribution is assumed to describe the probability that an individual at a 
particular distance from the point of release in a specified sector will be exposed to the 
plume. The population dose then can be described by: 

D~ = L 
r,k 

n 
f(,· . k)D( . . )P( k) man-rem ,J, 1 ,J , r _ r, 

where : 

D~ • population dose with organ n as the organ of reference, 
man- rem 

(26) 

f( .. k) • joint frequency distribution describing fraction of time that 
1 ,J. 

wind blows within wind speed interval i, during atmospheric 
stability class, j in an angular sector, k 

Dn( . . r) • dose to an i ndi vi dua 1 at a downwind distance, r with organ 
1 ,J. 

n as the organ of reference, rem 

P(r . k) • population density at radial distance, r in sector, k. 

The 1973 population distribution centered on the 200 Area facilities was used to calculate popu
lation doses . The joint frequency distribution used was for the Hanford Meteorological Station 
as described in Section II . The dose was calculated to an individual at the midpoint of each 
annular sector for each of several organs of reference . The population dose for the population 
out to 50 miles from either area was then calculated using Equation 26 with appropriate values 
of rand k for annular sectors . 
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III-C ACCIDENT ESTIMATION TECHNIQUES 

r Evaluating the consequences of accidents requires an integration of many scientific disciplines. 
Once an accident is postulated, the amount and fonn of material which might be released must be 
characterized and the resulting environmental consequences quantified. 

Since accidents are unique occurrences, estimating fractions of the material released to the 
environment is always an exercise in judgment. At Hanford, many experimental studies on release 
fractions for a variety of materials, under a variety of environmental conditions have been per
formed.1-9 These studies of the behavior or characteristics of various materials containing 
radionuclides under various conditions (heating, aging, etc.) were appropriately modified for 
use in the analyses to reflect differences in conditions and source materials. Where possible, 
release values bracketing the postulated accident conditions were considered and technical 
judgment applied to obtain a "reasonable but larger than anticipated" inventory release value . 
When no data existed, an estimate was made using engineering principles and the known 
characteristics of the physical fonn of the material . 

III-C.l Calculation of Doses from Atmospheric Releases 

The environmental consequences of the accidental release of radionuclides to the atmosphere 
which might result from each postulated accident were evaluated for exposure of people to the 
airborne plume. Atmospheric dispersion of the released radionuclides is described in this 
analysis by a bivariate normal distribution model . To calculate the resulting doses to indi
viduals, a moderately stable atmosphere was assumed to exist throughout the course of the 
accidental release. A windspeed of ten meters per second (22 mph) was assumed for those acci
dents which postulate a release based on resuspens ion of ground deposited contaminants; otherwise, 
a one meter per second windspeed was used . Population dose calculations were based on sector 
average atmospheric dispersion fonnulae using joint frequency distributions of wind velocity and 
atmospheric stability characteristic of Hanford areas . 

Dose calculations were made for both external exposure from submersion in the passing cloud and 
internal exposure from inhalation. The resulting external exposure was calculated at a depth of 
five centimeters, corresponding to whole body dose. Doses resulting from possible inhalation 
were calculated for several organs of reference i ncluding whole body, lungs, bone, and thyroid. 
The material inhaled was considered insoluble when calculating lung dose, and soluble when cal
culating dose to other organs of reference . The more recent lung model of the International 
Corrmission on Radiation Protection Task Group (TGLM) was used to calculate doses to individuals 
from inhalation. · 

Resulting population doses were estimated by calculating the dose to an individual at the sector 
center of several annular rings centered on either t he 200 or 300 Areas. Every individual in 
the population within each annular sector was assumed to receive the same dose as the individual 
located at the sector center . The product of dose, annular sector population, and percentage of 
time the wind blew toward each sector was then compi led to give population dose in man-rems . 
(The models used in this study are discussed i n Appendix III-B . ) 

III-C.2 Liquid Release Calcu l ation 

The movement of liquid released to the ground as a result of postulated acc idents is important 
in the evaluation of environmental consequences. The movement of solutions of radioactive liquid 
waste through porous media systems under a variety of conditions was estimated using the PERCOL 
model . 10 This model determines concentration changes on the basis of chemical thermodynamic 
equilibria between the porous media and solution systems. In soils from the Hanford Reservation 
studied in experimental columns , t he effects of ion exchange, sorption, dissolution and precipi
tation are dominant over the effects of diffusion and dispersion. Therefore , diffusion and dis
persion are neglected in this model, but are included in the more refined multidimensional 
transport model. Assumptions used in PERCOL are: 

• Dispersion, di ffus ion and evaporation are neglected. 

• Seepage velocity is slow enough for sorpt ion and chemical equilibrium to be attained. 

• Cation exchange capaci ty i s constant for each porous medium type. 

• Binary equations approximate the complex cation exchange in porous media. 

• Equilibrium states are path independent. 

• Anion exchange is negligible. 
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• Limestone and gypsum are considered to be the only slightly sol uble salts present and their 
solubility is assumed to be that of the crystalline form. 

• Undissociated calcium sulfate i s the only complex ion formed . 

• Activity coefficients follow the extended Debye-Huckel theory. 

• Uniform moisture content is present. 

• Reactions of microions are determined by the macroions present as described by factorial 
design regression coefficients . 

The formulation and parameters used to calculate radiation doses to residents of the Hanford 
vicinity from postulated accidental releases of radioactive material to surface and groundwater 
are incorporated in a multicomponent computer model. The pertinent codes in this model are 
ARRRG and FOOD. Although originally designed for annual doses from chronic releases, modifica
tion of the input parameters such as exposure hours, dilution in receiving waters, etc., allows 
calculation of internal and external doses from acute exposure to radionuclides in the environ
ment. Excerpts from a complete description 11 of the model and computation codes are given in 
Appendix III-A. These codes represent a simplified version in an interactive computer language 
of the complex codes developed for ERDA ' s Year-2D00 studies. 12, 1 3 

Equations and parameters required for calculation of internal radiation doses from ingested 
radionuclides were given by the ICRP . 14 The equations used to calculate doses from external 
exposure to water and ground deposits may be found in Reference 15 . 
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III-D RADIONUCLIDE INVENTORY OF HIGH-LEVEL WASTE IN WASTE TANK 

f Included here are Tables showing the radionuclide inventories for a million-gallon waste storage 
tank that were used in the Accident Analysis (Volume l, Section III.2) of this Environmental 
Impact Statement. 

\. --

The waste tank is assumed to be filled over a 15-month period .with waste from 2200 US tons of 
0.95% of 235u N Reactor fuel irradiated to 1380 MWd/T. The waste enters the tank after 200 days 
of cooling and contains no xenon or krypton, 0.1% of the uranium and plutonium, 10% of the nep
tunium, and 20% of the iodine in the fuel. In this inventory, all the cesium and strontium are 
assumed to remain in the waste with no B Plant processing . In this respect, the waste is atypi 
cal because B Plant processing usually removes most of the cesium and strontium. 

Inventories are presented for the fission products and actinides from the time of filling of the 
tank to 100,000,000-yr cooling in the following order : 

Table III .. D-l Weight Inventory by Nuclide, Grams 
Table III-D-2 Radioactivity by Nuclide, Curies 
Table III-D-3 Thermal Power by Nuclide, Watts 

In reading the tables, the following interpretations are required : 

CHARGE: value per ton of waste entering the tank 
SEPARATION: total value at time tank is completely filled . 

III-D-3 
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10)58 Z,811!•01 6,16[ • 0? "•'16£•02 6o16E•nZ t,111[•02 &,11>£•02 !>ol6E•OZ lt•l6E•Oi! b,lbE•oz 6,16E•OZ 6, 16E•OZ 6,16E • 02 

'"1"' ••l!5E•OZ ,.sar •u 9,58E•Ol 9,58!•01 c.,!ttif•Ol ,.sat: • 111 9o58E•Ol 9,58E•Ol 9.sae:•01 'i,S8E•Ol 9o511E•01 9,SIE.•Ol 
1n1•0 l .111,-02 l,9'f • U l~99E•nl 3,9,!•ol ~;,...,t•oi j;99t•o1 l.,9E•Ol 3.99[•01 3.99E•o1 30119[•01 3,99[•01 3,99l • Ol 
Tllllll 6,111,-11, 3,40[•11 1.02,-01 3,114[•!1!5 l-oU/[•01 l,lOE•lO 1,tJt-17 •• ,,t-25 loO'lf'.•32 !>,21E•48 o, o, 
DYIID 5,9'£•0• lo4lf•OO \,46t•OO 1,ot•oo i,•,.E•OO 1,46f•H l,46E•oo l••IE•OO 1,•6E•oo l,46E•oo lo46E•OO l ,46E•H 



--.... 
I 

0 
I ..... 

'· 

DYl•l 
DYl"2' 
DYIU 
OYl64 
MDU!i 
MD166" 
01~6 
011>7 
SUBTOT 

TO·UL 

c .. ,Ar,r 
7 .11 .. e:-03 
l,2'1E•01 
l• ••E•1 3 
3 • 9!F•ll4 
:P,,,•E•1• 
6, 7~E•0I! 
~.ficae:-~o; 
l, l!f•l)b 
l,42E•Ol 
1 •• ,~.o, 

---------- - - ------------------ -------------------------------··----
') 

----... 

TABLE III-0-1 {Continued) 

,4-.1:LJ ..i,. CO.,Ct••T iU. T J r,,_S, 6'1A .. S 
RA'i!S . ,2ro Tul"~ •'h7 l•.~ N Ht.ACT•!II .. ,sn 

~ED686TJ0~1.~E-~OYA ;,.~E•llOY~ !- •"' •OO't'~ !i • OE•OCYA l • OE•OlY<! 1• 5t:•llPI: l • llt:•Ul Y-< J.o~.•u,,11 S,~E•OlYH l,Of.•OZYM 
l,!i!iE•0I 1 .i;sr • o1 l ,!i5E •Ill I ,;,:C:•O I l,!>SE•Ol l ,S!iE •i• 1 1,5,;E•Ol I ,!,i;t'. • O l l,S!'t•Ol 1,SSl'•Ol l,:>St•Ol 
7,0l>E•or 1,u,~•110 7,ocE • no , .,.•~E"•oc 7,0t>E•OO 7,01't:•OO 7,0bE•o,i ., • hbt.•c,c 7,o;,t•JO 7,0bf.•00 7,ll•t.•00 
3,l?E•on l,l7f•Or J, 17l•01 :il, l lE•OO 3, I ?f.•00 l,17€•00 l • l?E • OO 1 • 17t.•oo J • l7f.•JO l,l7E•OO J, 17t.•OO 
A,1>5£•01 ",f>Sf•C l ~.1>5':-()1 I ,c,, E•O I l' ,b5E•O 1 11,&SE•l'•l 8,&SE•Ol 11,t>:;E•Ol i>,bSt:•Jl 13,'>SE•Ol Cl,b5E•Ol 
!i,!19f•rl r,,8Q~•C'l 5,8~E-r.1 !•""E·OI !',!l'iE•Ol 5 ,8-iE•l\ I 5,o1~E•ll\ 5,8\lf.•Ol S,t!9t.•Ol 5,89E•Ol ,,t!9r.•0l 
l,4BE•C• l • •il£•O• l,4~E-o• j ,•eE•O~ l,•7E•O• l,47E•O• -1 •• 7E•O" 1 ••bf.•04 i ••SE·1i4 l•••E•04 l,40t•04 
,, llf•nl 2,13~•01 2,llE•~l i ,!JE•Ol 2, llE•Ol 2,13E•OI 2,13E•Ol ,?,lJt•Ol i:: • llt·Jl 2,13E•Ol .:,llt.•Ol 
;,,•er-~~ 2 .u~-n~ i!,•l'E•O' i •""E•OJ Z,•8E-ll3 2,4!!£•(13 2,48[•1)1 2,4i!E•OJ c:,~&E-03 2,•8E•OJ .!, .. et:-ol 
3,13£•!11> 3,l~E•OI> 3, IJE•n" ~,IJt:•Ob l,13E•Ob l,IJE•Ob lollE•nb 3,llE•o; l,IJE•Ob 3,llE•Ob J,lll•OII 
3,llf•llf 3.l3~•"~ 3,13'::•1" ~.l.:t. •Ot- :O,llE•Ob 3,DE•Ob ~. IJE•Ot> J,llt:•Ob J,1:n••Jt> 3,!Jf•Ob J,iJt.•011 
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TABLE III-D-1 (Continued) 
N lll[ACTCII .947 ENIIIICHEI) PIIOPEATI!S o, COLL[CT[b WASTE 

l'OWEA• 10.011.,w, BUIINUP• 1380.MIIO, 'LllX• 2 1 1_?~•13N/CM•tt!~~~C _ 

NUCLIOt CONCENTRATIONS, ORAMS 
BA'>IS • 2200 TONS ,947 ENA N REACTOR WASTE 

CHARO[ SEPAAATIO~J,0E•?2YR l,OE•0JYR J,Ot•03YA l,OE•O•.VR 3,0E•04YII l•OE•05YIII J,OE•05YR l,OE•06YR 1,0E+OTYR l,OE.•OllYR 

" 3 2.71E-03 5,113£•00 2,6,.t-n7 1,HE-24 01 o. o. O• o, o. o. o. 
I! 72 l,19E-O• 2,114E-111 Z,8•E-~I 2.e•E.:.01 z,114£:.:.of 2,84E,;;Ol °2,e • E-111 2,114E-01 2,84E•01 2,14E-01 2,14E-Ol 2,14E-01 
I! 13 5, ll'E-04 I, 14E•ll0 1,14E•0n 1, l4E•00 i,l•E•OO l,14E•OO 1,HE•no 1,14E•OO 1,14E•OO l,14t.•OO 1,14[•00 1,14t.•OO 
ff 74 1, 74f-OJ J,IIJE•0n J,8Jf • lln 3,83E•00 J,"JE•011 J,8JE+00 3,8JE•n0 J,8JE•OO J,8JE•00 J,83E•00 J,IJE•OO J,IJE•OO 
As 75 J,47£-03 7,61£•00 ·7 ,63E•OO 7,113[+01) 7,IIJE•00 7,113[ • 110 7,IIJE•00 7,63E•00 7,IIJE•OO 7,113E•00 7,flJE•OO 7,fllt.•00 
ff 76 1, 1:!t-oz 2,411f.•111 2,4!tE•01 2,48E+Ol 2,•t!E•O I z •• ·eE+Ol 2,4RE•Ol 2,48E•OI 2,411E.•Ol Z,48E•Ol i!,41E•Ol i!,48E • Ol 
st 'P6 4,114E-06 1,06E•02 l,06E•02 1, 06E-02 t.""E-.O~ 1,06E-02 l,Ol>E•Oi! t,OflE-OZ 1,0flE•OZ l,06E-02 1,0IIE-02 1,06l-02 
St .,., J,82E-02 8,41£•~1 l!,4le'•OI 11,41£•01 11,•IE•OI ll~41E•Ol ·a,4iE•Ol 11,41E•Ol ll,4it•Ol 8,41E•Ol 11,•IE•Ol 11,41E•Oi 
st ?II 9,65£-02 2,12E•(l2 ?,IZE•O? 2,12E•02 ;>,li!E•02 2,12E•02 2,1?.E•Oi! 2,12£•02 2, 121::•0Z 2, 12E•OZ 2, 12£•02 2,UE•02 
St ?9 2,55E-Ol S,61E•02 5,59[•0;> 5,55[+()2 5,••E•02 5,04[+02 4,0IIE•02 1•93E•02 2,21lE•01 1,JlE-02 o. O, 
11111 79 2,JIE-05 S,JOE-02 1,95E•On 6,00E•O? 1,77£•01 5,68E•OI 1,5 .. t:•02 J,68£•02 S,38E•oz S,61E•02 S,61E•02 So61E•02 
st 80 4,2f>F'-ol 9,3AE•112 9,JRE•02 9,J8E•OZ 9,JIIE•OZ 9,38E•02 9,JAE•02 9,JIIE•OZ 9,JAE•lli! 9,JIIE•02 9,JIIE•OZ · 9,38E. • 02 
8111 11 6,•~E-01 l,SJE•OJ 1,5JE•03 1,SJE•Ol l,'!iJ!,:•03 1,53[•03 l.,~}E•OJ l•Slt:•Ol l,SJE•UJ l,SJE•OJ 1,SJE•OJ 1,SJl•OJ 
st 12 1.Slt•OO J,l2E•nJ J,J?E•OJ 3,32E•Ol J,JiE•OJ J,JZE•?l J,lZE•OJ J,Ji!E•OJ J,JZE • OJ J,JZE•OJ J,JZE•Ol 3,32E•03 
AB 11!1 4,'51!E•OO 9,90E•03 9.90E•03 '1.'IOE•Ol 'I, 'IIIF.•03 9,90E•03 9,90E•OJ 9,90E•Ol 9,llOE•OJ 9,llOt.•03 9,90E•03 9,901:.•0J 
SA 86 7,25E-04 l,t!>OE•O(I l,60E•IIO I ,60E•lM j,110[ • 1)1) 1,f>OE•OO 1,60E•OO 1,60E•OO l,t.OE•OU l,60l•OO 1,60[•00 1,60l+00 
1118 87 l,lPE•Ol l,61E•04 2,61[•0• 2,61E•04 2,11~E•04 l,1>11!•04 2,61E•04 2•61E•04 2,611::•0• i!,fl1E•04 2,60E•04 i!,fl0l•04 
SIi 87 3,4l'l!-O@ 7,55E•n!I 1,114E•04 4,J7E-04 1,.1,e:-oJ J,!,9£-03 1,09£-02 3,62£-02 1,0BE•Ol J,61E-Ol J,61£•00 J,611:.•0l .... se Ill 1,71E•Ol 3,75E•04 3,75£•04 3,75E•04 J• 7!1E+04 ~, 75£_• 04 3,75£•04 J,75E•O• J,75E•O" 3,75£•04 3,75E•04 J,75E•O• .... y .. 2,2,.F.•Ol 5,0IIF.+n4 5, 12f+04 '5, 12E•04 s.1~E•o4 5,12£+04 5,1ZE•04 5,12E•04 s,12E'.•04 5,12£•04 5,12E•04 !o,i2E • 04 ..... 

I SA 90 2,7!'E•Ol !l,99E•04 3,67£•01 I, PE-06 4,4JE-2B n, o. o, o, o. O, O, 
c:, y 90 7, l'iE-03 l,t;6E•nl 9,54F.•0 .) J,OJE:-1n l,l!iE-31 ". o. o, o. o. o. 0, I 
ex, ZR 90 !i,07E-Ol l ,,,7E•Ol ,,,16[ • 04 6, UE+04 6,l!!E•O• 6,lf>E•04 6,1"E•04 6,16£•04 6,lt1E•04 6,111E•04 6,16[•04 6,16E•04 

ZII 91 2,114E•01 6,45E+04 6,'54E+ll4 6,54£+04 6,'>•E•O• 6,54[+04 6,54E•04 6,54E•04 6,54E•O• 6,!54E•04 6,!54E•04 6,54E•04 ' 
lA 9f l, ll!E•fll 6,1!6E•04 6,116E•n4 6,1!6E+04 6,lft,£•04 6,81>!•04 6,86E•04 6,81>E•04 6:8bt.•o• t>,86E.•O• 6,86E•04 6,86E•O• 
ZR 93 3,421"•01 7,5Zf,n4 7,52[•1)4 7,52E•n4 7,'>IF.+04 7,4'1E+04 1,4-!E•04 1,1eE•04 6,55E•o• 4,T4E+04 7,41£•02 6,49£-16 
N8 93M l,15E-n5 J,1sr-n2 ,,, .. ,.,..,11 6, 82E-o 1 fl,81£-01 6,79£-01 6,7~E-Ol 6,SlE-01 5,hE-Ol 4,JOE-01 6, 72E-03 5,118£-21 
NA 93 z.nF.-01 1,lZE-nJ 9,78E•Oil J,4IE•Ol 1,04£• 02 3,•t>E • 02 l,OlE • l'l J,JllE•OJ 9,7JE•o3 Z,711E.•04 7,4SE+04 7,52E•04 
ZR .. J,!IOF.•01 7o70E+n4 7,70t.•04 7, 70E•04 7,711E•O• 7, 70E+04 7,71JE•04 7,70E•04 7,TOE•u• 7,Tot.•o4 7,70E•O• 7,70E•04 
MO 95 J,JlE•nl 7,,9E+114 7,•HE•04 7,!IIE+l)4 7,111[•04 7,1!1E•04 'P,l!IE•04 7,81E•04 7,81E•O• 7 ,IIE.•04 7,11E•04 'P,11E • 04 
ZR 9,r, 3,!l~E•II I 7,1111[+(14 7,98E•o• 7,9!E•o• 7,'lllf•04 7,98E•04 'P,,.IIE+04 7,98E•04 7,98E•04 7,98E•04 T,98E•04 7,IIIE•04 
MO 96 J,JJE-Ol' 7, Z9E• ~1 7,1'9E•Ol 7, l'IE • 111 7,<!'IE•Ol 7,29E•OI 7,29E•OI 7,29[•01 1.2~£•01 T,29E•Ol 7,l9£•01 T',29E•Ol 
MO 9? 3,54[ • 1)\ 'P,78E•14 7,711F+l)4 7, 78E+04 7, 711E•04 7,78E•O• 7,78E•04 7,78E•o• 7,78E•04 7,71E•04 T,78E•04 7,71E•U4 
MO 911 3,52E•Ol 7,74[ • 1)4 7,T•F•04 7,74[ • 1)4 7,7•11;•04 7,7•E•04 'P,7•E•04 7,74E•04 7,74E•04 7,74E•o• 7,74£•04 7,'P4E•04 
TC 99 3,73E•OI 8,ZZf•04 8,ZIE•04 11,19E•04 8,l•E•04 7,95E•04 T,45E•04 ,5,9JE•04 3,08E•04 3,13E•OJ 5,23£-10 ·o, 
AU 99 11,9411'.-0'I 1',96[-1)1 8,1!,,f•OI 2,6IIE•IIZ 8,011!•02 2,1>4E•03 7,67E•Ol 2,29E•04 5,13E•04 7,90E•04 l,22E•04 1,22E•O• 
"0100 J,95[•01 9,69E+04 8,69[•04 8,69E•04 e.e .. (•04 ll,69f.!_o_~ . 8,69£~.0• lh69E•o, . ll,b9E•04 11,69E•04 1,69£+04 8,69E•04 
IIIUlOI 1,Ht-01 J,72E•l)l J,7ZE•02 3,7ZE•02 3, TiE•02 3, 72£ • 02 3,72E•OZ J,72E•OZ J,TZE:•02 3,72E•02 3, 7ZE•02 3~?it•02 
AUIGl 3,27[•01 'P,19[ • 114 T,l9E•O• 7. 19E•O• 7,l'f[•04 7, 19[ • 04 'P,19E•04 'P,19£+04 'P,19t.•IJ4 7, 19E•04 'P, 19E•04 7,19E•04 
AUIOZ 2,119t•Ol 6,35t•04 6,35E•04 6,35[ • 04 6,J!IE•04 6,35£ • 04 6,:JSE•04 6,35E•04 6,3SE•O• 6,35E•04 6,35E•04 6,3S£•04 
IIINIOJ 2,24[•01 4,91t•n• .,9'1[•04 4,99E+04 4,ll'fE•04 4,99E•04 4,99E•04 4,99E•04 4,99E•04 4,99E•04 4,99E•04 4o99E•04 
ltUIO• l,'P'7E•Ol 3,119E•04 J,89E•04 3 • 119E • 04 3,119[ • 04 3,19E•04 3,19E•04 J,119E•o• 3,89E•04 3,19E•04 3,19E•04 3,19E•04 
l'Oio4 4,14[•01 9,JZE•02 9,JZE•02 9tJU_•02 9 t3l~.!.U _. __ 9 u_~Ql __ !_._l.l.E •_02 9,32E•02 9,32E•02 9,32£•02 9,32E•02 9,32E•02 
l'OlH 9,50E•OO 1,09[ • 04 2, 09E•04 2, 09E•04 z,O'f!•04 2,o9E•04 2,09E.•o4 2 .. 09[•0• ~z-.on•o4 2,0ll!•04 2,01'£•04 2oHE•04 
•011• 4,6'1E•OO 1,Z5t•ll4 2,05E•04 2,0!IE • 04 Z,0!1[•04 z',05[ • 04 2,0'JE•04 2,05E•04 2,0'JE•04 Z,O!!IE•04 2,05E•04 2,0!!IE•04 
"Dll'P 4,111)[+00 1,06!•0• 1,06t•o• 1,06E•04 1 ,Olf•04 1,06!•04 1,05!•04 1•05E•04 1 ,03E•04 9,STE.•OJ 3,93E•03 5,JOE-01 ..... ., 3,J6!•07 1.1u-03 3,l'iE-Ol 1,0!IE•OO 3,l•!•OO 1,05[•01 J,lJE•Ol 1•04E•02 J,09E•02 9,96E•02 6,64[•03 1 • 06l•04 
l'Oltl 2,91)[ • 00 6,37!•03 6,l?E•OJ 6,l7E•03 6,Jl!•OJ 6,37[ • 03 6,J?E•OJ 6,JTE•OJ 6 .. 37£•03 e,,JTE•OJ 6.l'PE•OJ 6,37E • 03 
COJ°' 1,9u-1.0 4,~l~-07 • ,11.!-0J_ . ~~l~.0! .. __ 4,UE-07 4!21E-2.! 4,2lE-O'P 4o21E-O'P 4,2u-01 4,21£-07 •• 2u-0T 4,ZlE-O'P ...... 1 ,91!•10 ,.,x•u 3,3.JE•OJ 3,llE•OJ 3,JJE•Ol 3,33E•03 l,UE•OJ -- j~JJE•-oT--3,Jffioj - 3.Ill•Ci"l --3-;JJt•oJ 3~33E•03 ..... ..,n:-01 1 ••oE•IJ 1,40[•03 1, • 0l+OJ 1,40[•03 l,40E•03 1,40E•OJ 1•40E•03 J.40E•03 l,40E•03 J.40[•03 l,40l • 03 
cone 4o6'P[•OZ 1 .03£ • 02 t,05!•02 1,0!IE+OI 1,0S!•H 1,o5t•02 1,05!•02 1 ,OSE•OI t,05[•02 1,0!!1[•02 1 • OSE•OZ 1 • O!!ll•OZ 

___ 4,, 
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TABLE III-0-1 (Contfnued) 
N llfACTCR e94? f~RICHf~ PROPEATIES o, COLL[CT[ll ll&ST( 

ltOWER• l II• I) 01111h IIUIIIIIUII• 13,.0 ... wo , FLUX• 2.11t.•lllil/Cll• •i!•SEC 

NUCLtDc CONC[NTRATIOIIIS, GRA~S 
~•sts. llOJ TONS •9•1 [NA N ~t.ACTOA aASTE 

CMAASE SfllAAITIONJ,OE•Oi!YR leOE•OJYII JeUC • OlYR l,OE•O•HA l.OE•O • YR l •OE•OSYA l,Ot.•OSYA l,Ot.•01>YIC le0l•07YIC l,Ol•OIIYA 
CDlll Jo 6 l [•01 ,.95~•~2 1e9SE•9i! 7e95E•Oi! 1e":OE•02 1,9Sl'•Oi! 1.95E•Oi! ? ,9SE•Ol T,11SE•Ol 7,95[•02 To9!>E•ll2 7oll!>E•Oi! 
CDllZ 1.1 u-n1 •• ,s.-.nz 4 0 'iSF•Oi! •• 65£•02 4.1>:,E •01 ••1>~t.•Oi! • .l>SE•Ol 4o6SE•Ol •• l>SE•Ol ... l>SE•u2 4.l>!>E•<,i! ••l>SE•OZ 
CDIUN 4 e65£•0S 1.01e:-01 1.s,t:-a1J l.20E-21 o. o. o. O• o, o. o. o. 
CDIU 5.u,-t12 I.Z•J'.•n:> l.24E•O;> 1 .Z•E•02 I .c .. E•lli! 1.2 .. E•Oi! J.Z•E•Oi! l•i!•E•Ol l•i!•E•Ci! 1.2 .. E•Oi! loi!4E•Oi? lol4E•U2 
INIU 1.561!:•nft s.nt:-nl l, 06[-nl I.Ol>E•OI l.lloE-01 l,Ol>E•Ol l.O~E-01 l•06E•Ol loObt:•Ol l.06l•Ol loObE•Ol 1.01,t.-01 
COil• J,.!IIE•Ol 1.,1.r.nz ? 0 72F•Ol! 7o1i!E•112 1. ·t.tE•Oi! 1o7i!E•Oi! 7o12E•C12 7o7i!E•Oi! T.71.E•Oi! 7.72E•02 7o7i!E•Oi! 7 • li!t.•Oi! 
1Nll4 2o7~E•U ,.oet:-~6 60 llE• 06 6, llt:•(16 6 • llE•06 6, UE-06 6,lJE•06 6ol3E•06 6.ljt.-01> 1>. llt.•06 6oUE•Ob be llt.•111> 
INllS 1. 11,-01 1e•8E•~2 2. • ~E •02 2.UE•Oi! z • .,eE•OZ 2,'>11£•02 z.•~E•Oi! Z, • IJE•02 2,UE•ul 2o48E•Oi! 2o411E•Oi! 2o48E•Oi! 
SNllS 6eOIE•Ol 1.llt:•111 1.l?E•OI leli!E•nl loJcE•Ol l,lll•Ol l.l2E•Ol 1•32E•ol J.li!t.•n1 l,li!E•ll\ 1.~i!E•Ol loli!t.•Ol 
CDlll l.lU• •ll Z.61E•n1 ;>.'ilf•02 2.6lE•02 2,11 IC:•Oi! tol>lE•Oi! i!,61E•O? 2•61E•02 2.,1E•11Z i!,1>lE•oz 2o61E•~ i!oblt.•Oi! 
5111116 9e'l'!t:•Ol 1. 10£•nl 2.·1of•31 i!olOE•O I 2,10£•01 z.10E•Ol Z.lOE•Ol i!o l OE•Ol i!olOE•Ol 2.101:•01 2olOE•Ol 2.iot. • 01 
SNllT 1.21,-n1 2.70f•Oi! i!,70E•Oi! 2,10'-•02 z.,oE•02 2.TOE•02 i!.7,E•Ol 2.101:•oz i!oTOE•lli! c,JOE•Oi! 2o10E•02 l!e70t.•02 
SNlll 1,hE•Ol 1e 1lE•"2 lo1Zf•I),. 2o 1i!E•02 i!ofcEf02 i!.7i!E•Oi! i!. 72E•OZ 2•7i!E•Ol z. 7lE•u2 ~.7i?t.•02 i?o 7i!E•Oi! Ze7i!t.•Oi! 
SNll9 l ollf•Ol 2,89F•Ol i' • 89F • 02 2.119E•01 2 .... ,;~02 Z.89E • 02 2o8i1E•tli! ii!•ll9E•Oi! 2o89E•Oi! l!oll9E•02 2o8ilE•02 i!ell9£.•U2 s1111111 lel•P!•Ol 3.0•F•02 l 0 n•F.•Oi! 3. O• E•Oi! 3o O•E•Oi! loO'>E•OZ l.O•E•Oi! l•O•E•Ol 1.o•E•oz 3.0 .. E•Oi! l.O .. t:•02 Jo04t.•Ot 
SNUlll lellE•O• ,.&6£•o'i •••s£-oa, ,.szE-o9 9.u•t:•1? o. o. O• o. o. o. I). 
SIUl l .!lSE•Ol le4ZE•02 l.4ZE•OZ lo42E•02 l,•eE•02 l. • ZE•02 J. • zE•OZ 3••2E•02 J.•ZE•OZ 3.42E•02 3.• tE•Ol le42l•02 
5NJU l .6~£-01 3e63E•nZ 3.61E•Oi! l,6lE•02 3.1,Jf•OZ 3o1>3E•~i! 3,1>3E•~·z 3•blE•02 1.,1E•oz loblE•02 3o6lE•02 Jo63t.+Oi! 
TfU2 !le42f•O• t.19£•0".I lol9E•OO lol9f.•OO l,l,.£•00 lelilE•OO lol9E•oo 1,1qE•oo 1,1ilE•oo lelllf•OO lolilE•OO lolllE•UO - S11123 1 e4'!£•01 3.65£•nl •• 07£•0i!' •.oTE•Oi! 4,0tf.•OZ •.u7E•Oi! '>.07E•uz 4o07E•OZ '>o07E•OZ •,07E•02 • .o7E•OZ 4oll1l•IIZ -- TfUl 1., .. £-07 i!ofl7£-n• i!.19F.•O• 2.79E-04 i!• hE•O• l.79£-u• Z.79t:•O• 2,79E•O• i!• HE•O• i!o79E•O• i!o19E•O" 2o7ilf•ll4 I 

C, SNU4 i! ellE•Ol !i,119£•02 5.~9E•Oi! 5,09£•02 5.n•E•Ol s.o9E•uz 5.09E•Oi! 5o09E•oii! s.o9E•oz s.o9t.•oii! 5o09E•02 s.o9t.•oz 
I TfU4 1. 1u-n• •.1z£-t11 '>oi?IE-01 ••ZlE•(ll 4,ZIE•Ol • .ZlE·Ol ••ii!-IE•Ol ••i!IE•Ol • .zn:-01 '>•i!lE•Ol ••ZlE•OI ••ZlE•Ol ID 

Tt:U!I •• 1'91!:•0Z l.4•E•n? "•S•£•0i? 6.S•E•Oii! "'•!:i•E•OZ bo54£•0i! 11,s• E•oz 6•5•E•Oi? 6o54E•Oi! ll,!>1tE•Oi! 6,S•E•Oi! bo54t.•OZ 
SNIZ6 s .• n,r-01 lollf•Ol l,l1E•03 lollE•03 1,u .. E•03 1.0• l•03 9.0SE•tlii! s.s7E • oz 1.H1:•0i! loll9E•OO o. O, 
HJ1611 1.11,,-1n 4.0lE•n7 •• nzE-01 •.ooE-11? l•"'•E-n7 1.nc-01 J.l7E•o7 i!•OIE•07 s.ou•o• J,ll•t.•10 o. o. 
SIIU6 1. 7•E•ll7 l.78£-n., l, 77E•0 4 l. 7'5E-o• l.10E•O• l,5cE•O• J,07E•04 1,&ilE•04 • .72E•OS J.t,<,[-07 o. o, 
TfU6 •• 6'1[•0• l,9l'F.•OO •, l!3£ • 00 9o61E•O(I i!.•1tf•OI 7,oSF•Ol i!ollE•Oi! 5,59E•02 9.77E•o2 loli!E•03 1, li!E•Ol lolZt.•Ol 

1117 z.4•r-111 6 • l •E • Ol' 6,7l~•Oi! bo7lE•OZ f.• 7JE•OZ 6o73E•02 1>,13E•Oi! l>o73E•Oi! l>o7lE•02 6.73E•02 6.73E•OZ 6e7Jt.•02 
T£111 4.noE•oa ll,19£•nl 11,79E•03 a.79E•H 8o7<,,E•03 8.79E•03 &.79E•"l !lo79E•t13 &,79E•Ol II. 79E•Ol e.79t:•ol 8.79E•Ol 

1119 le?lE•O".I l.77E•nl J,71£•113 3o77ftnl ),71E•03 J,77E•03 l,77E•03 lo76E•(ll J.7lE•03 3.62l•03 2.su:•u •••OE•Ol 
lflH l,9nE•lll s.7i!'£•o5 4.6i!E•Oi!' l.S•l•OI 4o11IE•Ol le54E•OO 4.61E•no 1o53E•Ol 4.5.E•Ol 1.s1E•o2 lei!6t:•Ol 3. '1E•03 
T(l]II 1 ..... ,.01 3,6lf•t1• lof>l~•04 lo63E•n4 1.11JE•o• 3e1>3E•n4 lo1>3E•04 3ol>JE•04 3o63E•04 3o6lE•04 3e1>3E•o• le6Jt.•04 
'fill lelftf•09 lollE•0'5 J.i!•E-05 3 .l•E•n5 J.c•E•05 l.2 .. E•05 lohE•05 l•i!4E•05 3.z•c-os lo21E•05 lol4E•05 l,i!4t.•05 cs1n !lolnt:•OI lel6E•n5 lol6E•05 lol6E•05 1,1et:•05 l e l6E•05 lo l6E•o5 1•16E•os 1,16t.•os 1. 11c•o5 lol6E•05 lel6t.•OS 
IAIJ4 1 e3111!:•0l 4 .25£•112 l o4l£•ol l,43E•Ol l,'>l[•03 1 •• 3E•03 lo43E•o3 J,4JE•ol l,43E•ol lo43t:•o3 lo4lE•03 le4lE•Ol 
CSU5 lellE•Ol 2.•BE•o• 2,48f•O• i!e48E •o• 1•"•E•04 z,.,,E•o• z. • l>E•114 2•4i!E•o4 Zol1E • 04 lo97E•o• i!o46E•Ol i!oJQt.•011 
IAU'I lellf:£•06 1 .02£-01 1. 7Jf•oo s.1u:•110 J•7;E•Ol 5.72E•Ol 1,111,•oz s,66E•oz l•HE•o3 s.11E•o1 i!e23E•o• Z,48f. • 04 uu, 2.1nr-01 4e85£•nZ 4o8Sf•Ol 4 .HE•oZ 4.ll!IE•oz • .asE •oz 4,115E•oz 4•8!iE•~i! 4o115E•Oi! • .85E•oz 4o85E•Oi! 4ell5l • Oi! csu, !ie 17E•Ol lellf•O!i lolOl•Ol 1.05t:-ns 9,u•E-26 o. o. O• o, o. O• o. 
1Al]7N '•"iPf•06 ,.,1£-~2 -1.,TE•OS 1 .su-u · Jo37E•JiP o. o. O• O.• o. O• O• 
HU7 8.IMl(•Ol lo92E•n3 lol6E•Ot; lol6E•n!i loUE•OS 1 oll>E•OS 1.11>E•o5 l•ll>E•os l•l6l•05 lol6E•o!i lel6E•05 l,UE • 05 
IAUI 4e9?E•OI I• 09£•05 1, 09£•05 1,09[•05 l,O~[•Q5 l,o,~•115 l,09E • 05 1•(!9E•05 · 1, 09E•05 lo09E•05 le09E•05 1,091:. • 115 
LAIJ9 5.•9f•lll 1.21£•115 I .i!IE•OS l.ZIE•05 l ,illE•OS 1 .i!lE•O!i i;ZlE•OS loZIE•OS l ,Z1E•05 1 .2-lt.•05 1 ~Zlt:•O!i 1,ZlE • OS 
cra•o 5.61[•01 1,Uf •OS 1,i!JE•0'5 1,i!lE•O!i l .llE•OS .lei!lE • 05 leUE•OS lo2JE•05 l ,ZlE•OS l,llE•05 loZlt:•OS l ,2lE•o5 · 
""141 s . lnf•Ol l.17E•O!i l.17£•05 ·l.l7E•05 l.l7E•05 l.1'E•05 1, 11£ • 05 l,17E•05 1.17E • 05 lol7E•05 lol7E•05 lol7E • 05 
CU41 S.1191!:•0l 1. Uf • ll5 1,li!E•05 leUE•OS lolitt:•05 l.li!l!:•05 l,li!E • 05 lo UE•05 1.UE•OS lel2E•05 l • li!E•05 lolZE•Oli 
NDl41 s.u,-112 1 • 15t:•01 · l.lSE•ni! lel5f•02 lel!l[ • O, 1 • l!iE•01 lol5E•Oi! lol5E•Ol lol5E•OZ 1.15£•02 l • l!iE•Ol 1.1st. • 02 
'1014l 4161£101 l, Olf •05 1,0i!E•O!i 1, Ul•Oli lt C}~f;•!I~ h!!H.!O~_ l, !I.U!!!.~ l•Ol~•OS 1.ozt. • 05 le02E•05 l,02£•05 leOZE • OS 
NDl44 2e4lf • lll •• 7!if • 04 lo07E•05 l,07E•O!i I .o,t:•05 1,07[•05 1.01E•O!i 1•07E • O!i 1,cifi•os i ~ ilfi:•os lo01E•05 leOTi.•OI 
NDl45 le l9t:•OI ,.45f•04 7 .45£ • 04 · , . 45[ • ·04 7.4!'1f•04 7.•!iE.• 04 7e45E•04 7o45E•04 , •• st:•o• 1.45E•04 7,45[•04 1e45E+04 
N0146 1e1St•Ol 6.0Sfl.114 6,05£•(14 6oO!lhOI 1,0!1[ • 04 1,05h04 •• 05E • 04 6,05E•04 ,.o5E•o4 6eOSE•ci4 ,.o5t:•o• ,.osE • 04 
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TABLE III-D-1 
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(Continued) 

N REACTCR 0947 ENRICHEC PROPERTIES OF COLLECTED WASTE 

POWER• l O • 00"111, BUA"'liP• 1380,lollilO, FLUX• 2,17t•lJN/CH••2-SEC 

~UCLIDt CONCENTRATIONS, GRAMS 
AASIS • 2200 TONS ~947 ENA"' REACTOR IIIASTE 

CHARGE SEP&AATIO~J.CE•02YA l,OE•OJYR J,OteOJYA l,OE+04YR J,OE+04YR l•OE•OSYR J,OE•OSYR le0E•06YR le0E•01VH l,OE•OdVR 
Sloll47 J.37E•OO I.OBE•~• 4,43E•O• 4,43E•04 4,•JE•O& •,•3E•C14 4e43E•04 4e43E•O • 4,43E•l>4 •••lE•O• 4e43E•04 4e43t•O • 
N0148 I.SAE+l'l J,48f'•04 " J,48E•04 J,48E•r.• 3,4teE+t14, J,&BE•C\4 J,4BE•l'4 J,4BE•04 J,48E•04 J,48E•04 3,48E•04 J,48E•O• 
Sloll48 leOOE•OO· ?.21E•03 2,<'2E•II~ 2,22E•~~ 2 0 .ttE•OJ' 2,22E•03 2,2ZE•<'3 Z,22E•03 2,22E•03 Z,UE•03 Z,22E•Ol 2,Zzt•OJ 
S111149 l,4flF:•Or 3,25[+r.J 3,l5E•113 J,25E+n3 ,.t~E•03 J,Z5E+03 l,2SE•03 3+25E•03 3,25E•03 3,25E.•OJ J,2SE•Ol 3,25t.•OJ 
N0150 6e7@E+C(I l,49E+n4 l,49E•04 I ,49E •04 1,• .. [•(14 l, • 9E•04 l, • 9E•C4 l,4<1E•04 l+49E•04 l,49E•04 1,49E•04 l,49l•04 
S1111!10 1,0P.E•Ol 2,38E•04 2,38E+04 2,3Pl+04 2,Jl:[+(14 2,38E•04 2,J8E•(l4 2,31sE•04 2,l8E•04 i!,JBE•04 2,~8E•04 Z,38E.•04 
SM151 4, llE•OO <l,OlE•03 8,26E•Oii' 3,13E•OO 3,17E•07 o, o. O• o, 0, O, o. 
EUl!H 2,l4E•O? 7, l7E•O l "•26E•03 9,0SE.+03 q,ottE•OJ 9,0&E•OJ 9,0IIE•03 9,0IIE•03 9,08E•03 9,08E•OJ 9,0BE•Ol 9eUBt.•03 
5111152 4el5E•On 9. llE•f)3 9.l•E•OJ 9,l4E•03 9,l•E•OJ 9,l • E+Ol 9.l4E•03 9,l4E•Ol 9. l4t.•03 9,l4E•03 9el4E•Ol 9el4E•03 
EU1511' l,35E•ll3 2.90E•OO e.e,n-oe 2.41£-25 (I. o. o. O• o. o. o. o. 
80152 8, 1'5E•04 1,BlE•no 2,62E•OO 2,62E•OO 2.ttcE•OO 2.tt2E•OO 2.tt2E•ro 2,62E•OO 2,62E•OO 2.62E•oo 2e6ZE•OO i!,6ZE•OO 
EUl53 2.331-'.•00 5,12[+113 5,lZE•O~ 5,IZE•03 5. li!E•03 S.l.2F•03 S.12E•03 5el2E•03 5,12E•03 5,UE•03 5, 12E·•03 5,Ut•Ol 
s11i5• 1.15i::•11n 2,53f•n, i>.53F•OJ 2,53E•03 2,5JE•03 2,SJE•Ol 2,53E.•03 2,53E•03 2,!;JE•03 2,!>JE•03 2,!>JE•03 Z,!>ll+Ol 
EUl54 1.2n-n1 Z,64f•n2 6,00F:•04 4,0BE-17 n. "• o. o, fl. o. 0~ o. 
80154 J.6lf•03 l,22f•nl 2,7ttE•02 2,76E+r2 7,71>E•02 2,7ttf+02 2,7ttE•n2 ?,76E•02 2,7f>E•02 Z,76E•02 2e76E•02 2,76E•Oi! 
80155 4,31.~•02 1,45E•112 4,791'•02 4,7'ilE•n2 4,7"E•02 4,79E•02 •, 7'ilE•11z 4e7'ilE•02 4•7'ilE•o2 4,79E•02 4,79E•02 4, T9E•02 
80156 7,<lllF•Ol 1,74[+03 1,74E•03 l,74E•IIJ 1,7.,E•03 l,7•E•Ol l,7•E•03 l,74E•03 1,74t.•OJ l,74E•03 lo74E•Ol l,74t•03 
80157 bellf>E•OJ l,J3E+nl 1,33[•01 1,3:!E +Ill l,JJE.•01 1,33£•01 1,33E•C•l l•lJf•Ol 1,3JE•Ol l,33E•Ol l,llE•Ol l,33E.•Ol 
801'5fl 2,A~E•Ol f>,16f•~2 6,l1>E•1Jc 6,ltiE.•02 6,lttE•Oi! f>,lbE•02 boltit.•02 6ol6E•Oi! 6,l6E•oil! f>,l6E•02 6,16E•02 6,16E.•Oi! 
T81'5'il 4.J~E-02 <l,'511E+Ol 'il,58E•OI 9,58E+nl 9.SH•Ol 9,58E+Ol 9,58E•Ol 9,58E•Ol 9,5BE•ol 9,58E•OI 9.58!•01 9,58E•Ol 
80160 1,81£-02 l,99E+tll J,'il'ilE•Ol 3,9'ilE+Ol ),'il .. £•01 3,9<1E•Ol J,99E•Ol J,9<1E•Ol 3,99E•Ol 3,99E•Ol 3,99£•01 le99E.+Ol 
0Yl60 'l,97[-04 l,41E~oo 1,46f•OO l,46E•OO ·1,•t-E•OO l,4ttE•llO l,46E•oo t,46E•oo 1, • 6E•oo l,46E•oo l,46E•OO le46E•OO 
0061 7,0f-E•ll3 l,5'5E•Ol l,!>SE•Ol l,55f•nl l,!>!>E•Ol l,SSE•Ol l,55E•Ol 1•55E•Ol 1,55t.•Ol l,SSE•Ul l,55E•Ol l,5St•Ol 
OYl62 l,21E-n3 7,06E•OO 7,06E•OO 7,06E•OO 7,01>E•OO 7,0ttE•OO 7,06E•on 7,06E•OO 1,ottE•oo 7,06E•OO 7e06E•OO 7e06E.•OO 
0063 le44E•03 3, 17E•OO J,17E+OO 3, PE•OO J• UE•OO l.17E•OO 3, 17E• 00 3,17E•OO 3, 17E•OO l,17E•oo 3, l 7E•OO 3ol7E.•OO 
0064 3.91E•04 8,65f•OI l!,65E•l'l 8,65E-ol 1!,tt!JE•Ol 8.ttSE-01 .,ttSE•ol ll.65E•Ol 8,6S!•Ol 8.65E•Ol 8,65!•01 8.6SE•OI 
HOJ65 2,6PE•04 !1,89E•Ol 5,@'ilE•lll 'i,89E• Ol 'l,llliE• Ol 5,89£•(11 S,69E•Ol :5,89E•Ol 5e89E•Ol S,89E•OI 5,89!•01 5.89E•Ol 
H0166M 6.7!E•08 1.4ef-n4 1, ?. • E•04 e,3oE-o!i ?,bitE•O!! 4,59E,-07 4,43E•l2 1•23E•29 O• o. o. o. 
tlli6f> 9e69P'•05 11',llE•Ol 2,llE•Ol ii',13E-nl 2,UE•Ol 2.1lE-01 2,llE•Ol Z,lJE•Ol 2.1JE•Ol 2,lJE•OI 2,lJE•Ol 2, lJE•Ol 
Elll.67 1.t'.'P'-06 2,Uf•l'3 ?,4BE•03 2,48E-r.3 2,411£•113 Z,48E•03 2, • l!E•Ol 2,48E•03 2. • BE•Ol i!, • 8!•03 2.48[•03 2e48E•Ol 
IUIITOT l • 15f•03 2,56£ •C6 2,64f •06 i!e64E•Of> . 2,tt • E+06 2.64[~06 2.f>4E•06 2•64E•06 2,tt4E•06 2,64E•O" 2e64E•06 2o64E+06 

TOTAL leZOE•Ol . 2.64E+116 2.64f•Of> 2.64£•06 2~1>•E•06 2.114£+06 Z,64E•06 2,64£•06 Z,64E+06 ~.64£•0" 2,64[•06 2o64E•06 

.. .......... ✓ .,,/ 



TABLE III-D-1 (Continued) 
N lt,ACTCII •••T !NAlCHf~ PAOPE,cTtE! Of COLLECTEU w4S TE 

-POWEii• 10.11n,.11. HIJDNUP• l'.\80 ... 11D • FLU•• 2 0 11t•llN/C~••l• i EC 

NUCL ru~ CJNCE,.T ii lT ! INS• GIIAHS 
easts • ~2011 T0"5 • ••T [NH N AEACTO'lf'WAST E 

CHAIIIJF S£P&QATln~1.0E•OOYQ c . n[•'l(IYII Jo1Jt. • 111YA ,; . o.:•oOYII loOE•lllYP 1 •5E•0 1YII i!,Ot.•OlY,c loOE•O l YII 5 • 0E•OIYil 1.ot:•Oi!YH 
H.F • ~. IIJE • O• 1.ll£•no 1,l8£•0C 1,•lE•o n 1. • .. E• oo l,51E•OO 1 .l>IIE•OO 1•81E•OO 1 • .,,7t.•oo .!.27t.•OO i!•ll•E•OO ••il?llt.•OO 
TLi!IIII 1.1'0!•1• 1.ll£•1 I !.46f•ll 1 • 02E•ll 7 • 1::E•li!· J.S5E•li! 7.i!8E•ll 2•67E•ll 1 .en:-13 1.58E•ll 1.JIE•ll e.o,t.-1• ... ,,,,. ·1 ,6?£•1 " !1 0 5lF•1i! J.ll~f•II 1.,JE- 10 3 • .- .. F-IO 1.t7E•o9 7.92E•09 2•4i!E•08 5,Ht'.•Uli l,6i!t.•07 b • J7E•07 3 • 76t.•Ob 
Plli!IIT 'lo'PJ,•13 ,..,.,r.n• i!.3Sf•O~ 5,neE - n8 9.eJE•ll8 l.92E-n7 boOIIE•07 1 •2i!E•06 ?. uoE-011 J.'iliF.•0/) 9. IJE•Ub i! • S41:.•05 
P8i!118 l, 4!£• 09 7.7SE•r" 1.l5f•O'> l o75f.• n5 ;,.uJE-05 il?.JTE•05 i! .6SE•u5 2 • 72E•05 2• 7H•05 i! . &1t.-os 2.91E•05 J.01t.-05 
DPUtl e.nr-1• ll,!i7f•tn ? . l'l!•OCI 5,9eE-n9 1. 11 JE-.ot1 il?o i!lE•08 7,0 IE•OEI I ••OE•07 i! • JOE•07 •• SbE-07 1.uu-0, i!.li7E•06 
Plli!ll z . i,!f•ll!o 1• 11••1? ?.lOf•I<! l.l•f•\ 2 4.J•f-12 '>.2sr-u 1,05E•11 1 • 42l•II 1 • hE•l 1 2 • 24E•II 2.&9E•II J,5bl•II 
PIIU i! ,,8! F• ll l oll'4E•rl! a •• a,-o• 5.9JE-nt 4 • 1,,E•U9 2.Gf>E•09 ... 2:lE•IO 1 • 55£•10 1 • 0•1:.-10 'i,,!Ol:.•11 7.58E•II •• ,u-11 
1111111• s.1 •,;.14 ll',9~E•JO 5. 72F.•l 1l 11 . 45£-10 l • lcE•n"' 1.1>8E-09 l. I ~E-oci . ••IIIE•09 11.z•t:•O'i ._.97E•09 2• Oi!E•OI! 7.•ot.-oa 
BUii! 5.l2E•P 5.•,;.-., l l • ll•F•li! l ,91 E•1i! 6• I JE•l? l • •IIE•ll ••5RE•ll . 9oi8E•1 I 1.s~t:-10 ~.'illE•lO 11.78E•l0 1 .871:.-09 
IIUli! ,.,o;,-n l • lf!f• ll9 e.011r-1,, '5 . 115E-1n l•""E•lO 1.911£-10 •• OlE•ll 1••8E•11 l•D"l•ll d. 77E•12 7.i!JE•li! •••6E•li! 
Pni!!II • • !'i l F• l'- 7 ... 4E•12 J. \"F•l 1 7 , lli!F.•11 l.•~E-10 l.J5E•10 1.211E•O<i ? • 53£•09 • • t•E•O'i doi!llE•09 1•117E•08 s. 16t.•08 
IINi!i!CI 1,0•F.-14 I .ll • f•l I I .29~•1 I -. . olE•12 11 . JcE•12 .;.i•E•li! b.4•E•13 2•37E•ll l • bbE•ll l,•llE•ll l•ISE•ll 7 • lll:.•14 
IINni! • . l lF- l 'i 2.?Jf- 11 •.i'IIF.•l l ti . nE- 11 8 • .nE-11 1.25E-in 2.ll'l:.•10 3ol1E•10 4.l4E•10 b."3E•10 · 1.06E•09 z. 14E•OII 
IUi!ll q. 1 ~, ••• 5.33£•10 l • IIE•OQ l • '!> Of- o9 j! 0 UeE•O'l 1. ooE-19 5.ot>E•09 ll•l!lE•OII 8.351:.•09 1.08[-0li l • J9E•08 I• Tlt.•08 
IIA1.l4 5 . 9!J."•l1 1.011:-. , 7 7.l',f• IJ,. s . 11,E- ,18 l-'l>H•08 1.71E•08 l.111'E•09 l • l5E•09 .... 1i::-10 I!. u IE·• 1 O 6,60E•IO "• ljllt.• 10 
'IUl!i 7 . ? 1£- 1<; 1. 711'•11 1. 1:or-11 1• 71E•11 1,'t•E•ll I . 7'>E•ll 1.&•E•II 1•97f•II 2• I "t.• 11 <!.S9E•ll J.97[•11 l • OJI:.• 10 
AAi!l6 6.T7F•Jn J.•5£-~f, "'•b•F•Oi\ ci .&J£• o• 1 • JuE-O!i 1 •••E•05 l • S•E•O<, 5 • 15[•05 -,.77E•05 1.oot:•o• 1 • 115[•04 J.Jlt.•o• .... •AAi!l8 1, ,, ll!• l ., 5.511F-1J 1.rif>, -V I .!' H •l l 1 • "•F.-1 i! 2.ti5E•li! l.9.!E•ll 4•1>9E•ll S. 16E• li! ~.b5E•12 6.0lE•li! c. ... il?t'.•U .... 4Cli!'5 • . f>OE•l!'i 1.15E•11 I, 1'-F•l I 1.11£-11 lei IE•ll l • liE•ll 1,25[•11 l•llE•ll 1 •••l•ll 1,75E•ll 2.68E•ll t..95E•ll .... •czn 1' 0 ?1'•11 •• 1eF.-n7 7,78F•ft7 l.llE•ll11 1.• 1E•O'- l . llE-06 J.S,.E•Ob ••81[•011 s.en-011 7.57E-~II 9.78E•o• 1 • .!0E•~5 I 

C TMl;n 1 . T-?E•ll 11.Cl•JF•lO 1 • 77F-U9 2.57[-0CI J.J.,E•OQ •.1!1E•09 li,1lE•09 1.09[•08 1,J•E•08 1 • 7lE•08 2.i!JE•08 ii?. 74t.•08 I _, TM2?11 1,l•E•O'I ;,.o'5E-~5 I . •ll'•nS 1.nof-os T.ucE•IIII l ... &E-011 7.1SE•07 2.UE-07 1,1151:.-01 1.511t-01 1,29[-07 7.'iSE•Oi 
TMi!l9 1. •,~•0CI J. 14E-n6 3,ISf.•O~ l. 17E- nf> l•i"E• OII 1.zn-011 l 0 JIIE•OII 3.111£-011 J.'i2l•Ob •• HE•06 1.28£-11• lod9E•05 
Tl'23 ~ l o?nf• O• J.75F•n1 3. 75f•OI l . 71>l:. • Ol J.hE•OI l.T7E•01 l,HE•Ol l • 81E•Ol J:t'lE•Ol J.~n-01 J.9SE•OI ••15E•01 
THZJI 1 .'SI E•OI! 1.18,-01 6.lbf•OA 6,36f-oll 11.JIIE•08 1i.J6E•08 1>.J7E•OII 11•37[•011 1,.J1E•08 11.J7E•08 11.J7E•08 b • J7E•08 
Tl'lli! 5.STJ."•06 1. :>Jf-nt' l • iJF-0? 1 • i'JF-n? 1 • .,.JE•02 l.i!3E•02 1.2•E•02 l•Z5E•02 loi!H•Oi! 1 • .!8l•Oi! 1.l1E•02 1.J9E•02 
Tlo?J• I ,?~F-o<; 1.11£-nJ ?.114f•O!'> i! • 8•E-n5 2•"•E•05 c.i!4E•05 2 • 1!4E•05 i!•84E•05 2,e•t:•05 ~.11•E•05 i!.84E•05 2•'3•E•U5 
PAl11 l! . 11,- n,. 1 .111r-o;, l,dlf•O? 1 •"ll•Gii' 1.e,.E-Oi! I .illE•02 1.eJE•Ol 1•8lE•02 1.e•i::-02 l • l!6E•Oi! 1•118E•Oi! lo'illt.•02 
PAi')J J,:>9£•11? 1.l:!f•~• 7. ••F-0!'> 1.••f- 115 T• •:iE•05 7.•bF.•05 7,•9E•05 7 • 5ZE•OS 1.s•i:•05 1.e.oE•os 7. 7lE•OS T • 'itsE• .05 
P&2J•M ••2lE•l~ T.loF-011 'l.59E•lo 'i.57E- 10 "'•"'E•lO ... .,7[-10 9.57£•111 9•57E•10 9 • 571:.•10 'i • S7E•l0 9,57[•10 9 • S7t.•10 
Pill• 1 ••"1" • 1 n -!.Sllf-~11 l.li!F•tr, J.J1t-10 ;i.,,r-10 J.JlE•lO lol!E•lo l•llE•IO J.llE•lO l.JlE•lO l•l1E•10 ldlE•U 

1Jll2 2.nJJ."•o• •.ll6E-n1, 5o42F•QI, 5.ht•Q6 6 • 1:iE•OII e.ssr.-oc. ll • 81E•o1, 1, • 6!!E•o11 6•l'IE•ull ~•• i!E•OII ••81E•OC. z ... 11:.-oc. 
•li'll •• 53£•07 i!.~lE'•Ol ?.ll3F•Ol J . 59E•r l 4 • .S!> E• Ul s.eoE-oJ 9 • 25E•uJ 1•27E•02 l•IIZE•lli! .! • li!E•02 J.73£•02 7,J6E•02 
11;,:.• '!l e67F• O" t .•7£•'12 1 • •7£•'12 t . •7E•oZ l • • IE•Oi! J .•7E•Oi! lo47E•02 1••7F.•oz 1. 4 7t. • o·z l•'>~E•02 l••IE•Oi! l•••E•02 
lll!l'!i 7.l f>f•O~ l.57E•'l4 1.57E•01o l.57E • n4 1.s•r•o• 1.5?£•04 1.57£•0.• 1•57E•~• 1.57E•O" 1.57£•04 1.57E•04 1.57E • o• 
IJi!lf> i!o6l£•01 !l.77f•'12 5. 77F.•0l 5 • HE•02 5.1•£•02 5.77E•02 s.77E•oz 5• 77E•02 5 • 71:lE•Oi! s.78E•i12 5o78E•Oi! 5.1•t:•02 
•Jl!1T • ••nr.-10 1.osr-n1, 9.911E•n7 'i.SlE-117 9 .,, .,E-OT e.zeE-o7 ,.ssE-01 5,18[•1)? ••IOE•07 2,:,7E•07 1.01E-07 9.68E•09 
UU8 8,9?f.•ll2 1 .97F•'lf, 1,9?f•01, 1 .97E•n6 1 ... 1[•01> 1.97E•o• 1.97[•01, 1•97E•06 1•97E•OII l•"'7E•06 1,97[•06 1•97E•06 

NP;,JT 9,T9f.•Ol i! • 16f•nl ~.16f•O~ 2.111E•~l 2,IIIE•Ol 2.111E•Ol 2. 17E • OJ 2•11E•O l 2 • 19E•Ol i! • .!lE•Ol 2.24E•Ol i!•li!E • Ol 
~Pi!J9 i!olllE • OCI I • ll8£•n!! 1 .87f.•O~ l • 87E•05 lolll[•OS l.87E•05 1.87[•05 . 1•87E•OS 1.117E•o5 lot47E•05 1•&•E•05 1 • dc.E•05 
Pun11 1.,,,,-119 z.e,r-n" 2.2Jf•06 1, 7'!iE•n• loJl[•06 1:1 •• u-01 i!.5oE•07 7•4lE•08 2•20E•08 1 ... Jt-09 \.49[•11 7.ltJE•17 
PUUII ••21E•04 ,.s•E•oo l • ll•E•OO l. 8•E•OO J • •tiE•OO l.&ZE • OO l.7ol•Oo l•58E•O O J.•7E•OII l • 25E•OO 2.IIIE•OO i!,081i+OO 
PUU9 1.061!'•00 i!ollf•nl ?ollf•Ol 2ol lE•'ll 1 • .s;it•ol ?..JlE•Ol 2.JJE•OJ i!•llE•Ol i! • l3E•Ol i!.J3E•OJ l•llE•Ol 2•lZE•Ol 
PU2411 1.n•t-01 2,2tF.•ni! i!.29[•02 Z,29E•fJZ ;,.it .. E•02 2.29E•Ol i!.29E•Oi! l•Z9E • 02 2 • Z9l•Oi! i! • 29l•Oi! i!.Ht•Oi! 2.271::•02 
PIJ241 I ,59'•02 l,•01r•nl l.25£•01 l • !OE•lll 2 ... 11£•01 2,119l•Ol Z, ll[•OI 1 • 69l•Ol lollt.•Ol 8.J5E•OO J.i!7E•OO J.15E•01 
PU1.4i! 8 , 51''.•0• 1.118[•0' 1,118£•00 1 . HE•oo 1.1111[•00 1.IIIE • OO l.89E • OO 1•89E•oo lo90le•OO 1,91E•OO l•UE•OO 1•97t.•OO 
,112•1 ••"""• Ol l • OTf.•03 ·I• OTE • 01 1.07E•nl 1,0 l[•Ol l.o7E•Ol 1.0TE•Ol l • OTE•OJ 1 • OU•Ol 1.05E•Ol 1 .Oi!E•Ol 9.45E•02 
AMi!•i!H 11,llE• t• lol4J."•OO 1.ll~•oo lollE • OO 1 • .scE•OII 1.31[•00 l ~211E•OO 1•25E•no 1 .z2E•oo 1.11.t•oo 1.01t•OO e.~OE•Ol 
••10 T.l4E•09 J.61E•il5 l o60E•0'5 1.ut- os 1 .o:toiC-os 1.,,t-os 1.s.t-05 1-sot-05 1 .47E•05 l .40E•05 1.21[•05 1 .ozE-05 ... ,.3 1. olf.-n 2.z,r•n1 ~.2'f•Ol i!,26E•o1 i!•i!tiE • Ol 2,Zll( • Ol z.211E•o1 2•2•[•01 z . 2,E•o1 i!.i!6E•01 i!•i!5E•Ol l•Z4E•Ol 
Clli!4i! l,411E• 0:1 1 • l8f'•OO l.94E•01 ,.ut- 02 1.•iit-oz l.7•l•Ol l.ou-u l•Oil•Ol z.95E•OJ i! • 82E•Ol z.57E•Ol z.os£-ol 



.... --I C 

.!. 
N 

C"'Z•3 
c,,;_,u 
C"'i.'45 
Cloli.'46 
C"'Z•" 
C"Z•ll 
SUJllTC,T 

TOTAL 

'•\.. .. 

CMARII" SF.:PA~AT!Q"lj 0 1~•~0YD 
•,ti.'E•06 A 0 95E-nJ 'l,7bE•03 
1.sJr::-0• ~.;>9f-~I J.t7f.•01 
f>,2 8 £•0" I. 'BF•n~ 1.3~!::-•13 
7.t,4[•09 t.'-t'~-ns 1.bl!F-ns 
4o'57"• 1 ;_I J. IJIF•nQ 1. n1r--,u~ 
l,61;E•l4 l. 7 2F• 1 I ~. 7;:,~-ll 
9,n"E•02 i.',01)~•06 z.n oF•CI> 
9,"""•f'? 7.00r°•'lf. ;,.unF'•OI.J 

0 9 4 0 

TABLE III-0-1 (Continued) 

"IUCLIOt. CONCEt.H,ATIONS, OP.l"S 
IIAS1S . ;.?.00 TO~IS .9•7 ENH t, ~ElCTQR • UTE 

Z.!'E•~OYII 3.ut•OOY~ "-oOE•OOYR l.OE•OIYD l•SE•O!YR z,o;:•OlYU loOC:•OlYH i;.OE•OlYH loOE•OZYR 
8.571:-03 11,J,.E•Ol ~.03E•03 T,ZlE•OJ 6••TE•OJ S,i!lE-03 .,67l•03 J,03E•03 1,03l•03 
3,0SF.:•01 2. Cl:!f •0 I Z.TZE•Ol Z.Z•E•OI 1.8SE-01 1.~JE•Ol 1.04f•Ol 4 ,IISE•,H! T,lSE.•03 
I, BE-~3 1 • .sr,f-ij3 l.3BE•03 1,38£•03 1•311E•03 1,38E•03 t.3&E•o3 t,38E•03 l ,37E•03 
I .1,~E .,,,; l•""E•OS t.btlE•OS l,b8E•05 t,b8E•OS l,611E•05 l,b7l•05 \,6TE•05 I ,66E•05 
I ,(1 !E-n'I l • " IF.:•U8 l.OIE•OII loUIE•OA l•OIE•08 1,0IE•OB l,OlE•OB \,01E•08 l,OlE•OII 
3.72E•ll 3, 7;.F.:•11 J.7ZE·ll 3,72E·ll 3•TZE•ll J.TZE•ll 3. 71E•ll J,TlE•ll J, TlE•ll 
i.', u JE ,n,, 2 • U•JE •uh z.ooE•o6 z.ooE•06 ;_,.ooE•06 Z,OOt.•06 ol!.OOl:•06 Z,OOE•06 i!,OOE•06' 
i.'. 110E0 ,,1, 2.uoE•O .. i .OIJE.•Ob 2,0IJE•O!> z.ooE•06 2,00l•o;, z.00E•o1> Z,OOE•ll6' Z,OOE•06' 

-· 



--- - --

9 l.r. 
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TABLE 111-D-l (Continued) 
N IIIUCTCII e947 [NAICHEO ?AOPEATIES OF COLLECTEU IIASTE 

PO•llll• 10.001111. BUIINUP• u~o .11 .. 0, FLU•• 2.11c+llN/CM••2-SEC 

NUCLIDt. CONCENTRATIONS, liAA14S 
ll&SIS • noo TONS .9•7 t.NM N ~E4CTOA OSTE 

CMAAGf: 5ti:PAIIAT10Nl.OE•02YA 1.oE•nlYA 1• UC • ·nJYA 1.oE•n•YA J.OE•04YA l•OE•OSYA leOE•O~YA I.OE•OIIYA I• OE•O?YA l•OE•OIIYA 

"' • 5,lll[-(14 l.llE•II" 4,9i?E•Oll l .77E•nl 2.•tE•Ol l.2SE+Ol •• 7t,t::•Ol b•73E•Ol 9.Jbt.•Ol l.9St.•02 11.e.SE•OZ 4e7lt:•Ol 
TL2117 2 ,64£-17 1.11'-•13 5.ll•E-P" 8.J<;E-12 l.!>JE-11 l.ll•E-11 ,.o,,t:-11 l•75E•IO z.olt:-10 i!.OJE-10 2.01£-10 l.HE•lO 
Pl2116 1.67£•1"> i!.l~E-12 r;.•1>f-or; 7. JSE-n• 11;•lE•03 1.2JE-01 1.21t.•oo !,21E•O l ft.7ot:•Ol i.70t:•02 2.blE•Ol i!,blE.•04 
PHO? s.,:.ti:-u 3.IJ">[-l)Q 1, 'l'iE-IJ• • • 71£-04 ?.<'l'!t:•113 l.b7E•02 1.111:-01 lt.711E-Ol J.118E•OU 1.•7E•Ol 1.54E•02 1 e411E•Ol 
Pllftll l,45E•09 6. li?F.•1111 J.HE•O'i 3 , Jt,E-05 J •. u,E-05 3.JbE•llS J.•o•:-os l•8•E•oS 7.82E-OS S.Jlt.-04 ••59E•02 i!el4E•OO 
Plli!/19 5 . _59E•l 7 l.4bE•1l ft. hF.• 12 7.87E-ll 1.•bE•ln 7. 2'iE-09 •,O">t::•08 I •57E•o7 3e47t::•07 l.117E•07 1,911[•011 ,.121:::-21 
PHlO llellE-1• S.l•E-11 1, .?9~-oc_, s.01E-0S J,'ll~E-O• fl.2bE-04 2.7~t:•Ol e..•11E-Ol 9.lllt::-Ol 11 ... 21:.-03 ll.lOE-Ol 7,98E•OJ 
PHll l.OlE•l6 ll.45f'•\3 4,35£•1 l 6. llE-11 l.H,F.•10 2.9bt:-10 ft,911E-l0 l.JSE-09 l,!:>bt:•09 1.sn-09 1.SSE•09 le42t:-O'il 
PHll 6.43£-12 lel2f'-•II 1,,85£-12 l.o•E-1" c;.~•E-15 1.s?f.-1 .. !>.OlE•l4 l • 75EA ll Sel2E•ll l.7ttE-12 1 .SttE•ll 5ell2E•ll 
PU14 Zell!E-17 7.'HE-14 l,IIIE-11 1.?•t:-1n 4.11ct:-lo · 2.0•E-u9 tt.bt.<F.-09 I .110£-08 2ellE•08 2.1)8E•08 2,00E•08 le'117l•OB 
lll09 S.ll!E•l• i>.llE•lO l ,29E•O'- •• 74E-os l .JeE-uJ •, 7lf.-02 a.,si::-01 l•"OE•OI 1.1 .. t.•02 b.27E•02 2.75E•Ol 2,87E•Ol 
ltll'I 5.l2E•l7 3.2lF•ll -i.l6E-o~ l.i!?E-08 l ,l7E•07 s ... oE-oT l.76E-Ob 4,2JE•06 b,llf•OII s.soE-06 S,29E•Ob S.22E•Ob 
11211 lellE-17 s.nE-1• ~,59E-12 3.7ttE-12 ' 1.nJE-12 l • 7bE- l I "•l"E-11 ll,olE•ll 9,JIE-11 9.li!E-11 9,24£-11 8.47E•ll 
11213 lo42E-17 l.SJE-14 l.lilE-12 l .cioE-11 l•"~E•IO l.7!>E-09 9.8tE•09 J,IIOE•OII llel'IIE•OII 'i.J?l-08 ,.78£•09 l•l•E-21 
1121• l,49F.•17 S.'111!•1• 2.llE•ll 9.JIE-11 3.~ .. E-lll l.Suf-OCI •,91E-09 l•lllE-011 1.101:.-oa 1.s11:-0·1t le47E-08 le451:.•08 
POllll ••Slf•l6 J.!li!E-12 ?,30E•07 9.02E-n7 J.~ll-06 l ••"'l •O!:> •.81,E-05 l•l7E•U• l•bllt•O• l,SlE-04 1.46[-04 l•4•E•04 
POl!II 2 . J,-E•lll ci.1n-1s l,!>n-12 1.•4E•l I c;.~.,E-11 2.J7E-IO 7.74E•lO l•ll'>E•09 2.e.llF.-09 i.•1E-09 .?.l2E•09 i?e2'iE•09 
IINZU • • '.\;,f-15 I .t.llE-ll ._,, "•f-~9 2,64£-l)A 1.nJE-07 4.JSE-07 I ••;,f•n6· l••lE-06 4,9Jt.•Ob .. ,43E-OII ••2t>E-06 4.i!oE-06 
II_Alll 'l.7AE•l4 4.ottE-111 2,n9E•O'I 1.o!E-cr- 5•"'[-08 l.•.?E-07 J,HC-07 tt••8E•o7 7,!>lt:•o7 7.52E-o7 7.4ttE-o7 6.8Jia•o7 - AAl?4 ,;.cio;r-11 1. ISE•H c;,9._,F.•I l 'il.nsE-1• 4.J.,l-14 l.37E-13 •,lbt.•13 l•SJE-12 ... e.Jt:•12 l•S•E-11 l,l6E•IO s.01£-10 - 11All5 1.nr-1,; I• 7 ni::-1 I -,,1\lf•l •l •• 12E-o9 ll•b•E-n8 tl.40E,-07 •,70f-Ob l•ll2E-os •• 021!•05 ... ,,c-os 2.29£-06 5.47t•l9 -I ••2211 tt.77£•1~ 2.tt7E•n6 1, ,lsi;-n •• I IE-n3 ;.1>0E•02 b,78£-02 2,21[-UI S•llE•Ol 7.blltc-01 b.'ilOE.•OI b,114[-0l 11.ssE-01 0 

I AAi>28 l.111F•lft •.ZttE-13 >1.ll4E-P I.Jt,E-11 J.ooE-11 9,38E-ll 2.,~-10 l • 04E-09 3,17t::-~9 l,OSE•OII 9.27[•08 J.47E-07 - - AC2l!'5 4 e6nE-l'!> l.14E•l l s.~RF.-ln 6.lf>E-CCI s.a•E-08 5eb8E-o7 3.lBE•OII I •2lE•OS 2.111:.-os 3.olt.-05 1.SSE•06 3e70l•l9 w 
AC227 8.'Plf•ll l.28ti:-1)7 1.•n-11c; 2.14E•OS 3.11.,E•OS 1.ooE-0• 2.lbE•O" ,.s1E-o• S.i!IIE•04 S.JOE-04 S.2SE•04 4e81E•04 
TM2l7 l. 72f-ll ">.87E• l ~ l,l'ill:-n'I 4.llt,[.QII 9• O'tE-08 2.211E-~7 !>.37~-07 l•O"E•Ob t•i!Ol•OII le21E•06 lei!OE•06 le09E•06 
THnlll lel6E-".18 ,.211:-115 I, loF. -n'I 1.nE-11 8.~11E•l2 2.t,7[-11 1:1.scE•I l 2'98E•l0 .o•E-10 l.OOE•09 Ze64E•08 9e89E•08 
TM229 l.•:>E-09 l.l4E-~"> l ,•lf.-1• l .tt7E-Ol i .o;aE-02 l.S•F.•01 &.112E•Ol J,J4E•OO 7,37E•OO 11.2JE•oo 4e20E•Ol 1.ooe.-13 
THi!lO l.7N'•O• 1.1sr.-n1 •.'i7E-OI 7.IISE-01 l•"nE•OO •.JJE•OO lel2E•Ol 2•b9E•Ol J,90E•Ol l,51E•Ol J,l8E•Ol lel3t:•OI 
T'4131 1.,;1E-n8 ;,.,;u·-n1 '>,37F•OH "• 39E-n,. ,. ..... r-oe 6.59E-o8 t,,9-oE-08 7,24[•011 1.Joc.-oil 7.29E•08 7.2JE-OII 6e6i!E•OII 
THUl s.c;1r-011 l .2lf•O'? l, 72E-H z.,oE-n.? tt.•JE-02 i!,OlE-ol b,HE-111 2,24E•OO .,.79E•oo 2.2SE•ol 1,99[•02 Te43E•02 
TMU4 l.151'-115 3.511F.-1)3 2,!laF-1,; 2,8.,E-oc; 2.11.e-os 2.8•E-o5 c.84E-OS 2•8•E-05 2.a•t.-05 2.114E-OS 2,83[•05 2.801:.•05 
PAlll 11.2111:-111> lefllf'-11? l,~5£-0? J.i!?E-02 fteUE-02 l.!ilE-ol 3.bi!E-Ol t,.99E•Ol 8.lOE•Ol a. Ut:•o 1 e.oAE-01 7el7E•Ol 
PAUl le29F.•o7 l .fl'iE-'l• II, !l!>E-05 l • O•E-o• l•IIE-04 lel2E-?4 l. llE-04 l•08E•04 l•Olf-04 II.09E•OS 4e39E-06 9e6ttf-l 'i 
P&U414 ••2lE•10 lel!lE•07 'i,'i7E-l'l 9.57E-lo ,.-~n-10 9.S7E-IO 9.S?f•ln 9.57£-10 9,57t.-10 ,.sn-10 9.SbE•IU 9e4Jl•l0 
PAlJ4 I eAl!F•l11 4,22E•lltl 3,ll~-10 3,HE-19 JeJlE•lll 3.JlE-10 l.Jlf•lo 3,llE•IO 3.lll•IO 3o31l-10 J.llE•lO lei!l>E-10 

UU2 l,O!E•09 4.711'-1)6 4 ,34F.-(17 5.ISE•I? 2,c~E,-111 11. (I. O• O• o. o. o. 
Ulll ••~lE•07 lelllE•lll :!,29E•Ol IJ,'>OE•ol 2,11,E•oo 9e'i10E•OO ii! .eeE·•o 1 8•25E•OI leb5t.•02 l.8SE•02 9,48E•OO 2.211E•l2 
UU4 6e67F.•02 1.4TE•n2 l,SIE•Ol 1. 1HE • r1? l ;~lE•Ol' l,SOF.+02 l,-48E•Oi! l••lE•Oi! l ,2ttt::•o2 l,09E•02 le06E•OZ le05E•02 
Ull5 T.l6E•on l .57E•O• l.5flE•O• 1.seE•o• l,!:>'IIE•O• l.ttlE•OA l • 71E•o4 1•79E•o• .1 .11ot:•o• 1.aoE•o• le79E•04 le64E•O• 
Ull6 lo62E•OI 5177[+(12 S,114E•02 S.99E .. n2 6olfE•OZ 7 ei!2f.•Oi! 1.•n•o2 8,0lE•02 7e911E•o2 7e80E•02 6•0IE•02 •••2E•Ol 
uua ll,9'PE•Ol l .'17E•Oto l ,97E•O'> l.9'1E•O"> l•'ll7E•Ob l.97E•OII l.97l•C6 l•97E•06 le9l'E•o6 l.97E•06 1.97[•06 le94E•06 

NPUT 9.79[•01 l. l6E•03 ?.57E•~3 leOlE•(ll J.cJE•Ol l.2•E•Ol 3,21E•nJ :l•l•E•Ol 2,'iSE•Ol Z.35E•Ol 1.27E•OZ z.aot.•11 
NPU9 le8lf:•09 1.88[-11,; l,fl2E-~5 I. 71E-OS l,•Jf•OS '1 .5?£•·011 le24E•OII 2•18E•09 J.33E•l7 3ebllE•l8 2.50[•18 5e58E•20 
PUlll 4ellE•114 l.15£ • 1!0 t,,i!4E•OI le70E•Ol lehE•OII i!e4lE-20 o. o, o. o. o. o. 
~un• 1.06E•On 2.llE•Ol 2,llE+Ol z.i7E•Ol lel•f.•03 1~76E•Ol l.OIE•Ol . l •l8E•02 •• 71E-Ol l • IIE•09 9e41E•12 2el2E•l3 
PU240 1.o•r-01 l.l9E,ol i!.23E•02 2.01E+0l leb'iiE•02 11.ZlE•OI I.06E•Ol 8•IOE•Ol 1.olE-11 i!.Jot:-15 i!e4'ilE•lS 1.17£•15 
PU241 l e5'1E•02 l.44E•nl 2,97F.•05 2.Z.E-116 l•'fOE•Ob l .osE-Ob 1.97£-07 5,57!:•10 Ze90E•l7 o. o. o. 
~Ul4l 1,5lE•04 l.~IIE•OO i!,06[•00 lellf.•1).0 Z.tli.E~JIO lt..O!IE • QO ?•O.H!O.O l .•.76~~00 1,22t.•oo J,•ot.-01 2e43E-OI o. 
ANl41 4elll!E•lll l .o7E • 1!3 6.86E•02 l.2•E•Ol ci.li<E•OO l.5SE•04 S. 77E•06 l,63E•OII 8.96E•l11 o. o. o. 
AN24IN 6,IIE-114 l.l4E•OO l.42E•OI -l e41E•Ol l•~•E•OII l.llE-20 0, o. o. o. o. o. 
&11242 7.l4E•09 l .'>lE-~5 4,IOE•06 1.69£-117 1 ••~E•ll 2.55E-25 o. O• o. o. o. o. 
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TABLE III•D-1 (Continued) 

N AEACTCQ e947 E~RJC~E~ ~AiPEHTfES 0~ COLLECTEU WASTE 

NUCLJOt CONCENTl<ATf1NS, Gl<A~S 

8ASIS • .. 200 TONS .~ . .., ENH N l<EACTOR w;.STE 

C'1AAGE SEPAAATin~l.QE+02fA loOE•llJfA 3eUt.+OJYR leOE•OltYR ::,, OE•U•YA l•OE•OSYA 

AM243 l.O:!E-02 2.26E•Ol l,.!OE•Ol Z,07E•OI l,~eE•Ol "'• 15E•OO l•••H.•U(I z,t,JE-03 

CM242 le41!E•Ol l,83E•on ".2'1f-~• J.38E-O'i 3.1cE•09 s. llE-23 o. O• 
CM243 •.12£-06 9,00E•OJ l .l!>E- ·li; l,"'•E-12 Se•bf•ll o. 0, O• 
CM244· l.S:!E•O• 3,3:i!E•~l J.'-1E-ry6 7,83~-ll! !>,eJE•2J 1.et1E•ZZ 5,4t,E•22 1•7•1E•21 

.CM245 e..Zl!E•07 l.38£-ry3 l,JS~••l3 1.27E-03 l,UtE•03 5 .•HE•O• lel2E•04 3.1e.t.-07 
CM24f> 7e64E•09 l,6!1E•05 l ,610:-1,; 1.•sE-0'> l, ll'f'E•OS ·J.AtlE•Ot> 2.o•E-07 6e87E•l2 

c,.2•1 •• 57£-12 l. OlE•OJ! l.~lE• •lll leOIE•O~ 1.n1E•Ol3 1.ooE-0& l,OOE•08 l•OOE•Otl 
Cll248 1,,,9~-1• 3,7.'E•ll 3,1\E•ll 3,7 IE•ll ],IIC,£•11 J.t1•E•ll l.SOE•l I 3,0!,f•ll 

SUB-TOT 9e07E•OZ 2,0UE•O'> 2.~0~•% Z,OOE•Of, 2,0IJE•O!I o!,OUE•Otl l,OOE•U!I 2,011f.•Ot> 

TOTAL 9,n7f•Oi!' i!',OOE•'l" ~- .,,)F: • I),, 2,nOE•Oh 2,n11E•O!I 2,00E•O!I 2,00E•Ot, 2,orE•O!I 

JeOE•OSYR leOE•06YR leOE•07YH leOE•08Y~ 
•• oct.•11 •••i!E-12 J.OZE•IZ be7"E•l• 
O, o. o. o. 
n. o. n. o. 
••21tt:•.?l ll,l!>E•21 e.euE•Zl ••••E•Zl 
I .e.•t:•l• 0, o. O• 
l,lSE•.!4 o. n. o. 
9e93E•09 9,6'-l•09 e,,59E•09 le47E•l0 
~.oe.E•ll s.1--e-12 leOSE•l9 O• 
i',Out.•Ot, c,uot.•u" i!,OOE•Ot> z.oot.•o• 
z.ooE•oe, i!,OOE•Of, 2,00E•06 z.ooi..•o• 

._./ 
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TABLE 111-D-2 RADIOACTIVITY BY NUCLIDE. CURIES 

111 .. o c,o• .t4? (IIIRJCMffl PAOPEWTJ€S , O, COLLE(TEU •&STE 

PO•EII• 10.11111,1,1, ltUPIIILP• 1Jljll.1"1110t 'LU•• i.17t.•llN/CM••2•SEC 

lll~ r LluE W&Ol~&CTJVJTY, CURIES 
'I.SIS " noo TON!'i , 947 EN"~ REICTOP llfAS!E 

CM&A'IE SEP&ll&T[~~l,OE•~OYA 2,nE•OOYII 1• 111".:•00Y~ !>.OE•OOYP 1,0E•OlYP l•SE•lllYA 2,~E•OlYW 3,0E•UIY>I !>,OE•OlYI< l,UE•OlYR 
M J z . 12,, 01 s.sar,n4 !-,27~•0• 4 , 9@£,n• 4, ·11E•?• •.21E•04 3,18£•04 2••0E•O• 1-81t:•o• 1,0lt.•ll4 :1. llt:• Ol 1,99t.•02 

sr ?9 1. ,er-0? J.91E•nl J.91£•01 3,91£ • 111 l.~1E•'ll J,91E•Ol l,91E•Ol J,91E•O l 3a91E•Ol J ,•Ht.•01 J,91E•Ol J,90E•01 
118 .,_ 

'• '•E•01 1.14'-•03 j!,14~•03 2,1 4E-11J 2, l"E•lll 2,l&E•03 2, 14£•03 2• l •E•Ol 2, l •E•03 2 ,l&t•03 l,14E•OJ 2, 14t.•Ol 
s• 89 2.0ll f: • 04 7.&3£•116 o;.71 f•04 &.39E,112 '\,Jt-E• ,'O 2 ,0 0E•O• S.J9E-lo; 1, &SE-2S 3,9lt.•36 l,<13t:•S7 o. II, 
s• 911 3.•9[ • 0.3 fl,~JE•n-. ~.21-~•0"' 8,0ZE , nf. 7,<'J[ • llf. 7,&SE •O b c,,59E•06 S,112f.•i16 S,1,iE•Otl 4,llll:.•06 2,46E•Otl 7,lbC.•ll!:i ., 911 l,P9F.t ll l 11,o;of•Of> '1 , 22E•Of> 8,02E +Q!, 7,IIJE•Otl 7,•SE•Otl ti,59E•O!, S,8.?E•06 S,15t:•Ob •,lllt:•06 2,411£•011 7, lbE•OS ., 91 l.,r'IE•O• 1,36F•07 1,84~•,'i 2,&9£+ r. ~ 3,Jt-f•lll t1,12E-nJ 2,7o;E•12 1,24E•21 S,St>E•Jl l ol2E•49 n, o. 
ZR 93 8.?&E•OZ t.9lEt112 1,He•O:! l , 93E+ni' 1 , "JE•n2 1,YJE•02 1 ,9JE•02 1,93E•02 1,'IJE•OZ 1,~lt•02 1,9lE•Ol l,~lt.•u2 
NII '1314 3 , l'&f•O~ 1,18£•01 2. l kS::•01 3 ,0lE•lll 3,I-Jt:•01 5,3lE•01 11,•7E•Ol 1,09£ • 02 l,ltlE•Ol l,54E•02 \,7i£;•02 1,9lE•02 
ZR 95 ·4.5"i[t0& 1.0IE•O? •,ilf•OS 8 . 62E,n J l •l11f•fli? 7.clE•Ol 2,5St.•10 e.12E-19 3,1i!E•l7 l,dJi••• o. o. 
NS 951" 9 . ,,,r,oz ,.ser,11s 1-,'-9f• 'll 1,eJE,n2 3, IJE•C•O 1."i•E-03 5,•lE•li? 1,89E•20 e,.c,Jf•l9 l!,1Jt:•4tl o. o. 
NII 95 8•""E•O• 4.1S£•117 ~.liE•oS 1.9ZE•n• 3,,.uf•CIZ 1.s8r-n1 5,S3E•lo 1• 94E•18 ti.1aE•i!7 o,JOE•H o. o. 
TC 99 6.l6E• 01 1 .•Of•03 1,• 0E•03 1,&0E•03 l , • OE•03 l,411E•03 1,.,0E•OJ 1,1tOE•OJ t , .. uE•Ol 1,.,llE•Ol 1.•0E•OJ 1,•0t.•U3 
AU10l A. '141!'•03 2,nr,ot •,olE•~l 6 , 72Et011 l,I JE•02 3, ltlE-08 "• l"t:•ll o;,soE-311 7,ZtlE•SO ;,. o. o. 
11141 OJI' !l.'i'!l!'• Ol l.•OE•06 ... ,1F.• 0 1 6,73E•OO 1.IJE•02 3,1t1E•08 •,17t.•2l 5,!HE•36 7,27E•!>O ll • o. o • 
IIUl Ofl leS7£tt1& 2.33F.07 1. 17r•n7 5,!18E • fl6 &•":>F•l)6 7.•lE•OS 2, 3t,t. • O• 7•S1E•02 2.J.,E•Ol l,,.lE•OZ 2,.,7E•Otl 2.l>Ot.•ll 
AM106 l .'171!'•04 l . l3F•fl7 1.1 JF:• 117 5,1Jl'E•r6 2,<w~F.•Ob 7.•i!E•OS i!.3,,E•u& 7,51E•02 ~.lilE•Ol l,41E•Ol! 2.HE•08 2,t>Ol:'.•ll 
Plltn? ?..29E•IIJ '5.IISE•OO ~.~;r;•00 'i,05E•nn s • ,,~£•n(\ ~.OSE•OO 5 , 0St.•OO 5,0SE•OO s.o!>E•oo !>.OSE•OO 5,0Sf•OO !>.OSt.•00 - &8109• 2eU1!•1~ 1.37£•0" I ,,.Jr-01 1. 1?£-111 •. 11,J1c:-oe 2.c,6E•08 1.2 .. r-09 7,73E•11 ,.ni::-12 1, 771:•1• 2,•IIE•l9 l,d3t.•l1 - Cll109 2.1"£-ln l.l7f•C7 '·""~-117 1. 10£-07 6,JIE•08 l,0bE-08 1,i!bf•09 7,73E•11 4,73f•12 1, 77E•l4 2,41:1£•19 1,1!3t.•l1 -I &81111"' 4.34;F t On ~,'>bf.•11 3 :>.n•••ol 7,S2f+n2 l, tcE•Oi! l. 7H•(ll i!,!>lt.•01 1,119E•03 1,1 .. i::-os :,, 1:;,E•lO I, O!>E•ltl c,. 

0 &8110 "i.7 ~f• 0l 7,2~F•ni' " ·""••02 9,77E+OI 3,,,.E•Ol &,8!1E•OO l,27E•n2 i!•c!OE•O• 1.1t~f•Ot1 b,o7E•ll 1.36E•1\I n. I 

U'I 
ClllllM 1. oa; r -02 l',cSf•fll ~.1•r:•n1 z.olE•Ol 1 ..... r,01 1.,sr.111 1,l'!'E•Ol l •07E•Ol e.J•E•oo :,,o9E•i10 1,89E • 00 1 • !>9t:•O 1 
COl15" l.61jE •On l.llf•n~ 1.o~F•on 8.sn:-nJ l , J<'E•OS 1.8•£-10 J.C3E•23 S,01E•3tl 8,i!i>E•49 o. o. 0, 
5111119"' 6.94£•111 8. TSF•ni' l,l'lf•Oi! l•l'!IE•oi' 4 ,1 ,.E•Ol s.s•E•OO l,~1E•02 l',22l•04 J,&iE•Ob :>,t1JE•l1 9,0SE•20 o. 
s111121w 1.i'2E•O"' l',f>tlf•nl ?,l>,. ~•03 l.61E•n~ 2,:>"E•Ol 2,S•E•03 i! ... JE•03 z,JZE•o3 i!,UE•Ol 2,03t.•03 l•69E•03 1,o?t:-113 
·s111u1 3.14£•111 ;,.~•£•ft~ 3,lf>~• o• 4,4!E•'-3 a;,"!>£•02 l,OlE•Ol 4,0~l-114 l•f>•E•Oll 1>,57E•l3 1.c,6E•i!l 2,73E•l9 (j. 
TE12l" -..1111r-oo; 7,5'5F•Oi' f.,l)t4f•Ol 9 , 99E- ~4 1, 1 -.E-o" 1,51£-06 l.O•E•ll b•lllE•lb 1,22E•lO ,.,tf2E•JO 7,97E•49 "· SR12• <'• l"'E•Ol 9,llf•nl 1,l•f•l)O 1•91'E-~2 2•"1E•O• 6,30E•OII 4 , 35E•17 l•OlE•.i!6 z.o&E•lS 9,o;,Jf•S& o. o. 
s112s 2,'\&E•Ol' 4.91l£•nS 3,&S!" •~S 2,91!E,"S 2.J •1E•OS l.3dE•OS 3.8i!E•04 loOIIE•o• z.93E•OJ 2,i!,iE•02 1,33F.•OO ::t,55E•06 
1'J21§M lell cE•02 1.n,E•o~ 1,5Qf•Oi 1,23E•IJ5 9.~~E•O• S,T2E•04 1,SIIE•O& 4,39E•Ol 1 ,2lE•03 .. . J•t.•01 S,51E•01 l••7E•Ob 
SNt2" 1,441!'.•01 l, 16E•Ol ~.16£ • 1)1 l, 16E•nl J.l'>E•Ol l,16E•01 3.lf>E•Ol 3, 111E•o1 l,111Et01 J, l 6t • Cll l,16E•01 l,16E • 01 
5812"" 1,44£•02 3,UE•nl ), !hf •(IJ l.16E•~1 3,l'>E•Ol l.111E • 01 J, lbE•lll 3,ll>E•Ol 3.ltiE•Ol l ,lbt.•01 l, lbF.•01 ::t.lbt.•01 
58126 1.&•£•01 3, llE•Ol J,llf• CJ \ l,llE•Ol l, I JE•Ol l,l'lE•Ol l,llE•Ol l• 13E•01 3,1JE•01 J,lll•Ol 3,1JE•01 ;,. 1Jc.•Ol 
TE127M 5 , :?IJl;•Ol' ,.8,,,,.,. 3,76f•n& 3,,.9E,nl 3.b~E•02 3 • .,llE•OO J, 16E_-os 2•86E•10 2•60E~JS 2,14E•2!'- 1•44E•45 o. 
TU27 S~ 22F:•Oi l,1'1Et_O'! 3,71.F•O• 3,65E,n3 l,'>,,E•Oi! l.4.,E•OO 3,li'E•OS z,113£•10 2•57E•15 l.11E•2S 1•43E•45 o. 

1129 1 . n• F: -0• 6.15£•01 ", l ';f•Ol 6.J"iE•O l 6• hE·Ol t1.1SE•Ol t1,15E•Gl b~15E•Ol 11,lSE•Ol t>,lSE•Ol 6.lSE•Ol 6•1SE•01 
CStl4 6 , ?'!l;•Oi' l,22£•1111 11,l>TF•OS 6,J8E•C5 4, •I"• 05 2.2.,E•O!i ••l•t•o& 7,bJE•OJ 1,&lE•ol 4,79E•01 S,!>SE•02 2,sJt::-09 
CSll!i 9.9'!F•Ol l, l9E•n1 2,19f•H 2. 19£•01 2,hE•Ol 2.19£+01 l, l'it.•01 2• 19E•01 2•19E•01 2,lllt:•01 Z,19E•01 2,19t.•01 
CSU? 4.!inE•Ol 9.76f•06 9,<;4£•0-. 9.3ZE•~6 9,llE•Ob il.70E•Ob 7,7SE•ll6 f.•91E•Ob 6,15E•oe. &,88E•o6 · 3,08E•06 9,69t:•O!I u1n111 4 . 21, , 113 9. llf•llf> 11,92£•1)"> I.Uf•O" 8.~~E•06 8-tJE•Ob 7.2SE•Of- b•411E•Ob s.TSE•06 ,.sTE•06 2,88E•Ob 9,0bE•OS 
CE141 6 , 6lf•n3 l,S2Et'lf ">, laE•o2 2,49E•Ol j,n1E•ll4 1.eist-11 1 .loE•28 1•9SE•4S 2,12E•6i! o. O• o, 
CElU 7 . 7!E•o• 1 • O&f •OI! &.2!iF.•117 1,hE•n7 '7,lc,£•06 1 •20E•~b 1,,oE•o• 1•1>lE•02 1,t111E•oo 2,!>4E•04 ••60E•U 2•04t•3l 
PAlU T.7'!£•04 l .i>U •08 &,2SE•07 1,7SE•07 ·1,111E•06 1,ZOEtOb 1,40E•04 1 •6ZE•o2 1.ttaE•oo l,54E•04 • ,60E•12 2,U • E•ll ..... ., 1.5~£•0• l,9U•117 2,l4£•07 1• UE•n7 l•Ji<E•07 7.T9E•06 2,07E•06 S•SlE•OS 1.47E•os 1,0SE•04 s.27E•01 t.!:izt.-os 

1 Pllt48"1 9,41!•01 2,811!'•04 6, 77£•!11 1,UE•ol 3,,.•E•O& 2,30E•09 1,8AE•22 l•S4E•JS 1 •l7E•&8 o. o, O• 
11'11148 7.58£•00 2,iSf • U s.••E•oo 1. ltE-111 l,llf•OS 1.ast-10 1.su:-23 1 •24E•lb 1,02E••9 o. o. O• 
SM151 1 . nl!•02 Z,45E•oS 2.4JE•oo; 2 , 41E•o!i l,J<wE•05 l.3SE•O!i 2.2,E•os 2•17E•O!i 2,otE•os l,i3E•O!i 1 •b• E•O!i 1 • 10E•05 
EVl'Z ,.,,4£•01 S.61f • Ol S.29£•02 s.oor,02 . !,71E•o2 •.20E•Ol 3, 1SE•02 2•lbE•02 1. 77E•Q2 9.92E•01 3.12E•Ol 1.74t.•OO 
801§3 1.115r-n2 l,29E•lll a.o4£•oo 2 . 13E•OO 9.9lE•01 1.23t-01 6'.S6E•04 l•S2£•06 1.81E•08 !i.40E•U • ,UE•22 o. 
EU\'54 l,77E•Ol 3, 79Ftff4 3.63£•04 J.1t1£,04 3,lii:£•04 l,OSE•04 2.46E•O& 1•98E•44 1,59E•04 l, 03£•04 4• 34E•Ol .... at.•oz 
EUl'JS l.Ut•ll2 l,9U'•n!I 2,67[•05 1.UE•OS 1 •'•E•o·s 5.?7f•04 a.5oE•Ol 1•2SE•03 1,l!iE•OZ ••OlE•oo l,90E•Ol ,.2u.-1z 
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TABLE 111-0-2 (Continued) 

NUCLl~f RaoIO•CTIVITY. CURitS 
a,srs • ~lOO Tu~s .9•7 EN~~ RtACTOR WASTE 

2o ?E•OOYP 3.0t•(IOYA s.ot.,ov11 l.OE•ulYP l•SE•OlYA 
3.uE-01 l•f•.,E•01 ',1.)7£-06 2.1~£-13 S•20E•i?l 
2 .~SE-~• 2,f-'!F-O• ,.t>SE•O• t,6•£-(14 z,&JE•O• 
9,~!!E•'l7 6, ,.,£•1)7 •••2f•07 3,0'7E•07 2,58E•07 
9_q., ... ,1 "• '"E•07 .. ,.cf.•o7 J,07E•o7 2•5i!E•07 

N •UCTCII a947 ENAlCM[D PROPERTIES OF COLLECTEU· wASTE 

~OIIE .. lOa!IOM~, 8UANUP• 13110.MWO, FLU~• 2,17t•l3N/CM••i!•SEC 

NUCLlUE M&OIO&CTIVITY, CIJ,.IEi 
·11,sr~ • ti!OO TUNS ,947 ENN N NEACTOR If.STE 

CMAPr.E .SEPIPITl~~3.flE•~i!VA 1 oOE•l'l3VA l,Ot•03YR l.OE•l!4YR l,OE•O,.flt l•OE•OSYR 
H :, 2of-2E•Ol 5,65£ • 04 2o5l!E•OJ 1,92£-20 o. n, o. O• 

st 7' t. 111,;-02 3.91£•111 3.9flE•'ll 3.117£•1)1 3,7,.E•!l·l J,51£•01 2.R•E•Ql 1•3~E•Ol 

•• 17 9, 74£-(17 1.14f-P3 2.l•f•OJ 2. \4(-113 2, l•E-03 2,l"E•03 z. 14£-13 2, 14£•03 
5• 90 3, ,119£•03 ll.48F•l'6 5.l9E•Ol 1.1>5£-04 fJ•i!toE•Zb o. 0, 0 • 

T n 3,119£•03 1,41!£•06 o;.1,1:•0J 1 .!15E-n4 6.i!IE•26 "· 0, O• 
zi, 93 "• 'l'l•E•02 1.•nE+02 1.93F.•Ol 1.93£+n2 1,,.:tE•OZ 1 .9l?E•Oi? 1.9QE•02 lol!4E•Oi! 
NIU" 3,24£•1)3 1,06£•01 1,93£•0i' 1.93£•02 1.,.JE•Ol 1,9lE•Oi! 1.110£•~2 l•l•E•02 
TC 99 6,3-,E•Ol 1,40£•03 1.•'>F•03 l, .. OE•n3 1,J.,E•o3 1,3!>£+03 l,27E•a3 l•OlE•03 
PDlOT 2,19£•03 'S,OSE•OO "i,IISE•OO 5,05E+OO 11.,0!tE+OO 5.04E•00 s.o3E•OO S , OOE•OO 
CDIU" 1,0!E•02 2,27[•01 8,08£•06 7,23£-21 I). o. o. O• 
5NillM 1.2itE•06 ·ll!.67[•03 1,73£•04 2,93E•o7 3,!t~E-15 o. o, O• 
SNU6 1,44[•02 3,16[•01 3,1-,E•Ol 3,14E•Ol 3.luE•Ol 2.95£•01 i?.57£•01 1,51£•01 
51116111 1,44£•02 3,16[•01 l, l!>E•Ol 3,14E•OI 3,lnE•Ol 2 0 95£•01 2,57£•01 1•58E•Ol 
51116 1,44£-02 3.14£•111 3, 13£•01 3. IIF.•Ol 3.n·,r•o1 2,92£•01 i!.S .. E•ill 1,57E•Ol 

112• 2,71•[-1)4 fo.15E•Ol IJ,lSE•!H 6ol5E•Ol 6ol!tE•Ol 6.15E•Ol 6.hE•Ul 6•1JE•Ol 
C5135 9.9~£-t'll 2. l9E•nl 2,19[•01 2,19E•lll 2•1,.E•Ol 2.18E•Ol i!.17E•Ol 2,14E•Ol 
C5l37 4o5'1E•03 9,112£•116 9,60E•03 9.12E•(l4 7ollt>E•2• o. o. O• 
1'6137"' 4.llf•'l1 <1. l8E•l'l6 8.9'1£•1)) 'l.53[-,14 · 7 .J~E-24 o. o. o, 
5Nl'51 1,li!E•02 2,45£•1)5 2,2SE•O• l!,52£•01 1, r1JE•Oo; o. I), O• 
[U15Z 2,,,•E~nl 5,t,9E•n2 lo7')E•05 4o71E•23 o. ,, . o. O• 
·ru1s• 1.77!•01 3.13[ • 114 !1,71)[•02 S.9lE•15 o. o. o. O• 
M0166N lo11E•!l7 :l'.66E•ll" 1.23[•04 1 •••E-04 4• 70E•O'S 11,25£-07 1,<15E•l2 2•21E•i!9 
5UITOT 1,6~E•04 3,63£••1'7 5,34[•04 z.olE•03 l•"JE•OJ 1.19E•03 1.78l••l3 Jo47E•03 

TOTAL •• 34[ • '1'S 5.21£+011 5,34[ • 04 2,03£+1)3 1,,.JE•OJ l,1!1Eo03 l.78E•'ll 1,47f•Ol 

z,o:'•OlY~ J.~ia•OlY,. SoOE•OlY,. loOE•OZYM 
l•.?•t::•Zd 7.~Jt:.•44 i). o. 
z,&lt:•O• 2.t>lt.•04 i',SIIE•O" i!,Slc.•O" 
?..i!f,£•07 1,77£•07 lolOE•07 J, .. 2l•06 
,.2 .. t::•07 1.77E•07 l,lOE•07 J,,.2t.•Oll 

3,0E•O!IYN l ,OE•ObYA- 1,0E•O'l'YM 1,0E•08YR 
o, o. o. o. 
io60E•OO 9,l6E•04 o • o. 
2,14£•03 2.14£-03 2,14£•03 i!ol4t.•1)3 
o. o. o. o. 
6. o. o. o. 
l,ll8E•02 loi!lE•02 lo90E•OO 1.116£•18 
1 ,68E•OZ 1,21£-•(li! f,<,OE•OO l,1»6t.•l8 
5,i!SE•02 S.3JE•Ol 1,91£•12 0~ 
4.9oE•oo ... STE•OO 1.eeE•OO i!,53£.•04 
o. o. o. o, 
O, "· o. o. 
3,96E•oo J,09£•02 o. o. 
3,hE•l)O 3.on-02 o. o. 
3.,2E•oo 3.06£-02 o. o. 
!to08l•Ol s.,1£-01 4,09£•01 1,04£-02 
i!.04E•Ol 1, 74E•Ol 2,11£•00 i!,03l•09 
O• (I, o. o. 
O, 0, O, o. 
o. o. o. O• 
O• o. o. o. 
n, o. o. o. 
o. c. o. o. 
9.00£•02 l. 19E•02 1!,i!6E•OO l,i!IE•02 
9,00E•02 3. 19£•02 11.26£•00 1,28£.•02 
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TABLE 111-D-2 (Continued) 
N AFACTf.lA 0047 l;~Arc~En ~RnP[~TI~S OF CllLLECTELl WASTE 

PO•[Aa 1 O.'l1lllWe lHl<INl.!Pa u,.n.•o,o, FLU•• 2 0 l't.•llN/C~••2•SEC· 

1111.;Cllt. E Aan10,crrvnv. CV<IHS 
RASH • ~200 TONS .947 ENt, N REACTUA WASTE 

CHAAr.l' 511'PAP&T!n~l.qf•(\~Y~ 2oflE•llflYl1 :\oJt•O.OYA c,.oE•flflYA loOl;•OIYR 1•5£•01YA 2o0i::•HYH J.rtt.•OlYR 5oOE•OlYR loQE•02YM 
TL,OT 5 0 1qrr.11 0 ;,. 'P£.n~ ':>.!>7F•fl~ e. nE- ns l• "' f•O• 1.s .. r,-04 2o5-iE•04 3o5CE•OA ,.Zllt:•04 :i.S~,;;-04 7ol2E•04 Bol!>t.•04 
TLl'OII l ·.SIF-flf- f,.21"•(\~ 4.c!l'lf. -03 2 .9@E-~3 i! 0 Cl'"E•03 I.OJE-03 2. PE•04 7.80£•05 5.4t11:':•05 •.!>c'E•05 J.81E•05 2oJSl•05 
TLlfl9 "i•'"'"•li' 1.•Tr-ne I .-• •F•OA 1 ·•'iF.-118 1 .'>uE-nfcl 1 .52F-08 1.59£-08 1•70E•08 l•d•l•OII c! . 2:tE-08 J.42£•08 11.1111t.-08 
P8jll'l9 ;,.o;•r-1 ,1 '>.1>9"-~7 1, .1v-n1 1,.77£-~7 1,.e1f.-OT 6.90£-07 T.2•l•07 7•7JE•07 11.l~t:-07 I• OH:•01\ lo51>E•OI> 4.04r.-01> 
P8llO 1>.1>11,F•l'- f-.9'iF•~~ , ... ~f-01 "•fl"E-~7 8.,t1E•Ol 1.BlE-01, s.1,oE-01, l•l4E•~S 1.e,r.-os J.7uE•o5 8o42E•05 2ol2t.•04 
PIIU 1 !l.02,-00 i'.hf-~<, 'i.t18E•O"- 8.? .. E-n'i 1•'' 1£•0• l.54E•O• 2ot10E•04 3•51£•04 4.,?-.E•O• !>o53E•04 Tol4E•OA llo79t.•04 
Pflln2 9 0"i!fl'•(\'> 1.12r.-n2 Io l~E-0;? 11 . nE-cJ ,;. , .. r. .. oJ c!.117£-03 5.9oE-n• 2. 1 7E-o• 1.5<!E•O" l.2M•04 loOl>E•OA l>o:ilt.,-05 
Pll214 I, ol>f-1'•'1 ~ J.•3F-rfo ~.57£- 0 1, o. HE-of. i. ~ .. F.-05 I.l,2£-(15 3.SlE•05 5.10£-05 1,.o~E-05 9 • .,,or.•o5 1.1>4E•04 J.29£-o• 
8'210 1,.1>1r-12 "'•ll>f••P ?.?QF-1)7 •. ~~E -(17 a.,et:-01 1.81£-0I> 5.1>9E•06 l• I •t-os loiHE.•05 3.7~f-05 l'.•2£•115 2 • Jlt.•04 
81211 5 . nlF.-OCI ;,.74F•n" "•"'oF•'l"i A.74£.,.5 i . ,, 1r-u~ I .!> .. E-o • 2.110E•O • 3•!>1E•04 • .2~E•11• S.Slt.•04 7.14E•04 e,79t.•o• 
111212 9,741'-0f 1.721'-n? 1.l"F•fl? 11.,1[-I)] s., .. E-03 z.1.17f:-ol !>.9oE•O • 2 .J 7£•114 1.5zt::-o .. 1 d'H:•04 1.ooE•o• 1,.sJr.-05 
RlllJ "·"''"•IO f>.f.9F-H t-. hF.-07 ll.77E-•7 6.<>1E-117 t>.OOE•07 7.24£•07 To7:lf.•07 !1.Jdt.•07 l.01E•OI> loSl>E•OI> ••o•E•Oo 
131ll4 f>,l>H•l? ~.43E•?t- f.57£-0'> 9 . nr-,1, l•"'~f-115 l.92E•OS 3.51E•05 5.10E-o!> 1,.o~E-1J:i 'i. 'iot:•o5 l • b•E·O• 3,2~r.-u4 
POii.'10 2.n'.'F:•P 3. l!>r::-nl! 1.•~t-07 l.•3E-r• 6 • ., .. £- 117 1. s1E-01> 5.b9E•OI> l•l•f.•05 1 • il7E•O!> J.71t•05 ,;.•lE•05 .t.J2r.-04 
Pnlll 1."ilE•ll 111 .i!IF•rA · 1.10<-(17 2 ... 7f.r7 3.,1E-117 •.!>lE-07 T.111E•OT l•05E•O!> 1 .<!<lf·•OI> l.t>of•OI> ?ol4E•OI> lob4t.•UI> 
•nn2 !>.l•F-n'- l.lllf-r2 l.!>n•C'J !>. , ~E- ,)) J.11[•03 1.!! • t:-03 l.78E•04 l•l9f.•04 9.71£•05 tl.llt•05 1,.77£•0!> ... 1et::-os 
•n21J 2.,-1,-1, A•S•f-l"!l ... ',Q<-07 1,.-.2£-07 6~'>t>F.•07 1>.75f•07 7 • 08E•07 7•~1>E•07 l!ol9E•07 9.'i2• •07 1 • 52£•01> J ... 5t:-01> .... A0214 f>ol!>l:1'•10 3.4lF-ofe "'•5 /F-f'f. "· 72t:- ~I', ·1 •"-~E-o'i l.92E•05 3o51E•O~ 5.JOE•05 ~.b'iE•05 'i ... nE•Q5 1.1>4E•04 3.29E.•u• - P(l215 "i.~;E-09 2.7•F- r ., "-.b,(-C"'-! 11.;,4 f..n c l• ••• E-o• 1.S•E-04 2.11,£-04 J•51E•04 4o.!9E·O• ~.SJf•04 7ol4E•OA e.1'it.-04 -I •PC,216 9 05d'•O~ 1.nr-~;, l • I ~rr -rz ".?H.-U 5 • hE-03 2 .87£-03 5.'i OE•II• ?el 7E•04 1.52E•o• lo<!tlf•O<t loOl>E•OA 1,.~Jt:-05 C Pnl}8 .. • fJ&C' -1" 3.•3E•C·'- .... 5'7F•I\I, 11. li!E•Ob l•r.,.E•(I~ l.92f•05 J.51E•05 5•lflE•OS 1,.1,~E-os 9.~oe.•o5 ! • t14E•o• J.29E.•O• !. AT21T i, ... 7£ • 1 ~ '>•fo9F-n7 ... 14! •fll ;,,77E•'l7 l!,o<>IE-07 .">.90£-07 7.24E•07 7•7lE•07 8ol8E•07 1.01r.-01, 1.51,r-01, 4o04t.•06 ...., 
IIN2l9 s.n2r:-n9 ;,.7 • f-rc; <. 0 6df.•O._ e. ?. •E-os 1. 11 1E-O• 1.s .. F.-04 2.60E•?4 3•5IE•04 4.2~E-o" S.~3E•04 7ol4E•O• d • 79t•O • 
AN:nn 9.54F•O" l.72F-ni' 1.1'-'E•(I? 11.?.7[-l)J 5. , .. ~ .r,3 ·2.l!TE-l)J 5.90E•o• -!-I 7E•O • I .5.?E•O• 1.2t1t.•04 1.06E•O• l>o!llt.•05 
AN222 l>ol>f-"•11) 3.431'-nt' -..:;1,::-1),. 11.7?.E•O'> l•"'"E•OS I• "'2f •05 J.SJE•05 5•10E•05 1,.1> .. E•05 v.;.oE-o5 1.o•E•o• 3.c9E•o• 
--•121 2.,-1r-1n f, 0 1,9F-n7 "• 74£•C I &. 77t•f\7 ..... 1£-07 11.iOF.-OT T.2•E•07 7o7Jf•07 • 8.Jt1E•OT 1.oa-01, 1,56E•OI> ••o•E-06 
.. PnJ t1.11ci,. 11 4.?.7F:-n7 ., • 9Si'•fl7 1.t~E-?f. l•'"~-11~ "'• ltlF.-r,1, J.64[•(\f, 4•91E•fltl 1,.ooE-01> 7,7Jt•06 o.98E•Oo 1. 2Jl•05 
111123 s.~?r-1111 2. 7•f.••S '> • .,RE•O!I "'·?•E-os 1. 11 ,E•o• l.54E•r,4 c.t-0£-04 3o51E•O• ,.2 .. 1:-0• S.!>JE•ll4 ? • 14£•04 8.7"E•OA 
RA2i'4 9.5'.'~-Qt, I• 72E-n? I .l"f'•u;> e • .nE-o3 So f'lf•1)J c:.e7E.-oJ s.r,,0E·t1• ?.•l7E-o• lo!>2t•o• 1.211£-114 loUl>E•O• &.~Jt.•05 
111??5 2.ll~F-1 •' ... 70f'-•7 .... 7•'-(•7 f>.77E-n7 1,.~Jf-~7 i,.,;,of'-07 7.24[•07 To7U•07 a.JdE-07 1.1111::-00 lo5f>E•OI> ••u•t.•oo 
P&2;>f, "•"rrr-10 ,.4!F-nfo .... .; 1,:-0,-_ 9. 72£-Gt, 1.oE-O"i 1,92£-05 l.51E•OS 5olOE•05 t1.!>'iE•OS ,; • ,.oi::-os lot1AE•04 Jol9t.•O • 
AAl'28 i.3~~-1• I.JOE-try 1 ... 'IE•H 3 0 57E-IO ••""E•IO "•2IF-10 9.17E•IO lo!OE•09 1.211,-011 lol<!E-09 lo41E•09 1.soE-09 acn,; 2. -, 11::-1~ "•1>9E-n7 I>. '•E-n7 IJ. 77E-n7 1,.01£-nT -..11uE-oT 7 0 24E•07 T.7JE•o7 8.Jilt:•07 loOlE•UI> lo56E•OI> 4oll4t.•OI> 
•cn1 ... 3<;£-fl'I 3.os1:-n5 '>.l>l<~-o,; e.nE-os l• "'E -04 I.S•E•OA 2.1>0E•O<t l•SlE•O<t 4o28E•04 · s.s21::•04 7 • llE•OA llo78l•UA 
ACl,!11 2.3•F•l• 1.JoF-1n '-•"<IF•lo 3. 57E- I'! 4.,, .. <.:-111 l>.i'lE•lO 9 • 1 n-10 l•!OE•(l9 1•21E•09 I .JZE•09 lo41E•09 l • SOt.•09 
Tt<227 !'i • 4•F-n'I ;,.1111:-,i; 5.l>QF•C"i llol2E•05 1.uoE•O• 1.s2E-o• 2.STE•O• J••f>f•O • 4oc!JE•04 5.•st•o• 7o04E•OA Bol>6t.•04 
T142211 9o4t;F•IJ" 1.1> .. E-r?. 1-18f•O'! 8.i'JE-03 '5• hE•u3 i!.111>£-0l 5.87E•04 2•il>E•04 1.s2E-o" 1.211t.-04 lo OoE•OA 6 • 531:.•05 
TH?29 3oO'lf•ln f>. 72£-nT '>• 7U•07 6. 77E•o1 tlo<> IE•o7 1,.901:-01 7.24E•07 7• 7JE•07 8olt1£•07 1.011:.-01, lo56E•06 •• 11,1::-011 
Tl4230 :\ • 3IS:•0" 1.2cir-r, 1.10~-03 7 • 30f•Ol 7oJJf•03 7 • J3E•DJ T.JTE•03 7••1E•03 7•4•t:•uJ To5i!E•1,J Too8£•03 do07t.•QJ 
TMjl>]l 4.02~-t)~ ~.4JF-n; J.37F•Ol' J.JTF.•O? 3. HE •?2 J.37E•U J. J7,E•02 J• l7E•02 lo37E•Oi! ;,. J7f.•02 3 • 38£•02 3o38t.•02 
THl!)2 6onClf•l) lo34E•nCI loHE•(IO lo:! • E-?9 1 • .,-.£•119 l o35E•09 loJl>E•(l9 1 .Jlf.•09 t•JIIE•09 I .J'it:•09 I • 43E•09 1•52E•O'i 
TM236 ?. • 9nE•OI ,;.02£•01 ... ,,cir-01 ~,!ll!E-n1 #l • '>eE•Ol l>o58E•01 o.51!£•01 f.•SdE•OI 1, • SIIE•Ol 1>.!>et-01 l> • SBE•Ol 1> • 58t::•Ol 
PAlJl 3 • 91~•07 8 .&)F•n4 "'•"•E-04 l!ol>4E•o • 8ob5E•04 A.1,1>E•04 1,70E•04 8 • 73E•04 a.nt.•o• bo1t • C:•04 !lo98E•OA 9o3Jl•OA 
PAlJ3 &o73E•nl 2.,.9f•nn I .5,!<•0n lo52E•no i•""'E•OO 1 .53!: • 00 lo53E•oo 1 • 5AE•OO lo54E•oo I .Sl>E•(IO lo58E•OO lo1>3E•OO 
... 2, .... 2.'lnF•OI 'ioOZf'•lll ... S'lt:•01 6,51!E•nl 1, • .,IIE•Ol 6o58E•Ol 6o5t1E•oi 1>•58E•Ol &•5dE•OI 1>.!>dE•Ol' 1,.5er-01 6o58t.•Ol 
P&;>34 2 .91£-0• s.oeE-o:> '>."i'IF•O• t, .S M•f\4 1, • .,eF.•O• !>o58E•04 6o58E•04 !>•58E•o • 1,.s11E•o• l>o511E•OA 1>051iE•OA l,o!:,8£•04 

11232 401•11'•011 1.o•F.-0• l.ll>F.•04 1.2sE-c4 1 • ::t,E•O• lo40E•04 lo41>E•04 I ••2£•04 l•37E•04 lo25E•OA loOlE•OA 6oJl>f•o5 
IIUJ 4 • 29F•O .. 1 • 90E•05 i'o1>8F•05 3 .4·0E•115 AolitE•O!I 5.50E•05 8. 77E•O!I 1•21E•OA l •53E•o• . i!.20E•04 J.54£•04 6 • 97E•04 
VlJ• 4oll'F~O• 9.0A£•nl . ... 08£•01 9. 0!E-~1 9oOl!E•Ol CJ.ou-01 9.119E•OI 9•\0E•lll 9.11e-01 9.lJl•Ol 9ol6E•Ol 9o21E•Oi 
lll35 1.,,,-os :,. JT.r-n2 1 • .Hr-0;, 3.31£-02 )oJff•02 3.JTt-oi l.37E•02 J • 37E•02 3oJTE•02 J.3TE•02 J,38E•02 J.J8E•02 
Ill]!, lof>6P'•05 3ol>6E•n2 .1.i,,,r-02 · l.1>11E•n2 3.tteE•OZ 3,&l>E•Ol 3.l>&E.•02 lol>6E•02 J.1>1>t:•Ol Jol>l,f•02 3,67£•U 3 • 1>7E.•OZ 
IJUT 4.no,- ns 11.11,,:.111 "'-15~•02 7 • T8E-ol' T..•.,E•02 i,.1o,-oz 5.JSE•02 ••2lE•02 3o35E•Ol 2.!flE•02 llo22E•03 To91E•OA 
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TABLE III-0-2 (Continued) 

N ~EACTCD .~47 ENRIC~[n P~ UPE~TIES UF CDLLECTEu WASTE 

NLCLl~E wADl~lCTIVITY, CUIIIES 
~ASTS s c200 TO~S • 947 £~AN AlACT U~ ~ASTE 

CMAllr,F <;EPA~ATJO~!. ~E•~Of~ . 2, ~~•flO't~ 3.1; t.+0lJYQ 'i.OE•OOYA l • CE•OIYD 1• 5E•OIYR 2oOC:•OlfH loOE.•OIYA 5 • OE•OlYM loOE•OZYA 
Ui".lll ;> 0 9'lF•r• f.,<;f4F:•nl ... ..,• •-01 1,.c,~£-nl 6 • !'>~£-01 ll.'>8l•Ol t,.5~E-ul !,o<;IIE•OI 1,,5SE•OI ll • !i8t.•OI 6,!illE•Ol 6,!i8E•Ol 

NP?JT 6,911"•(14 l.!>t'f•~1 ! .5lF•,n lo!'-2E' • no 1.t,ci::•on I.Slf•OO 1.sJE•oo 1•!>4l•OO 1 • 541::•00 1.~6t.•uo 1• 58£•00 1 ol>Jl:.+00 
NP239 ,..a;'!~-o• 4,37f • on "-', 1S~•0J •.35E • oo •••~E•JO .,,J!iE•OO •• 35E•OO 4,35E•CO ... J!it::•oo ••J••. •oo 4 • 33E•OO •• 32t.•OO 
Pu,n-. 7.9o;f-(17 l.'ilf-~l 1.l~F-03 9.JOE•04 1.c .. ic-n• ,. ... eF.-04 l • llE•o• 3o94f•O'i 1•17E•05 loOlt.•06 7,94£•09 4,lbt.•14 
DU23fl 7, Jl0'-113 4.38f•Ol -, • l~f •01 "· 481' ••11 b. "'"". I) l b .•t>F. •01 6o25E•Oi f-•05E•lll s.111>£•01 !i, 49t:•01 ... 83£•01 l • !ilE•Ol 
PU2J9 ll • •9F•02 1,•3E•'li' lo•l••Oi' lo41'c•OZ 1,•.Jf • 1'l2 l.1t3E•Ol 1,43E•02 1•4Jf.•U2 lo43E•02 1.43•. •02 1• 4JE•OZ l • •Zt.•OZ 
PU24!1 -!,31)0'-0i! lj,l\ljf+l!l r; •• ~5c- •C' l s.n5e-,111 ~~O~E•Ol .5,0SF.•01 5.0'5£•01 !'- • l!SE•OI 5,051::•01 !i,04f•0-1 5,03£•01 5,0lt.•01 
PU24l 1 • '>Of • 00 3,41 .. •0~ ~.2h~•03 3,Jll,: • rl 2 ... .,E •03 2,70E•03 2,1"f.•03 1,1>9£•03 l • l•E•OJ E<.JH•u2 3,28£•02 3 • 16E•Ol 
PU?42 l,31~-n,, 1.nF.r.~ 7,32•••J3 7,l)f:.113 7,JJF.•03 7.J•E.•03 7,Jbf.•OJ 7,JBE•Ul T,401::•03 7.Hl::•03 7,SlE•Ol 7 • 6flt.•Ol 
AM1.4 J 1,fl.10'+0n ,.118F•~3 3 • .,11;:-•01 3,t,8E•n3 3.,el:, • (l) 3.t>H:·•ol l • b6E•l)J ~,ttSE•03 J,t>JE•03 :,.!:191'.•03 3 • SOE•Ol 3 • Z4E•Ol 
AM~•?M c;.o•F..;n3 1,301:•~\ 1. ·toe•n1 1.nE • n1 1.~ .. F• •ll l,i!7E•Ol l•lSE•Ol l•li!E•Ol \.1-.E.•01 l .J•.,:•01 J,04E•Ol 8 • Z6E•OO 
, .. ,.2 5,<>4F-1)3 J.3Jf•n1 J .J ;)f•OI I ,.Hf • r, I 1.~,;f•OI 1• 27E+Ol l • ZSE.•01 l•i!ZE•Ol 1.J'if•Ol l.}H'.•01 1• 04£•01 8,i!6E • OO 
1Mj!4) 1,9•rc-n3 4,3'if•n~ 4,35F•U •l •• 3~E•oO 4 • .J~E•OO •.J!iE+OII 4,35£•00 1o.JSE•oo 4.3,;E•OO • •• J•E•oo •• 33£•00 ••32E•OO 
c .......... ••-!>•':•Ofi •.Sbf•"'! ~. 7tt~•~; ?.ol •E • r2 !i,~ IE+ ,11 1,2'-E•Ol 1,0i!E•UI o,99E•oo 11.111E•oo c;.JZE•oc 8 • S1E•OO 11, 781::•00 
, ....... 3 I .~n.-.o• 4.1,~-n) .. . nlF-n J . <l4E•n ,.~ .. ~-01 J.bYE•Ol l • 3~E-Ol ?.•98E•Ol 2,b7t.•Ol c • JSE•Ol J,39E•01 •, 7i!t.•OZ 
CM244 ,.~41;•1)? ?.,.,1f•H ';J.~7~•01 2,•'E•nl 2 • ·•~E•G1 2.20E•OI 1,e.>E•OJ 1•50£•01 l • Z.,E•Ol i, • .,,;E+OO 3,93£•00 5,79E•Ol 
CM245 1.111::-01 ;,.1o1of-o• , ... •E- •1- 2.••E•O• 2 • "•E•O• 2 ..... e:-0, z.• .. E•o• 2o44l•04 i!,•.,E•O• c:.•JE•O • 2,4lE•04 2,42t.•04 
C1•2•1> 2 • 3~1c-09 5.J9f-n .. c;.1-.r•o~ c;, l ~E-ol'o !i • 1-.E-00, c;, t8F...;Ot 5,lllE-06 !,J'8£•0b S,J7f.•Ot> !i • l&t.•Oll S,15£•06 !>,11E•u6 

.... SUBTOT 11 • 6~F.•01) 1.21r•~• ... 2JE•Q3 7,3?E • C3 ., ... ~f•l)3 fl-,71E•OJ 6,J3£•t3 '5 • 66E•03 5,ii:dE•Ol 4,7JE•03 4,11E•03 3,!i4E•OJ .... 
TOTAL 8,63£•01) 1,211:'•~- "•<'JE•01 7.J~F:•rJ 7 • trileE•01 6.71F:•OI 6 • 13E•03 •;.t,6£•03 5,i!dE•Ol 4,73E•03 4 • 11E• OJ J • S4E•Ol .... 

I 
0 
I .... 

CX> 

,_,I 
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TABLE III-0-2 (Continued ) 
N REACTOR • 947 E~AICHEO DPOPfQTIES OF COL LECTEll wASiE 

PnwER• 1n.nn,.., 8•JANUD • I ]110, .... ,, . FLU• • 2.17t•llN/CM••2•S£C 

NUcLll.E RAO I OACTI V ITY, CURIES 
BASIS • i!i.'00 TONS .9.,7 ENA N REACTOR WASTE 

l'.H&l!Gf 'iFPA~AT !Ot•], llf. •ll2YII l • O~•OlT II 3 • Ut • 03YA l • OE•(l4YA l • OE.•O"YA l•Of • aSYR 3.aE. • aSYR l,Ot:•Ul>YR 1 • 0E • 07YR l • OE•lillYII 
TL20T 5 • 01£•0 9 ? , Ol!E•O': l .0 7E•Ol 1 • 5SE•Ol 2 • "1E•03 7 • 28E•03 1, 72E•02 3,32E•02 3 • 11!it:•02 3,dSt.•02 3.an-02 3 • 50E•02 
TL2118 1.s1r.-n1, "•"'-f-nJ J,,.,.F•>1, s.22E-n11 2, ,,JE•09 7,90E•09 2.s1E-oa 8 • 81E•08 2 • 1>7E•07 b.lil>t:•07 7,8l!E•06 2 • 'iJf•OS 
TLi!O'il s.e11r-li' 1.41>£-ntl e,, 74 (-07 7 .IHE-01> 7 • •1>E"•05 7 .ZSE-04 •• O!>E•Ol l • S7E•02 3 • HE•02 J.t17E•02 1• 911£•03 •• 72t.•ll> 
ill'•Zn'il 2 . s•r -1n 1,.1,•F-07 J.n1,-n .. J.i;'IE-o• J.J .. E•Ol 3.30E•02 l.d•E•OI 7 • 1•E•01 1 .s11E•oo l,7!>E•OO 11.98E•02 2ol5t.•l• 
Pill ft "·""£•12 4 , 17£•/IA 1.u•r-oJ • .oooc-03 1• !>tE•02 b.10E•02 2 • 19E•OI 5 • 2!>E•01 7 • 59E•Ol e,.1111:-01 6 • 57E•01 1>.•&t.-01 
P1211 s .n2 r-!l11 ;,,o<,E•!I" I , o 7f: •O~ l.!> t. E-03 ? • "lE-03 7.JOE-03 1 • 72E•02 3 • 3JE•02 3 • 8hf•02 l,t!7E•02 3.dlf•Oi! J.sa-02 
Pl212 9.SJE-n~ l,P.SE•O? <i,SSE•Ob 1 • 4:SE-0'3 7 • UJE•09 2,2UE•Ocl l>.'iltif-08 2 • 4SE•07 7,4ct:•o7 i!,41>E•Ob 2,17E•05 11.lJl:.•OS 
Pl21• 6,t.f.f•I n ;,.-.9F . nl, \ . 1, •r-01 ... ,,,E.nl 1,,,~E•Oi' b,70E•02 2.19E•OI 5 • 2!>E•OI 7,S<il:.•Ol l>,t!Jt.•01 e,.S7E•OI 1> • 4!1E•Ol 
812111 6 .61 £-12 • .o lf-n" I, •J•f-tll ... 1b!:c•O l l•"eE-02 l>.70E•02 -c,19E•01 5 • 2!>E•Ol 7.S<iE•Ol 1>,83E.•01 6,S7E•01 1> • 4111:.•0I 
81211 -..n?F. -09 ;,,,n<if-n<- l ,ry7f- U) 1,i;t,E.03 Z• "lf•OJ 7.JOE•OJ l.7cE•02 3,33E•02 l • lll>E.•Oi! 3,t!7E•02 3.83£•02 l • SlE·OZ 
IUU 11 . 74E-nt. 1 • 8Sf•ni Q ,!,',f.•06 I ,4SE•O" T,uJE•09 2.i'OE•08 l>.'i~E-08 · 2, • 5E•07 7 • 42E•o7 l,41>E•OI> 2; 17E•OS B• llt.•05 
11213 2.111r-1n 1>,!>•f-07 ~. r. 1.-0~ 3,5'1E-o• 3,J.,E-03 3.)0E•OZ l .hE•Ol 7 • 14E•O l 1,s&t:•00 l • 71>E•OO e.98E•OZ i!olSf•l• 
11214 6.1,~£-10 Z,S'IE-nt l, 0"f•03 ",O'!IE-03 14!:lttE-02 l>,70E·OZ 2,l9E•Ol ·s • 26E•Ol 7 • 511E•Ol b,l!lE•Ol e..57£•01 1>,41iE•ul 
P0210 l,O!S"• \l 1,72£-nr, l, ""f- 113 ", •J '>E•Ol l~""E • Ol 1>,70E•02 2,HE·Ol 5,26E•Ol 7. 59f•Ol 1>,83E•Ol 6.57E•01 1> • 48t.•01 
1'0211 1 . 51E•ll 1>,21>£-nP 3,2cE•Ob 4.b~ F.•1b 8. hf-Ob 2 • 1'-E•OS s. l7E•05 9 • 99E•OS l • ll>f•O • loll>E•04 1 • 15E•04 l • OSt.•04 
P02 li! 6 • ?•£-06 l,ll!F-n2 .,,1 H-o" 'ii• 2~E-,J'il 4,,,oF.-09 l,4lE•08 4.4n-oa t,57E•07 4 • 7SE•07 1 • 58E•Ob 1.39£•05 s.zoE-os 
l'Olll 2 • t-lf•B e. •. •9£-n7 3,10f•O~ J.S,>t-04 l.JIE•Ol 3,ii!ii!E•OZ 1,80E•Ol l> • 'IBE•Ol 1.s .. E•oo l • 7ZE•OO 8 • 78E•02 ZolOE•l• 
ill'Oll• 6.6t>E-l~ 1.S'lf•Of. l.O .. F-0) • . 110E-03 l • '>IIE•02 1> • 70E•OZ Z• l9E•Ol 5,21,E•Ol 7,59E•Ol e,.BJE•Ol 1> • 57E•01 l>,48E•Ol 
POll5 s. 02r-011 il'.C'il£-O': 1.r17f•OJ l ,S'>E-03 2.-.IE•Ol 7.JOE•03 l. TZE•02 3,33E•02 3 • 81>E•Oi! l.87E•02 3 • 83E•OZ 3 • 5lt.•02 - P0211> 'il e54E•OI> l .b•F-n2 <i,'>St•O~ 1,4,;f.O!I 1.o~E-011 z.zoE-oa 1>,98E•08 2 • 45£•07 7 • 4i!E•07 i!,41>E•OI> 2 • 17E•05 a.uE-os - P02ll l> • "l>f•l ~ 2.'i'ilE-nf l,O•f•OJ ... ooE-(13 i•""E•02 1>.10E-oz 2.19E•Ol S • i!l>E•O l 1.s11i::-01 b.83E•01 1>.57E•01 l> • •&E.•01 -I &Tl!T 2.67_£-l o 1>.1>~E-n7 3,117f-~', l.S'IE-o" J,J.,E•03 l,lOE-02 l,B•E•Ol 7 • 14E•Ol l • SbE•OO 1 • 71>E•OO 11,IIIIE•02 2 • l5E•l4 C 

I AN219 s.n1r-09 i'.09E-n!!' l,117F•(IJ l.Sl>f-Ol 2,YlE•Ol 7.lOE•Ol 1• 72E•02 3,33E•Oi! l • ftbE•Oii! l.87E•02 3,83E•02 l • Sll:.•02 _, 
ANUO 9.'i4f•O" l ,ll•E-~P Q,'5<;£-01\ 1 ... sE-1'1 T• •JJE•09 2.zor:-oe 6,98E•08 2.i,SE•07 T,4ii!f•07 2,4bE•Ob z.17E•05 B• llE•OS 10 
AN222 l> • l>f:E•lO 2.SIIE•O" 1, 0•E•03 "•ObE•Ol 1,:,ef•O? l>,TOE-Oi! 2 • 111E•Ol 5 • 211E•Ol 7.S9E.•Ol b • lilt.•Ol 1>.S7E•Ol b.48t.•Ol 
,11221 2.6TF•ln 6.63E•nT 3,n7f•O~ 3.ssE-1" J.J.,E•OJ J • lOE-12. l,84E•Ol 7 • !4E•Ol l • !>IIE•oo 1,11>E•oo 8.98E•oi! 2 • l!;f•l• 
'Al23 8.l"'lE•l l J.3Sf-n7 1 , ,;or-o,; 2.t8E-o'i 4.oet:-os l.oii!E-04 .!,41[•(14 4 • 1>1>E•04 5 • 40E•04 5,4lE•04 S • J7E•04 4 • 'ilE•04 
AA223 s.n?E•09 ?.,09[-~,; 1.n1r-ol l ,'>l>E •Ol 2.111[-0l 7.JOE•Ol 1.T2E•02 l • 33E·Oii! 3 • 81>E•Oi! 3,87E•02 3 • 83E•02 3 • Slt.•Oii! 
R&l24 9.~!E•C'.I 1,'l•E-oi.' " ·5<;f.-06 1,45£-0'I 7 • 0JE•09 i!,i!OE-08 b,98E•O'I 2 •• 5E•07 7,421:'.•07 ii!,41>E•Ob 2 • 17E•05 ll • llE•US 
Al225 2.111r-1n e,.1,sr-01 :,.on-o~ ],58[-14 J.J-.E•Ol l.3oE-02 l.&i,E-01 7 • l • E•Ol 1.sttf•oo 1,T1>E•oo 1 • 91E•Oi! ii! • l5f•l4 
RAUi> 1> • 7nE•10 ?.&•E•OI, l ,n•f•ul 4 ,0 l> E- ol l,!>t!E•02 l>,70E•Oi! 2.19E•Ol 5,ii!bE•Ol T• 59E•Ol b.BlE·Ol 1> • 57E•Ol b • 48E•Ul 
R028 l.l'!F.•14 9,117£-11 l,1111l •1'1 3,17E-n9 T.olE•09 2.20E•08 11.981:'.•o!l 2 • 4'!iE•07 7.42E•07 2,41>E•OI> ii! • l7E•05 11,1lE-·us 
lC225 2.-.1r-1n ~.6lf-n7 3,n7r-os 3,SIIE•04 l.HE•Ol 3.30E•02 l • B4E•01 7 • l4E•Ol 1.5et:•oo 1.111E•oo 8.98£-0i! 2 • 151:•14 
lC227 I>, l!iF•119 ?.•or-n~ 1,o7E•03 l • SttE-Ol 2 • ,.!E•Ol 7,lOE•Ol 1 • 7lf•02 3 • 33E•02 J.&l>t:•02 J,B7E•oz 3 • 83E•Oii! 3,!IU:-u2 
•cz211 2 • 3•f•14 11, 'ill'f •II l • ij8l•09 J.17E•09 7 • ~J£•09 z.zoE-ol) 1>,98E•0ij i! • 45E•07 T• 42E•OT 2.46E•06 Z• l7E•05 I • llE•OS 
TH227 5 • 44E•(l'il "• 17£-n': I, <16,-•0l l • 54E•OJ ?,,,.H:•ol 7.20E•Ol l,70C:•02 J,ZBE-oz 3 • 811:•0ii! J.811:-02 3 • 78E•Oi! 3 • 41>1:.•0i! 
THZ28 '1 • 49F•06 l • ci'.1£-n? 9,55E•nb l,45E•Ol4 7,0JE•O'il i!.lOE-08 1>,98E•o8 2 • 45E•07 7 • 42E•07 4! • 46E•OI> i! • l 7E•05 8 • llt.•05 
TH2Z9 3,11-.F•lO 1> • 72E-n7 J • R7f.• l1S 3 • 58E•04 3,l,.E•Ol l • lOE•OZ l .84E•Ol 7,l4E•Ol 1.s&E•oo 1 • 71>E•OO l • 'i8E•02 2 • 1SE•l4 
THUO 3.Jl f•06 1·.29r-o:i 9,-.7£•11) l • 53E•112 l • IIE•Oi! • .42E-oz i! • UE•Ol 5 • UE•Ol 7 • 57E•Ol 1> • 12E•Ol 6 • 57£-01 b • 48E•01 
THUl 8e112E•Gl l.34f•Ol 3.l8E•02 3.J9F.-~2 J,4lE•02 l • 50E•Oi! 3.bl>E•02 3,84E•Oi! 3 • 87E•02 l • 17E•02 3 • 13E•Oi! l • SlE•Oi! 
THUZ 6 • "9E•ll I. l • t:•119 I • 118E•ft9 l,l7E-oca 7 • QJE•09 i! • 20E•08 b,98E•08 2• 45E•07 7 • UE•o7 ii! • 4f!E•06 2 • 17[•05 I • llt.•05 
THZJ• 2 • 911E•Ol ll.2RE •n l 1,,511£•01 1> • 58E•Ol tt • t;IIE •O l 6,'!i8E•Ol 6,S8E•Ol t,,SBE•Ol e. • 51E•Ol l> • SIIE•Ol 6 • 5TE•Ol 6 • 48E•Ol 
l'&Ul 3 • 91E•07 l! • l>lE•o• l • v7E•Ol l,SIIE•Ol 2 • 'flE•03 T.JoE-03 l • 7ZE•OZ l•J3E•Oi! 3 • 11>E•Ol 3 • 87E•02 3 • 83E•OZ 3 • 5lt:•Oii! 
ill'&lll 6 • 7J[•Ol J.4TE•oo I ,BlE•00 2.13£•011 z.zttE•oo Z,2ilE•OO 2.z1E•oo 2,22£•00 2 • 0IE•oo l • 66E•oo 8 • 91[•02 l • 91E•l4 
l'lZJ4W 2.canr-01 II. Z8E•ol b.58f•Ol 6 • 511E•Ol 6 • '>•E•01 ,.sar-01 l> • SIIE•Ol 6 • 58E•Ol b,58E•ol 1>.sei;-01 6 • 57E•Ol ··••1:.-01 
P&ZJ• 2.'IJE•O• ll.38E•02 b.5bf•O• 1> • !18 E•04 l> • !>•E•04 6.SIIE•04 1> • 51!E•o• 1> • 58E•04 1> • 58E•04 b • S8E•04 6.57[•04 6 • 48E•04 
UUl 4 el•F•ll8 l • Olf•O• 'il,ln,:-06 l • IOE-08 4,UE•l 7 o. o. O• O• o. o, O• 
U2l3 4 • 1.9[-09 l.71E•05 ?.,17f•nJ 1! • 15E•Ol 2 • 7'E•OZ 9 • JBE•02 2 • 7JE•Ol 7 • 82E•Ol l • Sl>E•oo l • 7bE•oo 1 • 98E•OZ z.1u-u 
un• • • llf.•04 9.oar-01 9,llE•Ol 9 • l7E •O l 9 • "•E•OJ 9.31E•Ol 9 • lbE•01 8 • 70E•O l 7 • 79E•Ol b • 75E•Ol 6 • 57E•Ol 6 •• 1E•Ol 
UU5 1,!1]£-05 l . l7E•02 3.38F•ll2 3.39E-112 l •• If •02 1.sot;,02 j~t,f,'f.;.·02 3 • 84E•Oii! 3 • 8?i:•Oii! J.nt-oz 3~13£•02 3 • 51E•02 
UU6 l • 61>E• 05 l.66E•02 3.70t.•02 3.aoE-oz 4 • 04[•02 4.,ar-o2 5 • 02E•OZ 5 • 01E•02 5 • 05E•02 4 • 95[•02 3 • 11[•02 Z• IOE•Ol 
UUT • • onr-05 B.6•E•OZ 7.•5E•08 5.bi!E-09 4,7!!1[•09 z.e.4£•09 4,'l • E•lO l • 40[•12 7 • ii!IE•20 o. o. O• 
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N AEACTCII 0947 fNRIC HED Pf<OP(RT!fS OF COLLECTEU 

TABLE III-D-2 

10STE 

(Continued) 

0 
'J 

POWER• 10.onw11, '!lJl'INt,I>• 1 11!0 ..... ,.,, F'L!IX• ;..11~•l3N/C~••2•SEC 

NUCLltJ':: 'H'llOACTiflTY, CUHI!::S 
R4SJS . c200 TONS .947 EN~ "I HO::ACTOR -IASTE 

CHARGE SEPAIIATJn~J.O[oniY~ J.i~•~3YR J.Ot•~JYII lo3F.•'l<tYH l. OE• •l4YR l•Ot::•05YII 
U238 i'o9'1F•n• t,.S!IE•nl 1-.o;&F•'•l b,<;RE-,H -, ,-.-1E- •Jl bo58E-Ol ~.SflE•Ol t,,S8E-Ol 

HP2l7 llo91E•O • l.Si'F.•nn l.~lf+l)n 2.13~•00 2 .<'st.•O J 2.2!iE•.JO i!,27E•OO 2•22E•OO 
'1Pi'39 t,.Slf•O• •.JAf+on •.24E•r~ 3,'IAE•O'I J.JcE• •lO l.7oO::+OO Z,88E-n1 5,07E•O<t 
PU238 1.11r-n1 J.6JF•nl l.05E•'d ... ~7(-1)1 2.YIE- •JS •.l~E-l,1 a, O• 
PUi'J9 ..... 'll'-02 , ... JF.•02 l.•?E•02 lo JR<+~.! 1.J~E•02 l 0 J tlE•J2 '>, 17E•1l a ... bf•OO 
PU2An 2.Jn,:-.oz i;.os,::.01 "'• 'llf •CI ••'PE•ril l• I.IE•Ol 1.~21:•0l Z.34E•OO 1,7\IE•OJ 
PU2Al l .&n,::•OO J.•5E•n3 2.'l~E-('3 i',2 .. E•'I" \ ,Yo/f•/)4 I, O"E•O• l,911E-os 5o58E•08 
PW2•i' J.J,,::-ot. 7, 32£-oJ e,02E•03 t<.2•E-n3 11,i!~E-Ol 11.llE•OJ 7.82E-OJ 6,88E•OJ 
&M2• 1 l.67F.•OO l.68f•03 ?.35E•O~ 7 .~7E•IJ?. :\olcE•1Jl 5,J2E•Oft l,118E•05 So58E•08 
AM2 • 21' S.9•1'•0~ l.JOF.•01 J.JiE•Otl l.HE-01 lo'>OE•05 2.07E-19 o. O• 
&11242 5o94E•03 I.JlE•l)l J.nE•r.n \ .37f •Ol I ,~ •JE•OS 2 .• ,>7E•l9 o. O• 
&M24J lo9•E-n3 4.3SE•OC ••2•E•on 3,<1et•nn ],J~E•OO l.7bE•uo 2.8AE•Ol 5,07F.•04 
CM2A2 •• ,,.1'•0() 6.07E•OJ i',7Jf•On I. I 2E•OI l•'-JE-05 l.70E•l" o. O• 
CN2•3 1.q~~-0• 4 • l•E•tll ~,2ftF•Olo l ,..,'.!r-10 2,., .. F.-2'1 o. 0. O• 
CM2• • loi"4E•Oi' ;,.69E•nl i'• 16E•O• 6,J•F.•l"' "'•"•E·i!I l,'>OE•i'O ",r,zE-2'1 l•l8E•l9 
CM2A5 lollE•07 ;,.r,•f•n• 2.38E•04 2.?•F-o• l ,'lllE•O• l.ObE•O• 1,97F.•os o;,S7E•08 
CM2• 6 2elfF•09 S.\9E•n~ 4o'lbf•06 4,4AE-Ot, :,.J•E•06 l,19E•O., 6.29E-n8 i!•l2E•l2 
SUBTOT e.t.~i::•oo t .JH•o• ? .511E •r,) 9.1,PE•02 ?•l•E•O?. lo39E•02 7,6;>E•n1 2o79E•Ol 

TOTAL 11.~~f•OtJ lo37E•'J4 2o5'1E•03 9,..,14t•IJ2 ?• i"F.•02 l,JIIE•Oi! 7.o:>E•o1 2•79E•ol 

JoOE•J5YR loOE•ubYA l•OE•07Y,. loOE•U8YH 
&.StlE•Ol b.~at::-01 6.S7E•Ol llo481i.•01 
2.0~t•OO lollbt.•00 8.98E•Oi! l o98E•l • 

7,7•i:•IZ 1:1.s11::-1J S.t12E•ll lolOt.•!4 
O, o. o. Oo 
2,1!9~-02 b.79E•ll 5,8i!E•l3 lolOE•l • 
2,ll€•12 5,08E•lb S. • IIE•lf> 2+!>8E•16 
2.111t:-1s 0, o. o. 
4,77E•OJ l,JJE•Ol 9. • 6E•ll o, 
3.01i::-1s o. I), o. 
.0. o. O, o, 
O• o. o. Oo 
1.1 .. e-12 11.s1E•ll So82E•ll l,lOE•l • 

O• o. 0, Oo 
O• o. o. O• 
J. • Jt:-19 b.60E•l9 7,li!E•19 3e3SE•l9 
2,'llt:•15 o. o. o. 
loS • E-25 O, O• o, 
2o92E•Ol 2e91E•Ol lo06E•Ol 9o • 6£•00 
2•92E•Ol ~.91E•Ol l•OIIE•Ol 'ilo • 6E•OO 
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N ... 

.. l 
Sf '4a 
... 111 
s• n 
s• 9~ 

Y 9n 
Y 91 

z• 9l 
NII 9]M 
l• 95 
111111 ll§M 
11111 9,; 
TC 99 
IIUll\l 
IIHl(l)M 
IIIJlllt-
111410" 
1tDln7 
&Gl09"' 
co1n9 
&GI I II"' 
&GI 111 
COll]M 
511119"' 
S111121" 
s .. 121 
Tfl23"4 
Slllh 
5!112'5 
T!l25 .. 
5Nl26 
51111'>"' 
5111126 
TfU7., 
Tl'U7 

1129 
CSll4 
CSll5 
CSl]7 
11&1]7" 
C[l44 
PIil•• 
Plll47 
P"'l•II"' 
PM1411 

5"'1"'1 
[Ul!l2 
901!1] 
!U\0,4 
Eut";s 
Tl'llflll ' 
'41116611 
SUITOT 

Tl)T&L 

,:HAll:';I( 
,. '\11'-?4 
6.'h .. -O., 
" • '"'f'-l•l 
7.lnF • ,l\ 
!l.n,r•on 2., ..... 01 
l•l!"'<"•Rl 
1.n•"-0:; 
5.11,-01 
'•°'•"'•II' 1.1c,:. nr 
••l"f•O~ 
•• ,:"I~•".'• 
le"l"•"I 
··"CF•'>'• 
9el?~•,,, 
1 ... "'f'•IJ' 
I .ci11F"-'ll 
2.,1"'-lJ 
2ol lf'-ll 
7••1F-'l? 
••14F-O~ 
1.Jc;,;-nc 
1.1:.or-n" 
1 .'i • F:-0<1 
1.111'•00 
2ollf'F-n7 
2.11~,;-,., 
1.c?F"•on 
1. ,,.r-ri 
1 ."i!F'- ,,,; 
11 . 1,F"-nc; 
l oPlf•0• 
2 . ,1,-01 

-11.•1E-n1 
1.l!'!F'-07 
1.1!F"•n~ 
•~•F:•O!> 
7.J .. l!•on 
1 .f."F"•nl 

· 6.J4F•r.t 
6 • r I 1'•1'2 
II. l'lE•llO 
lollf•nr 
i,. l4F•Ri' 
1.11«r-01 
•• '1Jf:'-r, J 
2•""F•O'i 
1.•!r-r.1 
lolll'f•l'I 
6.49E-11, 
1.JIIF-n9 
1.l'IOE•Rl 
I .111 "•OJ 

9 9 9 

TABLE 111-,0-3 THERMAL POWER BY NUCLIDE, WATTS 

NU~Ll~t THfHll<AL P~•Elle wATT~ . 
IIASIS • ~200 - TONS .9 • 7 ENA N 'IEACTry~ WASTE 

UPAlla TIO"-\•<;£ • •lf, VD 2 • n[ • (IIIYP ) • ,,, •ciOY'I !i • oE •(IOYR I • OE•O HR 1 ·SE• __ 0_1_Y_ll_ 2 ___ G_t __ .- 0- 1 -v .. -· 

1.9~1! ~00 1.t~f•'l~ l e77E•nn l.~eE•OO l.~OF•00 I.IJE•00 lle52E•0l be4lt•01 
1.•er.,;, 1.•~£-0~ 1.•~E-n, l••~t-oc l.•&E-02 l.4qf•02 l••~E-0l l e4bt.•02 
1.•0£-(1,. 1.•1£-0'- 1.•0~-06 a.• .. f-06 1.•or·-0e- 1.•0E-06 l••OE•(l6 l••llt.•l)b 
?..~71'•n" ?.~~F • O? l e5@f•00 J.~~F-02 7.20f•07 1.94£•17 '5e22E-28 l••lt•l8 
l.lOl'•R4 l.OAF•(I ~ l.O!E•n• lelljf•O• 9e7bE•Ol 8.nJl•Ol 7•6l£•0l D•7•~•63 
!l.oo~-, ••• @-~•o• •• Tc[ • /\4 ,.b1E•O• •.JiE•o• J.a8t•04 l••lE•o• l,6lt.•o• 
5.19f•n• T.onf•o, 9. • 6E•no locP.E•01 2,JJE-ns 1.cSl•I• ••70E•24 2.11E-ll 
,.?9E-02 ,.2qf..n~ 2.2~E-o? !.~,£-r.2 c.29f-O?. 2.29F•02 2•2~E•62 2.29~•1)2 
?.?~r-~~ J.97F•~J 5.l~E-r.3 ;.e,£-nJ ci.•6E•O~ 1.s1t-n2 1•94E•02 2o27f•02 
1.09£•05 ?.cn•11 ·, ••'Hf••• I l.h£-Ol · 3 . tllf•(I• l.llt-12 4•671:'.•ll leblE•29 
~.J8F•l'2 1.25!•n 1 2 .ssE-l' l t. , ~E-oJ i.1,£-nb 7.Slf-15 2•6•E-23 9.23E-32 
? . 05£•n! 4.52E•o 3 9.?lE•Dl l~~~E•30 7.bOf•~" 2.6bE•IP ll•l2E•21 3;2~t•2~ 
9.4bE•nl 9.•6~•01 9. • ~E-nJ le•P.f•JI 9.•bE•ul 9.4bE•Ol 9e4nE•Cl ~ •• bE•OI 
7 . ~91!onJ 1.l•£•OJ ~.21E•n? 9.11t-OS l.o•f-10 l.37E•l4 l•Alt.•JS 2.J~E-52 
lol4F•n~ t.Q~F.•C ~ l .} 1€- r J S.j•E•O~ 1.50£•11 l.9ijE• 25 2~blE•l9 J.•S~•,J 
1,38E•1? s.~•E• ~; J.•~£•n2 J.1,E•~c ••• OE•rl 1.•Ql • ~o ··•SE-1)2 l••lE-OJ 
2.•S!•r~ 1.~JF•O~ b.1,E•o• J.111£•"· ,.~Of•Ol 2.•Al•02 7.S~f•OO 2.~1E-01 
4.19 ... n• ... l~f•<,• ••l9E-n• 4.l~l-~• •.J~f-u• ••lql.,~ · ••19£•04 4.l~E-04 
l.52,;-10 ,.r1F- 1n 1.1~E-11J •• ~~E-11 ?.1~E-11 1.JiE•ll ~.obE-14 ... 9JE-15 
l.Jt,~-10 l.•rf.• l ~ lelOE-10 f.rP.E•ll c.o5F-ll 1.26~•12 7eb9E•l4 ••71£•15 
9.J9f•01 3.•~f• r 1 J.?7f•nl ••~7E•0G ~.llf•OI ••2•l•Ol 2•85£•05 le92E•07 
5.24F.•~O 1.~JE•no 7.09E-o l 2.P.&~•Cl 3.~,E-02 2.l7f•J4 l•i9E•0t, 1.07£•08 
;o.97£-112 ?.h,[- ~> 2.~9E - ,? 2,~t£-oc 2.12t-02 1.e1E-02 l••IE-02 l•l~l-Ol 
9.?lf-r) J.i~r.-01 1.22£-0 1 4.•JE-02 ~.A•E-OJ J.7oE-05 2•l•E-o7 1.•fE-09 
3.)8£-n~ J.3~E-n~ l.32f-nb l.r.~E-Ob 1.23E-o~ J.l)ac-~6 2•i5E-o6 2-~1E-Ob 
11.0lf•II? J.1q,.11, 1057£0111 2.1•lf•OO l.blf-~2 l.•SE•06 5e80E•ll 2.JZE-15 
2.??E•n• ,.55~-3~ 2.~lE-116 J.J1f-07 ..... SE-u~ d.9•f•l• le79E•l8 JebQE•2J 
1.2~r.no 1.~.i:-0;, 2.11E-ll·• ) ..... E•Ob ,;.Db':-111 s .-.. s .. -1._ ••llE-28 2:d~E-37 
l>.'l2~•n1 1.;bf•,~ l•?IE•03 ~.j•E•Ol ~.59F.•02 le5SE•02 ••29E•01 l•l9E•01 
J ... 9~•n? ?.74F•Ol> 2.Ji'!•l)l! l•~•F.•02 i.~2E•Ol 2.7,-E•Ol 7•54£•00 2•0~E•oo 
1.•1r-r, 1 •• 1~-lj, J.~1~-112 3.-1F.-n2 J.•lE•Ol l.•1E-02 :,.(1t•o2 l••IE-02 
,.1•r-~1 ?el4F.•lll 2.)4E•nl 2.1•t-~I 2.l•l•Ol Zol4E•Ol 2•l•E•Ol 2•1"~•1)1 
••C•f-nl 1t.n~£-Ol • • O~E-ol 4•b~F•OI *•08E•Ol •.07l•Jl 4e07f•0l ••07E•Ol 
"· 1.a .,,2 ;,. •'4".:•01 2.o•F •Oil 2 .u,,f-o I 1 .92E-OJ 1 • 7• E-na 1 •58E•l 3 I -•~E-18 
"•l"f•n? ... 10~•01 s.eaE•OO 5~r1r-01 s.~SE-ol s.o)E-JA 4,56E•l) ••l•E-18 
••O•E•04 •.~~E-O• 4.n~E-n• • .u~E-04 ••OSE-04 •~O~E•04 ••OSE•04 4e05f•04 
l.29F•n• 9.1~€•03 . 6.S5E•Ol 4eb7E•OJ ~.Jtlf•nl 4.JdE•02 ~•Oif•01 1•49f•Ol 
1.1''>~•02 I. J-.F•n~ le06E•02 . l.uo~•02 I.ObE•02 le06E•C2 l•0f>E•02 l•ObE•02 
1.e.oF•o• 1.~~F•~- 1.SJE•n• l~•~E•o• 1.•lE•0• 1.21F.•0• 1•13E•o• 1-01£•0• 
l.59F.••4 · t.~lt•O• J.4JE•n• ].j~F.•0• le20f•I'• Z.d!iE•04 2•~•E•04 2•2~E•o• 
A~•9f•n4 l.4AfoQ, l••!E•n• ·s.~~E•OJ ~.8SE•O~ l.l4E•Gl l•JJE•Ol leS4E•03 
~-~•r•n~ 3.lnF.•oc; 1.35£ • n5 s.~•E•o• ~.3JE•(IJ 1.ol'IE•02 1•26E•ou l••bE•o2 
l.SlF•nlt i.lt.~•ll• 8.A@E•nl e,.c,;.F.•oJ •.nlE-•03 le07E•03 ?.•1151'•02 7ebOE•Ol 
l ... llE•n2 · A.l9E•Ol 2.03E-0l •• ~~E-nb 2.~SE-11 2,llE-24 l•9lf•l7 1.57E-50 
1.~lf•Ol ·••lf•02 1.06E-04 2.~,E-07 1.soe-12 l.2JE•25 - 1•01E•J8 a.2•E-s2 
4.27E•·O? 4.2,t:.:•n? 4.l>OE•0 2 4. 17E•02 • ·•lllF.•02 l.94E•0.l>' 3.7~[•02 leo•E•02 
l.hOF•Ol 9.4a£•o n 8.95E +00 8e•!£•0R · 7 .SlF.•00 5~64E•OO 4e2lt•OO J. 17l•no 
l.lot-~2 1.1-.F.-o, •.o7E-n1 l•*af-03 1.11,-0• 9.46E-o7 s.0e.r-o• 2,11E•11 
'•IIF•'l" l>.~ijf•02 2.~5E•n2 2.Jjf•02 2.50E•02 2.02£•01 1•62E•n2 lollE•02 
l.29£••2 l>.l • r•02 le53E•n2 l•P*E•o2 •.~5£•01 7.16E•oo l•06E•00 l•SbE•Ol 
l.27f•IIO ie77F•O? · 2.iZE-~3 p.7;,F.-o, 7. 79[•08 le86E•l5 •••2E•2J l•O~E-30 
2.11-,,.·n-. 2.115£•0'> 2 • ~'!E•n6 2•",F•06 l.85E•llb 2.84E•06 2•8JE•06 2.82E•0b 
1.~8£•11~ ~.Jnf•05 l.J7E•115 lollf•05 1>26E•05 9el2E•04 7•95(•0• 7o0JE•0• 
l.6CIF • I\,_ 6.lo••~~ 3.~7".:o~S 2ol1F•05 l . 2hE•O~ ~.12E•04 7,95E•04 7.u3E•04 

JeUl••J)YM 
Jebbt::•01 
l,•<'E•02 
leotOE•Ub 
levlE•59 
~.27E•OJ 
Ze37E•Olt 
"•l7E•52 
2.29£-02 
2. 7lf•02 
&!.ooE-•6 
1.1JE••8 
... ouE- • 6 
9.•:.l•01 
u. 
o. 
le4JE•o~ 
c:.~ .. t-o .. 
4-i 'it•O• 
1.&Sl•l7 
1.11,E-17 
deb7E•l2 
••tt•E•ll 
o.72E•ol 
,.'i•E-14 
t.57t-06 
J. , .. r-2• 
1.•st.-32 
I.JnE•SS 
~-1•..:-01 
leblt.•Ol 
J •• 1i::-02 
z.1 .. ~.-01 
•-un-01 
l•IIIE-28 
J.•oE•28 
• .osF•o• 
~.OBE•Ol 
leObE•02 
7.99E•0l 
l.79E•04 
2.07E-07 
lellbt:•Ob 
!>.J'iE•oo 
u. 
o. 
le3bE•02 
l.7t<E•00 
7.711£-16 
8.•~E•0l 
3.38E•0J 
5.97E-46 
.i!.81E•06 
5.SJE•o • 
:.::,~f•Olt 

"•0E•OlYM 
l•l9E•Ol 
1. •eF.•02 
le40E•Ob 
o. 
Jo22E•Ol 
l••~E•o • 
o. 
l!.2'1E-02 
)el8E-o2 
o. ~-~. 
9.4bE•Ol ~-o. 
1..•6E-l2 
2.sqr-10 
••19£-04 
i.'>9E-22 
le47E•22 
I• 77£•20 
9e8'iE-22 
i'•!>OE•Ol 
9.S~E-2l 
,.1•E-06 
ci.b•E-42 
i'•l•f-~l 
o. 
5.J9E•Ol 
~.4bE•04 
J••lE-02 
l•l•E•Ol 
••07E•Ol 
7.ibE•49 
2.JOE••B 
•-0sE-0• 
s.88E•04 
lo06E-1)2 
s.oJE•OJ 
l • llE•04 
J.lbE-15 
~.SbE•l4 
le 72E-02 
n. 
o. 
2.117E•02. 
S.60E•Ol 
"••oF:-25 
le5bE•Ol 
le60E•06 
0. 
2. 77E•06 
.1 •• .1f'•n• 
3.•JE•O• 

le0~.•02YR 
7.U9~•0l 
)e4dt.-o, 
le40t.-ilb 
0. 
i.)7t.•02 
••ll~•Ol 
o. 
l.'9E•02 
J.•lt.-02 
o. 
o. 
I). 

i.•bt.•~l 
ij. 

o. 
1.s.~-&!7 
it. 741::•o!S 
••lilt.•O• 
l•'ilt.-34 
1.02t-J4 
o. 
ll• 
2.1ot-o• 
o. 
l .Jbl•Ob 
0. 
o. 
c,. 
l • ""~•OIi 
2.s1t.-c,9 
l••ll•U2 
2.1'>E•Ol 
•• 11,~-01 
U• 
0• 
•-ust•o• 
2•btll•ll 
1.06E.-oc 
lo~9E. • Ol 
J.56~•i)J 
leb7l•J4 
loSbE•JJ 
• .9ll•08 
o. 
o. 
l.92t.•Oi? 
leli!t.•02 
o. 
•.0<1t.•oo 
7o76l•l!I 
0. 
2•70l•Ob 
t .o"~ •n• 
1.u!\E•11• 

...... 



C: 0 0 

TABLE III-D-3 (Continued) 

N AEACTCA .947 ENRICHEn PRO~EPTfES OF COLLECT[ll •A'iTF 

POWER• 10.00MWo BURNUPa 131!0,•411•0• FLUX• z.1,c•1lN/CM••2-SEC 

"4UCLfi!E T._E,!MAL POWE,!• WATT.; 
qAsrs • <!200 TONS ~ EN~ N HEACTOR WASTE 

CHARGE S[PARATION3,UF+O?.YP l,aF.•03YII J,Ut:.•03YR l,OE•~•YR l,Ot•O,.YR l •01:'.•0SYA .J,OE•05YPI l,OE•ul>YR l•OE•C17YA l•OE+OttTII 
H J 9.JJE-04 2,0lE•OO 11.lf:!E-OH 1>.e•i::-2,; 3, o. o. o, o. o. o. o. 

SE 79 f,,7•E-06 l ,48E-n2 \, 48E•1?. 1 ... 11::-02 1•""0::-n l,JJE-Ol l,!>SE•112 5, l lE•Ol 1>,0St::•J• J, • 7E•07 o. 0, 
RB 87 f>.l!E•lO l,40E•06 l,•OE•O'> l,40F.•OI> l~•vE-Oo I ,•OE•Ob l,40E•Ob l•4~l•OI> l,•OE-~6 l,40l•06 1. • 0E•06 le39l•06 
SIi 90 S.119E+OII l,ll£•n4 6,l!l)E•O•l 2.11,~:-01 ll,~IE•l'1 0, o. n, o. o. 0, 0, 

y 90 2,29E+Ol 4,99E+04 J,06E•OI 9. 72E•·07 J,.,.,E•2tl o. o. o, O, 0, o. o. 
Zlll 93 1, 04E•0!5 2,29E•n2 7.,29E-111 2.zai::-02 2, i!oE-?7. 2.z~E-02 2,25E•v2 2ol'tE•02 le99E•?Z l,•4E•02 2.2SE•04 l.117E•i!2 
NB 931' s.11£-07 1.eaE-oJ J,-.JE•Ol J.4Jt::•02 le"cE•02 J,41E•02 J,319E•02 J,Z1E•OZ 2,98E•?2 i!,16E•02 J,l8E•04 2.116t•22 
TC 99 4,JOE-04 9,46E•Ol 9,•SF:•01 9,4JE•Ol 9,,HE-01 9,ll>E•Ol '3,58E•Ol 6e82E•OI J,SSE•Ol 3,l>OE•02 6,02E•l5 o. 
POl01 1.90[-07 4,l9E-04 4e I 1E•04 •• l 9E-04 4,l'IIE•O" 4el8E-04 • ,18E-04 4•15E•04 4,07E•04 J.711l•04 le56E•04 z.10E-oe 
COllJI' 1.39£-05 J,OOE-02 1.nn-011 ll,SSE-24 o. 0, o. O• 0, o. o. o. 
SNlZlM lo!54E•OII ~.39E-116 ::! , 20E•01 3,71E-l0 4.•oE-18 o. o. O• o, 0, o. o. 
S"lll6 l.55E•05 J,41E-n2 J,41E•02 3.J9E-~2 J,l•E•02 3 olilF:•OZ 2, 111::-02 1•7lE•02 4,27E•03 J,34E.•OS o. o. 
Slli26M 9. 7llE•O"I 2, l4E•Ol ?..lJE-01 z.12F.-01 2,U'IIE-01 1.991:'••ll l,7•E•!!l 1•07E•Ol 2,1>7E•02 z.011E-o• o. o. 
SlllZ" 1.11n:-o• 4,0IIE•OI •,nE-01 4,0Sf-Ol J,11.,E•III l,IIOE-11·1 3,llE•Ol 2•04E•Ol 5,10E•02 3,9'i1E•O• o. o. 

tl29 l.'1:?E-07 4,0•E-04 4,nSE•O• 4,0SE-04 4,lleoE-o• -.,osE-o• •,O • [-n4 4,03E•04 ... ooE-o• 3,89E•04 2.t.9£-04 6e87t•06 
CS135 "•"•E•n" l,OIJF:-02 1,o-.E-02 l,O!!E-02 1,noE-Oi! le01>E-02 I.06E-:>2 1•04E•02 9,9Jt:•uJ 11.•SE•OJ le06E•OJ 9.88E•l3 
CSl31 1.36E+nn 1,61£•0" 1,!,7f:+Ol l,.,'iE-06 1,<.,E-21> o. o. O• 0, o. o. o. .... 8'13714 le6'5E•Ol 3,611".•114 3,!,JE•OI J,l'.iE-116 2,""E•i!b o. o. O• o • 0, o. o. .... S141'51 le9'5E•Ol 4,28E•~2 3.112E•Ol 1.48E-nl 1 • hE•OII o. o • O• o. o. o. o. - wisz •• 73£-113 l,02F:•lll J.nSE-01 8, • 7E•i!S o. o. o. o. o. o. I O• o, 

C EUlS• l.4~E-"l J, l•E• n?. 7.lSF:•114 4e86E•17 0, "· o, O• o, o. o. o. I 
N 140166M lelOE-09 2.86E•06 2 ,•0E•O" l,,,(IE•ll6 or;,o~E-07 lle87E-09 B.S4E•l4 2•l7E•ll o. o. o. o. 
N SUITOT Se2l£•01 1. l•E • ns 1.29E+O?. l,'llE+OO l•l>oE•OO 1.1>11'+00 1.•1E•no l•OotE•OO 4,98E•01 ll.19E•02 z.oSE•Ol 8e28E•OII 

TOTAL l.81E•Ol 2. ISE•~6 l.2'if.•OZ 1 +lllE+OO lelleE+OO let>lE+OO i. •TE• ,10 le08E•OO 4o'illlE•Ol llel9E•02 z.osE-03 ,.zu-o, 

·..__,-· ~J 
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TABLE 111-0-3 (Continued) 

t,j fff&CTCA • q47 [t,jAIC"E~ PR ODEDTJF.S OF CnLLECTli.ll 11,ASTE 

Pnll(M• t n. nnw.,, lhJll"ILPr. 1,so ..... o, l'LloJ • 2.1 J te•llN/C~••2-SEC 

NUCL1i.E Tt<EW"AL POlllA, IIATTS 
l:<&51! • ,200 T0,-5 . 947 ENM N AEACTOA 1j4STE 

C'4AA :i"' SfPAAATICl•·I • OF. •~0'1'1" <!,Ct•O~YA J,ll• • OOYM 'i,OE•OO'l'A l,OE•OlYP l•5E•OlYA 2e0£•0l'l'M J,OE•OlYM 5,0E•Ol'l'A leOE•02YM 
TL2il7 l .'5 IF:-ll A,25f-OI'! l,71E-Ol 2 .•ar - n1 J, rJf -07 •.e,Sf-07 7.ll•E-07 t,ObE-06 1 .,t'iE-Ob l,b7t:-ll6 Z, lSE-06 2e6St.-Ob 
TL:l'nll 11 0 171'-!III 1, •Sf-ni. Q,•ni::-n,; 6,9JF-n'i "•"'>f-O'i i.,.lf'-01\ .•,9c;f'-06 J ,111.E-Ofl l ,<!H:-06 1,Utlf-06 11,87£-07 s.•at.-o7 
TL2!19 9efll "'•l• ;>,•lf•JO ?,•3•-ll ... .... t.-1 0 2.•:::E-ltl ..... itf-10 Z.1>0E-IO 2,7!1E-10 J,O~E•IO J,1>51::-10 S,e»OE•IO 1.•st.-09 
P8Z!l9 2.Ql!E•IJ 7,70f'-111 7, HF-10 7,HE-10 7,<'.,f-10 7,~lE•lO 8,32£-10 !1,'19£-10 9,oJt.-10 l,17E•09 1, 79E•O'i ... 64t:-09 
PP.110 2,7t,1'-l" 2.11er-12 Q, .. ~E-li> ;,,11r-11 ~•• lt.-11 7,!>v t: -11 2,Jf.li.•10 4,HE-10 7, Ht:•10 1,Slt:•09 l,49f-O'i 9,o4c.•O~ 
P821 l l •"'"f•l 1 9 ,I Sf'-r.11 1. i)l:-07 Z,7t; E-n7 l e!>te f-G7 ~.tt>F.-07 8,7vE-o7 I ol 7£-06 t,43£•06 1,tl!>E-06 2,l'iE-Ofl i!e'i•E-Ot, 
PBZ12 1 .31~-o• 2.•7f-O" ,.,os:-os 1.1~t:-os 8,JlE-0!> •,tlE-06 8.•,.,E-07 3,llE-H 2,1,1E-07 1,ll•E-07 t,S2E-o7 9eJ7t:-ud 
Pll214 1. -.;,r-12 A,35E-n'o 1,t>af-n~ 2.lTF. -~ 11 Jol•F.•OII .. ,t,8[-08 8.!l•E-01\ 1,2 .. E•OT l ,b~E-o7 2,•IE-07 3,911E•U7 11.01£-07 
ATllO l ehf- H 1,78E-!~ f.,112F:-l 11 l, l>:1 E• 01 l!,c'o[-1\9 • • 7t>E•Oi, le SoE-1111 J,ooE-011 •• '-lit.•08 '-,7lt:-Olt Z,22E•07 f>,l2t.-u7 
Bt211 le9H:-tn J , ,17f-~#, ;>,i!lf-~'> 3,:o!lf-06 4, 1 IE-Ob h ,n lE-06 1.n1E-os 1,37E-O'i 1,t>7E-OS 2, l!:>E•O!:> 2,7&E•05 J ... 2c.-us 
Bt212 1.-.cir-n1 2,991E-11 .. i'.'l5f•O• l,1t•E-n1t l,olE-O• •,99E-OS le02E•05 J,7t>E-Ob 2,0Jl-Ot> c,23£-oi, 1,84£-nt> I ellt.•Ub 
111213 le fl•E•P •.11£-n; ... 1s"-nq •• lbE-~9 ...... £-09 •• i'•E-09 •••<;E-09 4,7SE•09 5,l::of•09 o.2Jli.-O'il 9,57£-0'i i ... 11t.-011 
8121• 9, ;,11,::-1z •,77£-n" 9,li.f-na 1,15~-17 1,7.,E-07 c,t>7E-ij7 •• 8>'1:•07 7 ol oE-0 7 9, lH-u7 l,38E-Ob 2,211E•Ob lt,!>IIE-Of> 
P02111 ,. •• ~f-1• 1 , 11.,"'-o~ . ..... 01:-09 I . -i~F. -ot1 2.11 1E-OP. i.,7SE•OI le7<1E•07 leS9E-07 S,b7E•117 l,16E•Ob 2e6SE•Ob 7,llt.-Ot> 
P0211 -.. ... ,,,-.p ~.6Jf-nQ 1.-,3 ... -~9 1, HE-n'I 1, •c E-011 2,o•E-01 le•'iE-08 ••b'iE-08 5,6cil•IIII 7,3JE•QI, 9.4•E•08 1, Ul:.•U7 
P02l2 J.3nf-117 'i,1151'-n• .:.."llE• f' • 2, tl~E-•J4 I ... i,E•II• 9,7Sf.•ll5 2.011E-os 7,35E-06 5el5E•Ot> •,JSE•o• 3.!19E•06 2.22t:-o• oo;,n 1. :\il'- 11 :\,25F-nfl 3,i'~F:-n~ 3,,.u-~~ 3.,,E-011 J.J!:>l-v8 3eSlE-n9 3,75£-08 4e07E•Oil ••93E•OII 7.56E•08 I e'ibt.•07 
P021" l,114F'.-ll t.St>E-17 <','-~E-01 • ••Jf-n 7 S,lltE-07 e,,sE-oT l,611£-0t> 2,12E-ofl 3,0Sl•Ob .. ,51E•06 7,46E•06 le501:.•l)S - '"'02 I 5 2,i'OE-ln l,ZOf•Ofi ;,.•~o=:-o"' 3,l>lf-f>6 4,.,,.E-J1> b,7!>[-06 lel•E-05 l•S•E-05 \,llilt.•OS l,42E-05 l• llE•OS J.t1!:>E•OS ... P02l6 3,9nF.-n7 ,.o•E-oi. i.,il.,E•1• 3.J~E-o• 2.JtE-o• 1,1 IIE-1)4 Ze41E-o5 11,87£-06 t>.21E-Ob 5,i!SE-Ot> •,llE•06 2e1>7E•06 ... Pn2t1t .2,41i'• ll 1, 2•E-n7 ;,,1~r-n1 l,52E-n7 ••"•E•07 o,9ti£-o7 1.27E-n6 1,8SE-06 z,.,zt.-oe. _,,59E•l)b 5,93E•06 1.19t.-os I 

C IT2J7 1.ni::-11 i!,'10f•~II 2,'I IE-nil 2,ll•E-o'I z.,.~E-0'1 2,8iE•09 J.01r.-011 3•2•E•08 3,s1c.-oa 4,2SE•OII 6e52E•08 leb9t:-07 I AN219 2e'l3F•lr. l,llf• ,J6 2,3 1"'-0~ l,33E-i6 4. J •f-0'> ,,,2SE-Ofl leO!:>E-OS l••ZE-05 l,7•t.•u5 l,2•f-05 2ell9E•OS 3.!:>flt.•05 N 
w AN2ZII le'>i'E•07 6,5l!E-t1• ••• 9f-O• 3.HE-f>• 2.cuf•O• l,O~E-04 z.2 .. E-ns 8,22E-06 !le]Si•Ob 4,il7E-Ot> 4e01E•06 2 ... et:-011 

At,j;>;,;, 2, l?f•ll l,l<!F•f>7 2,l•f- 1•7 3,17E-n7 ••'-••E-07 6,2bE•07 lel•E-Ob l•b6E-06 2, lllE-06 .:l,i!ZE-06 S.JJE•06 l,117l•05 
l'D:,,;>t Q,9•1'-}j> ii' • •9E -n11 ;>.5 ll'• O~ 2,52£-oll 2.::0Jf-1J8 2.sTE-ne Z.69E•08 i'•ll7E•tlil 1, tiE-08 J. 77£-0f.l S,79E•08 1.soE-07 
,a2n . 2. ,. •1:-11 Q,991E- 1,, 1,Rbf.•09 2 .111E-nQ l,!>IE•v'I 5,05E•09 11.s2E-n<i I• l'iE-08 1,•oE-or. l,HIE•Oli 2e34E•08 2e118E•OII 
ll&i!'l'J 1,71!1'-ln 9,Sll'-n7 l. '17£-o;, 2, '3f>E -n6 3,tcE-Of> 5,J!IE•06 9.0•E-06 1•22E-oc; t,i.'IE-05 1,'i2E•05 2e48E•05 3.osi::-os 
A&2:,!4 3,l'f,f-O'I' 5,R9E-o• •.11s1c-o.. 2,83E•04 l, .. teE•O• 'i.8lE•05 2.02E-05 7••1f-06 S,l'IE•Ob ••J9E-06 Je62E•06 2,231:.•06 
11&225 1,11-,l'•ll 4,"1£-1~ ••••F•l~ 4,•t>E-10 4,•~E-111 .,!:,4[-10 4.76E-1n s,09£-10 5,SIE-lo b,b7E•IO le02E•09 le6t>E•09 
ltA?.26 1,90£-11 9.l\o;f-1)9 1,11,,!"-07 2,1cE-07 J,.,.,E-07 5.4•E•07 9e9<!E-07 t ,HE•06 1,d'iE-Ot> 2.eot.-0,, 4eb3E•Ub 9.JlC.•06 
&ens q.pr-12 ?.3oE-nP ?.,32E•~~ 2,l3E•OII 2.J•E•08 2,37E-08 z.•sE-~e ;,,e.5E-oa ;,,ildE-011 le•IIE-08 Sel4E•08 1,391:•07 
AC;>?? l.:On'-•1 2 l ,Slf-nA ;> ,'lbE•O~ ••l•E-118 o; , .hE-08 7,76£-08 lellE-07 J ,77E-o7 ZelbE•07 2,7t1E•07 3,59[•07 •••3E•07 
•cn11 1.1•1:- 1~ 6,91E-ll l ,l2E•IZ l ,119E•l2 ,. ... 1i::-u 3,2"-E•l2 4e87E-li! 5,112£-12 e,,<tlE•ll 7,02E•l2 7e4t>E•l2 7e911E•l2 
TMZZ7 1 .111£-111 9,f,9f-n7 I ,<;JF.•O"' Z,7iE - ".'6 J,bJE-06 '!> ,2•E•06 8e&JE•Oto 1•19E•05 t••oE-o5 letl&E•05 2e42E•05 il!e'i8t.•Q5 
TMj>:!8 l, 11E•n7 s.•n,-n., :!1,M,E-n• 2 .6'ilf"-04 lell'tE-o• 9,J7E-os 1 .91E_.us 7•0!IE-06 4e9oE•Qt, <te20E•Qt, 3e46E•06 2.11tf•06 
TH2?9 9,22".•12 l'.Olf-Oil 2.t:i-E•u~ 2,0SE-118 2,1,oE•Olt z.o9E-oa 2eUE-OII ;>.J•E-01:1 2.sJt:-oe Je07E•08 •• 71E•08 1.121:.-01 
TH2JI) 9e1'!f-OE< 2.n6E-o• ,,,06~•0• 2',0l>E-04 l,11,E•O• 2,07E-04 2.011£-0• ;,,o9E-04 z.10E-o• 2,llE-o• 2•17E•04 2ei!8E•04 
TM231 6 ellf•Of< 7 ,4lF-n'! 2,66F.•n-. 2,bt>E•n'i .i!et<OF.•1)5 2,t,bf•O'!, 2,flbE•OS 2,6t>E•05 2,6t,l•05 2,66E•05 2 •• 6£•05 2e66E•05 
TH?l2 t.47£-14 3,24f-ll l,25f•JI 3e?5E- 1J 3, ""F.• 11 J,2f>E•ll 3.Z9E-11 l•31E•ll J,JJE•ll le37E•ll le46E-ll 3.f>BE•ll 
TH2J4 lell3f•04 l,'l'IE-'IZ c',l•E-o• i!,34E-04 2e-'•E-n• 2e3•E•04 2el4E•04 2• 34E•04 2,J4E•04 i?,34E•04 2el4E•04 2eJ4t.•04 
P&231 l • u,-011 2,6lf•n~ 2,b•F•O'; 2,'>•E-os z.11•E-O'I 2.uE-os 2.6sE-os Ze67E-05 2.ot1E-os 2,7UE•05 2.7 • £•1)5 Ze85E•O!i 
PA233 9el!IF.•Ob 3,64f-nl ,>, 1) 6f-OJ 2,06E-,n3 z.uef•03 2,o•E•Ol 2e07E•03 2•08£-0l 2,HE•03 c,t OE•Ol 2, llE•OJ z.211:.-03 
P&2l•" le4QE•111 2,58£-nt ~ ,l'ilE-n.1 l,3"1:•(13 J.J11E-ol l.38f:•03 3.311E-Ol 3,38£-0J 3el8E-03 3,JIIE-03 lel8E•03 le31E•03 
P&234 2,67£-06 4,61£-11• 5,~'iE-Ub s.9eE-o6 5,1111E-n-.. S.98E•06 5e9AE•06 5e98E-06 !i• 'i8E-06 S,'-llt.•06 S,98E•06 5e'IIE•Ob 

IJ2JZ l.J9E•ll9 J,34£-!lf: :> • 72E-n~ •,nlE-06 4e rlE-~t> •e'iOE•06 4e68E-Ofl ••57E•06 4,39f•06 ••OOE•06 3elOE•06 2.ou-06 
IJ2ll l.i!''!£-ln 'i.S•£-f>7 7 ,d'lt-07 9,9oE-o7 l,itoE-~6 1,60£•06 2.55E-06 ),SlE-06 ••• 1t:-011 f>e40E•06 l • 03E•05 2.oJt.-05 
U234 1,JQ~-O'i 2,6IE•n? ?.,6 lF-0?. i',UE-oz 2,blE•OZ 2.f>ZE-02 2e6lE-02 2e62E-02 2eb2E•02 Z,blE•OZ 2,64E•02 2ef>SE•02 
U235 4 e26E-n7 9,36f'-o4 9,36E-n• 9 ,36E-04 9,JtE-u4 ~.Jllf•04 9elflE-04 9,lbE-O• 'i,JoE-04 9elt-E•04 9,lt>E•04 9eJ7t:-o• 
IJ?]#, • •51r-n1 ci.92£-n• 9,112E•o• 9.92£-11• 9.<,,;:[-04 9,92E-04 9,9ZE•ci4 q,9JE-o• 9e93E•04 9.9JE•04 9.94E•04 9,96t:•04 
u;,l7 2.66f-o" S,f,7f-nl\ s.• 11'-n~ 5.1-..E-n5 4•"Jf•05 •••9E-05 3e5SE•o5 2•81E-oc; 2,Uf•OS 1,J9E•OS Se4•E-06 s.zst.-01 
UZ38 7.Sf:£-06 1.-.e.r-n2 J ,6'>£-01 1.6t>E-n2 t,1'>!>[•1)2 l eb6E•OI let>f>E-02 1•66E•OZ 1,t>,,E•OZ l,b6E-02 l .66E•02 l,e»toE•OZ 
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TABLE III-0-3 (Continued) 

"' Af&CTCA .961' Eflll>TC .. E" Pl>OPF.<ITtF"S or Cl')LLF'.r.TEl' lo.6STE 

POIIEP• l0o01l""'• Oll)QNLP• )3A0." • 'lt FLIJJ• 2 0 11t•l:lh/CM••2-~EC 

NUCLl1,F. T,-f_ll~•.6L l'Ool[R, W.6!TS 
'IASIS • c200 TO'-S .11t47 [NR N RE,.CTOA WASTE 

C .. .6Alll". SfP&PATl"" l. ll E•OOY» ?.OF•rtn'f'A ,.ot•OOYI> ~.nE•nOYR loOf.•UlYP 1•51::•ntyA 

"'"2l7 2 0 n:?l"•O'> ,.,1r-n2 4 •• 7 .. •0? •••H:-ni' , ... ~E-02 "•"IJE-02 ,.snE-02 1t.S2E•02 
NP2J9 8 0 l!3F-07 S 0 9(1F"-n, - c;. • AF•C/3 S .~F-E-n1 s • .,.,E-o:l S.ll~E-03 S.8AE-OJ s.e~E-Ol 
PU?'H, i' 0 1'7F-n>, c;.26E-n~ 4. lJF-nc. J.2•E-n<, 2•'>•£•(1~ J.S'>F:•05 &.6JE•06 l•J7E•06 
"U?38 2.J!F.•114 \.45E+rn ?.01F•on ?.1~E•on ~.l~E•OO ~-l"E•OO 2.07E•OO ~-ooE•OO 
PU2)9 2.n::l'-OJ ••••f•nn ••••E•OO 4o44f•!IO •••"E•OO ••••F.•OO 4o44E•OO "·•-t•oo 
PU240 7ol"i£•11<o 1,57£ • (11.' l .57<:•0I) loS7Eol)0 l,',lf+l)I) l.STE•OO loS"E•OO 1,c;7E•OO 
PU?41 flo62F'.•OS l.42E•"I 1.Jsr-01 1.1;,r.~1 lo<JE•fJl l,12E•Ol B.86E•02 1.01E•02 
PUZ42 9,lll'F.'•111'1 z.1&r-~• ;,. 1"'•04 ~.1,,E•r• ?.oleE•04 2.17E;.04 2.11£-04 2°1t1£•0-
&M241 ,;,,l!E•O;, l.?3f•r? 1 .z:u:•"2 l .llE•n~ 1.c.H•02 I .2JF. •02 1.2?.E•O?. lo?i!E•Oi 
&M242M 1 of>'ll'-nf> J.7lf-l)'.\ 3,,,9E•01 J.M!E-nJ J.PteE-r~ :,,63E-OJ J.S•E•OJ Jo1toE•JJ 
IMZ1tl 7 .9l'l!:•06 1.1,r-o;: I. IJl'•O? 1.1,:E-o? lo7tE•Oi 1.701!:•02 lo6bE•02 l•bc!E•nc! 
IM24] 1.nr-os l,59E-n\ I .~'IF"•Ol l o5'iE•nl l o'>.,E•Ol l .~~E-01 1.S,.E•Ol lo59E•Ol 
CM?&l lo1'1F•nl 1.68f•Ol 1.,~~•vl ?.11E•OC 1 ... l!E•OO ,.o;.1r-n1 lo77E•Ol J.1>8E•Ol 
CM24l -..97[-06 lo"ilf•ll? • ... "F'.•')2 l ••SE-o;> l•"~E•Oc 1. lbf.•02 loli'E•OZ l•O"E•02 
CM?44 ,.,,1:-n• 9 0 3JE•n\ A.~Al:•11 A .&"E•?l Ao ,HE•OI 7.?0E•Ol f> • Jf>f.•O l "•25E•Ol 
C"245 J.•~r-nQ 7 .-.61'-nf '•"~f-0" "-~~E-nt- ?.1>t,E'•Of> 7 0 t,b',•QI!, 7.65E•06 7o65E•06 
CM2!4f> 7.741'•11 1,701;-~7 1.1r,E•07 1 .101'.-07 l • HE•07 lo70E•OT lo7~E-07 lo?OE•07 
SURTOT ?,],F•Ol J.oor•o:.> 1.-,~E•O;> 1 ••~E•nl' l•-'•E•Ol' t.J2f•Ol l • J;!E•o2 1•31[•02 

TOUL 2,320::•0l l.OOf•O?. !,!>•H•O? l o40E•(li' 1 •-'"E••li! lol2E•02 1.HE•o2 l•llE•02 

2o0t•~1YH JoOt•Otyll . 
4,'>,.E-02 "•S7E•02 
s.,HE•OJ S.87E•Ol 
... o7E-o7 J.57E•O!I 
l•'i•f.•OO lodi!E•OO 
•·•-E•oo ••••E•oo 
l•'>7E•O~ l.S7E•OO 
s.ssE-02 J.471::-02 
2ol8E•Olt 2o20E•04 
lo?IE•02 1.zot.•02 
J.JIIE•OJ J.23£•03 
loS'tf.•02 lo52E•02 
loS'iE•Ol 1.s~1:.-01 
j.1,~E•?l J ..... r-01 
9ot<ll:.•OJ 1.~ot-oJ 
,.JttE·ol z.-."1:.-01 
7 ob!tl::•Ob 7,64E•06 
lo711E•07 lobil::•07 
loloE•02 lo29E•02 
lolOf.•02 l.29E•02 

!>oOE•OlYR 
4o64E•02 
5.tt6E•OJ 
2.7bf.•10 
lo60E•OO 
4o43E•OO 
lo57E•OO 
lol6E•02 
2,22E•04 
lol7E•02 
2.<1SE•Ol 
1.JISE•02 
lo58E•Ol 
3ol4E•Ol 
5. llE•Ol 
lol7E•Ol 
7o63E•06 
l,69E•07 
lo2SE•OZ 
lo2SE•02 

loUE•02YA 
4oll0f.•02 
s.11JE.-0J 
lo45E•l5 
lolbE•OO 
4o4JE•OO 
loS6t.•OO 
loJlt:•Ol 
2 .. i!6E•04 
loUBl:.•02 
2oJSE•OJ 
1.101:.-02 
loSl!l•Ol 
2o!t0l•Ol 
lo741:.•0l 
2oOJl:.•OZ 
7.60t.•Of> 
lol!>dli.•U7 
lol6E•OZ 
lol61:.•02 

"\ 
j 
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N •racTe• ••• , f~RICHfO PROP[RTJf.S o, COLLf(TfU "'I.STE 

•011tlt• IO• 00111_,, • IURNUP• 1]80.111•0• ,Luk• 2.17t+l3N/Clll••2-SEC 

N~CLlUE THERMAL PQ.,,ERo IIATT!> 
BASIS• ~200 TONS •••7 ENH N HEACTOR WASTE 

(14Alt8f'. SEPAAATI0~3.0E+02YA l• OE•n3YR 3.llt •OlYR 1.0t.•O•YR l.OE•O•YP l•OE•05YR 
TLI07 1.su:-11 6.l9£-'l8 lo23E-O,, ••TOE-06 I• 111[-06 2,i!0[-05 5.19E-05 l•OOE-04 
TLIOI • • l'Pf.-111 l.'!ISE-n• a.011:-oe 1.2.?E-10 ~•""E-11 l.l•E-10 S.115E•lo 2.osE-09 
TLI09 •• ,,111:-1• 2.39[-10 l.lOE•O'I 1.29[~07 i.UE-06 l.19E-05 11.64[-05 2057£•04 
._I09 2.9.Pf-ll 1,'!>3£-10 l.5lE•Olt 4.llE-07 3 ... uE-011 l,79E-o5 2,12E-o• 8,21£-04 
(1111110 2. "'-'f• 16 1.13£-12 •.llf•08 l .69E-o7 1,0!111£•07 2.78£-011 9.09[•06 2• 18£•05 
"'1111 l.61!f•ll ,,.97£-118 l.'5'IE•Ofl s.21E-nt. 9.7•£•06 2.•4E-OS 5.76E•05 lollE•04 
"'1112 l.l7E-08 2o6'!1E•05 lol7f•O'I 2.08£-ll 1 • (I l E-11 J.t!>f-11 1.00£-10 lo!>lE•lO 
(1111114 lo6i!E•l2 6. ]2f-09 2.SlE•06 9.90[-0f, loll!IE•O~ l .63£-o• S,l•E•04 l•28E•03 
11110 l.T•E;.h l.Ol>E•IO 2,7JE•06 1.07£-05 • .1 .. t:-os . l. 76E•O• S, 77E•Ulo l•JIE-Ol 
IUll l.•~£•1~ 1.12£-07 •, 18E•05 l>.07E-05 l.1JE•04 2.a•E-04 6.71f-(14 I •lOE•OJ 
11112 lo69E•07 J.ZIE•04 l.66E•07 2.su-10 loi<i<E-10 3.81£-10 l.21l-C19 4,i!St:•09 
11113 1.,.•r-12 •• 08£-1)9 1,'l~E-07 2.20£-011 i,.utE•OS 2.0lf:.o• l • llE-03 4o39E•Ol 
1111• t •. 28E•ll J.61£-1)8 l.4•£•05 5.ME-os 2.coE-0• 9.llE-04 J.osE-oJ 7ol2E•03 
(1110110 6.•nE-14 5.42E-1n 3.27£-0<i 1.2eE-o• , ... ~E-04 i!ollE•Ol 6 089£-ol lo6SE•02 
(1110111 6061\E•ll Z.76£-09 1,.42£-07 2.o6E•07 l.~eE-07 9.l>l!E-07 2 02ME•06 •••IE-OIi 
(1110211 3.311E-07 6.i!7E-~4 3,24F.-~7 4o92E•IO i!,Jl!E•IO 7.aSE-1!1 2,l7l•09 8,30E•09 
(1110113 lolnE•ll l.?.Zf•l)8 1 .•9E•06 I• 74E-o!i lot.!IE-04 1.e.ot.-ol ll,96E•Ol-- Jo47E•02 
(1110114 lon•E•ll 1. ur-01 4, 7lE•OS 1.esE-11• !·o:o~-o• l,oSE-03 ,.,&t.-oJ 2ol9E-02 
•0115 2oi!OE•l0 9.tlE•07 4,7oE•OS 6.IIJE-oS l•~I! •04 l.ZOf•O• 7.5SE-04 lo4fiE•03 
(IIIOr6 3.qor-01 7.54E•04 3,91F.•07 5.9JE•IO i!obtE•l!I ll,98E-l0 2 .llf>t:•09 l•OOE•08 
(IIIO ti 2o41E•ll ,.39E-oe 3, 76[-l)'j 1.•7E-n• 5. 73E•O• 2.4JE.:oJ 7.93E•U3 l•90f.•Oi! 
&TUT lol.l'E•ll 2.78E-otl t.i!8E•D-, 1.soE-0s lo•cE•04 l,J8E•o::S 7, 73E•Ol ?..99E•02 
ltN219 z.olE•IO 8.44E-o7 ••l•E-O<; 6.llE-os 1.10E•04 2.9t.E•O• 6.9eE-o• t,JSE•ol 
ltNHO lo6l!E•07 6.•9£-o• l,fi~f-07 s.50£-10 2.1>1£-10 e.32r-10 i!,IISE-09 9o28E•ci9 ' 
•MHZ i!oPE•ll 8o45E-~8 l. lllE•o,; lo li!E-04 s.1~E-o• 2olllE-oJ 7.l•E•Ol 1•71E•02 
P'ltHI 9.9•E•l2 ?,47f-l.)I! 1,14£•0 .. 1.JJE-11'> i.~t.E•04 lo2lf•Ol 6ollf>E•C1 2.6SE•02 
,112u 2.N•E•ll 7,8Sf•l0 l,Si!E-nll SollE•O" 9o!l!:E•08 2.39£-07 s.e.st-01 l•OIIE•Of> 
••2u lo1!E•U 7,l•E-n7 l, 7lE-~5 s.•1£-oi; iolllE•O• 2.S•E•o• S,99E-o• 1•16E•Ol .,,,. lo?.f>E•07 6.3Pf•04 3,27E•07 •.96£-10 2.•uE•lO 70SlE•lO 2,l9f.•09 ll•37E•09 
ltl225 t.116f•ll 4.l9E-IO 2, Oi!E•O'I 2.35E-n7 2.cJE•06 z. 17E-o<; 1.21£-0• 4o70E•04 
••H6 t.911£•11 1.47E•o8 2,9 • E•Q<; lol5E•O• •••bE•O• lo90E•Ol e..2oE-~l 1•49E•02 
lC225 9.l'?E•U l.28E•OII I, OSE •Oi> loi!lE•OS 1.1eE-o• lollE•Ol 6ol3E-nJ i!o4SE•Oi! 
lCH7 lo2nE•li! 1 .21£-ne 5,41£-07 1o115E•07 1.•1E-06 J.1>8E-01> 8,68E•_ilfl t•6•E-os 
&CHI loi!4E•l6 5,lOf•ll 9,99E•12 1068£-11 '\o?lE•ll 1.11>£-10 3.7oE-lo l • 30E•09 
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III-E AERODYNAMIC ENTRAINMENT OF WASTE SLURRIES SPILLED ON THE GROUND 

The fraction of a slurry (a solid mixed in a liquid) spilled onto the ground that can be made 
airborne by the action of air passing over the surface depends upon many parameters. The 
influence of many of the parameters is variable and unquantified. Arriving at a precise frac
tional release value for a complex variable situation as an outdoor spill of a waste slurry on 
the surface is not feasible using the data currently available . 

A limited amount of data is available on the fractional release of freshly dispersed powder 
(uranium dioxide with an Activity Median Aerodynamic Diameter of approximately l µm) and liqu i d 
(0 . 51 g uranium nitrate hexahydrate per cubic centimeter in dilute nitric acid). 1 The frac
tional airborne releases in a 24-hour period at various wind speeds are: 

2.5 mph 

Uranium dioxide 0.43 to 0.04 

Uranium nitrate 0. 012 

Dried uranium nitrate (from solid 0.007 
residue after exposure of greater 
than 24 hours at stated air velocity) 

20 mph 

23 to 24 . 4 

0.039 

l. l 

The only comparable value is for the fractional release of uranium nitrate since it represents 
a wetted surface. 

When a slurry is dispersed upon a porous surface, the liquid tends to penetrate into the surface 
and to separate from the solids. If the solids and surface are wetted by the liquid, solids 
dispersed upon the surface tend to behave as the soil surface. Since the value presented is 
for the liquid dispersed on soil, any entrainment of the soil coated with uranium nitrate would 
be measured . Entrainment of a wetted soil particle would tend to be less than dry particles of 
loose material in as much as the force required to overcome the surface tension is added to the 
force required to lift the dry particle . Other mechanisms such as being trapped in the inter
stice of larger soil particles or the tendency of flocculent particles to adhere to surface 
further reduce the abodynamic entrainment of particles. 

The evaporation of the liquid is the volatilization of the most volatile components of the 
liquid . Thus evaporation is akin to fractional distillation. In the case of spilled waste, the 
most volat i le component is water and the rate of heat input under these conditions would produce 
little force to inject solid particles into the airstream. The liquid has a high salt content 
and tends to form a continuous layer of solid which reduces further evaporation . The fractional 
release from air-dried, solid residues is highly dependent upon the surface formed and forces 
applied to break up the surface . 

Part of t he forces appl i ed are the turbulent edd i es of air near· the surface. Although the mean 
air ve loci ty at the surface may be zero, fluctuat ions exist depending upon the ai r veloc i ties 
and surface roughness. The air velocities in the wind tunnel experiments were measured one foot 
above a smooth surface of sandy soil. The stated windspeeds correspond to much higher windspeeds 
measured at higher levels. 

Thus a fractional release of 10- 3 during a 24-hour period following a liquid waste spill on soil 
appears to be a reasonable, though conservative, value to use for calculations. 
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111-F TEN YEAR SUMMARY OF RANGE FIRES ON THE HANFORD SITE 

1· A ten year surrmary (1964-1973) of fires (excluding building fires) is surrmarized graphically in 
a joint frequency distribution, Table 111-F-l, with size of fire (acres) and date of fire 
(months) as the joint descriptors. The marginal totals are displayed as frequency _distributions 
in Figure 111-F-l. 
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TABLE 111-F-l 

SIZE AND DATE OF FIRES ON THE 
HANFORD RESERVATION 

1964 THROUGH 1973 
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The average fire covered 310 acres and occurred at the end of June, but the few very large fires 
distort this average so greatly that other statistics are more appropriate . The mode is the 
most abundant observation in a sequence, and the median is that observation lying at the middle 
of the distribution - 50% above and below. The modal and median fires coincide, involving about 
6 acres and occurring near the end of June. There are very many small fires, and very few large 
fires, occurring in time as a symmetric distribution around June . June is the most likely 
month for fire to occur because it contains the secondary maximum of precipitation (Volume 1, 
Section II}, much in the form of thunderstorms. Usually, by June, cheatgrass and bunchgrasses 
have matured and dried to combustible conditions. However , this is not to imply that most fires 
are started by lightning; no data concerning the probable source for any of the fires exists 
except for the few very large fires, which were indeed from cloud-to-ground lightning strikes. 

The impact of fires on the ecosystem was briefly discussed in Section II on characterization of 
the existing environment, because fires are a natural part of an arid landscape. Since most 
fires were kept small, their effect on the biota was very minimal . One growing season ordinarily 
sees much of the fire effect erased, both in plants and animals. This may not be true for the 
very large fires, because the sources for restocking are then wel l removed from the central area 
of the burn. 

Fires are probably more conmon now than in earlier times because cheatgrass is now a "natural
ized" member of many conmunities, and cheatgrass burns more read i ly than native grasses. The 
repercussions from this change in floristics may foretell the demise of sagebrush, for sagebrush 
is killed by fire and must restock the area by reseeding frORl outside. Since cheatgrass is 
most common in the sandy soils with unstable surfaces and l ittle water, sagebrush has an uphill 
battle to restore its pre-burn density in the low elevation conmunities. Higher elevation com
munities, with bluebunch wheatgrass instead of cheatgrass, presents less of a problem for restock
ing by sagebrush, but still, restoration of a landscape probably would not occur in normal human 
lifetimes. The presence or absence of industrial activities probably will make little differ
ence in this progression, except insofar as the spread of cheatgrass is encouraged by soil 
disturbance or seeding. 

III-F-2 

) 



0 

Lf') 

I 
"- -·, 

APPENDIX 111 - G 

ENVIRONMENTAL SAMPLE COLLECTION I ANAL.YSIS, AND EVALUATION FOR 1974 

- ~ - . -~ ... 



.._\ 
J 

) 

j 



I() 

III-G ENVIRONMENTAL SAMPLE COLLECTION, ANALYSIS, AND EVALUATION FOR 1974 

~. III-G.1 General 

Environmental surveillance at Hanford has been conducted throughout the nearly three decades of 
Hanford operations. Extensive radiological data collected during this time provide a historical 
recorcr1'of environmental radioactivity due to Hanford operations, fallout from nuclear detonations 
in the atmosphere, and natural causes. Levels of radioactivity in air, Columbia River water, 
soil and sediments, milk, foods and biota have been studied extensively to ·estimate the effect 
of past once-through cooling production reactor operat4ons. Nonradioactive ~ollutants in air 
and water have been measured during the past several years. · 

Monitoring activities during 1974 continued to measure the levels of pollutants, primarily radio
logical, in all local environmental media affording potential human exposure. Environmental air 
sampling stations were operated at several locations in the vicinity of Hanford for the purpose 
of measuring radioactive and nonradioactive pollutants. Routine measurements were made for chemi
cal, biological, physical, and radiological parameters of Colwnbia River water . Levels of radio
activity in Columbia River fish, local wildlife, and locally grown foodstuffs were routinely 
measured. Oysters from Willapa Bay were analyzed for 65Zn. External radiation levels were mea 
sured with environmental dosimeters, portable survey instruments , and aerial surveys. 

In evaluating radiological data collected during 1974, the general philosophy was to compare 
radiation levels measured at locations potentially affected by Hanford .operations with radiation 
·levels measured at locations expected to reflect -only radioactivity-due to natural causes or 
nuclear testing fallout. Extensive data were collected for most environmental ·media to provide 
reliable estimates of the observed radioactivity which, in many cases, were near the detection 
limit of the analyses rather than unrealistic reliance on a few measurements . 

Speci.fic procedures were followed in evaluating the data. For each set of data where each indi 
vidual analysis yielded a positive value, an annual average plus or •minus two (±2) sample stan
dard deviations (95% confidence interval) was calculated. Many sets of data contain individual . . 
analyses which were less than the detection limit. In such cases, a less-than annual average was 
calculated from the data assuming that each less-than value was equal to the detection limit. 
This method overestimates the annual average. Any identifiable contribution to the observed con
centrations of radioactivity in ilir or water attributable to Hanford operations was compared to · 
EROAM-O524 regulations. 1 Observed concentrations of nonradioactive pollutants were compared to 
applicable standards promulgated by the State of Washington2 or the Environmental Protection 
Agency . 3 

III-G.2 Air 

Air sampling responsibilities for the Hanford environs are divided between Battelle-Northwest 
(BNW) and Hanford Environmental Health Foundation (HEHF) . BNW is responsible for measuring the 
radiological parameters while HEHF i s responsible for nonradiological parameters . 

III -G.2 .1 Radiological Evaluation 

Radioactivity in the atmosphere was sampled by a network of 15 perimeter and 6 distant continuous 
air ·samplers during 1974 as shown in Figure II I-G-1. Each air sampler maintains a flow of 
2.5 m3/hr through a particle filter (Hollingsworth & Vose Company, HV-7O) and a 15-cm long, 5-cm 
diameter charcoal cartridge. The system is expected to collect nearly 100% of the radioactivity 
associated with airborne dust and both organic and elemental forms of .radioiodine. The system 
_does not collect noble gases or tritium. The filters were collected biweekly and analyzed for 
·gross beta and alpha activity after waiting 7 days to allow the short-lived radon and thoron 
daughters to decay. The filters were composited into groups according to geographical location 
ilnd analyzed monthly by ganma spectrometry and quarterly for 90sr and plutonium. 

The results of gross beta , gross alpha, and 13 11 analyses for perimeter ilnd distant sampling loca
t i ons are shown in Table III -G-1 . The distant stations are sufficiently remote from Hanford 
operations that observ~d , levels of radiation should be.due to natural causes ·or ' fallout . During 
1974, airborne beta concentrations followed the typical annual cycle with a .midsurrmer maximum and 
a midwinter minimum. Figure III-G-2 illustrates these annual cycles -for the years 1971 through 
1974 in which the average monthly beta concentrations observed at eastern quadrant stations, 
which are located in the predominately downwind direction from Hanford operations, are compared 
with the concentrations observed at the distant stations. The gross beta concentration ·in the 
atmosphere usually begins to rise each spring t_ollowing mixing and an increased rate of transfer 

( 
·,. * A bibliography of _past environmental surveillance reports is included at the end of this 

appendix. 
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of radioactivity (natural and fallout) from the lower stratosphere to ' the tro.posphere. The aver
age beta concentration during 1974 observed at all perimeter stations was 1.7 x 10-13 µCi/ml, com
pared to 1.6 x 10- 13 µCi/ml observed at all distant stations. The highest observed gross beta 
concentration during 1974, 5.6 x 10- 13 µCi/ml, occurred at Benton City on June 25, 1974. During 
this time, daily samples were being collected to detect an expected increase in fallout radio
activity following a nuclear detonation in the atmosphere by the Peoples Republic of China on 
June 17, 1974. The obs~ved increases coincided with the usual midsummer maximum (Figure III-G-2) 
and were only a small addition to the normal background due to natural radioactivity and fallout 
from previous nuclear detonations in the atmosphere. 

Analyses for gross alpha concentrations in the offsite atmosphere are not expected to detect the 
minimal contributions from routine Hanford operations and, as such, were obtained at only a few 
locations in order to verify this as well as to detect any unusual increases due to natural or 
fallout radioactivitr. The highest observed concentrations during 1974 occurred at Benton City 
(4.0 x 10-4 µCi/ml) Land Byers Landing (2.4 x 10-14 µCi/ml)] on June 26, 1974. These increases 
were apparently due to the nuclear detonation in the atmosphere by the Peoples Republic of China. 
The annual average concentration of gross alpha radioactivity was less than 2 x 10-15 µCi/ml at 
all locations. 

Analyses for 131 1 concentrations in the atmosphere were performed on a biweekly interval for 5 of 
the 15 perimeter sampling stations during 1974. Although charcoal cartridges were located.at all 
perimeter and distant sampling stations, the majority were not analyzed but provided available 
samples if there had been any indication that iodine was present in the atmosphere. The charcoal 
for these stations was changed monthly. All 131 1 analyses during 1974 were less than the detec
tion limit of 0.07 x 10- 12 µCi/ml, or less than 0.07% of the ERDAM-0524 standard of 1 x 10- 10 for 
uncontrolled areas. 1 

Results of specific radionuclide analyses are shown in Table III-G-2. Beryllium-7 is a naturally 
occurring radionuclide formed by the interaction of cosmic rays with oxygen and nitrogen in the 
upper atmosphere. The other radionuclides are fission or activation products and result from 
either fallout, Hanford operations, or other nuclear facilities. An inspection of the data shows 
that all radionuclides, except for 103 Ru and 134Cs, were observed in each composite group at 
approximately the same concentration. Cesium-134 (half-life= 2 years) was detected only once 
during the year during the time interval from the middle of June to the middle of July. Fallout 
from the Chinese test on June 17, 1974, was observed during this interval and was assumed to be 
the source of 134Cs activity. Ruthenium-1Q3 (half-life= 40 days) was also detected only once 
during the year during the time interval from the middle of May to the middle of June.- The source 
was assumed to be fallout from past nuclear testing in the atmosphere. Neither 103Ru nor 134Cs 
were detected at any of the onsite air sampling stations. 
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Analytical Limit 
Concentration ·Guide(c) 

No. of 

TABLE I I I-G-1 
RADIOACTIVITY IN AIR - 1974 

Gross Beta 

0.02 
100. 

Concentration (10-12 uCi/ml)a 

No. of 

Gross Alpha(b) 

0.0004 
0.03 

No . of 

Iodine-131 

0.07 
100 . 

Location Samples Max. ~ Ave,-a9e Samples ~ ~ Average Samples Max. Min . ~ 

Perimeter Stations 
Baxter Substation 25 
Benton City 37 
Berg Ranch 24 
Byers Landing 36 
Connel 1 24 
Cooke Bros. 27 
ERC 27 
Othello 27 
Pasco 27 
Rattlesnake Springs 27 
Richland 35 
Vernita Bridge 27 
Wahluke 26 
Wahluke #2 25 
Yakima Barricade 25 

Distant Stations 
Ellensberg 16 
McNary Dam 26 
Moses Lake 26 
Sunnyside 26 
Wal la Walla 22 
Washtucna 21 

No entry indicates no analysis . 
* Less than detectable. 

0.35 0. '13 
0.56 0.03 
0.33 0.04 
0.48 0.04 
0.33 0.03 
0.31 0.03 
0.36 0.04-
0.33 0. 04 ' 
0.40 0. 04 
0.35 0.05 
0. 97 0. 04 
0.33 0.03 
0. 36 0. 01 
0. 34 0.02 
0.36 0.03 

0.28 0. 04 
0. 43 0.06 
0.29 0: 01 
0. 34 0.03 
0.48 0. 04 
0.41 0.06 

0.16t0.19 24 * * 
0. 21±0 . 26 37 0.04 * <0 , 002 27 * * 
0.19±0.16 23 0.004 <O , 001 <0.002 
0.21!.0.24 36 0. 02 * <0.002 27 * * 
0.14±0.18 
0.13±0. 16 26 * * 
0. 17!0.20 
0. 14±0. 18 
0.18±0.20 
0. 17±0.18 
0.21!0 . 36 37 0.004 * <0 .002 27 * * 
O. lh0.18 
0. 16±0.18 
0. 16!:0. 16 
0. 17 !: 0. 20 

0. 11!0.os (d) 

0.15±0.13 
0.16±0 . 18 25 0. 005 * <0.002 
IJ .16!:0.15 
0.15!:0.16 
0.18!:0.25 22 f'l .003 * <f'l.001 
0. 17 ~0. 22 

0. 16±0. 02 (d) 

(a) 1 pCi/m3 = 10-12 µCi/ml. Average ±2 sample standard deviations shown if all analyses had positive results . 
Otherwise, a less-than number is calculated from all results, including less-than values . 

(b) Gross alpha activity does not include any significant contribution due to naturally occurring radon and short
lived daughters in the air . The filters are held 7 days before analysis to allow radioactive decay of these 
radionuclides . · 

(ci ERDAM-0524 standards only apply to concentrations of radioactivity in excess of that due to naturally occurring 
or fallout radioactivity , 

(d) Average ±2 Sample Standard Deviations. 
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TABLE III-G-2 

CONCENTRATION OF SPECIFIC RAD IONUCLI DES IN AIR - 1974 .. ----
) 

Concentrati on (lo- 12 uCi/ml)(a) 

Loca t ion (b) 
Maximum Mini mum Annua l ERDAM-OF1 

Radionuclide Observed Observed Averaqe Standard c 

Inner Northeast 8e-7 o. 17 . <0 .06 40 , 000 
Quadrant Mn-54 0 . 01 . <Q. 007 1,000 

Zn-65 'l. Oa . <0 . 001 2,000 
Sr-90 6xl0- 2x10-4 (5' 3)x10-4 30 
ZrNb-95 0 . 06 0.01 0. 03' 0 .03 3,000 
Ru-103 0 . 02 . <0 .002 3 ,000 
Ru - 106 0 . 19 . <0.09 200 
Cs-137 0.01 • <0.003 500 
8aLa-140 0. 33 . <0. 03 1,000 
CePr-144 0 . 18 . <0 . 02 200 
Pu-total sx10-s lx10-6 (2; 4)x10-5 0 . 06 

Inner Southeast 8e-7 0 . 31 . <0 . 08 40 , 000 
Quadrant Mn-54 G. 01 . <0. 002 1,000 

Co-60 0 . 009 . <0 .002 300 
Zn -65 0 . 01 • <0 . 001 2 ,000 
Sr -90 sx10- 4x10-4 (2! 4)xlQ-3 30 
2rNb- 95 0 . 05 0 . 007 0 . 03! 0 . 03 3,000 
Ru - 1'\F n . 28 . <O. 12 200 
Cs-134 n . o4 . <0.004 400 
Cs-137 0 . 01 . <(l.002 500 
CePr-144 O. ll . <0 . 06 200 
Pu-tota 1 6xl0- l xin-5 (1• 4)x1'l-5 0. 06 

Outer Northeast 8e- 7 0.21 . <0 . 009 40 , 000 
Quadrant Mn - 54 0 . 02 . < 0 . 005 1,000 

Co-60 0 . 004 . <0 .001 300 
Zn-65 0.007 . - · <0 .001 2,000 

L Sr- 90 3x 1 o-3 6,10- 4 (1.3;2 . 4)x10-3 30 
ZrNb-~5 0. 06 0 . 01 0 ,03, 0 . 03 3,000 
Ru-106 0 . 23 . <0 . 10 200 
Cs-137 0.009 < 0 . 003 500 
8aLa-140 0 . 27 . <0. 02 1, 000 
CePr-144 0 . 15 <0 . 05 2no 
Pu-tota 1 5xio-5 lxl0-5 (4>4)xl0-5 0.06 

Outer Southeas• 8e-7 0 . 22 < 0 .07 40,000 I 

()uadrarit Mn - 54 O. OOF . <0 .002 1,000 ) ., 
Co-60 0 . 003 <0 . 0004 JOO 
Sr - 90 0.006 6x 10-4 (3' 5)xlQ- 3 3n 

....,n ZrNb-95 0. 08 0 .008 0 .04• 0. 06 3,000 
Ru-106 0 . 2, . < 0 . 13 200 
Cs-137 0 .01 . ' 0.002 500 
CePr-144 0.28 . , 0 .08 zoo 
Pu-total Sx l0-5 l xl0-5 ('l' 3)xlo- 5 0 .06 

Outer Wes t ern 8e- 7 0 .22 <0. 06 40,000 
Quadrant Mn-54 0 .01 . <Q . 005 1 , 000 

Zn-65 O. OOA . <Q. 001 2,000 
Sr-90 n . 001 6x l0-4 () .()03±0 . 006 30 
ZrNb-95 0 . 06 0.005 0 . 03 •0 .04 3, 000 
Ru- 106 0.20 . <Q. 1 200 
Cs - 137 0.009 <ll .003 500 
CePr-144 n . 14 <0 . 04 200 
Pu - to ta 1 2x10-S . <lxl0-6 n.o~ 

*Less than detection 1 imit. Detection limit varies from sample to sample because of 
different airflow volumes, counting times, and radionuclide composit i on . Approximate 

tabled detection limits are: Be-7, 0 .03; Mn-54, 0 . 002 ; Co-60, 0 .003; ln-65, 0 . 006 ; 
Sr-9/l, Q.'l02 ; ZrNb- 95, 0 .002; Ru - 103 , 0 .003 ; Ru - 1%, 0. 04 ; 1-131 , 0 . 12 : Cs-134, 0.01 ; 
Cs-1 37 , 0 . 003; 8aLa-140, 0 . 15 ; CePr - 144, 0 . 03 ; Pu-total, 0 .000002 . 

(a) 1 pCi/m3 = l0-12 µCi/ml 
(b) Weekly air filters are composited into groups for 11onthly analysis of ganma 

spectroscopy or quarterly analyses for Sr-90 and Pt1-total. Specific •stations 
included in each quadrant are : Inner Northeast; Othello, Connell, Berg Ranch, 
Wahluke, and Cooke Bros. Inner Southeast; Richlan,I and Pasco. Outer Northeast; 
Moses Lake and Washtucna. Outer Southeast; Walla ' lalla and McNary Oam. 

(c) 
Outer Western; Sunnyside and Ellensburg . 
ERDAM-0524 Standards only apply to radionuclide concentrations in excess of 
that occurring naturally or due to fallout, 

I 
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III-G.2.2 Nonradiological Evaluation 

,· HEHF, under contract to ERDA, has the responsibility for monitoring the nonradiological quality 
of the atmosphere in the Hanford environs. Monitoring activities during 1974 included 24-hour 
sequential sampling for N02 and S02 at three locations across the Columbia River from Richland, 
North Richland, and Hanford 300 Area operations, as well as suspended particulate collection on 
the roof of the Federal Bui1ding in Richland. The three stations along the river were located in 
the southeasterly or downwind direction from Hanford operations. Table III-G-3 sunlllarizes the 
N02 and dust data collected during 1974. The highest yearly average concentration of N02 mea
sured was 0.006 ppm, or 12% of . the ambient air standard of 0.05 ppm. Suspended particulates 
fluctuated widely due to occasional heavy dust storms. All S0 2 results were less than the detec 
tion limit of 0.005 ppm, or 25% of the ambient air standard of 0.02 ppm. 

( 

TABLE III-G-3 

HANFORD ENVIRONS AIR QUALITY MEASUREMENTS - 1974 

~02 (ppm) 

Annual Air Qual i ty Standard .05 

No. of Oai l~ Annual 
Location Samples Max . ~in . ~ 

Ri chland (Fed . Bldg . ) 
Oppos i te Richland 78 0.022 0.001 0.006 

(Hob ki rk Ranch) 
Opposi t e N. Richland 130 0.020 0.001 0.006 

(Gil l um Ranch ) 
Opposite 300 Area 77 0.014 0.001 0. 005 

(S ull i van Ranch) 

No entry indicates no specific measurement wa s made . 

(a) High va l ue due to a l ocal dust storm. 

III-G.3 Water 

III-G.3.1 Columbia River 

Suspended Part iculates 
{µg/ m3) 

60 + Bac kground 

% of tlo . of Dail-¥ Annua l 
standard Samples Max . Min. ~ 

125 572, (a) 8 . 57 . 

12 

12 

10 

The Columbia River from Grand Coulee Dam to the Washington-Oregon border, which includes the 
Hanford reach , has been designated as Class A (Excellent) by the Washington State Department of 
Ecology. Thi s designation requires industria l uses of the river to be compatible with substan
tially all needs including sanitary water , recreation, and wildlife . Numerous routine samples 
are collected from the river to measure the effect of Hanford operations on the existing radio
l ogical , chemical , bi ol ogical , and physical status of the river water. The Columbia River i s a 
source of potable water for Hanford personnel and for the populace directly downstream of the 
Hanford site. Also, the river below Hanford is extensively used for recreation as well as a 
source of irriga~ion water for the Ringold and Riverview farming areas. 

III-G-3. 1. 1 Radiological Evaluation 

Samples of Columbia River water were obtained from Vernita Bridge, 100-8, Hanford powerline, 
300 Area, and Richland . Since the shutdown of the last once-through cooling production reactor 
in January 1971, levels of radioactivity in river water have generally become undetectable with 
routine analytical methods. Table III-G-4 is a sun1T1ary of the data obtained during 1974. The 
alpha measurements are an approximation of the naturally occurring uranium in the r i ver . The 
observed va l ues of 90 sr and 239 Pu were attributed to fallout since concentrations measured 
upstream of Hanford operations did not differ from concentrations measured downstream. The major
ity of the observed tri tium concentrations were due to fallout, although a small contributi on 
(~10 pCi/1) would be present due to naturally occurring tritilJll. No other radionuclides were 
observed . 

During 1974, a new method of sampling river water for radioactivity, refined by BNW's Radiological 
Chemistry staff, 4 was used, resulting in a much lower detection level for ga11111a-emitters. River 
water (~3 liters/hr) flows continuously through a nylon filter, a series of fiber glass filters, 
and a mixed bed ion exchange column. The nylon filter removes all particles greater than 
5 microns and t~ series of fiber glass filters remove all particles greater than 0.3 microns. 
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TABLE II I-G-4 

ROUTINE ANALYSES OF COLUMBIA RIVER WATER 1974 

Concentration (lo-9 ~Ci/ml)(a) 

Upstream of Hanford(b) Downstream of Hanford(c) 
Analyt i cal No . of Maximum Minimum Annual (d) No. of Maximum Minimum Annual EROAM-0524 ( e) 

Anal.)'.SIS Limit Samples Observed Observed Average Samples Observed Observed Average Standards 

Alpha 0.2 12 0.9 * <0.4 12 0.9 * <0 .4 30 
H-3 380 12 710 * <330 12 2000 * <480 3,000,000 
Sc-46 40 12 * * * 53 * * * 40,000 
Cr-Sr 300 12 * * * 53 * * * 2,000,000 
Co-60 20 12 * * * 53 * * * 
Zn-65 40 12 * * * 53 * * ~ 

Sr-90 0.04 12 2.5 * <0.5 12 0.4 0. 2 0.3±0 .1 
I-131 2 12 * * * 26 * * * 
Cs-137 22 12 * * * 53 * * * 
Pu-239 0.02 4 0.04 * <0.02 4 0.04 * <0.02 

* Less than an~lyt i cal limit . 
(a ) l0-9 uC i / ml = 1 oCi/1 . 
(b) Upstream samples were obtained at Vernita Bridge (weekly grab samples) and at 100-B (cumulati ve sample) . 
(c) Downstream samples were obtained from the Richland sanitary water pumping dock (cumulative sample) . 
(d) Annual average ±2 sample standard deviations shown if all analyses were positive . Otherwise, a less-than 

number was calculated from the results, including ]ess-than values . 

30,000 
100,000 

300 
300 

20,000 
5,000 

(e) ERDAM-0524 standards only apply to concentrations in the environment in excess of naturally occurri ng or fallout 
radioactivity. 

The filtered water flows through the resin to remove all soluble radionuclides directly with the 
exception of tritium. The filters and resin are changed biweekly and counted with a high 
sensitivity multi-dimensional {coincidence) ganma ray spectrometer to measure the different 
radionuclides. 

The results for these samples, collected at the 300 Area, are shown in Table III-G-5 for 1974. 
Naturally occurring radionuclides observed were 4 °K, 266Ra, and 228Th. The other radionuclides 
observed are artificially produced and must be due to either Hanford operations or worldwide 
fallout. All of these artificially produced radionuclides, except 152Eu, were measurable in the 
atmosphere from fallout during 1974 as shown in Table 111-G-2. Previous operation of once
through cooling production reactors released substantial quantities of 54Mn, 60 co, 65Zn, and 
152Eu as well as other radionuclides to the Columbia River. These radionuclides became attached 
to sediments in the river and are still measurable in some locations. 

A definite conclusion as to the primary source of the observed river concentrations of artifi
cially produced radionuclides cannot be made. The method of sampling river water separates 
the collected radioactivity into either a particulate fraction {collected on filters) or a sol
uble fraction {adsorbed on resin). The majority of the artificially produced radionuclides were 
collected by filters, indicating that a likely source of these radionuclides was suspended sedi
ments in river water. Although fallout definitely contributes to the measured concentrations of 
these radionuclides except for 152Eu, past Hanford operations are asslllled to contribute the 
greater amount. Europium-152 concentrations were due to past Hanford operations. All observed 
concentrations of radionuclides during 1974 attributable to Hanford operations were much less 
than 0.01% of ERDAM-0524 drinking water standards as shown in Table III-G-5. 

The concentrations measured during 1974 of 54Mn, 60co and 65Zn were less than measured during 
1973. 5 The reason{s) for the reduction in both the maximum observed value and the annual average 
is not known but expected to be related to the mixing and dilution of sediments labeled with 
these radionuclides with fresh sediments not so labeled. Also the river flow rate affects the 
amount of suspended sediments in the river causing variations in transport from year to year. 
The average river flow rate during 1973 was about 90,000 cfs {cubic feet per second), whereas 
during 1974 the average ·flow rate was about 150,000 cfs. 
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TABLE II I-G-5 

CONCENTRATIONS OF RADIONUCLIDES IN THE COLUMBIA RIVER(a) 

10-9 µCi/ml 

1974 
Annual (b) ERDAM-0524(c) Detection No. of Maximum Minimum Percent of(d) 

Radionuclide Limit Sameles Observed Observed Average Standard Standard 

K-40 0.009 23 2.3 * <1.0 
Mn-54 0.014 23 <0.03 * <0. 01 100,000 <lxl0-5 

Co-60 0.0005 23 0.04 <6xl0- 5 0.02!0.02 30,000 <7xl0-S 
Zn-65 0.005 23 <0.04 <lxl0- 5 <0 .01 100,000 <lxlO-S 
ZrNb-95 0.005 23 0.57 * <0.12 60,000 
Ru-106 0.005 23 0. 20 0.02 0.12±0 . 09 10,000 
_Cs-137 0.005 23 <0.07 <2x10-4 <0.03 20,000 <2xl0-4 

Eu-152 0.02 23 <0.03 * <0.02 60,000 <4xl0-5 

Ra-226 0.002 23 0. 14 <0.01 <0 .05 30 
Th-228 0.0005 23 0.037 <0.005 <0 .014 1,000 

* Less than detection limit . 

(a) Samp 1 es co 11 ected with a f i 1 ter-i on exchange samp 1 er deve 1 oped by_ the radio 1 ogi ca 1 chemistry group at 
Battelle. Filters and resin counted directly after collection with a high sensitivity multi-dimensional 
garm,a ray spectrometer . 

(b) Annual average ±2 sample standard deviation shown in all analyses were positive . Other
wise, a less-than number was calculated from the results, including less - than values . 

(c) ERDAM-0524 standards only apply to concentrations in excess of naturally occurring or fallout 
radioactivity . 

(d) K-40, Ra-226, Th-228, occur naturally. Zrrlb -95 and Ru-106 are due to fallout . 

III-G.3 . 1. 2 Nonradiological Evaluation 

Measurements of water quality parameters other than radioactivity are routinely made on Columbia 
River water in order to: 

• Detect any impact of the Hanford waste disposal practices on river water quality. 

• Demonstrate continued compliance with Washington State Water Quality2 Standards for the 
Columbia River and Public Health Service6 recorrmendations for sources of drinking water. 

Physical and chemical parameters measured during 1974 included pH, turbidity, dissolved oxygen, 
nitrate ion and temperature. Biological measurements included coliform organisms and BOD . 
Enter-ococci measurements were made to clarify the types of coliforms present. The parameters 
most likely to be affected by Hanford operations are temperature and nitrate ion. Figure III-G-3 
shows the average monthly temperature measured at Priest Rapids Dam and at Richland during 1974. 
Some of the temperature difference is attributable to operations on the Hanford Reservation and 
some is due to natural causes. 7 The annual average temperature and 95% confidence interval for 
Priest Rapids Dam and Richland during 1974 were 11.2 ± 10.9 and 11.3 ± ll.3°C, respectively. 
Figure III-G-4 illustrates the daily variation of river temperature with season and flowrate 
during 1974. 

Results of biological analyses of Columbia River water during 1974 are shown in Table III-G-6 . 
The data indicate an increase of enterococci and BOD between Vernita bridge and ,Richland . These 
apparent increases are believed to be the result of drainage from farm activities and wildlife . 
The Hanford stretch of the river serves as a refuge for large population of water fowl. 

Results of chemical analyses are shown in Table III-G-7 . Nitrates, pH, turbidity , and dissolved 
oxygen were measured at both Vernita bridge and Richland. The measurements observed were similar 
at both locations and well within applicable standards adopted by fhe State of Washington for 
Class A rivers. 2 Average nitrate concentrations were less than 1% of the 45 ppm drinking water 
standard.G Average pH for 1974 was 8.1 at Vernita bridge and 7.8 at Richland, well within the 
6.5 to 8.5 standard. 
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FIGURE III-G-4. COLUMBIA RIVER DAILY FLOW AND TEMPERATURE DURING 1974 

TABLE II I-G-6 

COLUMBIA RIVER BIOLOGICAL ANALYSES - 1974 

Vernita Richland 
No. of Maximum Minimum Annual(a) No. of Maximum M1n1mum 

Unit Standard Samples Observed Observed Average Samples Observed Observed 

No . /lOOml 240 12 120 9 43,72 12 150 4 

No . /lOOml 12 64 3 29 , 40 12 194 4 
mg/1 12 4.4 1.3 2. 5:!: 1. 9 12 5.1 1.3 

(a) Average :2 sample standard deviations shown. 
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TABLE III-G-7 

COLUMBIA RIVER CHEMICAL ANALYSES - 1974 

Vernita Richland(a) 
No. of Maximum M1n1mum Annual No. of Pax,mum Minimum 

Analysis Units Standard Samples Observed Observed Average Samples Observed Observed 

1103 ppr.? 45 52 1.4 * <0 .4 52 1. 2 * 
pH 6. 5 to 8.5 51 8. 7 7. 7 8.1 242 8.6 7.0 
Turbidity JTU(b) 5+Bg 45 24 4.4 241 23.0 1.0 
Dissolved o2 mg/1 8.0 min . 40 13.3 8.4 10 . 7 212 14.1 7.0 

* Less than detection limit. Detection limit would be a tabled value of 0.1 for N03 analysis . 
(a) pH, turbidity and di ssolved o2 samples obtained from 300 Area sanitary water pump i ng dock . 
(b) Jackson turbidity units. 

Annua 1 · 
Average 

<Q .4 
7.8 
4.3 

10 . 5 

The turbidity standard is based on an increase of 5 JTU (Jackson turbidity units) above back
ground. Since no observed differences were apparent between Vernita bridge and Richland the 
tabulated values were assumed to represent background . Average values for dissolved oxygen in 
the· r i ver were well above the minimum standard of 8 mg/1 at Vernita bridge and Richland,during 
1974, 10.7 mg/1 and 10 .5 mg/1 , respectively . 

II I-G. 3.2 Sanitary Water 

The city of Richland is the first community below the Hanford Reservation that uses the Columbia 
Rfver · as a source of drinking water. BNW collects a cumulative (30 .ml every 30 minutes) sanitary 
water sample at the Richland treatment plant for radiological analyses . HEHF routinely collects 
grab samples for analyses of bacteriological and chemical purity. 

II I-G .3. 2. l · Radi ologi cal Evaluation 

Cumulative sanitary water samples collected were analyzed on a weekly basis by gamma sp·ectrometry 
and for gross beta and gross alpha analyses . The results of these analyses for 1974 are shown 
in Table III-G-8. The gross alpha measurement is an approximation of the naturally occurring 
uranium in the river . Strontium-90 was observed on several occasions and was due to fallout. 
No other radionuclides were observed. Specific analyses were not made for tritium in drinking 
water because the levels would be the same as observed in the river water (Table II-G-5) and 
the source is primarily fallout . Tritium i s not removed by sanitary water treatment facilities . 

II I-G . 3.2.2 Nonradiological Evaluation 

Grab samples were coll ected from the Richland sanitary water system during 1974 for analyses of 
chemical and bacteriological purity. All bacterio logical tests were negative and thus in com
pliance wi th the standard of no detectable coliform bacteria in potable water. Chemical analysis 
for nitrate was done on a weekly basis during 1974 (Table III-G-8). The annual average nitrate 
concentration was about 6% of the EPA drinking water standard of 45 ppm.6 

.111-G.3.3 Groundwater 

An extensive ongoing groundwater monitoring program monitors any progress toward the Columbia 
River of low-level waste released to Hanford ground disposal sites. The data .from this program 
are documented separately, the most recent report in this series being BNWL-1860. 8 A remote 
possib i lity exists that radioactive or process materials could penetrate to confined aquifers 
which genera lly underli e t he Pasco Basin . Several farm wells on the east side of the Columbia 
River, which are believe_d to penetrate t o these confined aquifers, are routinely sampled for 
tri tf 1111 and nitrate ion . The data are not defini tive , since contamination from the surface by 
nitrat e from fertilizers and tri tium from recent precipi tation can also occur . Table III-G-9 
shows data from these wells for 1974. All analytical results were less than the detection 
limi ts. 
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TABLE III-G-8 

RADIOLOGICAL AND CHEMICAL ANALYSES OF DRINKING WATER - l974(a) 

Riehl and 
Analytical 

Standards(b) 
No. of HaXlllllm Mini room 

Analisis Limit Units Sameles Observed Observed 

Radiological 
Alpha 0.3 pCi/1 30 52 0.9 * 
Beta 0.005 pCi/1 2,000_,ooo 52 * * 
H-3 250 . pCi/1 3,000,000 
Sc-46 25. pCf/1 40,000 52 * * 
Cr-51 350 . pCi/1 2,000,000 52 * * 
Co-60 20 pCi/1 30,000 52 * * 
Zn-65 40 pCi/1 100,000 52 * * 
Sr-90 0.08 pCi/1 300 10 0.6 * 
Cs-137 20 . pCi/1 20,000 52 * * 

Chemical 
N03 0.1 ppm 45 51 15 0.08 

* Less than analytical limit 
N.A. Not analyzed 

(a) Average pl us or minus two sample standard deviations shown if all analyses 
were positive. Otherwise, a less-than number was cal culated from all 
results, i ncluding less:than numbers . 

(b) Radiolog ical standards derived from ERDAH-0524 apply only to concentra
tions in excess of natural or fallout activity. Nitrate standard was 
promulgated by the Environmental Protection Agency. 

TABLE III-G-9 

GROUNDWATER ANALYSES FROM WELLS IN THE VICINITY OF HANFORD - 1974 

3H (10-9 Ci/ml) (a) 

Concentration Gu/dj(b) 
Analytical Limit c 

Location Sameles 
Webber 2 
Vail 2 
w~15 2 
White Bluffs 2 
Association 

* Less than the analytical limit 
(a) 10-9 µCi/ml = l pCi/1. 

3,000,000 
'1-950 

Max . Min. 
<1200 <600 
<1000 <500 
<1200 <1000 
<1100 <900 

N03 (ppm) 

45 
0.5 

~ Max . Min. 
<900 * * 
<750 * * 
<1100 * * 
<1000 * * 

(b) •ERDAM-0524 Concentration Guides only apply to concentrations in 
excess of naturally occurring or fallout levels. 

(c) Average analytical limit shown for tritium was calculated from 
t he detection limit of each analysis. 

III-G.4 Milk and Foodstuff 

~ 

* 
* 
* 
* 

Average 

<0.5 
* 

N.A. 
* 
* 
* 
* 

<0.3 
* 

2.5±8 .1 

Foodstuffs, including milk, meat, chicken, eggs and leafy vegetables.were collected from local 
farms and commercial outlets. The samples were analyzed for gamma emitting radionuclides and 
90sr. Tables III-G-1O through 12 show the results of these analyses. The data were used to 
evaluate the approximate dose received from eating these particular foods which comprise a sig
nificant fraction of the typical diet. Since the Riverview farming area is irrigated with 
Columbia River water after it has passed through the Hanford site, samples of each foodstuff 
were obtained from this area. 
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TABLE III-G-1O 

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 1974 

K-40 

Analytical Limit 
Concentra.tion Guide(b) 

470 

No. of 
Location(d) ~ Max. Hin. 

Riverview 26 1400 
Wahluke 26 1300 
Benton City #1 14 1100 
Benton City #3 12 1300 
Benton City #4 12 1100 
West Richland 5 1200 
Comnerc ia 1 #1 11 1300 
Comnercial #2 13 1200 

No entry indicates no analysis 
* Less than detectable 
(a) 10-9 µCi/ml s 1 pCi/t 

710 
860 
730 
750 
830 

1000 
820 
770 

Concentration (10-9 ~CiLmll(a) 

Sr-90 

0.5 
200 

Samele Results(c) 

Average Max. Hin . Average J!!& 
996±305 2.6 * <l. 7 3.0 

1063±225 4.6 * <2.0 * 
937±285 4.1 * <2.4 * 

1035±317 
976±179 3.6 2.8 3.2±1. 1 * 

1075±191 * 
1043±268 5.5 * <2.2 * 
966±270 3.2 * <1.9 * 

1-131 

2.0 
100 

Hin. Average 

* <0.4 
* * 
* * 

* * 
* * 
* * 
* * 

(b) These concentration units are derived from Federal Radiation Council guidance on 
daily intakes, assuming one liter per day cons1.111ed . Potassi1.111-40 is a naturally 
occurring radionuclide. 

(c) The arithmetic mean ±2 sample standard deviations are tabled under the Average 
column if positive results were observed for each analyses . Otherwise , a less- than 
value is calculated from all the results, including less-than detectable values . 

(d) Benton City #1 represents a composite of Benton City #3 and #4 before August 1, 1974. 
After August l, the milk from each farm was analyzed separately . Hilk from West 
Richland was obtainable only from Hay 2 through June 27, 1974. The comnercia l sources 
obtain milk from two different watersheds : commercial #1 west of the Cascade 
mountain range, commercial #2 east. 

TABLE III-G-11 

CONCENTRATIONS OF RADIONUCLIDES IN MEAT, CHICKEN, AND EGGS - 1974 

Concentration (10-6 ~CiLgml wet weight(a) 

K-40 Sr-90 Cs-137 

Sample No . of 
Location Samel es Max. Hin . Average Max . Hin . Average Max. Hin . Average 

Meat 
--ro111nerc ial 11 2.6 1.8 2. 1±0.5 0.001 * <0.001 0.04 * <0.01 

~iverview 1 1. 7 * * 

Chicken 
Comnercial 2 1.6 1.5 1. 6±0 . 1 * * • * * * 
Riverview 4 2.0 1 .0 1 .8±1 .0 * * . * * * 

~ 1.0±0 .0 * * * * * * Comnercial 2 1. 0 1.0 
Riverv iew 11 1.1 0.7 0.9±0.2 0.004 * <O.OOJ(b) * * * 

• Less than detectable . Approximate tabled detection limits would be: 
K-40 , 0.4; Sr-90, 0.001 ; Cs-137 , 0. 03 . 

(a) 10-6 µCi/gm= 1 pCi/gm. The ar i thmeti c mean plus or minus two sample standard 
dev ia tions are tabled under the average col1.111n if positive results were observed 
for each analysis . Otherwise , a less-than value is calculated from all of the 
results , including less-than detectable values . 

(b) Sr-90 analysis done on only 4 sa~les. 
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TABLE III-G-12 

CONCENTRATIONS OF RADIONUCLIDES IN LEAFY VEGETABLES - SPINACH, 
LETTUCE (LEAF), TURNIP GREENS, MUSTARD GREENS - 1974 

Concentrat ion (10-6 ~CiL!!!!!l wet weight(a) 
K-40 Mn-54 

Sample No . of 
Average(b) Locat ion Samples Max. Min . Ma x. Min . Average Max . 

Ri ver view 5 3. 6 l. 7 2.4±1 .4 * * * * 
Benton City l 7. 9 * * 
Commerc ial 6 5. 2 1. 4 2.1!1 .B 0.36 * <0.07 0.05 

Sr-90 (c) ZrNb-95 
Max. Min . Average Max. Hin . Average Max. 

Ri verv iew 5 0.016 0.011 0.014±0.005 0. 11 * <0.04 0.96 
Benton City N.A. 0.04 * 
Commerci al 6 0. 010 0. 009 0.010±0.001 0. 77 * <0.18 * 

No en t ry indica tes no analysi s . 
* Le ss than detectable . Tabled detection l imits would be approximatel y: 

K-40, 0.8; Mn-54, 0. 04 ; Co-60, 0.05 ; Sr-90, 0.002; ZrNb-95, 0.03 ; 
Ru-106 , 0. 7. 

N.A. No t anal yzed 
(a) 10-6 1JCi/gm = 1 pCi/ gm . 
(b) Average plus or minu s two sample standard deviat i on s . 
(c ) Ana lysis fo r Sr-90 was not run on each sample . Number of samples 

analyzed wa s 3 for Riverv iew and 2 for commerci al 

Co -60 

Min. 

* 
* 
* 

Ru-106 
Min. 

* 
* 
* 

Average 

* 
* 

<0.01 

Average 

<0.25 

* 
* 

Potassium-40, a naturally occurring radionuclide, contribut ed the majority of the radioactivity 
measured in all samples. Strontium-90 was measured in several samples and the observed levels 
result from fallout, not Hanford operations. The other nuclides were detected only occas ionally, 
and in several cases at levels only slightly above the detection limit of the analyses. To 
obtain absolute measurements with such low levels of radioactivi ty is extremely difficult; sev
eral of the tabled values may represent nothing more than the statistical variability of 
background. 

Iodine-131 was detected on June 24, 1974 in one milk sample from the Riverview farming area. 
This activity was most likely due to fallout from the June 17, 1974 nuclear detonation in the 
atmosphere by the Peoples Republic of China. Fallout debris from this test was measured in 
the atmosphere during June 24 and 25. Subsequent analyses fai l ed to detect any 131 I in milk 
samples from the Riverview area or any other area. 

In su11111ary, the majority of the radioactivity measured in foods t uffs during 1974 was the result 
of naturally occurring 4°K and 90sr due to fallout. Other radionuclides detected occasionally 
were believed to be from worldwide fallout . 

III -G. 5 Wildlife 

Samples of wildlife , including gamebirds, fish, and deer, were routinely collected from the 
Hanford environs and analyzed for levels of radioactivity. Table III-G-13 lists the results 
obtained during 1974. Fish, usually whitefish, were collected monthly from the Columbia River 
and the composite analyzed. Gamebirds were collected along the Columbia River, primarily during 
hunting season . The deer were "road-kills." The radionuclide present in the greatest quantity 
was 4 °K, a naturally occurring radionuclide. Cobalt-60, 65Zn, 90sr, and 137Cs were observed in 
several samples of fish at levels very near the detection limit of the analyses. Cobalt-60 was 
observed in one duck out of the 33 collected; the observed quantity (0 .12) was very near the 
detection limit of the analysis (0.08). Cobalt-60 and 65 Zn were observed in only one sample 
(different ones) out of the 14 geese analyzed and, again, at levels very near the detection 
limit of the analyses. 

The origin of the 60co and 65Zn activity is assumed to be due to previous operation of the once
through cooling production reactors, as discussed under the Columbia River Section. Strontium-90 
and 137Cs activity were due to fallout. 
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Wildlife 

Fish 
Ducks 
Geese 
Pheasants 
Deer 

TABLE III-G-13 

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE TISSUE OF SELECTED WILDLIFE 
OBTAINED FROM THE HANFORD ENVIRONS - 1974 

Concentration (10-6 µCi/gm) wet weight(a,b) 

No . of K-40 Co-60 Zn-65 Sr-90 
Samples Max . Min . Avera~ Max. Min. Avg. Max. Min. Avg. Max. Min . Avg. 

12 3.9 2 .1 3 .1 ±1. l 0.27 * <0.08 0.16 * <0.06 0.007 • <0.002 
33 4.0 * <2.3 0. 12 * <0.09 * * * 0.007 * <0 .006 
14 3.4 2.2 2.7±0.8 0.17 * <0.09 0.18 * <0.16 0.009 * <0.005 
15 3.7 * <2.9 ... * * * * * * * * 
3 2.3 2.2 2.2±0. 1 * * * * * * * * * 

Cs'-137 
Max. Min. 

0.09 * 
*· * 

0.21 * 
* * 

1.8 * 

* Less than detectable . Tabled detection limits would be approximately: K-40, 1.0 ; Co-60, 0.06; Zn-65, 0.11 ; 
Sr-90, 0.002; Cs-137, 0.06. 

(a) 10-6 µCi/gm= l pCi/gm 
(b) Average plus or minus two sa~le standard deviations reported if all analyses were positive . Otherwise, 

a less-than value was ·calculated from all results , including less-than values . 

Avg. 

<0.06 
* 

<0 . l 
* 

<1.0 

Willapa Bay oysters were collected in 1974 and analyzed for 65Zn activity. Zinc-65 has a 245-day 
halflife and the observed decline of activity in oysters, as shown in Figure 111-G-5, closely 
approximates the radioactive decay rate. The radioactive decay rate will result in a loss of 
approximately 64% of the activity every year since early 1971,· when the last once- through water
cooled reactor was shut down . 

100 ,-------..-------------------------

KE REACTOR 
SHUTDOWN 

0 
65zn MEASURED 

65 Zn CALCULATED tT 1/2 • 245 days) 
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FIGURE III-G-5 ZINC-65 CONCENTRATION IN WILLAPA BAY OYSTERS 
DURING 1970 THROUGH 1974 

III-G.6 Soil and Vegetation 

Surface soi l and perennial vegetation samples were col lected from 17 different locations during 
the autumn of 1974 for the purpose of measuring the levels of radioactivity due to fallout and 
natural causes as well as to assess any potential bu i ldup of radioactivity from Hanford opera
tions . These locations are shown in Figure III-G-6 and the results listed in Tables III-G-14 and 
III-G-15. Each soil sample represents the composite of five "plugs" of soil from an approximate 
10 m2 area. Each plug was approximately 2.5 centimeters (1 i nch) in depth and 10 centimeters 
(4 inches) in diameter. The vegetation samples were collected in the immediate vicinity of each 
so i l sampling location and consisted of perennial vegetation, primarily the new growth from 
rabbit-brush plants. Both sets of samples were analyzed for gamma emitting radionuclides using a 
lithilMll drifted germanium detector, for plutonilMll nuclides using alpha spectroscopy, and for 90sr 
and uranium by specific analysis. 
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FIGURE III-G-6 SOIL AND VEGETATION SAMPLING LOCATIONS DURING 1974 
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The radionuclides observed in soil samples from all locations were 4 °K, 90sr, 137Cs, 224Ra, 
226Ra, and uranium. All of these radionuclides occur naturally except for 90sr and 137Cs. 
Strontium-90 and 137Cs, as well as the other artificially produced radionuclides shown in Table 
II I-G-14 and I II-G-15, are produced by f i ssion and must be due to either Hanford operations, 
other nuclear facilities, or to fallout of radioactive debris from the atmosphere due to past 
nuclear device testing. Hanford operations would be _expected to contribute much more so to 
radionuclide concentrations measured at predominatefy ·downwind sampling locations (Baxter Sub
station, Byers Landing, 300 Area south gate, etc.) than to sampling locations lying in an improb
able wind directioo from Hanford faciliti es (Vernita bridge, Wahluke #2, etc.). No distinct 
pattern is apparent ; Hence, any contributions from Hanford operations to radioactivity measured 
at the different sampling locations were indistinguishable from the variabil i ty in concentrations 
due to fallout. 

Partly because of other information (Sect ion III-G.7 .4). the 60co concentration for the sample 
collected on Island #340 is expected to be due to past Hanford operations. As discussed in Sec
tion III-G.3, certain radionuclides, notably 60co, still remained in the river sediments due to 
past operation of once-through cooling production reactors. The flooding of Island #340 during 
past periods of high river flow with deposition on the island of sediments suspended in the river 
is the probable reason for the observed concentration of 60co . 

lliI,+G.7 External Radiation Measurement 

External radiation levels in the Hanford environs were measured during 1974 by several methods. 
Thennoluminescent dosimeters (TLDs) were deployed at 13 perimeter and 6 distant locations to mea
sure the ambient radiation dose received from natural and fallout radioactivity as well as to 
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TABLE 111-G-14 

CONCENTRATIONS OF RADIONUCLIDES IN SURFACE SOIL - 1974 
Un i ts of 10-G µCi/g (wet weight) 

S1aple Mlp Natur1llf 0ccurrtn~ Radtonucl tdes Artificially Produced Radionuclides 
Locition Loc1tton 4oK 24R1 2 6R1 U-tota\ 58co 60co 65zn 90sr 95zr 95j;b l06RuRh 134cs 137cs 144ce Z38Pu 239-Z40Pu 

An1lytte1l Lt• tt 0.50 0.04 0.11 0.034 0. 03 0.03 0. 07 0. 002 0. 10 0.10 0.40 0. 03 0. 03 0.10 0.003 0.001 

Benton City 13 1.4 0.83 0. 29 * * 0. 24 0. 78 * * 0. 74 * 1. 7 0. 31 * 0. 04 
Prosser 

81rrtc1de 2 14 0. 92 0.48 0.13 * 0.04 0. 23 0. 48 0. 20 0.11 0.75 0.06 0. 91 * * 0.01 
ERC 3 13 0. 95 0.73 0.70 n.02 * 0.21 0.02 0. 24 * 0.40 0. 05 0. 11 0. 13 * 0.002 
Ridtoecology 

Field Lab. 4 12 0. 71 0.46 0. 32 * * 0. 08 0. 34 0.13 * 0. 50 0.06 0. 96 0. 32 • 0. 02 
Yiki• a 

·8irric1de 5 14 o. 76 0.73 0. 10 * * * 0. 01 0. 12 • 0.47 * 0. 11 0.62 * 0.003 
Vernita 

Bridge 6 18 0.81 0.46 0.13 * * • 0. 02 0.16 • 0.68 * 0. 10 0.33 • 0. 004 
Wihluke 

Slope 7 14 0.66 0.50 0. 24 * • • 0. 02 0. 10 • 0.63 0.04 0. 15 0.19 • 0.004 ·- Wahluke 12 8 13 5. 9 0.91 0. 11 * • 0. 08 0.02 0. 15 * 0.85 * 0. 23 • • 0.01 --- Berg Ranch 9 12 1.4 0. 72 0. 07 * * 0.15 0.05 0. 29 * 0.43 0. 12 0. 45 0.11 • 0.007 I 

'r Cooke Bros . 10 12 0. 64 0.55 0. 39 * - * 0. 17 0. 06 • • 0.47 * 0.07 0. 44 * 0. 003 ... 8ixter Sub-
UI station 11 16 0. 74 0.52 0. 36 0. 04 * 0. 23 0.06 0. 25 • 0.48 0.05 0. 2i 0. 34 0.01 0.004 

Byers . 
L1ndtng 12 12 0. 97 0.46 0.39 * * 0. 35 0. 25 0. 12 * 0. 54 0. 06 0.69 0.20 * 0. 006 

Byers P1111>-
house 13 12 0.88 0.48 0. 61 * 0. 07 0. 20 0. 38 0. 20 0.1 5 0.70 * 1.8 0.44 • 0.02 

300 ArH 
South Gite 14 14 0. 54 0.56 0.66 0. 03 0. 05 0. 29 0.12 * * 0. 59 * 1. 5 0. 25 * 0. 02 

· North 
R1ch11nd 15 14 0. 92 0.72 0.26 0.03 * 0. 18 0.26 * * 0.98 * 0. 48 0.16 * 0. 007 

lshnd 1340 16 12 o. 76 0.78 0. 45 * 2.4 0. 19 0.08 0. 33 0.17 0.62 0.04 1.9 0.17 * 0.04 
Riverview 17 13 0. 56 0. 31 0.42 * 0.04 0.27 0.04 0.10 * 0.40 0.06 0.06 * * 0.002 

Mlxt- 18 5. 9 0.91 0.66 0.04 2.4 0.35 0.78 0. 33 0. 17 0. 98 0.12 1.9 0.62 0. 01 0. 04 

Mtn1- 12 0.54 0.46 0.07 * * * 0.01 * * 0.40 * 0. 06 * * 0.002 

Avr. ±2 
Silll)le 
Oev11ttons (i) 13±3 1.2±2. 5 0. 60±0.3 0. 33±0. 4 <0. Ql <0.16 <0.17 <0. 18±0.4 <0. 15 <0.07 0.60±0. 3 <!). 04 0.68±1 <0 .24 <0.001 0. 01±0.02 

• Indtc1tes result w1s less than the an1lyttc1l lt• it shown. 
(i~ Aver1ge ind two sa•ple standard devtattons shown t f radionuclide detected at all locations . Otherwise, a less-than 

nu• ber ts c1lculated fro• the other results, t ncludt ng less-than values . 
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TABLE I 11-G-l 5 

CONCENTRATIONS OF RADIONUCLIDES IN VEGETATION - 1974 

Units of 10-6 µCi/g (dry weight) 

N1turalll Occurring Radionuclides 
Sample Map 

Artificiallt Produced Radionuclides Location Location 
40K 224Ra 225R1 58Co 60co 65zn 90Sr 95zrNb l06RuRh 131 I 137Cs 140BaLa 144cePr 238Pu 239-240Pu U-total 

Analytical Limit 1.0 0.04 0.11 0.034 0. 06· 0.07 0. 13 0.002 0.05 1.0 l. 1 0. 06 2. 1 0.62 0. 003 0.001 
Benton City 1 10 * * o. 19 * * 0.63 0. 06 0. 78 * * 0. 10 7 .. 9 * * 0.002 Prosser Barricade 2 9 * * * * * 0.80 0. 04 0. 28 * * 0. 18 14 * * * ERC 3 13 * * 0.12 * * 0. 98 0.02 0. 14 * * o. 13 14 * 0. 003 0. 001 Radioecology 

Lab. 4 9. 0 * * * * 0.52 0.05 0. 28 * * 0. 16 11 0. 58 * 0. 003 Yakima Barricade 5 8.5 * * * 0.67 * 0.36 0. 05 1.1 * * 0. 09 7.7 • * 0. 002 - Vernita Bridge 6 11 * * * * * o. 77 0. 06 l. 3 * * 0.24 14 1.2 * 0.001 - Wah1uke Slope 7 9.6 .. * 0.05 * * o. 76 0. 03 0.37 * • 0.12 15 0.98 * • -I Wahluke i/2 8 11 • • 0.08 • • 0.80 0.13 0. 30 * • 0. 15 17 * * 0. 001 "' I Berg Ranch 9 11 . • * 0.16 * * 0.84 0,06 0. 22 • • 0.12 15 * * 0. 003 - Cooke Bros. 10 20 • • 0.23 * * 1.8 0.04 0.13 * * 0.12 29 2. 3 * * °' Baxter Substation 11 18 * • 0.34 * * 1.3 0.14 0.14 * • 0. 10 20 * * 0. 002 Byers Landing 12 10 * • 7.2 * * 0.79 0.02 0.30 * * 0. 19 11 0.52 * 0. 002 Byers Pumphouse 13 11 • • * * * 1.0 0.02 4.0 * * 0. 46 15 * * 0.001 300 Ar!!a South 
Gate 14 11 • * 0.21 * • 0.63 0.17 0.52 * * 0.46 10 2. 2 * 0.005 North Richland 15 8. 4 * • o. 09 * * 0.43 0.07 0.26 * * 0.13 8.8 o. 51 * 0. 004 Is 1 and #340 16 4. 7 * • 0.32 * * * 0.12 0. 31 1.3 * 0.15 3.6 1.0 0.002 0. 02 Riverview 17 10 * * 0.22 * * 0.45 0.06 0.32 * * 0.1•,4 9.7 0. 41 * 0.002 

Maxfmtan 20 • • 7.2 0.67 * 1.8 0.17 4.0 1.3 * 0.46 29 2.3 0.003 0.02 
Mininun 4.7 * • • * * * 0.02 0. 14 * * 0.09 3.6 * * * 
Avr. ±2 Sampl~ 

Deviations 11 11±7 • • <0.55 * * <0.76 0.07±0.09 0.63±1..9 * * 0.18±0.2 13±11 <0.43 <0.0005 <0.003. 

• Indicates result was less than the analytical lim: t shown. 
a. Average and two sample standard deviations shown ff radionuclide detected at all locations . Otherwise, a less-than 

l\udlber 1s caltulated from tlie other· results, including less-than values. · 
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detect any contribution from Hanford operations. TLDs were submerged in the Columbia River at 
4 l ocations. State highways through the site, control plots, and Columbia River shoreline were 

r routinely surveyed with portable instruments to detect any trend in ambient radiation levels. 
An aerial survey, ysing sensitive monitoring equipment, was flown over the Columbia River by 
E.G.&G. of Las Vegas. 

111-G.7.l Ambient Radiation Dose 

TLDs were used to measure the external background dose at several perimeter and distant communi
ties. Table 111-G-16 shows the results of these measurements. The dosimeter employed consisted 
of 3 chips of CaF2 :Dy (Harshaw.TLD-200) encased in an opaque plastic capsule lined with 0.010 
inches of tantalum and 0.002 inches of lead to flatten the lower energy response. 9 The dosime
ters were mounted approximately one meter above ground level and changed either biweekly or 
monthly. 

The external dose measured at any location is affected by several parameters, including the 
height of the dosimeter, elevation, and the amount of natural and fallout radioactivity in the 

TABLE 111-G-16 

AMBIENT RADIATION DOSE - JANUARY-DECEMBER 1974(a) 

Location 

Perimeter C0flll1u·nity Dose 

Eltopia 
Pasco 
Richland 
Vernita 
Benton City 
Othello 
Connell 
8erg Ranch 
Wahluke Wm 
Cooke Bros .. 
Ringold 
Baxter Sub . 
Byers Landing 

No . of (b) 
Measurements 

11 
14 
27 
15 
13 
14 
14 
14 
14 
14 
11 
13 
14 

Maximum 

69 
80 
80 

116 
66 
73 
73 
95 
84 
77 

69 
77 
88 

Average! 2 sample standard deviations 

Distant C0flll1unity Dose 
Ellensberg 10 66 
Wa I la Walla 13 ao 
Sunnyside 14 69 
McNary 14 80 

Moses Lake 14 73 

Washtucna 14 84 

Average ! 2 sample standard deviations 

Dose imrad/yr) (c) 

55 
66 
55 
69 
55 
55 
55 
69 
66 
55 
55 
44 
69 

44 
62 
55 
62 
58 
58 

b2! 9 
73!9 

66t14 
84!22 
62!9 
62!9 
66!11 
80!]5 
77!12 
69!13 
62!17 
66!18 

ll!.!L 

70!15 

51!13 
73!10 
66!9 
73!11 
66!7 
69!13 

·66±16 

(a) Total background dose fr0111 external irradiation would include an additional dose fr0111 
the neutron c0111ponent of cosmic radiation . This is estimated to be equivalent to 
6 mrf!lll/year at the elevation of the Hanford region (EPA publication ORP/SID 72-1) . 

(b) Dosimeters are generally deployed on a two-week or four-week interval . This practice 
results in approximately 26 or 13 separate measurements at each location. There is 
sme variability because of scheduling and year-to-year overlap. 

(c) Monthly or biweekly measurements converted to equivalent annual dose. Average t2 
sample standard deviations calculated for each location. 
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underlying soil and in the atmosphere: The variability in measured dose from· the different loca
tions was expected primarily because of the spatial dependence of natural radioactivity in soil . 
Contributions from Hanford operations were indiscernible from the variability in background dose 
measured at the different conrnunities. ; 

From the information in Table III-G-16, the external background dose received by the population 
in the Hanford environs can be estimated. The average measured dose and 95% confidence interval 
was about 70 ± 15 mrem/year (1 mrem equals l mrad in this case). To this number, an additional 
6 mrem/year must be added ·to account for the neutron component of cosmic radiation . 10 Thus an 
estimate of 76 ± 15 mrem/year from external radiation would be realistic. An estimate of the 
total (external plus internal) background dose must include the approximate 25 mrem/year received 
from radioactivity, primarily 4 °K, in our bodies . 16 Therefore, the average total background dose 
received in the Hanford environs is approximately 100 ± 15 mrem/year. 

III-G.7.2 Columbia River Inmersion Dose 

TLDs were submerged in the Columbia River at four locations: Coyote Rapids (above 100-K Area), 
below 100-N, Hanford powerline, and the Richland pumphouse . The TLDs were collected monthly and 
the results (shown in Table III-G-17) are similar to 1973. 18 The ·infonnation was used to evalu
ate the dose rate received while swinrning in the river . At Richland, an inmersed swinrner would 
receive approximately 0. 004 mrad/hr, compared to approximately 0. 008 mrad/hr recei ved on land 
(Table III-G-16) . 

TABLE II I-G-17 

COLUMBIA RIVER IMMERSION DOSE RATE - 1974 

(Radiation Dose {mradlhr)(a) 
Annual(L) No . of Maximum Mini mum 

Location Measurements Observed Observed Average 

Coyote Rapids 11 0. 007 0.004 0.005±0 .002 

Below 100-N 13 0.008 0.004 0.005±0.002 
Hanford Powerline 10 0.01 0.003 0.007±0.004 
Richland Pumphouse 13 0.005 0.004 0.004±0.001 

(a) Monthly measurements in mrad were converted to equivalent 
hourly dose . 

(b) Average ±2 sample standard deviations calculated for each 
location . 

III-G.7 . 3 Portable Instrument Surveys 

Roads and land surfaces in the vicinity of Hanford were periodically surveyed to detect possible 
radionuclide deposition resulting from Hanford operations and re lated activities. Public High• 
ways 24 and 240, which traverse the Hanford Reservation, were surveyed quarterly with a bio
plastic scintillation detector attached to the bumper of a truck and positioned about 0.6 meters 
(2 ft} above the edge of the road surface. 11 During 1974, no radioactivity other than background 
was detected. 

Eleven small areas, called control plots, measuring 3m x 3m (10 ft x 10 ft) were surveyed monthly 
or semi-monthly with a Geiger-Muller survey meter for deposited radioactive material. No surface 
radioactivity of Hanford origin was detected on these control plots during 1974. 

Each month, the shoreline of the Columbia River was surveyed with a low-level GM counter (Nuclear 
Enterprises Model 2601) at selected locations to detect any change in ambient radiation levels 
from previous measurements. The data obtained during 1974 for three of these locations, Vernita, 
Richland and Sacajawea, are summarized in Table III-G-18. No statistical difference is apparent 
between the results for the three locations given the wide variability in observed values. 
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TABLE III-G-18 

COLUMBIA RIVER SHORELINE EXPOSURE RATE - 1974 

Exeosure (mR/hr) 
Shoreline No. of Maximum Minimum Annual(aT 
Location Measurements Observed Observed Average 

Vernita 10 0. 013 G.005 0.010:t0.006 
Richland 12 0.014 0.009 O.Oll:t0 . 003 

Sacajawea 25 0.015 0.008 O.Oll:t0.003 

(a) AveragP. ±2 samole standard ~eviations for each location . 

III-G.7.4 Aerial Surveys 

Between March 26 and April 28 0 1974, a detailed aerial survey of Columbia River shoreline and 
islands was conducted by E.G.&G~ of Las Vegas. 12 The survey covered an area from approximately 
4 kilometers above Vernita Bridge to approximately 10 kilometers below the intersection of the 
Snake River with the Columbia River. An additional 2 kilometers downstream from McNary Dam was 
also surveyed. The survey was conducted at an altitude of 45 meters using a Navy helicopter. 
Flight minimum of three lines spaced 60 meters apart were flown along each bank, starting at the 
shoreline and moving inland. Simi1ar patterns were flown over the islands. The counting system 
employed consisted of two pods, each containing twenty 12.5 cm diameter by 5 cm thick Nal(Th) 
detectors, mounted externally on the helicopter. The signals from the detectors were fed into 
three units: a gross count scaler, a set of five adjustable window single channe·1 analyzers, 
and a 300 channel multichannel analyzer. 

The highest radiation levels observed offsite during the aerial survey occurred on the islands 
between the old Hanford townsite and the 300 Area. A maximum reading of 0.014 mR/hr due to 6 0Co
was obtained. No 137Cs activity above background levels was observed. The average external 
exposure rate in the Hanford environs is approximately 0.010 mR/hr. Subsequent to the aerial 
survey, soil samples were taken on the islands. The samples were analyzed for all ganma emitting 
radionuclides, The results are shown in Table III-G-19. A comparison of the average concentra
tions of the different radionuclides observed on the islands with the concentrations observed fn 
surface soil (Table III-G-14) reveals that the island samples were higher for all radionuclides, 
including naturally occurring radionuclides. Previous measurements 5 of Columbia River sediments 
have shown similar quantities of the observed radionuclides except 106 RuRh. Ruthenium-rhodium-
106 is routinely observed in the atmosphere (Table III-G-2) and in the Columbia River (Table 
III-G-5). An inspection of the biweekly data available in the BNWL-1910 ADD shows that the 
106RuRh levels measured in the Columbia River parallel the radioactivity diurnal cycle observed 
for fallout radionuclides in the atmosphere (Figure III -G-2). The observed readings in island 
soil samples (including Island #340 sample) are expected to be primarily due to past Hanford 
operations for all radionuclides except 106RuRh and naturally occurring radionuclides . 

Although not contributing significantly to the measured exposure rates, seven discrete radioac
tive particles were detected during follow-up ground survey, buried one to four inches deep in 
iandy areas showing elevated exposure rates. The only measurable radionuclide was 60co. The 
particles are believed to have resulted from past Hanford reactor operations. Even if disturbed, 
these particles would afford no significant exposure risk in view of their scarcity. size and 
insolubility. 

111-G.8 'Radiological Impact of Hanford Operations 

Potential environmental exposure pathways from Hanford operations to the population are shown 
pictorially in Figure III-G-7 . Many of these same pathways are responsible for transporting 
naturally occurring and fallout radioactivity from the environment to man. The evaluation of 
monitoring data from several environmental media discussed in the previous sections attempted to 
~etermine the contribution to ambient radiation levels due to Hanford operations from the contri
butions due to fallout and natural radioactivity. The contribution from Hanford operations dur
ing 1974 to the radiation levels measured in all environmental media (atmosphere. water. , 
foodstuffs. wildlife. soil. and vegetation) were indistinguishable from pre-existing radiation 
levels. Some of the radioactivity that was measured in occasional samples of wildlife. suspended 
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TABLE II I-G-19 

GAMMA EMITTING RADIONUCLIDES IN ISLAND SOIL SAMPLES - 1974 

Uriits of 10-6 µCi/91:1 (dry weight) 

Sample ( ) Natura 11 z: Occurring Ragi onuc 1 ides Artificiallz: Produced Radionuclides 
Location a ~ Ra-224 Ra-226 Mn-54 Cr-51 Co-60 Zn-65 RuRh-106 Cs-137 Eu- l 52 Eu-154 

Island #348 16 . 0 . 7 0 . 7 0 . 3 0 .5 10 . 3.0 2.9 3.6 6 .7 1.5 
Island #345 18 . 3.5 1.2 0 . 5 * 11 . o. 7 3 .4 2.6 5.1 1. 5 
Island #344 16 . 2. 1 0.8 0 . 3 0.2 6. 1.3 1. 7 2. 7 6 . 7 1.0 
Island #342 18. 6. 1 1.0 0. 2 * 3 . 0.4 1.1 1.8 2.6 0.6 
Island *341 16 . 4. 1 1.0 0. 4 * 6 . 1.4 2.0 1.9 2.9 0.6 
Island #340 19 . 4 . 4 o. 7 0 . 3 * 7. 2.4 2. 3 2.4 4 .3 2. 1 
Island #333 18. 4 . 3 0 .6 0.3 * 1. 0.6 1.5 1. 1 1. 1 0.3 
Island #332 .J1.:_ _i,_Q_ ...Q.:.L _Q_j__ ...Ql. ..L _1_.1_ ..l:..L -1:.!.. ___Ll_ ...QL_ 

Maximum 19 . 6. 1 1.2 0 . 5 0 . 5 11. 3.0 3. 4 3.6 6.7 2.1 

Minimum 16 . 0. 7 0. 6 0. 2 * 0. 4 1.1 1.1 1.1 0. 3 

Average± 2 samp 1 e ( ) 
standard deviations b l!r! 3 3.8! 3. 4 0.8±0.4 0. 3±0.2 <0 . 3 6±7 1. 4! 1.8 2. 1±1.5 2. 2±1.6 3.9±4.3 1.0±1.2 

*Less than detectab l e 

(a) River mile of island used as identif i cation . 

(b) Average plus or minus two sample standard deviations shown if radionuclide detected at all locations . Otherwi se, 
a less-than number is shown . 
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sediment in river water, soil samples from Columbia River islands, and oysters from Willapa Bay 
was due to past once-through cooling production reactor operations. The last of these reactors, 
KE, was deactivated during January 1971. The radioactivity in the river sediments and biota due 
to this cause is gradually becoming undetectable through dilution and radioactive decay. 
Table III-G-20 lists the radionuclide composition of effluent reported by all Hanford contractors 
during 1974. 

TABLE III-G-20 

RADIONUCLIDE COMPOSITION OF EFFLUENT - 1974(a) 

Radio-
Effluent (Curies) 

liquid to ~seous 
nuclide Ha 1f 1 i fe River 100 Areas 200 Areas 300 Areas 

H- 3(HTO) 12 . 3 yr 190 . 4. 2 
Na-24 15 hr 1.0 
P-32 14.3 d 0.004 
Ar- 41 1.8 hr 50,000 
Sc- 46 84 d 0.02 
Cr- 51 28 d 0. 22 
Mn- 54 303 d 0.5 
Mn -56 2.6 hr 5.0 
Co-58 71 d 0. 02 
Fe-59 46 d 0. 18 

<5x10- 5(b) Co-60 5. 3 yr 1.2 
Zn -65 245 d 0. 2 
·As- 76 26 .4 hr 0.03 

5x10-6 <0. 2(c) <4xlo- 4(c) Sr- 90 28 yr 0. 3 
Nb- 95 35 d 0. 1 
Zr- 95 66 d 0. 11 
Mo- 99 67 hr <0.6 
Tc-99 2. l x105 yr <0. 1 
Ru-103 40 d 0. 12 
Ru-106 368 d 0.5 
Sb- 122 2.8 d <0.01 
Sb- 124 60 d <0. 07 
Sb- 125 2. 7 yr 0. 02 

<3xl0-3 1-131 8 d 2.33 0. 5 
1- 132 2. 3 hr 0. 1 
1- 133 20 . 3 hr 2. 2 
Xe- 133 5. 3 d 0.003 0. 15 
Cs-134 2.0 yr 0. 02 
1- 135 6. 7 hr 3.1 
Xe-135 9. 1 hr 1.8 
Cs-137 30 .0 yr 0. 12 
Bala-140 12 :8 d 0.8 
Ce- 141 32 . 5 d 0.05 
Ce- 144 284 d 0. 103 
W-187 23 .9 hr <0. 01 
Np-239 2. 3 d 0. 02 

<3x10-7 Am- 241 ( ) 458 yr 
<4xl0 -7 , 2x10-3 Pu-Alphf d 24 ,390 ~r <4x10-5 

U-Alpha d) 4. 5xl 0 yr <4. 3x10- 4 
Part iculates(e) - - - 0. 23 

(a) Table i ncludes all reported releases . 
(b) Actually reported as mixed activation products. Cobalt-60 assumed for 

simpl i fication and was used in dose calculations. 
(c) Actually reported as mixed f i ss ion products. Strontium-90 assumed 

for s implification and was used i n dose calculations. For 300 Area, 
2x10- 4 curies of Sr-90 was reported. The additional,<2xlo-4, was reported 
as mixed f i ssion products . 

(d) Gross alpha counts for di fferent facilities interpreted as either reflecting 
Pu-239 or uranium activity depending on the nature of the operations inside 
the facilities . 

(e) Gross act i vi ty collect ed on part icle f ilter . Subsequent analyses have shown 
the majority of the part i cu late act i vity to be Mo-99 . This radionucl ide was 
used i n the dose calcul at ions . 
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